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COLON URBAN DEVELOPMENT PROJECT 2/29/80

Demand Analysis and Evaluation Method
for Transport and Land Sectors

Context

1. Summary of Approach

In multi-sectoral urban projects, significant changes in the level

and location of linked economic activities will result from direct project

interventions as well as induced program impacts. In given circumstances,

projections of future locational demands for residential and employment

land cannot be readily made by extrapolating past trends. Structural

changes, such as relative accessibilities, aggregate demand, supply of

serviced land on the market, and overall location cost borne by the activity,

will affect returns to investment throughout the urban economy and particularly

in the Land and Transport sectors where locational preferences are most

directly exercised.

Within the framework of an urban development project, analytic

method is needed to identify future levels and locations of economic activity

with sufficient confidence to serve as the basis of rudimentary cost-benefit

evaluation. Any given method, especially one with an operational focus,

will be a highly simplified application of basic non principles. The

particular approach described herein is adapted from an operational tradition

of Strategic Land Use-Transportation Analyses in which some quantitative

detail is sacrificed for quickly determined strategic indicators of overall

project impact in the urban area.

The method is based upon a conurbation of manual calibration,

and manual and programal estimation. The program is written for use on a

Texas Instrument T159 hand-held programmable calculator, with use of

attached paper tape printer. Discounted time and operating cost savings are

automatically calculated for each link, year, mode, income group and (if



required) origin of trip. A complete run of a given configuration of transport

inputs takes about four hours.

The entire study takes about two calendar months (3 mm) including

Data assembly, input generation, manual calculation, programmable estimation,

manual estimation, interpretation of results and reporting.



COLON URBAN PROJECT

JUSTIFICATION OF HIGHWAY COCPONENT: II

Summary of Results

1. The highway improvement is economically justified. From

the perspective of intercity transport alone, the investment is already
overdue, in that past "territorial" constraints on the expansion of the

highway to meet growing demand in the region and between Cristobal Port

and Panama City has resulted in near, or above, capacity levels of service

on the highway. (See IRR, FURR, and increase in C/B ratio-from 1973 to

present below section E: Justification).

2. The integrated urban development project to revitalize the

Colon sub-region proposes to increase and disperse economic activity and

housing in the corridor between Manzanillo Island and the Cativa/
Sabanitas suburbs. The resulting additional metropolitan travel demand

in effect transforms the highway, which is the only transport spine in
the sub-region, from an inter-city to a metropolitan transport artery.

As such it is an indispensible component of the integrated urban development

program (see below section C: Impact).

3. Demand for the road improvements to the Boyd-Roosevelt Highway

between Cativa/Randolph Road junction and Manzanillo Island is a direct

result of the implementation of the integrated urban project, and in

particular of the employment and housing components in the Expanded Free

Zone, Porto Escondido and industrial zones (5, 6, and 7 in the attached map).

Indirectly additional travel demands will also be generated in Manzanillo

Island and Cativa-Sabanitas (Zones 1 and 8), as a result of the urban

project (see below section B: Context).

4. Reductions in the overall size, or delays in the implementation

rate of the urban project would reduce overall demand for transport on the

road, providing that both employment and housing were reduced in equal

proportions. However, if employment in the new Free Zone sites is to

develop in any event, as is currently planned, while the housing in Porto

Escondido (Zone 6) is eliminated or reduced, then travel demand on the

road would increase further, due to the increase in average consequent

commuting distance (along the Boyd-Roosevelt corridor) between jobs and

homes.

5. In the absence of both the proposed highway improvements and

new housing, residential preferences, especially for low-income households

would generate strong demands for locations in the proximity of employment

resulting in illegal squatting conditions if affordable legal options were

unavailable. The areas most likely to be affected would be the Expanded

Free Zone industrial zone and Rainbow City (zones 5, 7, and 4), where land

would be available, and to a lesser extent, Manzanillo Island (Zone 1)

where services would be available.
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6. At the other extreme, implementation of the integrated urban
project, but without these road improvements, would undermine the effectiveness
of the urban project as a whole. The growth of travel demand on the road
would quickly create congestion and loss of efficiency to all road users.
The disbenefits to the urban project directly attributable to the absence
of the proposed road improvements, as shown in the attached memo, would
represent a significant share of overall project benefits. Disbenefits to
goods movement, which generate 10% of the trip volumes, represent 60% of the
total operating cost savings achievable on the road by 1984. Bus travelers
which amount to 50% of the trip volumes, would bear about 10% of the operating
cost savings, while car travelers (40% of the total trips) would derive 40%
of the total operating cost savings. The low- and middle-income travelers
generate 25% and 35% of the trips respectively and would incur 6% and 10% of the
respective total disbenefits.

7. In view of the above, implementation of the urban project in its
current form including the proposed road improvements would appear to
generate the minimum negative externalities for the transport sector in the
provision of essential access to linked economic activities in Gran Colon.
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JUSTIFICATION OF HIGHWAY COMPONENT: II

A. Objectives

1. Implementation of the urban project is not required to justify
going ahead with construction of the road: as shown below, the road is
justified on the basis of regional demand. However, the road is required
to ensure the urban project realizes its objectives, particularly:

(i) the objective of stimulating improvements in key sectors such
as transport, and in the level of transport services in Colon,
to reduce travel costs and improve standards of access;

(ii) the objective of avoiding the disbenefits of $18,027 million
(present value) in additional travel expenditures on the un-
improved road (1980-1999), that would be incurred by the
Colon population were the urban project to go ahead without
the road component; and

(iii) ensure that the imminent rise in the volumes of trips along
the road caused directly by the housing and employment com-
ponents of the project are satisfactorily served, so that
bottlenecks do not arise that delay overall project imple-
mentation causing cost overruns and development iribalance.

B. Context

2. The existing two lane Boyd-Roosevelt Highway is the only access
corridor between Colon (i.e., Manzanillo Island), the main housing and
employment development areas of the urban project, the suburbs of Cativa
and Sabanitas, and Panama City (and the rest of the Metropolitan Region).
Upgrading of the highway as proposed in the urban project will be along
its existing alignment. No alternative alignment is likely to develop
in the foreseeable future.

3. The roadway widening part of the project comprises a doubling
of the existing two lane highway which extends from 800 meters east of
the refinery junction in Cativa to the-Randolph Road junction for a
distance of 6.8 kilometers. The one-way loop part of the project extends
from Randolph Road junction to Manzanillo Island for a distance of 2.5
kilometers inbound and a return route through Rainbow City for a dis-
tance of about 2.8 kilometers outbound. There are about nine junctions
all of which will be at grade. Lane width will be 3.65 meters and the
existing one-way loop roads will be brought up to comparable service
levels as the main highway by means of resurfacing and geometric design
of junctions, storage lanes and slipways.
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4. On the basis of the regional demand projections made in the 1973
technical and feasibility study of Boyd-Roosevelt, the expansion of the
road from its current two lane capacity to four lanes was determined to be
economically justified from regional demand alone. On the basis of 1973
cost estirates this produced a benefit-cost ratio in the range of 1.8.
Regional travel volumes then were estimated to be over 6,000 average daily
trips (AbT) in 1973, with projections of over 10,000 ADT by 1980.

5. Current travel volume estimates based upon survey data collected
by the Ministry of Public Works (MOP) in 1979 show current volumes along
the road to be about 10,000-12,000 ADT, growing at an average rate of about
5% p.e. Current peak hour volumes are 1,200 passenger car units (PCU), which
prevail an average of 28 hours per week. This peak hour demand exceeds the
assumed effective capacity of the road during 25% of the travel week.

C. Impact

6. 1..thout an urban project previous trends of traffic growth within
Colon, and between Colon and Panama City, suggest that demand would continue
to grow at about 5% p.a. producing 1984 ADT of 12,000 and 1990 ADT of 16,000.

7. However, in view of the dual impact of the urban project on Colon
the expected growth in traffic demand will be about 20% greater due to:

(a) the accelerated development of economic activities in Colon
resulting from the urban project; and

(b) the increased dispersion of project activities within the Colon
sub-region, whose inter-relationships will rely on effective
sub-regional transport access.

8. The economic analysis of demand for travel on the Boyd-Roosevelt
Road done for this project component has taken the above impacts into
account. It has been constructed upon conservative assumptions of trip
generation, trip distribution and modal split, trip assignment and travel
cost. The method distinguishes nine origin and destination zones in the
city, three income classes and three travel modes. It also distinguishes
operating costs and time costs.

9. The results of this demand analysis show a rapid increase in the
number of peak hour PCU's from about 1,350 in 1980 to 1,650 in 1981, 2,000
in 1982, 2,300 in 1983, 2,600 in 1984 and 3,900 in 1989.

D. Cost

10. The capital cost of the road component, based upon preliminary
estima-es prepared by MOP, is $5,772 ;illion (base) pluis physical and price
contin.-.ncies for a qross of $8,70J rillion.
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E. Justification

11. Assuming (conservatively) an actual capital cost of about $8.0

milli)n (not including price contingencies), economic evaluation of the

road i oject shows a benefit-cost ratio in excess of 2.25 and a net present

value if $10.03 million, not including time cost savings.

12. When time cost savings are taken into account the benefit-cost

ratio rises to 12.94, and the net present value increases to $95.50 million.

13. The first year rate of return is 110%, showing that the optimum

time for initiating investment in the road is already past, and that

further delay is not justified.

14. The internal rate of return (IRR) for the road is 39.75% not

including time cost savings. When these are included the IRR is in excess

of 100%.

15. Sensitivity tests on costs show that a 20% rise in costs reduces

IRR to 34.65%, and that a 20% fall in expected benefits reduces IRR to

32.15%.

RMSarly:bb
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ROADWAY IMPROVEMENT: ORIGIN/DESTINATION TRIP VOLUMES
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2. Introduction to the Demand Analysis

Amongst the objectives of transport sector intervention in the

Colon Urban Development project is the provision of an efficient transport

system to make linked economic activities in metropolitan Colon more

accessible to the urban population. Since the impact of the overall project

is multi-sectoral and complex it will not be possible to represent its

derived benefit in a single measure such as a cost-benefit ratio, or

internal rate of return. The estimate of the transport components' net

worth, its benefits and costs (associated with road widening, traffic

improvements, bus and train service provision, bus fleet expansion and

vehicle maintenance) are therefore defined by the following evaluation

measures:

1. time savings to bus travellers

2. operating cost savings to bus travellers

3. time savings to car travellers

4. operating cost savings to car travellers

5. time and operating cost savings to trucks

6. time savings to train travellers

7. levels of service for the public bus system and

primary road network

8. travel expenditure share of household income

9. generalized travel share of location costs for households.

Each of the above terms is measured for nine separate geographic

areas in the metropolitan region, and with respect to its incidence in

three income classes. The areas are:
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1. Manzanillo Island (excluding the Colon Free Zone)
2. Colon Free Zone
3. Cristobal Port
4. Rainbow City
5. New Commercial Zone (Coco Solito)
6. Puerto Escondido
7. New Industrial Area (Export Processing Zone)
8. Cativa - Sabantas - Puerto Pilon Suburbs
9. Rest of the Metropolitan Region and Panama City

The three income classes are:

Average HH income per month

1. Upper income (top 2
deciles) $1800/m

2. Middle income (from
4th to 8th decile) $425/m

3. Lower income (bottom
3 deciles) $125/m

3. Method in General

The method for estimating the above evaluation measures

relies on an aggregate strategic analysis of transport and land use changes

over the project period, and on their interaction. On the basis of these

estimates are made of the generation, distribution, assignment and cost of

household and business trips, for each income class and for every zone in the

region. Travel cost forecasts serve as the basis for estimating locational

demand in general, and in particular the values of land in different parts

of the region. From these estimates, long-term implications for changes in the

land use structure of the Metropolitan Region are determined.

Future levels of demand for transport facilities and services are

taken as a function of the future urban spatial structure and the rate of

growth of economic activity in the Colon Region. These are expressed

logically in three levels of a strategic development analysis, as shown

in the following diagram:
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Strategic Development Analysis

Inputs Feedback Outputs

Level 1: Regional growth

Investment & Investment growth
Employment Employment growth
Inputs Income growth

Population growth

I( ong term feedback
1 eedback
omparative

Level 2: Urban Land

Land Supply % Land supply Measures of land

Inputs Rent use demand
Consumption/Density Costs and Benefits
Service levels
Attract vity
Location costs

Siort Term feedback
T Comparative

Level 3: Transport cation Costs

Transport supply Trip Generation Measures of travel
Inputs Trip Distribution demands

J split Costs and Benefits
Trip assignment
Generalized travel cost

Each level of analysis starting with Regional growth provides the operating

assumptions upon which the next level projections are made. The analysis

is validated on the basis of existing conditions by calibrating the governing

relationships linking the supply and demand of transport and land, from

survey and field observation. These relationships then derive the projection

of future demand levels in terms of changes in supply and the behavior of

the urban economy under conditions of growth.



4. Method in Detail 4

The method is made operational in three phases:

1. Manual calibration of functional relationships governing

the changing values of transport and land demands by mode,

link, zone and service class.

2. Programmable estimation of travel benefits by mode, link,

zone of origin, and income class

3. Manual estimation of location cost changes and imputed

affect on the demand for land by income class, zones

density and rent values.

4.1 Manual Calibration of Transport Demands

The governing relationships for the transport analysis are

shown below:

Trip Generation and Distribution

(Equation 1) T = P z

(Equation 2) T z= P! Z

T zo = number of trips generated by an activity (residential/i

employment) z for purpose o from origin zone.

T. = number of trips generated by an activity (employment)
J

of type z for purpose o to destination zone j.

P = Population (or number of employees) associated with

that activity

o = Propensity for each unit of activity to generate a morning

peak hour trip.

This function is used to discriminate trips by origin zone, 1,

destination zone j, car users and non-car users. It is

used to generate estimates of existing conditions reflecting

known overall flows of public and private traffic.

link, zone and income class.
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0 mzo Dmzo
(Equation 3) Tmzo i j BT1  C mb

ij

T = Total trips per modem between zones i and j forij activity type z and figure o.

0mzo = Number of trip origins in Zone j, for mode m activity z,
purpose o

D = Number of trip destinations in zone j for activity z,
purpose o.

b
C Cost of travel between zone i and j.

b = Elasticity of demand for travel with respect to cost.

B = Normalizing factor = 1/ oi D i/C1

Trip Assignment & Costs

Given the simplified structure of the transport network in metropolitan

Colon, inter-zonal traffic is assigned directly to links. These links

acquire traffic loads which generate congestion as a function of free flow

link speeds and design capacities.

Travel costs are estimated in two parts:

1. Operating costs, measured in terms of average use, speed and distance,

characteristic vehicle cost per kilometer at link speed.

2. The cost assumed in terms of real (i.e., congested) travel time

elapsed per journey plus the (pedestrian) access time at either end of the

(vehicular) journey.

(Equation 4) G = C + C

The cost of travel is aggregated for each income class and each mode

for all trips made by households in a single origin zone to all other zones,

This measure is taken to be the generalized cost of travel for the typical

household in each origin zone. Truck trips are similarly aggregated by

employment-origin zones for all trips.
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The results of the transport analysis are fed back

into the land analysis in terms of generalized travel costs per household.

These values are then used to reestimate locational demand for land in different

zones in terms of residential densities, land rent and numbers of households

to be located in each zone.

The governing relationships for the land analysis are as follows:

4.2 Manual Calibration of Land Demands

Demand for Land

The first function determines the quantity of land consumed by

each activity lZ given the unit rent of land, r1 and the income of the

activity w7. The relationships amongst these factors (land consumption,
i

rent and income) are governed by three parameters:

(a) constant coefficient, kz

(b) price elasticity of demand, p , which is negative to reflect

the reduction of land consumption that occurs with an increase

in rents.

(c) income elasticity of demand i , which is positive to reflect the

increase in land consumption that occurs with an increase in

incomes.

The demand for land function is specified in the following form:
ie

(Equation 5) l. = kzr. . w where:
1 I

1 = land consumed by household
group z in zone i.

2
r = rent of land per m in zone i

z
w = income of activity z

p = price elasticity of demand
for land

i = income elasticity of demand
for land

kz = constant scalar.



-7-

Cost of Location

The second function, determines the total cost for an activity, z,

resulting from the selection of a location in zone i, C , as the sum of the

cost of land rent lz r plus the cost of building rent Sz bz plus the
Si i i

transport cost associated with locating in the zone A g plus the cost of

providing the zone with infrastructure services FZ -0. The transport cost
i i*

is calculated as the weighted average of the cost of all trips made by

that activity in that zone. This cost connects the land use sub-model with

the transport sub-model. The function is specified in the following form:

z z z Z z z
(Equation 6) C. = l.-r. + S. b. + A g + F *c

i i i i

Where:

z
C = Cost of location for household group z at zone i.

z
l r. = Cost of ground rent for land consumed.

S -b = Cost of building rent.

Where: S = amount of built space per household.

b = unit cost of space.

A -. = Transport cost- G

Where: A = accessibility index for HH

g = unit cost of transport

Q

(F .c = Cost of infrastructure for all services, Q1 1

Where: F = standard of service.

c = unit cost of standard service.
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Distribution of Activities

The third function, determines the distribution among all the

zones of each activity in terms of the total number of the activity G z

the amount of land available for development in zone i, L., the location
1

z z
cost of the activity C.,, and residual attraction W . The function

is specified in the following form:
- 1

z z z z z z
(Equation 7) G = G. L W .C z B

Where:

z
G = total number of households

Gz = total number of household group z

L. = total land available in zone i.

W - residual attraction index for household group z in zone i.
i

C = location cost for household group z in zone i.

1z = elasticity of demand for location with respect to cost.
Z
B = normalizing factor

Budget Constraint

The following constraint must be respected to ensure land

supply and located demand are in balance.

(Equation 8) G .1 = L

Cost Recovery

The cost of location function is the basis for estimating means

for cost recovery in terms of a recovery rate by cost component for each

activity, and for each location for all public capital investment projects,

as follows:
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(Equation 9)
*Zz z z z z z z

RC.z = T lir + TST-b + T A g + T Fz. C
i i r 2 i i 3 i i 4 i i

where: R = cost recovery rate (aggregate),

T = land tax rate

T 2= building tax rate

T 3= public transit fares and road user charges

T = utilities user charges

*
In terms of this formulation, C may be thought of as the

social cost of location since not all of C may necessarily be charged to

the locator. Nonetheless, all of C is recovered as a result of the

locators' choice of the ith location on aggregate, though certain areas

(target groups, project sited, etc.) may be cross-subsidized in order to

ensure affordability.

The inclusion of C*z in the function ensures that the social

values created by project investments are reflected in land prices through-

out the urban market area in proportion to their impacts for each activity

group at each location, and are recovered without detriment to the benefit

share of the targetted poverty groups.

Income Generation

The demand for land function for household activities is the

*
basis for incorporating real income, w and not just wage income w. Income

gains and social subsidies that may have been created in different locations

in each of the cost categories as follows:

*r z *
(Equation 10) 1r = Kz. w

r peri
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where: w *z ie = B- - R-C*Z + b, + wz

where: BP = the sum of project capital costs per household

*z
R-C. = total costs recovered per household

b = sum of income gains resulting from operating
i cost savings in each project.

W = wage income per household.

Difference between project costs and costs recovered measures the

proportion of conferred benefit not directly recovered by tax, user charge

(etc.,) or other methods. The function shows the effect of income gains

Z
changes in location and service levels. Also, the use of bi ensures

that locational preferences reflect the aggregate effect of income gains

from constraints on the structure of demand, and in particular on land

prices and location priorities for development.

The income effects identified in the analysis are used to

indicate aggregate changes in the levels of household demand by income

group and location in the urban area. These indicators are viewed from

the broad employment market perspective through disaggregated demand and

income elasticities as the basis for examining consequent employment impact.

This examination requires a separate formulation of a specific income-

employment relationship that applies for a given urban system. This is not

included in the above.

4.3 Programmable Estimation

A general sketch of the method for estimating transport benefits

by means of a hand-held computer program is shown in the diagram below.

Discussion follows this diagram, step-by-step.
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Figure 1

Comouting Operating and Time Costs of Each Alternative
Program Steps

1 Each year Compute demand

2. Distribute demand
amorg 24 hours

3. or each hour Assign demand to
network to get
link volumes

4. For each link Find V/C

5. For each mode . Fnd speed

6. Find operat-I
ing Cost

7. Find time
cost

links .All modes

8. Hourly costs

SAll hours,

9.
yeary cStsI

10. Discount
yearly costs

11.1 Total
Discounted

cost
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Step 1: For Each Year, Compute Demand

Demand is used for an average weekday as representative of the

whole year. Demand has two dimensions: O-D pair, and mode. Because of

population and activity growth in different locations, demand between different

O-D pairs varys in magnitude and growth. There is also a different demand for

each mode of' freight and passenger transport. All modes are aggregated into:

truck (freight), auto4 and bus (transit). Demand values are taken from the

results of the manual algorithm.

Step 2: Distribute Demand Throughout the Day

Demand also has a temporal and a directional dimension. Usually demand is not

predicted directly for an hour, however; it is predicted for the entire day and later

distributed. For each direction there is a peaking profile, which gives the 
relative

de=-and in each hour of the day. For convenience we may say there is a peaking profile of 48

hours, where the first 24 hours correspond to one direction. (positive) and the last 24

to the other (negative) direction.

The most common assumption is that the daily peaking profile will be the same in

every year for every O-D pair. This assumption can cause significant error when the

network includes major radial and crosstolqni roads, each of which ebit different

peaking patterns. (The crosstown road has 2 peaks per rush hour while the radial has only
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However, in the corridor problem with which we are dealing it is probably safe to

assume each link of the same road will have the same peaking pattern. Different modes

may have different peaking profiles, however. Thus the demand at an hour h is

where Dc h . Dt fh
M,p m,p m (2)

f is the peaking factor for hour h and mode m, and the vector "f h = 1,...,

S is called the peaking profile for mode m. Thus a peaking profile is assumed given for

each mode. It is common to not analyze all 48 hours separately but rather to select

a few representative hours, the results of which are expanded hours in the day which

have similar flows. A peaking profile for peak direction travel in San Jose, Costa Rica
is found in Attachment A.

Step 3: For Each Hour, Assign Demand to the Network to Get' Link Volumes

This can be the most complex step of the urban transportation analysis procedure.

However, our restricted problem definition makes this problem trivial. Each 0-D pair

has a unique path, covering a known set of links. To get link volumes one must

aggregate over O-D pairs and modes. Links, like hourly flows, are assumed unidirectional

and furthermore we assume a link is symmetric in its capacity. Thus the flow on link j

in hour 10 is the flow in the positive direction on link j at 10 a.m., while the flow in

hour 34 is the flow in the negative direction at 10 a.m.

To aggregate over modes (since they all share the same roadway), each mode is

given a passenger car unit (PCU) equivalency. This PCU equivalency depends not only on

vehicle size, but on vehicle performance as well; and since vehicle performance is

differentially affected by link characteristics, particularly grade, there must be a

PCU equivalency factor for each mode and link.
measured

Link volumes must be /in vehicles. For auto and truck this presents no p'oblem,

since demand is usually measured in vehicles, or if measured in passengers, a single
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occupancy factor can convert demand into vehicles. However, when bus demand is

measured in passengers, it is not so readily converted into vehicles since load factors can

vary widely throughout the day. Since bus operations are usually centrally planned, bus

volumes may be exogenously specified. In more complex networks rerouting is also a

possibility. In the simple corridor analysis with which we are dealing, it is probably

sufficient to assume that load factors on each route at each hour will be the same year-

to-year, so that demand can be measured in vehicles in the base year and treated in

the same way as cars and trucks.

Aggregating over O-D pairs is simple summation, so that the link volumes are:

t,h p m Dt,h e
va ,p ma ap (3)

where

Vt,h = volume (in PCU's) on link a in hour h and year t
a

Dt,h . demand for mode m between O-D pair p in hour h and year t (measured in vehicles
m~p

e a PCU equivalency factor for mode m on link a

l if link a is on the path between 0-D pair p
a,p (0 otherwise

In addition we will later need modal link volumes, which are:

Vt,h Dth 6a,p (3.1)
m,a m ap

Step 4: For Each Link, Calculate the Volume/Capacity Mtio V/C)

Since the volume has been determined in Step 3, all that is needed is the link

capacities. These are given for both alternatives (no-build and build), and are the same

at every hour in every year (barring the use of reversible lanes, peak hour exclusive

lanes, etc.). Therefore, for any link, hour and year, for an alternative b (no-'uild or

build,

(v/C)t,h,b = vt,h 4b
a a a

where

b
C = capacity of link a in alternative b

(V/C)t,h,b = volume/capacity ratio in alternative b on link a at time h ia year t
a
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oace each alternative is analyzed identically, we shall remove the superscript b and

continue with the notation (V/C) t,h, realizing that its value pertains to a particulara

alternative.

Step 5: For Each Mode, Find the Speed

The speed at which traffic f-lows on a link depends on the volume on the link

and its capacity. All existing models (to my knowledge) give speed as a function of

the volume/capacity ratio. Recognizing that volume and capacity affect speed not only by

their ratio, often there is a family of speed-flow (speed vs. V/C) curves for roads of

different capacities, e.g., 2-lane and 4-lane arterials.

Because of different vehicle and operating characteristics, the speeds of each

mode will be affected differently by congestion. Therefore each mode will have its own

speed-flow relations.

Therefore the speed of mode m on link a which is of type s will be

tt,h 9 h(
m,a M's I (

where

gm [ * ]is a particular speed-flow relation for mode m and r5ad Eype s.

Different functional forms exist for the functions gm's. In order to identify the

appropriate curve to be used for a particular link (given that mode is known), there

must be a pointer specific to each link indicating the correct curve. If all of

the curves have the same functional form with a different parameter( .g., miniam"

speed), the pointer may be simply the parameter and thus the functional form of the

speed-flow curve needs to be stored only once. This pointer or parameter is called s .

(It seems obvious that the speed of the bus and truck modes might be affected by

grade. However most analyses consider the peak direction only, which is onia di:?ction

half the day and the other direction the other half, so that average grade on every link

is zero, and average speed is almost unaffected by grade. The same is true for operating

cost, though it is knowh that it costs more to travel a distance on a hilly road with
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an -,average" grade of zero than on a flat road. Since we will usually be using

.,dels for speed and cost that ignore grade, the remainder of this paper shall

ignore it, too. Furthermore, ignoring grade allows both directions of a link to

be identical. This is a significant simplification, making flows to be direction

abstract, and hence allowing analysis of flows in one hour to be expanded to hours with

similar flows without regard to direction when less than 48 hours are analyzed.)

Some examples of speed-flow functions are found in Attachment A.

Step 6: For Each Mode, Determine Operating Cost

Vehicle operating cost on a link is difficult to measure, and therefore difficult

to model. It is affected by road characteristics (grade, curvature, pavement), vehicle

characteristics (weight, engine type), and operating characteristics (speed, number of

stops). Most models give operating cost in terms of one of the operating characteristics

only (speed) aggregating different vehicle types (within the same mode) and averaging

over road characteristics. If pavement is uniform over the road, there is no more than

normal curvature for an urban road, and grades are not great, such approximations are

acceptable. Under normal urban operating conditions a study found that 95% of the

variation in fuel consumption among British cars could be explained by speed alone.

Since other auto related costs are roughly proportional to fuel consumption, the

simple speed-operating cost relation may be sufficient for autos.

Operating cost is usually computed by a function of this form:

0C t = m + 0m_ d .V (6)

Xt,h m,a
m,a

where

C t,h = operating cost for mode m on link at time h in year t
m,a

oem - parameters (per hour and per Km operating cost for mode m)
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Xt h speed of mode m on link a at time h in year tm,a

d = length of link a

Vth = volume of mode m on link a at time h in year t.

Since operating cost should include the labor cost of paid drivers such a function

including a term in which distance is divided by speed (which yields time) is especially

appropriate for bus and truck. Operating cost models estimated in a few cities are
documented in Attachment A.

Step 7: For Each Mode, Determine Time Cost

The time each vehicle spends on a link is the link's distance divided by the

vehicle's speed. The total passenger time is the vehicle time multiplied by

vehicle occupancy (not including paid drivers). The total time cost is this total

passenger time multiplied by the value of time.
and

Vehicle occupancy can vary not only by mode but also by link /by time of day,

particularly on buses where loads may be 80 in the peak and 20 off-peak, and may

increase steadily toward the city center. Value of time is generally taken to be fixed

for all modes and all times, and invariant over the year.

Thus the passenger wait time cost is

TC ,h = _a W h (8)
m,a xt,h m,a m,a

m,a

where

TCt,h = time cost for mode m on link a at time h in year t
m,a

d = length of link a

Xt,h = speed of mode m on link a at time h in year t
m,a-

Wh =vehicle occupancy of mode m on link a at time h
m,a

v value of time

Vt,h = volurne (of vehicles) of mode m on link a at time h in year t
m,a
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Step 8: Aggregate Costs Over Modes and Links

Steps 4-7 must be repeated for every link and every mode as the flowchart

in Figure 1 indicates, aggregating costs to yield hourly costs. Thus the operating

and time costs for an hour h in year t are:

0Z 0Uk m,a

TCth 2 2 TCt~h (9)m,a

Cther meaningful aggregations should be taken as well, such as total costs for modes, for

links, etc.

Step 9: Aggregate Costs Over Hours, Expanding to Yearly Costs

Steps 3-8 are repeated for each hour. To expand the predicted hourly costs to

yearly costs one needs to know the number of hours in a year that hour 
represents. These

annualization factors should insure that the daily demand (in Step 1) is properly

expanded to annual demand. Different hours may have different annualization factors

because they represent different numbers of weekday and weekend hours. Also some analyses

may want to consider peak hours only in computing benefit.

The annual costs are then:

t h
oCt 2 oCt,h Nh

hh
TC = 2 TC',h Nh (10)

,where

N = number of hours in a year represented by hour h.

Step 10: Discount Yearly Costs

Either annual or continuous compounding may be used to discount the yearly costs

to present values. For operating costs, these formulas are:

USC- OCt (1 + D)~ (yearly compounding)

Oc -Dt (continuous compounding) (11)

wt;ere
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Oct = discounted operating cost from year t

D = shadow discount rate

time costs are similarly discounted

Step 11: Aggregate Discounted Costs

This yields the present costs of the alternative being studied. The

difference between the present cost of the no-build alternative and that of the

build alternative is the present value of the build alternative. (When other dis-

counted costs, such as construction, maintenance, etc., are subtracted this

becomes net present value.) So the final equation for present operating costs

(and similarly for time cost) is
t __t

OC = oC (12)

The predicted costs thus obtained may be disaggregated and manipulated

in any way to afford the analyst a closer look to see the benefits accruing to

each link, or to each mode, or to find link specific benefit/cost ratios, internal

rates of return, etc.
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5. Solution Procedure

Within the above Analytic framework, the solution procedure

provides a logical, yet simple sequence of analytic tasks. These

tasks are listed below and elaborated in detail in the following sections.

5.1 Summary of Tasks

A. Strategic Forecasts of Travel Demands

1. Review land use conditions and developmental
assumptions

2. Review test road network and bus system conditions
and changes

3. Review traffic assignments and diversions

B. Future Demand Volumes

1. Estimate future auto/truck traffic volumes

2. Estimate future bus and bus passenger traffic volumes

3. Estimate future train passenger traffic volumes

4. Develop peak hour and peak direction factors

5. Estimate future peak hour, peak direction volumes for

auto/truck, bus and bus passenger, train passengers.

C. Design Capacities

1. Develop lane capacity of auto/truck

2. Determdne PCU equivalencies and passenger capacities

for bus and mini-bus

D. Volume/Capacity Ratios

1. Compute V/C ratio for auto/trucks and for busses

E. Level of Service and Travel Speed

1. For auto/trucks and for busses, establish a LOS - V/C

Speed table.

2. Determine LOS and travel speed, knowing V/C.
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F. Travel Time, Stops, and idling Time

1. Develop a "model" to relate LOS, travel time per km.,

stops per km., and idling time per km. for auto/trucks

and busses.

2. Determine on a "per kilometre" basis, travel time, stops,

idling time, and excess travel time (actual time minus

1.0 minute as derived from 60 kph base)

G. Time Costs and Vehicle Operating Costs

1. Determine value of driver's time and passengers'

time per hour.

2. Determine for auto/truck and for bus, vehicle operating

cost per km. for 60 kph base, and for additional costs

due to stops and idling time.

H. Time Savings

1. For auto/truck drivers and for bus passengers, compute

time savings during six peak hour, peak directions for

each year (1979-1999). "Savings" are based on difference

between "No Build" (Alternative 1) and "Build" (Alternative 2).

2. Compute present value of time savings.

I. Vehicle Operating Cost Savings

1. For auto/truck volumes and for bus volumes, compute

operating cost savings by link during six peak hour,

peak directions for each year (1979-1999).

"Savings" are based on "No Build" (Alternative 1) and

"Build" (Alternative 2).

2. Compute present value of vehicle operating cost savings.
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J. Project Costs

1. Determine present value of project costs.

K. Economic Evaluation

1. Determine benefit-cost (B/C) ratio, "Benefits" refer to the

sum of present values for time savings and vehicle operating

cost savings.

2. Determine net present value (NPV).

3. Determine internal rate of return.

5.2 Input Requirements

A description of input requirements and assumptions used to

calibrate the analysis to conditions in Colon in 1979 is given in the pages

that follow.

Input Requirements

For a project with A links, M modes, a benefit horizon of T years,

each of which has H hours, considering 2 alternatives.

Number
of Items Variable

A x M V ' base year vehicular demand for mode m on link am,a

M or 1 rm or r demand growth rate (for mode m)

h h
H x M or H f or f peaking factor (for mode m) in hour h

m

M em PCU equivalency factor for mode m

2A Ca capacity of link a under alternative b (no build or build)

2M , operating cost model parameters for mode m

A da length of link a

H x M or M Wh or W vehicle occupancy of mode m(in hour h)M m

1 V value of time
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H Nh yearly number of travel hours of type h

1 D shadow discount rate

M s speed-flow curve parameter for mode m

plus a speed-flow function

CB bus fares

t terminal times
c

C non-transport location costs
nr

W disaggregate attractivity indices

L land availability

P aggregate popular growth

E aggregate employment growth
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BENEFITS ON A SINGLE LINK: SINGLE HOUR EXPANDED

(Input Data Format)

Site: Date:

Analyst: Page: of

Costs:

Enter Press

(Initialize) A

(Initialize) B

Auto mode:

growth factor (1.xx) 1R/S

PCU equivalency factor (1) = R/S

.speed-flow function parameter Ris

per hour operating cost ($/hr) - R/S

per km operating cost ($/hr) R/S

auto occupancy x

value of time ($/hr) R/S

Truck mode:

growth factor (1.xx) = 1. R/S

PCU equivalency factor R/S

:speed-flow function parameter _ _R/S

per hour operating cost R/S

per km operating cost R/S

occupancy - value of time 0.0 R/S
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Enter Press

Bus Mode

growth factor (vehicular) (1.xx) 1. R/S'

PCU equivalency factor W RIS

speed-flow function parameter M R/S

.per hour operating cost R/S

per km operating cost R/S

bus occupancy x

value of time RIS

(Initialize) C

Base year vehicular volumes (peak hour. peak direction)

auto volume (veh/hr) R/S

truck volume R/S

bus volume R/S

Link capacities (one direction)

no build capacity (veh/hr) R/S

build capacity R/S

Link length (km) RIS

Peak hour, peak direction yearly
,expansion factor (number of

peak hours per year) STO 11

First year discount factor (1.xx) STO 13

Discount rate (l.xx) STO 14

Number of years 
STO 00

First Year in Benefit Horizon STO 06
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5.3 Regional Growth, Land and Transport Inputs for

Colon Urban Development Project

Level 1: Regional Growth Inputs

The key regional growth assumptions underlying the projection of

travel demands are described in the Project Appraisal Report and summarized

in the tables below:

Employment Growth and Change 1979-1989

Based on "basic" employment-generating project investment and

"non-basic" job-generation (assuming a multiplier of 1.8) distributed

to spatial structure of the market and available land.

Urban Project Build

Employment
Year 1979 1984 1989
Zone Basic Non-basic Basic Non-basic Basic Non-Basic

1 500 7,500 500 9,000 500 11,000
2 5,000 - 5,000 - 5,000 -
3 3,000 - 3,500 - 4,000 -
4 - 250 - 500 - 1,300
5 500 - 2,000 - 3,000 -
6 - - - 250 - 500
7 - - 2,000 - 5,000 -
8 1,000 500 1,000 1,500 1,000 2,000
9 - - - - -

Total 10,000 8,250 14,000 11,250 18,500 14,800

Urban Project No-Build

Employment
Year 1979 1984 1989
Zone Basic Non-basic Basic Non-basic Basic Non-basic

1 500 7,500 500
2 5,000 - 5,000
3 3,000 - 3,000
4 - 250 -
5 500 - 1,000
6 - -
7 - - -
8 1,000 500 1,000
9 - - -

Total 10,000 8,250
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Population Growth and Change 1979-1989

Based upon a full labor participation rate of .33 and an

unemployment rate (in formal sector activities) of 40%

effective 1979 and reducing ___ to 7%-10% by 1989, distri-

buted on the basis of observed existing densities and inputed

changes on future locational cost/demand for housing. Income

classes are defined in terms of average income levels which

are taken to neither increase nor decline in real terms over

the analysis period. Population growth arising from natural

increase and net in-migration are not distinguished in the h

household totals shown below; average household size is taken

as 4.6 (existing 1979 average) throughout the period. (Households.)

Income 1979 1980 198

Class High Medium Low Total High Medium Low Total High Medium Low Total

Zone

1 2,600 8,300 4,100 15,000 2,500 8,000 2,500 13,000 2,500 8,000 2,500 13,000

4 800 200 - 1,000 800 200 - 1,000 800 200 - 1,000
6 - - - - 3,000 2,000 5,000 ,- 3,000 2,000 5,000

8 800 2,000 1,200 4,000 1,000 2,500 1,500 5,000 1,500 3,500 2,000 7,000

Total 4,200 10,500 5,300 20,000 4,300 13,700 6,000 24,000 4,800 14,700 6,500 26,000

Level 2: Urban Land Inputs

The key land assumptions underlying the projection of land demands

are summarized in the tables below:



Land Available for Residential Use

Based on surveyed land use patterns and observed net residential
densities existing for 1979, with income classes separately
estimated by zone.

INCOME CLASS

Year 1979 1984 1989
High Middle Low Total High Middle Low Total High Middle Low Total

Zone

1 78.0 300 83.0 100 12.3 30 173.3 75.0 80.0 77.5 162.5
4 48.0 600 4.0 200 0.0 52.0 48.0 4.0 52.0
6 - - - - - - - - 75.0 15.0 90.0
8 72.0 900 60.0 300 10.8 90 142.8 90.0 75.0 13.5 178.5

Total 198.0 147.0 23.1 368.1 213.0 234.0 36.0 483.0

Disaggretated Attractivity Indices.

Based upon existing and future demand by income class in proportion to class size in each residential zone,

and a calibrated coefficient of attraction.

Income 1979 1984 1989
Class High oCH Middle O(fM Low *'CL High e-H Middle cKM Low CXL High OCH Middle t(M Low CL
Zone
1 26 83 41 25 80 25 25 80 25
4 8 2 0 8 2 0 8 2 0
6 - - - 0 30 20 - 30 20
8 8 20 12 10 25 15 15 35 20
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Non-transport Location Expenditure

Based upon an estimated proportion of average household income

budgeted for land, housing and utilities costs, measured in terms

of monthly household expenditures per square meter of residential

land.

1979 1984 1989
Income Class High Middle Low High Middle Low High Middle Low

Zone

1 1.80 1.10 0.83
4 0.90 0.53 -
6 - - -
8 0.60 0.35 0.28

Level 3: Transport Inputs

The key transport assumptions underlying the projection of travel

demands are summarized in the tables below:

Values of Travel Time

Income Class

High Middle Low

Average HH income/month $1800 $425 $125

Average hourly income/traveler $8.72 $225 $0.73

Value of travel time rate 25% 25% 25%

VOT/minute of travel 0.036 0.009 0.003
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Trip Rate by Mode (Morning Peak Period Only)
1979

Income class High Middle Low

Mode Car Bus Walk Car Bus Walk Car Bus Walk

Zone
1 0.6 0.2 0.2 0.2 0.3 0.3 0.1 0.3 0.3
4 0.7 0.2 0.1 0.2 0.4 0.2 - - -

6 - - - 0.2 0.4 0.2 0.1 0.3 0.3
8 0.7 0.2 0.1 0.2 0.4 0.2 0.0 0.5 0.2
9 .8 .2 - 0.2 .6 - - 1.0 -

Year 1984/1989

Income class High Middle Low
Mode Car Bus Walk Car Bus Walk Car Bus Walk

1 0.7 0.2 0.2 0.3 0.3 n.3 n.1 0.3 0.3
4 0.8 0.2 0.1 0.3 0.4 0.2 - - -
6 - - - 0.3 0.4 0.2 0.1 0.4 0.2
8 0.8 0.2 0.1 0.2 0.4 0.2 0.1 0.4 0.2
9 0.9 0.1 - 0.5 0.5 0.2 0.1 0.9 -

TRUCK TRIP RATE PER UNIT OF EMPLOYMENT

Zone Truck Trips

1 0.08
2 0.10
3 0.10
4 0.06
5 0.08
6 0.06
7 0.08
8 0.06
9

INTERZONAL LINK DISTANCES

(Based upon shortest route distances between zone centroids
along existing roads in kilometers).

1 2 3 4 5 6 7 8
1 0.67 1.40 1.00 2.40 4.80 4.40 8.20 9.60
2 1.40 0.36 1.60 3.00 5.40 5.00 8.80 10.20
3 1.00 1.60 0.54 2.20 4.60 4.20 8.00 9.40
4 2.40 3.00 2.20 0.74 2.40 2.00 5.80 7.20
5 4.80 5.40 4.60 2.40 0.66 1.60 5.40 6.80
6 4.40 5.00 4.20 2.00 1.60 1.00 4.60 6.00
7 8.20 8.80 8.00 5.80 5.40 4.60 1.20 3.00
8 9.60 10.20 9.40 7.20 6.80 6.00 3.00 1.20
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PCU EQUIVALENCY AND OCCUPANCY RATE

PCU Equivalent Occupancy

cars 1.0 1.6
busses 3.0 45.0
trucks 3.0 1.0

PEAK PERIOD EXPANSION FACTOR TO MONTHLY TOTALS

trucks 115.0
busses 92.0
cars 107.4

Expansion factors are based on the following considerations for the

purpose of estimating benefits:

Auto: Peak (2 hour) volume is 1/7 of total daily

3 peak periods @ full benefit 3.00
2 " " " 2/3 " M 1.33
1 " " " 1/3 " = 0.33
1 " " " no " 0.00

4.67
4.67 (daily) X 23 (days per month) = 115.0

Bus: Peak (2 hour) volume is 1/5 of total daily

3 peak periods @ full benefit 3.00
2 " " 1/2 " = 1.00

4.00

4.00 (daily) X 23 (days per month) = 92.0

Truck: peak (2 hour) volume is 1/8 of total daily

3 peak periods @ full benefit = 3.00
2 " " 2/3 " = 1.33
2 " " 1/2 " = 0.67
1 " " 0 " 0.00

5.00

5.00 (daily) X 23 (days per month) = 115.0



AUTOMOBILE OPERATING COST PER 1,600 KMS. (1979)

MPH KPH Gas Oil Tires Maintenance Depreciation Interest Total

10 16 49.11 2.39 1.02 7.00 45.00 36.00 140.52
15 24 51.01 2.23 1.22 8.00 41.00 28.50 131.96
20 32 45.82 1.92 1.63 8.50 36.00 22.50 116.37
25 40 43.47 1.82 2.14 8.85 34.50 19.00 109.78
30 48 41.24 1.77 2.65 9.50 32.50 16.50 104.16
35 56 43.22 1.71 3.26 9.85 30.50 15.00 103.54
40 64 43.45 1.71 3.82 10.60 29.00 13.50 102.08
45 72 46.70 1.66 4.54 11.00 27.50 13.00 104.40
50 80 48.67 1.61 5.30 11.50 26.50 12.00 105.58

55 88 53.04 1.50 6.17 12.25 26.00 11.50 110.46
60 96 57.14 1.58 7.19 13.00 25.00 11.00 114.89
65 104 62.96 1.77 8.36 13.75 24.50 10.50 121.84
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Using linear regression a curve is determined to fit these data points,

whoae equation is:

C = 0.1046-0.001256x + 0.000009512x2

where C = $ cost per km for cars
x = speed in km/hour

For busses, based upon 1977 data, the ratio of bus to auto

operating costs is given as 4.3. For trucks, based upon the same data

source, the truck to auto operating cost ratio is given as 5.6. These

values are taken as given.

ASSUMED LEVELS OF BUS FARES

Destination
Zone 1 2 3 4 5 6 7 8 9 Total

Origin
Zone

1. .10 .10 .10 .10 .25 .20 .40 .50 1.25
2 .10 .10 .10 .15 .25 .25 .45 .50 1.25
3 .10 .10 .10 .10 .20 .20 .40 .50 1.25
4 .10 .15 .10 .10 .10 .10 .30 .35 1.15
5 .25 .25 .20 .10 .10 .10 .25 .35 1.00
6 .20 .25 .20 .10 .10 .10 .25 .30 1.05
7 .40 .45 .40 .30 .25 .25 .10 .15 .85
8 .50 .50 .50 .35 .35 .30 .15 .10 .75
9 1.25 1.25 1.25 1.15 1.00 1.05 .85 .75

ASSUMED LEVELS OF TRIP TERMINAL TIME IN MINUTES

Destination
Origin Zone 1 2 3 4 5 6 7 8 Note
Zone

Cars 4 4 4 4 4 5 4 4 5 Min.
Busses 9 9 9 9 9 15 9 9 Service Level

Cars 4 4 4 3 4 6 4 4 10. Min.
Busses 14 14 14 14 14 18 14 14 Service Level

Cars 6 6 6 6 6 8 6 6 10 Min.
Busses 18 18 18 18 18 22 18 18 Service Level

Cars 4 4 4 4 4 6 4 4 10 Min.
Busses 14 14 14 14 14 18 14 14 Service Level
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LINK CAPACITY TABLE

1 2 3 4 5 6 7 8

1 240 1,600 1,600 - - - -

2 240 - - - - - -

3 1,600 - 800 - - - -
4 1,600 - 800 1,200 1,200 800 800
5 - - - 1,200 1,200 800 800
6 - - - 1,200 1,200 800 800
7 - - - 800 800 800 800
8 - - - 800 800 800 800

REVISED OPERATING COST FOR TRUCK

At 40 km/h, car operating cost of $ 0.07.

Truck operating cost is 5.6 times higher, or $ 0.39

$0.39 1 X 40km = $15.59/hrs
km hr

The labor cost component is $1/hr, so the reduced OC is 14.5%.

This corresponds to $0.36/km, which is 5.2 times higher than auto.

So truck cost is [5.2 (auto cost/km) X distance + $1 time]
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6. OPERATING THE PROGRAM

6.1 BASIC USER INSTRUCTIONS FOR A T159 & PRINTER

-1. To turn on the calculator, first plug in the printer and calculator.

DO NOT turn on calculator and printer before plugging in the printer.

To turn off the calculator, turn off both calculator and printer before

unplugging the printer.

.2. Algebraic operations -- The TI59 uses logic known as Algebraic Operating

System. Algebraic operations are punched into the calculator going frcm

left tp right as they would be written out. For example, to perform tne

following calculation:

8 + 3 = 2.67

you would push the following buttons:

2)R-

3)M

4) F=

Where there are a complex series of calculations, the calculator folIcws

certain rules about which ones are performed first. Alternatively, ycu

can use parentheses to make the calculator perform operations in a partic'lar

order.

The order of operations performed by the T159 is:

1) Special single function keys (such as trig and log functions)

2) Powers and roots (Yx and Y )

3) Multiplications and divisions

4) Additions and subtractions
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Example

3 + 10 - 2 x 14 t 7, = 9

This is the same as

3 + 10 -(2 * 14 t- 7) = 9

If you do not wish the above interpretation to be followed you must use

parentheses, for example:

(3 + 10 -.2) * 14 + 7 = 22

2. Special function and operation keys

A) Every key can be used in 2 ways as indicated by 1) labels on the

key and 2) gold labels above the key. To get the use of the gold label

function, push the gold key marked before pushing the desired key.

B) The INV key will give you the use of inverse functions or

operations for many of the keys. For example to compute e 2 push the

following:

E2

4. User Labels -- User labels are names given by the programmer to

different parts kor rubroutines) of a pocket calculator program. By.

pushing a user label key, you are able to have the alculator .perform

a specific subroutine. The user'labels are contained inthe top row of

the T159 and consist of A,B,C,D,E, and A', B', C', D', E'.

5. Memory Structure -- The T159 memory is divided into a section to

hold a program and a section to hold data. When the T159 is turned on,

it contains 480 spaces for program instruction and 60 spaces for data.
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You may re-partition memory if you need more data storage, or more program

storage. Following are two commands useful in memory partitioning:

A. F2 will cause the calculator to display the current

memory partition. Ordinarily the disp'lay .. ll read 479.59 (program positions

go from 000 to 479 and data registers go frcm 00 to 59).

B. W W7 F will cause the calculator to repartition memory

so that there are 10X data registers. For example:

4I F3i IIl1FW would give a partition of 639.39 (or 640

program positions and 40 data registers).

6. Reading a Card -- In order to read a card the calculator must

be properly partitional in the same manner as when the card was created.

The calculator must also be told the proper place to store the data on

the card. Each magnetic card has two sides (or banks). The calculator

memory can hold 4 banks (or 2 cards) worth of information.

To read a card, first push the number of the memory bank into which

this card will be read. The number will be 1, 2, 3 or 4. Usually the

proper memory bank is indicated upon the card or in programmer user instruc-

tions. As an alternative, push 0 before reading the card. Then the card

will be automatically read into the proper bank.

The second step in reading a card is to hold the yellow side up

and insert the proper end (designated by the bank number on the card)

into the card reader. Let the calculator process the card through (do

not push the card once the calculator has hold of it) and then gently

remove the card. The calculator will display the number of the memory

bank into which the card read. If there is a misread or if-you have

pushed an improper bank number, the calculator display will flash. In

this case you must start over.
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7. Listing Memory

There are two commands which allow you to list memory. There are:

A. nJd HLis

This command will print out the program memory. It is

especially useful for checking that the current program

has been properly read in. To stop the listing push

B.~ 2nd Ls
This command will print out the contents of the data registers.

To stop the listing push .

Notes: Occasionally the listing does not start at the proper place (i.e.

.does not start at program location 000 or data register 00). To correct

*for this you press and the proper memory address. For a program,

the address would be 000, and for the data registers (under normal partitioning)

the address would be 480. The calculator may flash when given the data

register address, but this procedure works nontheless. Follow with the

desired list command.

8. Run Stop and Reset

These are two useful commands. Reset RST will place the program

counter at the beginning of a program which is at address 000. Thus reset

may be used when vou wish to start a program from the beginning.

Run/Stop may be used to stop program execution, and it may

be used to start program execution at the current location in the program.

For example, a program may halt execution to wait for data. The user

enters the data into the display and starts execution by pressing .
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9. Clears -- There are four clear commands with the T159 as follows:

F-- clears the current display only

I -- clears the current math operation

-- clears the program

2n --] clears the data registers

10. Store and Recall

Press 0 and a two digit data register number to place the display

in memory. For example, would place a 1 in register 2.

Press RCL and a two digit data register number to recall the

contents of the data register onto the display. In the above example,

EW would display a 1.

11. Printer commands -- The printer attached to the T 59 has a number of

different operating modes. If none of its three buttons have been pushed,

then the printer takes all its instructions from the calculator.

If the PRINT button is pushed, the printer will print out the

.current display on the calculator.

If the TRACE button is pushed, the printer will print out each

step in the execution of a program. Trace is very useful for debugging.

The ADV or advance button merely advances the paper in the printer.
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6.2 INSTRUCTIONS FOR COMPUTING BENEFITS TO ORIGIN ZONES [FIRST PROGRA ]

1. Fill in, for each mode, a matrix giving volume on each link,

by income class within each origin zone, for each mode.

(See Tables 1-3)

Differentiate between volume inbound (+) and outbound (-).

2. Compute, for each link, the total volume in PCU's. This is

given by

V (V .) c PCU - OCCUPANCY
mi m m

Note than inbound volume must be computed separately fro- outbound.

3. Table 4 summarizes the necessary link data. Fill in such a tLable,

including length, V/C in each direction, and free-flow speed.

If V/C or free-flow speed changes in the build alternative, mark

that down.

4. Fill in, for each mode (bus and car) for each zone, a table

headed "ORlCN ZONE:" (See Tables 5-10) which contains all

the data needed.

5. Fill in, for truck, a table for each origin zone (s~e Tables

11-16).

6. You are noXT ready to run the programs.

7. After turning on the printer and calculator, set the partition;

Press 9 2nd O17

8. Enter side 2A of program UTB -2,2(A) after entering zero (0).

9. Enter the data on one of the bus or car tailes. To enter the

data, enter each number and then press the fkey indicated (A,

B, or C). Where no key is indicated, press R/S. Enter daia.

corresponding to The no-build alternative. _f you make an

rror_ in ertering data, see S .ep 19 below, Vill in the data

for one origin zo.e and one mode cmrplete x

10. Enter zero (0), and load card 1B of UTB-2.2(A).

31. If denired fix Lhe p t1us 2d rc:

(n) is the number C' t SitO d.Lrc1 cli Ler (A 1cimal.
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12. Press A and wait until costs are printed. These are the

operating and time costs for each iMcome class, and their

sum over the income classes.

13. If there is a build alternative, enter data for it. You may

re-enter all the data (beginning witb number of links, as the

values of time and model parameters don't change), or enter

only those items that change. To do the latter, see 19 below.

To do the former, do Steps 8-11. Before entering data you may

want to change the format (as in Step 12).

Whatever you do, be sure to enter the number of links, even if

it hasn't changed, by entering it and pressing STO 00, or

pressing C if card 1A is in memrory.

14. Press B and wait. The same items as listed in Step 12 will

be printed for the build alternative; so will the differences

between no build and build.

15. Now select another mode-zone pair. It is best to do all the

zoues of a single mode together.

16. For each mode-zone pair, repeat Stops 8-15. Note: If values

of time and modal parameters do not change, they need not be

repeated.

Also, you may want to undo the fixed display format by

pressing INV 2nd Fix.

17. You are now ready to do the trucks. For each origin zone,

perform Steps 8-15 again, with these changes:

Use Program UTB-2.2(B), sides IA and lB instead

of Program UTB-2.2(A),

Because these are the inoome classes, the run time and

output in Steps 12 and 14 will be shorter

Output is operating cost not inclading labor, labor

cost and their sum.

18. FINISHED!

19. Error Recove

.)otho rowt Ait& 0a Oon I v P. .a s, beLnns

OiK rQSd i: k.) by pressing ) I Mv 2 lisr. Press R/S ien

you want it to stop liscing

2. You may enter any numbor diroatly by entering it and pre. ;7,

STO ab, where ab is the registr ft goes in. This also appl s
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to changes for the build alternative.

3. The contents of the data registers is given in the

Table so marked for each program.
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Figure 2

Detailed Output Table

Year

2. T Total (discountei)

2 L

A

Total E
f Alternative 1 (no build)

1. Peak hour V/C

2. Peak hour auto speed not included in row and

Alternative 2 (build) column totals

3. Peak hour V/C

-.4 Peak hour auto speed ,

Mode 1 (auto)

Alternative 1 (no build)

5. Operating cost

6. Time cost

Alternative 2 (build)

7. Operating cost

8. Time cost

Difference (benefit of build alternative)

9. Operating cost

10. Time cost

Mode 2 (truck)

Alternative 1

11. Operating Cost

12. Time cost

Alternative 2

13. QDerati ng c.st
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Figure 2 (continued)

14. Time cost

Difference

15. Operating cost

16. Time cost

Mode 3 (bus)

Alternative 1

17. . Operating cost

18. Time cost

Alternative 2

19. Operating cost

20. Time cost

Difference

21. Operating cost

22. Time cost

Total (all modes)

Alternative 1

23. Operating cost

24. Time cost

Alternative 2

25. Operating cost

26. Time cost

Difference

27. Operating cost

28. Time cost
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6.3 ESTIMATED 1979 TRAVEL BENEFITS BY ORIGIN ZONE

By mode, income class and zone of origin for conditions

existing with no highway component as compared to those with the

proposed highway component.

Summary:
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Table 1:

SUMMARY GENERALIZED TRAVEL COST - YEAR: 1979

High Income Middle Income Low Income Employment Total
HH HH HH

Zone:

1. Car
Bus.
Truck
Walk

2. Car
Bus
Truck
Walk

3. Car
Bus
Truck
Walk

4. Car
Bus
Truck
Walk

5. Car
Bus
Truck
Walk

6. Car
Bus
Truck
Walk

7. Car
Bus
Truck
Walk

8. Car
Bus
Truck
Walk

9. Car
Bus
Truck
Walk

Total Car
Bus

Truck
Walk

Total
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Table 2: TRIP-ORIGIN - MORNING PEAK

Year 1979

High Income Middle Income Low Income Employment Total
HH HH HH Places

Zone:

1. Car 1,560 1,660 - 3,220
Bus 520 2,490 1,230 4,240
Truck - - - 640 640
Walk 520 2,490 1,230 4,240

2. Car
Bus
Truck 500 500
Walk

3. Car
Bus
Truck 300 300
Walk

4. Car 560 40 - 600
Bus 160 80 - 240
Truck - - - 15 15
Walk 80 40 - 120

5. Car
Bus
Truck 40 40
Walk

6. Car 0 0 0 0
Bus 0 0 0 0

Truck 0 0 0 - 0
Walk 0 0 0 0

7. Car
Bus
Truck
Walk

8. Car 560 400 - 960

Bus 160 800 600 1,560
Truck - - - 90 90
Walk 80 400 240 720

9. Car +580 320 - 900
Bus +145 +480 +1,300 1,925
Truck 200 200
Walk - - - -

Total Car 3,260 2,420 - 5,680

Bus 985 3,850 3,130 7,965

Truck - - - 1,785 1,785
Walk 680 2,930 1,470 5,080

Total 4,925 9,200 4,600 1,785 20,510
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Table 3: TRIP DESTINATIONS - MORNING PEAK

Year: 1979

High Income Middle Income Low Income Employment Total
HH HH HH Places

Zone:

1. Car 485 1,465 - 1,950
Bus 105 2,355 1,420 3,880
Truck 640 640
Walk 30 1,780 420 2,230

2. Car 1,250 420 - 1,670
Bus 420 625 625 1,670
Truck 500 500
Walk 330 635 535 1,500

3. Car 750 250 - 1,000
Bus 250 375 375 1,000
Truck 300 300
Walk 250 375 375 1,000

4. Car 70 20 - 90
Bus 20 40 50 110
Truck 15 15
Walk 10 20 20 50

5. Car 130 70 - 200
Bus 35 100 165 300
Truck 40 40
Walk - - - - -

6. Car
Bus
Truck 0
Walk

7. Car
Bus
Truck 0
Walk

8. Car 420 120 - 540
Bus 120 240 300 660

Truck 90 90

Walk 60 120 120 300

9. Car 155 75 - 230

Bus 35 115 195 345
Truck 200 200

Walk - - -

Total Car 3,260 2,420 - 5,680
Bus 985 3,850 3,130 7,965

Truck - - - 1,785 1,785

Walk 680 2,930 1,470 5,080

Total 4,925 9,200 4,600 1,785 20,510
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Table 4: 0-D DISTRIBUTION OF CAR TRIPS

Year: 1979
Destination Zones

Origin 1 2 3 4 5 6 7 8 9 TOTAL

Zone
1. H 283 649 400 23 39 0 0 82 74 1,560

M 1,043 288 169 14 51 0 0 40 52 1,660

L 0 0 0 0 0 0 0 0 0 0
TOTAL 1,326 937 569 37 90 0 0 112 126 3,220

2. H
m
L

TOTAL
3. H

m
L

TOTAL
4. H 43 198 134 25 39 0 0 64 27 560

M 22 9 8 0 0 0 0 0 1 40

L 0 0 0 0 0 0 0 0 0 0
TOTAL 95 207 142 25 39 0 0 64 28 600

5. H
m
L

TOTAL
6. H

m
L

TOTAL
7. H

m
L

TOTAL
8. H 43 171 82 9 29 0 0 199 27 560

M 205 69 40 0 10 0 0 65 11 400

L 0 0 0 0 0 0 0 0 0 0
TOTAL 248 240 122 9 39 0 0 264 38 960

9. H 86 222 134 13 23 0 0 75 27 580

m 195 54 33 3 9 0 0 15 11 320

L 0 0 0 0 0 0 0 0 0 0
TOTAL 281 276 167 16 32 0 0 90 38 900

H 485 1,250 750 40 130 0 0 420 155 3,260

m 1,465 420 250 20 70 0 0 120 75 2,420
L 0 0 0 0 0 0 0 0 0 0

GRAND
TOTAL 1,950 1,670 1,000 90 200 0 0 540 230 5,680
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Table 5: O-D DISTRIBUTION OF BUS TRIPS
Year: 1979

Destination Zone
1 2 3 4 5 6 7 8 9 TOTAL

Origin
Zone

1. H 72 241 139 2 20 0 0 28 18 520

m 1,624 388 250 24 62 0 0 64 78 2,490

L 628 270 149 15 52 0 0 40 76 1,230

TOTAL 2,324 899 538 41 134 0 0 132 172 4,240

2. H
m
L

TOTAL
3. H

m
L

TOTAL
4. H 11 61 37 8 5 0 0 31 6 160

m 44 16 8 0 0 0 0 10 2 80

L 0 0 0 0 0 0 0 0 0 0
TOTAL 55 77 45 8 5 0 0 41 8 240

5. H
m
L

TOTAL
6. H

m
L

TOTAL
7. H

m
L

TOTAL
8. H 7 52 37 0 7 0 0 44 7 160

m 393 143 70 11 26 0 0 136 21 800

L 202 95 71 15 45 0 0 136 36 600

TOTAL 602 290 178 26 78 0 0 316 64 1,560

9. H 15 66 37 3 3 0 0 17 4 145

m 294 78 47 5 12 0 0 30 14 480
L 590 260 155 20 68 0 0 124 83 1,300

TOTAL 899 404 239 28 83 0 0 171 101 1,925

TOTAL
H 105 420 250 20 35 0 0 120 35 985

m 2,355 625 375 40 100 0 0 242 115 3,850

L 1,420 625 375 50 165 0 0 300 195 3,130
GRAND
TOTAL 3,880 1,675 1,000 110 300 0 0 660 345 7,965
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Table 6r O-D DISTRIBUTION OF TRUCK TRIPS
Year: 1979

Destination

1 2 3 4 5 6 7 8 9 TOTAL
Origin
Zone

1.
TOTAL 276 141 109 6 10 0 0 26 72 640

2.
TOTAL 147 203 66 5 5 0 0 18 56 500

3.
TOTAL 102 69 72 1 10 0 0 12 34 300

4.
TOTAL 2 1 3 0 0 0 0 7 2 15

5.
TOTAL 17 7 7 0 4 0 0 0 5 40

6.
TOTAL 0 0 0 0 0 0 0 0 0 0

7.
TOTAL 0 0 0 0 0 0 0 0 0 0

8.
TOTAL 24 23 9 0 7 0 0 17 10 90

9.
TOTAL 72 56 34 2 4 0 0 10 22 200

GRAND
TOTAL 640 300 300 15 40 0 0 90 200 1,785
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Table 7: NETWORK

Arrow points in inbound (+) direction.

Car
Free-flow

PCU's in PCU's out Capacity V/C in V/C out speed
Link (2 hrs) (2 hrs) (No Build/Build) (NB/B) (NB/B) Length (NB/B)

A 3.4
B 3.4 80/100

AB 1777 924 800/2400 1.11/.37 .58/.19 6.8 80/100
C 1784 1064 1600 .56 .33 1.5 60
D 1603 864 1600 .50 .27 2.4 60
E 891 2036 1000 .45 1.02 1.4 60
F 519 912 1600 .16 .29 1.1 60
G 463 165 800 .29 .10 2.2 60
J 108 250 1200 .05 .10 0.9 60
H 1200 0.5 60
K 1200 60



A

T *k I C E F IG H JT

(Same 164 221 2511 621 408 57
as 85 20 130 328 163 - 35

L B) (0) _ _9 _ _K _ _ _ _ _

H0

'I I

Mm

Mm

90 128 2711 1991 - 1132+I 381
PI 41 1 31 8 - 8 0

331:H 3021 211+! 169 - 82 291

i-i331 3221 2821 76 - 40! 9

478 455 308 222 23
294 287 249 54 - 33 9 --

+809/-254 +757/ 790/--25 +0 +0/408'+348-0 +0/-147
L I.625/-86 -349 0362/-13) - + /-163 +81/-0 +0/-53

4L1434/ +609/-121 +1352/1+0/-466 +0/-671 +429/-0 +0 /-260
340 -1366L -381 +0/-167 I

-4701



LI

n
ki A B C rE G H J K

H (Same 52 61 223 155 - 12
as122 152 168 283 2371 30

L B) 114 147 158 214 154 - 33

H

35 42 74+ 58 - 37+ 7- I
1 10 10 62 16 - 8 0
L 0 0 0 - 0

H

HI

140+ 111+ 68 51 - 34 29
650 631 552 118 - 69 20
429 393 321 98 - 63+ - m C-

122! 117 77 62 37 5
433 421 369 78 47 12

L 1093 1025 850 260 155 68

262 228 219 0 0 108 0
1083 11052 983 0 0 124 0
1522 1418 1171 0 0 218 0

L +2867 +2698 2373 0 0 +440 0

ND -78 -97 - 61 -394 -155 0 53
132 162 1168 493 261 0 68

114 147 158 512 134 0 137



B C E F G H K

H (Same 98 108 - 114 141- 109 - -10-

as
L 1  B)

S74 79 84 297 66 - 5
M

H

46~ 56 - 69- 171 1 57 10

6 6 3+ - 3 0

5- 28+1 24 7 4+ 33+

63+ 56 47 23 - 7

I~ M 1 _ _

168 166 128 56 - 34 2 --

23 5 - 97-
230 250 200 297 173 55 36

L

50j 297 173' 55 36 __

11-1 230 25 200 - -T 3
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Table 11: YEAR : 1979

ORIGIN ZONE: 1 Input Data

MODE: Car

Values of Time ($/hr) Link: F out
9 Class 1 2.18 (A) 44 length 1.0

10 Class 2 .56 45 v/C 0.29
11 Class 3 .18 46 free-flow spd

47 class 1 vol T
Mode: 48 class 2 vol 163

5 O.C. parameter 1 (B) 49 class 3 vol .
6 occupancy 1.6
7 expans.ion Link: J out

factor 107.4 50 ength 1-9
51 V/C

0 Number of Links: 6 (C) 52 free-flow spd
53 class 1 vol 57

Link: A-B outbound 54 class 2 vol 35
20 length (km) 5- 55 class 3 vol 0
21 v/C 0~5B7.l9
22 free-flow Link:

speed (km/h) 80/100 56 leng th
23 clasE 1 vol 162v_ 57 V/C
24 class 2 vol _85 58 free--flow spd ____

25 class 3 vol 59 class 1 vol
60 class 2 vol

Link: C Out 61 class 3 vo.

27 V/C Link:

28 free-flow spd 6U 62 length
29 class 1 vol 2Z 63 V/C
30 class 2 vol 12~ 64 free-flow spd
31 class 3 vol 65 class 1 vol

66 class 2 Vol
Link: D out 67 class 3 vol

32 length Z.4
33 V/C G.27 Link:
34 free-flow spd 6 68 length
35 class 1 vol 5 69 V/C
36 class 2 vol 130 70 freo-flow spd
37 class 3 vol 0 71 class 1 vol

72 class 2 vol
Link: E out 73 class 3 vol

38 length
39 V/C 1
40 free-flow spd
41 class 1 vol
42 class 2 vol
43 class 3 vol
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ORIGIN ZONE: 1 Input Data

NmI: Bus

Values of Time ($/hr) Link: F out

9 Class 1 2 (A) 44 length 1.0
10 Class 2 45 V/C
11 Class 3 -18 46 free-flow spd 42

47 class 1 vol 155
Mode 48 class 2 vol 237

5 O.C. parameter. 4 . 3  (B) 49 class 3 vol 154
6 occupancy 45
7 exp ans n Link: J out

factor 92 50 length 0.9
51 V/C .10

0 Number of Links: 6 (C) 52 free-flow spd 42
53 class 1 vol

Link: A-B out 54 class 2 vol
20 length (kmi) 5.5 55 class 3 vol 3
21 v/c .58/.19
22 frae-flow Link:

speed (km/h) 64/80 56 length
23 class 3 vol 43 57 V/C
24 class 2 vol ~ 2 58 free-flow spd
25 class 3 vol 1T4 59 class 1 vol

60 class 2 vol
Lik: C out 61 class 3 vol

26 length 1.5
27 V/C .33 Link:
28 frce-flow spd 42 62 length
29 class 1 vol 55 63 v/C
30 class 2 vol ]5W 64 free-flow spd
31 class 3 vol I~7 65 class 1 vol

66 class 2 vol
Link: D out 67 class 3 vol

32 ligT -_
33 V/C .27 Link:
34 free-flow spd 42 68 length
35 class I vol 61 69 V/C
36 class 2 vol 168 70 frec-flow spd
37 class 3 vol 158 71 class 1 vol_

72 class 2 vol
Link: E out 73 class 3 vol

38 1e11th 1.4
39 V/C 1.02
40 free-flow spd 42
41 class 1 vol 223
42 cA3s 2 vdl 2
43 class 3 vol,



- 58 -
Year: 1979

Table 13:

BENEFITS TO RESIDENTS OF ORIGIN ZNE 1 _Qutput Costs

AUTO BUs $/Month

NO BUILD

Incame class 1
C

Incane class 2

Incane class 3
UL;
TC

Total

.ITC

BUILD
Inccme class 1 .....

TC

.Inccne class 2

TC

Incane class 3
U.;
TC

Total Oc
TC

DIFFERENCE

Inccrne class 1 -

TC

Inccrne class 2

Inccxne class 3

.TO

Total
c--- - -

TO i"
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Table 14: ORIGIN ZONE: 4 Input Data

IODK: Car

Values of Time ($/hr) Link: G in
9 Class 1 2.18 (A) 44 lCngLh 2.2

10 Class 2 .56 45 V/C .29
11 Class 3 .18 46 free-flow spd 60

47 class 1 vol 133
Node: 48 class 2 vol 8

5 0.C. paraoeter 1 (B) 49 class 3 vol 0
6 occupancy -
7 expansion Link: I out

factor 107.4 50 .Zngth 0.9
51 V/C .10

0 Number of Links: 6 (C) 52 free-flow spd 60
53 class 1 vol 38

Link: A-B out 54 class 2 vol 0
20 length (km) 5.5 55 class 3 vol 0
21 V/C 0.58/.19
22 free-flo Q Link:

speed (kin/b) 80/100 56 lcngth
23 class 1 vol 90 57 V/C
24 class 2 vol 1 58 free-flow spd
25 class 3 vol 0 59 class 1 vol

60 class 2 vol
Link: C Out 61 class 3 vol

26 lenigth1.
27 V/C Link:
28 free-flow spd 62 length
29 class 1 vol r 63 V/C
30 class 2 vol 64 free-flow spd
31 class 3 vol 65 class 1 vol

66 class 2 vol
Link: D in 67 class 3 vol

32 length
33 V/C _50 Link:
34 free-flow spd 60 68 length
35 class 1 vol 271 69 V/C
36 class 2 vol M 70 free--flow spd
37 class 3 vol 71 class 1 vol

72 class 2 vol
Link: E out 73 class 3 vol

38 lengt 1.
39 V/C
40 free-flow spd 60
41 class 1vol 19
42 class 2 vol
43 class 3 vol
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Table 15: ORIGIN ZONE: 4 Input Data

MOE: - Bus

Values of Tima ($/hr) Link: G in
9 Class 1 (A) 44 length

10 Class 2 45 V/C .29
11 Class 3 46 free-flow spd 42

47 class 1 vol 37
Mode: 48 class 2 vol 8

5 0.C. parameter 4.3 (B) 49 class 3 vol 0
6 occupancy 45

7 expansion Link: J out
factor 92 50 length 0.9

51 V/C .10
0 Number of Links: 6 (C) 52 free-flow spd 42

53 class 1 vol 7
Link: A-B 54 class 2 vol 0

20 length (km) 5.5 55 class 3 vol 0
21 V/C .58/.19
22 free-flow Link:

speed (km/h) 64/80 56 length
23 class 1 vol 35 57 V/C
24 class 2 vol 10 58 free-flow spd
25 class 3 vol 0 59 class 1 vol

60 class 2 vol
Link: C out 61 class 3 vol

26 length 1.5
27 V/C .33 Link:
28 free-flow spd 42 62 length
29 class I. vol 42 63 V/C
30 class 2 vol 10 64 free-flow spd ....
31 class 3 Vol 65 class I vol

66 class 2 vol
Link: D in 67 class 3 vol

32 length
33 V/C -50 Link:
34 free-flow spd 68 length
35 class 1 vol 69 V/C
36 class 2 vol 70 free-flow. spd
37 class 3 vol 0 71 class I vol

72 class 2 vol
Link: E out 73 class 3 vol

3S length 1.4
39 V/C 1.02
40 free-flow spd 42
1 class 1 vol 58

42 class 2 vol 16
43 class 3 vol 0
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Table 16: BENEFITS TO RESIDENTS OF ORIGIN ZONE_4 Output Costs

AUTO BUS $/Month

NO BUILD

Inccme class 1

TO

Inccme class 2

TC

Inccme class 3
UL;
TO

Total

OC

BUIE
Incne class 1

TO

Incae class 2

cc

TO

Inccme class 3

cc

OC

DIFFENCE
Inccrte class 1

TO

Inccme class 2

TC

Inccme class 3

TO

Total
0C
TO
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Table 17: OGINKzoN: 8 Input Data

MOPE: Car

Values of Time ($/hr) Link: G in
9 Class 1 _2._8 (A.) 44 length 2.2

10 Class 2 ,56 45 V/C .29
11 Class 3 46 free-flow spd 60

47 class 1 vol 82
Mode: 48 class 2 vol 40

5 0.C. pararieter 1 (1) 49 class 3 vol 0
6 occupancy 1.6
7 expausion Linki: J out

factor 107.4 50 length .9
51 V/C .10

0 Number of Links: 6 (C) 52 free-flow spa 60
53 class 1 vol 29

Link AB in 54 class 2 vol 9
20 length (km) 5.5 55 class 3 vol 0
21 V/C 1.11/.37
22 free-flow Link:

speed (km/h) 80/100 56 length
23 class 1 vol 331 57 V/C
24 class 2 vol 331 58 frCee-flow spd
25 class 3 vol 0 59 class 1 vol

60 class 2 vol
Link: C in 61 class 3 vol

26 length 1.5
27 V/C .56 Link:
28 free-flow spd 60 62 length
29 class 1 vol 302 63 v/C
30 class 2 vol 322 64 free-flow spd
31 class 3 vol 0 65 class 1 vol

66 class 2 vol
Link: D in 67 class 3 vol

32 length 2.4
33 V/C ~5--Link:
34 free-flow spd 60 68 length
35 class 1 voi 211 69 v/C
36 class 2 vol 70 free-flow spd
37 class 3 vol 71. class 1 vol

72 class 2 vol
Link: E out 73 class 3 vol

38 length 1.4
39 V/C 1.02
40 free-flow spd 60
41 class 1 vol 169
42 class 2 vol 76
43 class 3 vol 0
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Table 18: ORIGIN ZONE: 8 Input Data

MODE: BUS

Values of rime ($/hr) Link: G+
9 Class 1 (A) 44 length 2.2

10 Class 2 45 V/C .29
11 Class 3 46 free-flow spd 42

47 class 1 vol _34
Mode: 48 class 2 vol 69

5 O.C. parameter 4.3 (B) 49 class 3 vol 63
6 occupancy
7 expansion Link: J-

factor 92 50 length 0.9
51 V/C .10

0 Number of Links: 6 (C) 52 free-flow spd _42
53 class 1 vol 21

Link: AB+ 54 class 2 vol 20
20 length (km) 3 5 55 class 3 vol 36
21 V/C 1~.-1T~.37
22 free-flow Link:

speed (km/h) 64/80 56 lenth _

23 clar-s 1 vol T 57 V/C
24 class 2 vol 650 58 free-flow spd
25 class 3 vol 429 59 class 1 vol

60 claso 2 Vol
LIn C+ 61 class 3 vol

26 lcngth 1.5
27 V/C Link:
28 free-flow spd 40 62 length
29 class 1 vol 1^ 63 V/C
30 class 2 vol 631 64 free-flow spd
31 class 3 vol 393 65 class 1 vol

66 class 2 vol
Link: D+ 67 class 3 vol

32 length 2.4
33 V/C .50 Link:
34 free-flow spd 42 68 length
35 class 1 vol 68 69 V/C
36 class 2 vol 552 70 free-flow spd
37 class 3 vol 321 71 class 1 Vol

72 class 2 vol
Link: F- 73 class 3 vol

38 length 1.4
39 V/C 1.02
40 free-flow spd 42
41 class 1 vol 51
42 class 2 vol 118
43 class 3 vol 98
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Table 19: BENEFITS TO RESIDENTS OF ORIGIN ZONE 8 Output Costs

AU'IO BUS $/Month

NO BUILD

Inccme class 1

Inccme class 2

Incane class 3
UL;
TC

Total
.Cx

BUILD
Income class 1

'IC

Incoae class 2

Oic

Inccme class 3

'IC

Total
OC
'IC

DIFFERENCE
Inccme class 1

TC

IncCe class 2

'IC

Inccme class 3

'IC

T tal

'IC
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Table 20: BENEFITS TO RESIDENTS OF ORIGIN ZONE 9 OUTPUT COSTS

AUTO BUS $/Month

NO BUILD
Income class 1

OC
TC

Income class 2
OC
TC

Income class 3
OC
TC

Total
OC
TC

BUILD
Income class 1

OC
TC

Income class 2
OC
TC

Income class 3
OC
TC

Total
OC
TC

DIFFERENCE
Income class 1

OC
TC

Income class 2
OC
TC

Income class 3
OC
TC

Total
OC
TC
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Table 21: BE=EFITS TO RESIDENTS OF ORIGIN ZCNE 9

AUTO BUS

NO BUILD

Incane class 1

Incane class 2

TC

Inctne class 3 No-Build

TC Build

Total *2

.rI~-EC

BUILD
Income class 1

TC

.Income class 2

TC

Inccme class 3 Bui.n Build

TC w/loop

Total , *

0C
TC

Differnei 2e

DIFFERENCE
Incne class 1

Difference

Inccme class 2 whoop

Tt

Income class 3 :..

TC

Total

OK

J1
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Input Data

Table 22: ORIGIN ZONE: 1
MODE: Truck

Modal Parameters Link: F-
Labor cost ($/hr) (B) Length 1.0

O.C parameter V/C .29
expansion factor Free-flow speed 60

Volume 109
Number of Links: 6 (C)

Link: AB- Link: J
Length (km) 5.5 Length 0.9
V/C .58/.19 V/C .1
Free-flow speed (km/h) 80/100 Free-flow speed 60
Volume 98 Volume 10

Link: C- Link:
Length 1.5 Length
V/C .33 V/C -
Free-flow speed .60 Free-flow speed
Volume 108 Volume

Link: D- Link:
Length 2.4 Length
V/C .27 V/C
Free-flow speed 60 Free-flow speed
Volume 114 Volume

Link: E- Link:
Length 1.4 Length
V/C 11.02 V/C
Free-flow speed 60 Free-flow speed
Volume 141 Volume
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YEAR; 1979

Input Data

Table 23: ORIGIN ZONE: 2
MODE: Truck

Modal Parameters Link: F-
Labor cost ($/hr) 1 (B) Length
O.C parameter 5.2 V/C .29
expansion factor 115 Free-flow speed 6u

Volume 66
Number of Links: 6 (C)

Link: AB Link: J-
Length (km) 5.5 Length 0.9
V/C 58/.19 V/C .10
Free-flow speed (km/h) 80/100 Free-flow speed 60
Volume 74 Volume

Link: C- Link:
Length 1.5 Length
V/C .33 V/C
Free-flow speed 60 Free-flow speed
Volume 79 Volume

Link: D- Link:
Length 2.4 Length
V/C .27 V/C
Free-flow speed 60 Free-flow speed
Volume 84 Volume

Link: E+ Link:
Length 1.4 Length
V/C 45 V/C
Free-flow speed 6O Free-flow speed
Volume 29_ Volume
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YEAR; 1979

Input Data

Table 24: ORIGIN ZONE: 3
MODE: Truck

Modal Parameters Link: G-
Labor cost ($/hr) (B) Length 2.2

OC parameter V/C .10

expansion factor Free-flow speed 60
Volume 57

Number of Links: (C)

Link: AB- Link: J-

Length (km) 5.5 Length 0.9

V/C .58/.19 V/C .1
Free-flow speed (km/h) 80/100 Free-flow speed 6U

Volume 46 Volume 10

Link: C- Link:
Length 1.5 Length
V/C .33 V/C -
Free-flow speed 60 Free-flow speed
Volume 56 Volume

Link: E- Link:

Length 1.4 Length _ _
V/C 1.02 V/C __

Free-flow speed 60 Free-flow speed

Volume 69 Volume

Link: F+ Link:
Length 1.0 Length
V/C .16 V/C

Free-flow speed 60 Free-flow speed
Volume 171 Volume -
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YEAR: 1979

Table 25: ORIGIN ZONE: 4 Input Data
MODE:

Modal Parameters Link: G+
Labor cost ($/hr) (B) Length 2.2
O,C parameter V/C .29
expansion factor Free-flow speed 60

Volume 3
Number of Links: 5 (C)

Link: C- Link:
Length (km) 1.5 Length
V/C .33 V/C
Free-flow speed (km/h) 60 Free-flow speed
Volume 6 Volume

Link: D+ Link:
Length 2.4 Length
V/C .5 V/C -
Free-flow speed 60 Free-flow speed
Volume 3 Volume

Link: E- Link:
Length 6.4 Length
V/C 1.02 V/C
Free-flow speed 60 Free-flow speed
Volume I Volume

Link: Link:
Length Length
V/C V/C
Free-flow speed Free-flow speed
Volume Volume
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Input Data
Table 26: ORIGIN ZONE: 5

MODE:

Modal Parameters Link: G+
Labor cost ($/hr) (B) Length 2.2
0,C parameter V/C .29
expansion factor Free-flow speed 60

Volume 4

Number of Links: 6 (C)

Link: AB- Link: J+
Length (km) 5.5 Length .9
V/C .58/.19 V/C -5
Free-flow speed (km/h) 80/100 Free-flow speed 60
Volume 5 Volume 33

Link- C+ Link:
Length 1.5 Length
V/C .56 V/C
Free-flow speed 60 Free-flow speed
Volume 28 Volume

Link: D+ Link:
Length 2.4 Length
V/C .5 V/C
Free-flow speed 60 Free-flow speed
Volume 24 Volume

Link: E- Link:
Length 1.4 Length
V/C 1.02 V/C
Free-flow speed 60 Free-flow speed
Volume 7 Volume



72 YEAR; 1979

Input Data
Table 27: ORIGIN ZONE: 8

MODE: Truck

Modal Parameters Link: G+
Labor cost ($/hr) (B) Length 2.2
O.C parameter _V/C -2
expansion factor Free-flow speed 0

Volume 9
Number of Links: 6 (C)

Link: AB+ Link: J~
Length (km) 5.5 Length .9
V/C 1.1/.37 V/C .1
Free-flow speed (km/h) 80/10- Free-flow speed 60

Volume 6_ _Volume 7

Link: C+ Link:
Length 1.5 Length
V/C .56 V/C -
Free-flow speed 60 Free-flow speed
Volume 56 Volume

Link: D+ Link:
Length 2.4 Length
V/C .5 V/C
Free-flow speed 60 Free-flow speed
Volume 47 Volume

Link: E- Link:
Length 1.4 Length
V/C .1.02 V/C
Free-flow speed 60 Free-flow speed
Volume 23 Volume
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Output Costs

TRUCK COSTS FROM EACH ORIGIN ZONE

ZONE: 1 2 3

No-Build
OC * 53,796 8,991 30,263
labor 4,113 3,128 2,176

Build
OC * 54,566 9,573 30,624

labor 3,365 2,563 1,825

Difference
OC * -770 -582 -362

labor 748 565 351
total OC -22 -17 -10

ZONE: 4 5 8

No-Build
OC * 2,330 7,368 30,225
labor 155 539 21,541

Build
OC * 2,377 7,407 25,987
labor 109 501 19,909

Difference
OC * -47 -39 4,239

labor 46 38 1,632
total OC -1 -1 5,870

* Operating cost minus $1/hr labor cost.
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Projected 1984 travel benefits by mode, income class, zone of

origin for conditions assumed to prevail with no highway component as compared

to those with the proposed highway component. Summary:
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Year 1984

Table 29: SUMMARY GENERALIZED TRAVEL COST

ZONE: High Income Middle Income Low Income Employment Total
HH HH HH

1. Car
bus
truck
walk

2. Car
bus
truck
walk

3. Car
bus
truck
walk

4. Car
bus
truck
walk

5. Car
bus
truck
walk

6. Car
bus
truck
walk

7. Car
bus
truck
walk

8. Car
bus
truck
walk

9. Car
bus
truck
walk

Total: Car
bus
truck
walk

Total:
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Year 1984

Table 30: TRIP ORIGINS - MORNING PEAK HOUR

ZONE HIGH INCOME MIDDLE INCOME LOW INCOME EMPLOYMENT TOTAL
HH HH HH

1. Car 1.500 1,600 250 3,350
Bus 500 2,400 750 3,650
Truck 760 760
Walk 500 1,200 375 2,075

2. Car 500
Bus
Truck
Walk

3. Car
Bus 350 350
Truck
Walk

4. Car 560 40 80 680
Bus 160 80 100 340
Truck 30 30
Walk 180 20 200

5. Car 160 160
Bus
Truck
Walk

6. Car 600 200 800
Bus 1,200 1,000 15 2,200
Truck 300 200 500
Walk

7. Car 160 160
Bus
Truck
Walk

8. Car 700 500 100 1,300
Bus 200 1,000 750 1,950
Truck 150 150

Walk 100 250 150 500

9. Car 4,112 424 380 4,916
Bus 1,303 180 2,815 4,298
TrucK 0
Walk 175 120 675 970

TOTAL Car 6,872 3,164 1,010 11,046

I uc 2,163 4,860 5,415 ,2 ,438
Bmuck 2,125 2,125
Bus 955 1,890 1,400 2,245
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Table 31: TRIP DESTINATIONS - MORNING PEAK HOUR

ZOjE 111(11 1NCO;E MI))1E IVNCOME LO11 NCOiL EMI.,LOYMET TOTAL
HH HH HH

1. Car 2280 1140 500 3920
11s 760 1710 1710 4180
Truck 460 460
Walk 380 570 570 1520

2. Car 1200 600 200 2000
Bus 400 900 900 2200
Truck 500 500
Walk 200 420 310 930

3. Car 840 340 140 1320
Bus 280 630 630 1540
Truck 350 350
Walk 200 420 310 930

4. Car 195 82 20 297
Bus 55 120 150 325
Truck 30 30
Walk 30 50 50 130

5. Car 780 330 80 119Q
Bus 220 480 600 1300
Truck 160 160
Walk 40 80 80 200

6. Car 94 . 42 10 146
Bus 28 60 75 163
Truck 15 15
Walk 15 10 10 35

7. Car 780 330 80 1190
Bus 220 480 600 1300
Truck 160 160
Walk 40 80 80 200

8. Car 700 300 100 1100
Bu; 200 480 750 1430
Truck 150 150
Wall. 50 80 100 230

9. Car
Bis
Truck

TOTAL Car 6872 3164 1010 11046

2163 4860 5415 12438
Tr ck 2125 2125
Walk 955 1890 1400 4245

TOTAL 9990 9914 7825 2125 29854
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Table 32: O-D DISTRI UTION OF TRUCK TRIPS Year 1985

ORIGIN ZONES 1 2 3 4. 5 6 7 8 9 TOTAL

1. H 584 318 200 24 118 19 183 54 0 1500
M 673 336 200 19 148 16 92 116 0 1600
L 121 40 37 2 8 21 8 32 0 250

TOTAL 1378 694 437 45 274 37 283 202 0 3350

2. H
M
L

TOTAL

3. H
m
L

TOTAL

4. H 155 89 80 36 192 18 44 36 0 560
m- 9 7 4 4 4 1 4 7 0 40
L 27 19 2 7 7 1 10 7 0 80

TOTAL 191 115 86 47 113 20 5 50 0 680

5. H

L

TOTAL

6. H
M 170 103 66 28 94 9 93 38 0 600
L 65 41 35 4 27 1 18 9 0 200

TOTAL

7. R

L

TOTAL

8. H 175 94 67 15 67 15 100 167 0 700

m 132 76 23 18 42 8 56 101 0 456

L 26 22 8 3 8 2 14 17 0 100

TOTAL 333 192 98 36 117 25 170 285 0 1,256

9. H 1356 699 493 120 493 45 453 453 4,112
m 156 81 47 13 42 5 42 38 0 424
L 141 78 53 9 30 4 30 35 0 380

TOTAL 1653 858 593 142 565 54 525 526 0 4,916

TOTAL H 2280 1200 840 195 780 67 780 700 0 6842
m 1140 600 340 .82 330 42 330 300 0 3164
L 380 200 140 20 80 10 80 100 0 1010

T3800 2000 1320 297 1190 119 1190' 1100' 0 11,016
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Table 33: O-D DISTRIBUTION OF CAR TRIPS

QI I 
1 i ',)I"

(CI 1 T 4N J 7 3 4 6 7 8 9 TOTAL

1. 11 193 110 67 6 49 14 54 17 0 500

981 467 477 57 187 16 88 127 0 2400

L 354 134 114 20 47 7 4 40 0 750

us28 1 658 83 283 27 176 184 0 3650

2. 111
m

--L

TOTAL

3. H

TOTAL

4. E 59 27 25 8 17 8 8 8 0 160
24 16 8 4 8 4 8 8 0 80

L31 15 15 8 8 7 8 8 0 100

TOTAL 114 8 48 20 33 0 340

5. 11
m
L

TO TA'L

390 230 133 37 177 28 112 93 0 1200
L 282 159 96 21 168 23 138 103 0 990

TOAL 672 229 345 51 250 196 2190

7. H

TOTAL8. H 56 28_

8.M1 56 28 19 2 24 3 23 45 0 200
M 252 153 99 18 90 10 44 234 0 1000L 160 114 67 17 67 10 110 205 0

TOTL 468129518537 181 23 277 484 0 1950

9. H 457 235 169 39 130 13 130 130 0 1303
M 63 34 23 4 18 2 18 18 0 180

873 478 338 84 310 28 310 394 0 2815
TA 530127 458 43 458 542 0 4298

TTiAL 11 760 400 380 55 220 28 220 1200 0 2263
110 150 1630 120 480 30 480 480 0 2460
110 700 630 150 100 75 750 750 0 3265

19801250 1640 325 8 I i3 14, ~ , ~ [_~071 1 - 6 - '1 1' 1 5 .... 8 --
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Table 34: O-D DISTRIBUTION OF T UCK TRIPS Year 984

ORJi;LG 10 1 2 3 4 5 6 1 8 9 TOTAL

1. 11
m
L

__ TOTAL 354 154 140 12 43 01 28 29 0 760

2. 11

L

TOTAL 1 177 71 6 26 0 33 20 0 500

3. H
m
L

TOTAL 115 68 73 6 26 6 36 20 0 350

4. H
I
L

TOTAL 10 10 10 0 0 0 0 0 0 30

5. -

L

TOTAL 131 28 23 0 38 9 14 17 0 160

6. H
m
L

TOTAL 8 7 .0U 0 oo0 15

7. H
m
L

TO'AL 36 30 14 6 16 0 30[28 0 160

8. ]H I1

TOTAL 26 9 0 11 0 19 36 0 150

9. 'a

L

TOTAL

TOTAL 1

760 500 350 30 160 15 21 25T II1116ls



Link
Origin Zone A B C D E F G H I J K TOTAL

H 79- 168-

1 m 80 223
L

H 35 113
m 5 11
L

H 0 10
m 6- 18-
L 3 7

H 538+ 397+
m 387+ 318
L

H 00)

H 3687+ 3210+ 0

m 21 19
L 470 470

H
6 m

L

H
7 M4C

L P-1 00

In H 4225+ 3607+
m 408 337+
L 470 470+

Uotal 5103+ 441

H 114- 381-
OUT m 91- 252-

L 3- 7-
otal 208- - 640-



Link

Origin Zone A B C D E F G H I J K TOTAL

H 22 72

1 m 132 387
L 0 0

H 9 18
2 M 10 20

L 0 0

H -0 0
3 m 8- 32-

L 12 18

H 237+ 210+
4 m 1020 960

L 940 820
In4

H 2085 1885
5 m 125 110

L 1470 1390

H
6 m

L0

H

L

In H 2322+ 2095+
'M 1145 1070

TOTAL L 2410 2210
4375 4375

In H 31- 90-
m 150 439-
L 12 18-

TOTAL 193 647



Link
Origin Zone A B C D E G H I J K TOTAL

H
m 29- 57-

1 L

H

2 m 20- 53-
L

H m
3 m 20- 56-

L

H
4 m 0 0

L

5M U.1-H
5 17- 3 -

LH
6 m 15- 30-

L

H
7 m 28- 102+ H

LH
8 NM 103+ 84+

L
9 ____ 228+ 190+ ___ __ _________

H
m 129 22Y

TOTAL L 331+ 376+
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TABLE 38

YEAR 1984

'LINK ASSIGIENMNTS BY MODE CAR DCUS_

ORIGIN/ZONE 1 2 3 4 5 6 7 8 9 Total Total

LINK 
P ssenge sPCU

ji- 3,350 113 - 13,350

1-2 694 144 162 858 1,973
1-3 43743
1-4 8421 842

- 2-1
2-2

*(2-5)
3-1
3-3
3-4
4-1 306 379 495 2,571 3,691
4-3 86 101 98 593 878
4-4 680 680
4-5 274 113 387

4-6 37 20 57
4-7 283 58 341
4-8 203 50 253

*(5-2)
5-4
5-5
5-6
5-7
5-8
6-4 572 572

6-5 121 121

6-6 800 800

6-7 110 110

6-8 47 47
7-4
7-5
7-6
7-7
7-8
8-4 629 3,246 _,_

8-5 117 565 682
8-6 25 54 79
8-7 170 525 695

8-8 1,300 1,300

8-9
9-8 _ __ _ _5,916 5,916

9-9 _ 5,916 5,916
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TABLE 39

YEAR 1984

'LINK ASSIGNMENTS BY MODE BUS DCUS_

ORIGIN/ZONE 1 2 3 4 5 6 7 8 9 Total

LINK Passengers Total PCU

1-1 3,650 - 3,650
12-2 7 1 58 389 295 747 2,200

1-3 658 658

1-4 763 763
2-1
2-2

*(2-5)
3-1
3-3
3-4
4-1 172 1,061 763 2,140 4,136
4--3 48 229, 185 520 982

4-4 340 340

4-5 2323 316

4-6 27 1-19 46

4-7 176 24 200

4-8 18 4208
*(5-2)

5-4
5-5
5-6
5-7
5-8
6-4 14 1,348
6-5 345 345
6-6 2,200 2,0200
6-7 250 250
6-8 196 196
7-4
7-5
7-6
7-7
7-C
8-4 1985 1,587 2,572
8-5 181 458 639

8-6 23 431 66

8-7 274 458 732

8-8 1,950 1,950
8-9
9-8 4,298 429 8
9-9 49 ,29-8
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TABLE 40

YEAR 1984

'LINK ASSIGNMENTS BY MODE TRUCK DCUS_

ORIGIN/ZONE 1 2 3 4 5 6 7 8 9 Total Total

LINK passen ers PCU

-1 760 760 '
1-2 154 ---- 68 10, 28 7 30 2N 323 0
1-3 140 71 211-
1-4 112 85 197
2-1 333 33
2-2 500 -5-0-0

*(2-5)
3-1 183 ___

3-3 350 3-5u+
3--4 161T 161
4-1 2W 39 15 -61 55 225
4-3 1__ 0 2T 14 23 66
4-4 30 30
4-5 43 26 6 75
4-6 26 26
4-7 28 33 36 9 _

4-8 29 20 20 69

*(5-2)
5-4 72 72
5-5 160 160
5-6 9 9
5-7 14 4
5-8 17 17
6-4 15 15
6-5
6-6 15 15
6-7
6-8
7-4 86 86
7-5 16 16
7-6
7-7 160 160
7-8 28 2 8

8-4 84 84

8-5 11 1
8-6
8-7 19 19

8-8 101-50

8-9
9-8
0-9
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REGISTER CONTENTS: UTB-2.1(A)

YEAR. 1984
FOR CAR & BUS

ORIGIN ZONE: 1

MODE: Bus

Values of Time ($/hr) Link:
9 Class 1 2.18 (A) 4,4 length

10 Class 2 .56 45 V/C
11 Class 3 .18 46 free-flow spd

47 class 1 vol
Mode: 48 class 2 vol

5 O.C. parameter 4.3 (B) 49 class 3 vol
6 occupancy 45
7 expansion Link:_

factor _92 50 length
51 V/C

0 Number of Links: 10 (C) 52 free-flow spd
53 class 1 vol

Link: A outbound 54 class 2 vol
20 length (km) 2.1 55 class 3 vol
21 V/C 1135/1600-0.17/0.24
22 free-flow Link:

speed (kIn/h) 64/80 56 length
23 class 1 vol 57 V/c_
24 class 2 vol 1 58 free-flow spd
25 class 3 vol 59 clasb 1. vol

60 class 2 vol
Link: B outbound 61 class 3 vol

26 length
27 V/C Link:
28 free-flow spd _68tW 62 length
29 class 1 vol _2 63 V/C
30 class 2 vol 387 64 free-flow spd
31 class 3 vol 0 65 class 1 vol

66 class 2 vol
Link: 67 class 3 vol

32 length
33 v/C Link:
34 free-flow spd _68 length
35 class 1 vol 69 V/C
36 class 2 vol 70 free-flow spd
37 class 3 vol 71 class 1 vol

72 class 2 vol
Link: 73 class 3 vol

38 length
39 v/C
40 free-flow spd
41 class 1 vol
42 class 2 vol
43 class 3 vol
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TRIP-ORIGINS - MORNING PEAK HOUR

/0 111GU! 14COUE 14IDDLE INGOiE LoW C(XE EMl1oMEt T-TAL
HH HH HH

I. Ca r 2250 2100 350 4725
Bus 1000 3600 1500 6100
Truck 920 920
1alk 250 800 375 1425

2. Car
Bus
Truck 500 500
Walk

3. Car
Bus
Truck 400 400
Walk

4. Car 840 60 900
BUS 280 120 400
Truck 150 150
Walk 120 20 140

5. Car

Truck 240 240

6. Car 750 300 1050
Bus 1800 1600 3400
Truck 30 30
Walk 225 300 525

7. Car
Bus
Truck 400 400
Walk

8. Ca r 735 650 300 1685
Bus 375 1400 900 2675
Truck 180 180
Walk 75 260 100 435

9. Car 5175 350 410 5935
Bus 2325 225 2420 4970
Truck
Valk 135 145 550 830

TOTAL Cr 9000 3915 1385 14300
Bus 3980 7145 6420 2820 17545
Truck 2820 2820
Wa 11 580 1450 1325 3355

TOTAL 13560 12510 9130 2820 38020
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TRIP DESTINATIONS - MORNING PEAK HOUR

Of rGH INC0M1L MIDDLE lNcOME LOW INCOM1E I IOYET TAL
HH HH HH

I . Car 2990 1035 460 4485
Bus 1380 2070 2070 5520
Truck 920 920
Walk 230 500 460 1190

2. Car 1300 600 200 2100
s 600 1000 900 2500

Truck 500 500
Walk 100 250 200 550

3. Car 1040 360 160 1560
Bus 480 900 630 2010
Truck 400 400
Walk 80 200 160 440

4. Car 725 400 100 1225
Bus 250 575 475 1300
Truck1  150 150
Walk 50 100 75 225

5. Ca 870 500 120 1490,
Bus 300 600 540 1440
iruck 240 240
Wail-. 60 90 90 240

6. Gar 115 80 15 210
Bus 50 150 115 315
Truck 30 30
Walk 5 40 20 65

7. Car 1150 700 150 2000
Bus 500 1250 1150 2900
Tiuck 400 400
Walk 25 150 200 375

8. Car 810 240 180 1230
Bus 420 600 540 1560
Truck 180 180
Walk 30 120 120 270

9. Car
Bus
Truck
Walk

TOTA 'L Car
TO us Car 9000 3915 1385 14300
TruLk 3980 7145 1420 17'545
Walk 2820 2820

1580 -_45 .__ L 1325--,355

TOTAL 13560 12510 9180 2820 38020



Year 1999

O-D DISTRIBUTION OF CAR TRIPS
ORIGIN ZONE 1 2 3 4.1 5 6 7 8 9 TOTAL

1. H 873 343 280 136 201 20 281 116 0 2250
M 688 366 236 193 175 31 355 56 0 2100
L 168 73 48 24 21 4 18 19 0 375

TOTAL .729 782 564 353 397 55 654 191 0 4725

2. H
m
L

TOTAL

3. H
m
L

TOTAL

4. H 248 146 131 129 86 9 69 23 0 840
M 11 7 7 7 7 7 7 7 0 60

L 0 0 0 0 0 0 0 0 0 0

TOTAL 259 153 138 136 93 16 76 30 0 900

5. H
m
L

TOTAL

6. H
m 140 96 42 105 159 26 113 69 0 750
L 82 38 39 28 38 2 44 27 0 300

TOTAL 222 134 81 133 197 28- 157 96 0 1050

7.HK
mI
L

TOTAL

8. H 163 86 48 46 68 34 128 165 0 735
95 78 43 61 113 9 164 87 0 650

L 74 32 24 19 24 3 43 81 0 300

TOTAL 332 196 115 126 205 46 335 333 0 1685

9. 707 125 621 444 508 52 672 466 0 5175
m 91 53 32 39 46 77 61 21 0 350
L 136 57 49 29 37 4 45 53 0 5135

TOTAL 1934 835 702 482 601 63 778 540 5935

TOTAL H 2990 1300 1040 725 870 115 1150 810 0 9000

m 1035 600 360 400 500 80 700 240 3915

L 460 300 160 100 120 75 150 180 0 1545

4485 2200 1560 1225 1490 270 2000 1230 0 4,460
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O-D DISTRIBUTION OF BUS TRIPS Year 1989

ORIGIN ZONE 1 2 3 4. 5 6 7 8 9 TOTAL

1. H 401 169 135 60 63 11 94 67 0 1,000
M 1342 570 509 247 217 59 541 115 0 3,600
L 633 230 190 81 95 20 180 66 0 1,500

TOTAL 2376 969 834 393 375 90 815 248 0 6,100

2. H
m
L

TOTAL

3. H
m
L

TOTAL

4. H 93 42 34 34 27 8 25 17 0 280
M 32 16 16 16 8 8 16 8 0 120

L 0 0 0 0 0 0 0 0 0 0

TOTAL 125 58 50 50 35 16 41 25 4 0

5. H
m
L

TOTAL

6. H 0 0 0 0 0 0 0 0 0 0
M 372 229 210 201 210 73 292 239 0 1800
L 443 238 136 158 197 30 279 93 0 1600

TOTAL 815 467 346 359 407 103 571 332 3400

7. R
H
L

TOTAL

8. H 96 40 32 16 24 8 79 80 0 375

m 264 153 136 93 147 25 340 246 0 1400

L 220 93 62 51 65 17 231 F61 0 '900

TOTAL 580 286 230 160 236 50 650 487 0 2675

9. H 790 349 279 140 186 23 302 256 0 2325
m 64 32 29 18 18 5 41 18 0 225
L 774 339 242 169 194 48 460 194 0 2420

TOTAL 1528 720 550 32 398 76 803 468 0 4970

TOTAL H
H
L
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O-D DISTRIBUTION OF TRUCK TRIPS Year 1989

ORIGIN ZONE 1 2 3 4. 5 6 7 8 9 TOTAL

1. H
M
L

TOTAL 381 149 120 40 86 6 75 63 0 920

2. H
M
L

TOTAL 133 14 74 35 20 7 74 14 0 500

3. H
m
L

TOTAL 149 60 97 14 21 0 44 15 0 400

4. H

L

TOTAL 46 24 24 16 16 0 16 8 0 150

5. H
m
L

TOTAL 71 35 27 18 48 0 27 14 0 240

6. H
m
L

TOTAL 10 10 5 0 0 0 5 0 0 30

7.1R
m
L

TOTAL 92 51 34 17 30 17 121 38 0 400

8. H

TOTAL 38 28 19 10 19 0 38 28 0 180

9. H

L

TOTAL 20 100 60 5 8 2 10 20 0 325

TOTAL H

L

920 500 400 150 240 30 400 180 0 3,145
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LINK ASSIGNMENTS BY MODE CAR

T11Gi To ta ' Tota1

ZOIE 1 2 3 4 5 6 7 8 9 Passcgers FCUJ

L -1 4725
1-2 782 5- 134 196 835

13 5641____I__
1-4 1650 _____ 1650
2-1

* 2-2 __ __-~f-

(2- 5T___ ___ __

3-1 3
3-3 115 __2

4-1 6 756 3965
4--3___ 138 I81 _ _ 115 __ 1D2 1036 _ _

4-4- 900 -900
4-5 397 93 490
4-6 55 16 71

7-6-_ 76

4--8 191 0 __-221_ _ _

5-4-6

- -0 0 0

-6 ~46 - - 70

8-7 33 77 197
6- 6 1050

9-9 11 151
6-8 96 ___ ___ 96

7-8 __ __ _ __

8-4 76971_1_19T37 U _42-

8-5 - - 25~ 0 0 __

8-6 --- __-__ - -46 63 109

8- __335 -- 778 1113

9--s 15 1 5135 _

9-8 9_ [55 5135
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Year 1989

LINK ASSIGNMENTS BY MODE

KGIM Total ToLal

) 1 2 3 4 5 6 7 8 9 Pa rngcrs FCU

T I'l 1-l 6100 6100
1-2 969 58 467 286 2MB
1-3 834 834

1-4_1.927 - _ __- 1927 -

2-1
2-2

3-1
3-3 __
3-4__ _I__ _ __ _

4-1 183 1282 86_224 519 
4-3 50 34230 5AQ 16
4-4 400 .- _
4-5 375 35._
4-6 90 61
4-- f-815 41 856
4-8 248 25 273

* 5 2_

5-4

5-61 1

6-4 _987 -1987

6- 5  4o7 407
6-6 3405 3400
6-7 571 571
6-8 332 332
7-4
7-5
7-6
7-7
7-8-
8-4 -. ____ ___ _4- 7 La

8- i_________ 236 398 634 -
8-6 _50 76 126

8-8 2675 615
8-9 I_
9-8 470 497

9- 4970 497
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Year 1989

LINK ASSIGNMENTS BY MODE: TRUCK

OBJG li ToLlT a l
ZONF 1 2 3 4 5 6 7 8 9 Passengers FCU

LINK 1-1ii6 920_ -- - - 920 -
1-2 149 60 24 35 10 51 - ~ 329 -_

1-T-10- 74 19 4 __

1-4 270 150 420---- __ --- - _ _- - __

2-1 357 I 357
2-2 3001 500

3-1- - 209 ------
3-3 400 -_

3-4
4- 70 106 20 143 66

4-24 27 5 34 19 1094-4 150 150
I,-5 86 2 20 - 21 16 4 -143

4-6 6 7 _ 
204-7 75 74 442 __l 6 7 29

4-8 63 14 15-- 8 _ _ _ _

6 -

-4 57 157

5-5 240 3
o-6 0

5-7 4- 427

5 - 14 14
6 8 25 25
6-5

6-6 __ 1 ___ 30 ____j 30
6-- 7- 5__ _5

9-8

6-8 194 1
7 -5 I - - _ - 130 30 ___

7-6 ___ __1 - .17

7-7 400__ --- _ -- - 400

8-4 - - - 95

8- 5 _____- 19 19 _ _

8-6 1 ___ 338 - - 38 1 _

8-7 ~.__- 8
8-- ___ -- 18 180

9-9 _ _ - - ---
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PROGRAMMING LAND DEMAND

Al) With No highway component

A2) With highway component

Bi) With weak public transport component
BlA) Context Al
BlB) Context A2

B2) With strong public transport component
B2A) Context Al
B2B) Context A2



898
1 83 83 6889 30 229.6 .75 7875 8300 79

4
4 8 2 8 4.7 1.702 .01 105 200 .02

8 60 20 1200 16.1 59.6 .24 2520 2000 .19
48

305.8 10500 10500



- *

- . - - --. . -I \
- 1 -f*

-1 1 - i--'; . ---_



2-

Ci

0

3q.4 kI.-3 OA j.Q&
R-9 Ct 3Lq 5.4 

____ 
I- FL

t 0,9 ./0

9 .30

_ _4_9



1984 - 1989 Volume Increments 1989
Links A & B

LINK A T.TNK R

1984 1989 Increment 1979 1984 1989 1984-80 1979-84
Increment Increment

High Auto In 4223 5279 211.2 809 3603 4479 174.8 559.2

Out 114 139 5 254 281 489 41.6 5.4

Bus In 2322 2364 8.4 262 2095 1983 22.4 366.6

Out 31 84 10.6 78 90 203 22.6 2.4

Med. Auto In 418 892 94.5 625 357 667 62 53.6

Out 91 132 8.2 86 252 607 71 33.2

Bus In 1245 1361 23.2 1083 1060 977 16.6 4.6

Out 142 462 64 132 439 1211 154.4 61.4

Low Auto In 470 576 21.2 0 470 488 3.6 94

Out 3 46 8.6 0 7 108 20.2 1.4

Bus In 2410 3965 311 1522 2210 3274 212.8 137.6

Out 6 159 30.6 114 18 618 120 19.2

Truck In 342 417 15 230 387 576 37.8 31.4

Out 342 417 15 230 387 576 37.8 31,.4



'ev1984
- 101 -

Car

X:L (Wh Lnk:E Out
cla '1 2 n 1.4

c;o 2 .56 V c 1.15
clsw 5 .18 rIe- ).ow - 60

class I vol
ccaso 2 v01 231-

0 ) class 3 vol 50

c- Y. In Tk F Out

actor 107.4 1.0
.27

C) I i 9 (a) sli 0
class 1 vol 198

Trn>t A Out Clam 2 vul 231
cI aSsE 3 vol 50

V/C .73/.24
:2recT : ' H Out

(2 ) 80/100 :le , 0.5-
CflaSs 1 Vf 1 V/LC*
clas 2 vo r - .n 60

cla l ci: I vol 18
clom 2 'ci 16

L E: B Out C 5 vol 0
t 11t 3.4

U .96/_.32 )iI! J Out
___sf 80/100 JG-WA

clV J, 1 we 168
c aC3 2 v1 223 free---loW 60

7) Ol 0 a J 177
cass 2 vol 169

Link: C Out c0ass 5 l 0

. IY622Y K Out
e-l Sp 60 .1ns a,

cla>; I vo] 363 V/0 .54
cJaI; 2 Nol 408 ree-o -- s-d 60
ca, vol 10 &ics 1 vol 89

c ae 2 vol 7
Out Ct~ I5~oLin D utcl- s 3 vcl

&>e-lo sicJ ~y 60
clv& 1 vol 402

cla.v 2 vol 453
laso 3 vol 0
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Car

Y>12r. WF Out

clacs 3 freo-f1owv s 60
clas 1 vol 88
SlaSs 2 v o 6

uc. parce _e (p) class 3 vol 0

(C)accS Olny
c x Y IR Sil rlnk G In

factor ler Zn 2.2
v/c *.59

P<r of TLs: 9 (c) froe-f ov spu 60
clasG 1 vol 79

Link A Out class 2 vol 6
.Let ( 2.1 class 3 vol

v/cM Tk: H Out

opod (ki i 80/100 lnth .5
olass 1 vol 35 V/
class 2 IoL 5 froe--l>1 s$ 60

5ls r oL 0 class vol __26

c!lass 2 vcO 0
B Out cla s 3 vol

longin3.4
/9:32 n J Out

ree'~ l-" s 0/100 1ci t,.
clas vol 11 3 -

clas 2 vol 11 free-f
ca>s '5 vol 0 class 3 vol 1

class 2 vol 6
Lirk: C Out class i vol

len" th L
Li .62m K Out

r - o 60 1. A .5
clPs i. 0o 2D. ~.54

2O. 7fre-flov' s)d 60

cl. U VO class .1. Vol 78
class 2 vol 

Li4 D In class 3 voi

2.4 *-0*12..

c 1.02

Fr. f~i s: d 60
c 1 vol 246

cas 2 v l 17
las 3 vol
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.;;: Car

in,: E Out
ClaBs 1 (A).e .

1.15
claso 2 free- fl ow sf 60

s 2 vol

clas 3 vol 1

e xoii 1)C. Sn3r G In

fac 1n-i&C 2.2
V/C .59

rof irko 9 (ofre)-S r ToW so 60
class .i vol 0

Li-'. A Out cla, 2 vol 6
c nih claw : Vol

V/C 4
zre - 1 c'' i k R In .

sp E (/) 8100 .-
cla S v:. o _ .04
claso 2 vo 6 .0free- oW
claos 5 vol 3 cl 1 vol 0

clas 2vo!
1)'": B Out J VOl

L c, n , 3.4
V c .96/.32 in: J Out

fre c,,- - 8O/1OO . - T1 A
cla-s L 0 - / C
class 2 vol 18 fre .- f Iw

closr 3 vol 7 class Vol
Clal 2 vol 16

Inclass vol 5
1.5

V/c 1.23 i,: K Out

clas-; i vol /C
clav 2 vol 20 'rel-flo spd
claoo c vol clasr 1 vol 0

clacw 2 vol 12
D 4nLin: DIncla s 3Vol 4

n2.4

0 -fedSp 60
cla I vol 0
clat . v l 12
cass voL 4
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Car

T 1,71 : E Out
cIa ( i1) 1.20-4

/.15
ci la frece-flow r, P 6

clas- c 1 Vo>

coc cias; 2 vo 77
O. .. cIass 3 vol 0

c a 2 vol, 49

A In0 class vol 4011 rk H out

Blasn 10 0 vl
Cla s 2vl 387. eso

o i Cs S -v l1 C I% i V1

0 318
cl- ~ cici-s a ol 1

B In1..2 vol

V O1.5f.8 inK J Out

1re lol __ 395' /k

claC L vol 318- 264
clas vo . 0 fr: C V e

cl 2 vol
C In Cl C. vo 0

17,, 1.5
'V (7, K Out

c 5as. 1 vol .31 V/

clala s 2 vA 215

:D In ela S Vol 0
vlo 1024

free lowspd 60
C.Las1 vo Vn 23-5-
Cla s s 2vl 21 , 5
cla s E vl



1984
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odtBus

]rJ. Ii.K: E Out

cli ( SA) IE!I -~14I T) 1.15

dlao L rL -f110 E~ 47

ol s 2 vol

0,. C, : 4.3 (i) ClaSs vol

zC s io , n Lin 3 F Out
a c tor 92 1.0

.29
e 9 ( 1) e - Iow cp 4

class I vol
T A Out class 2 vol 3i2

.Vn;X Yi 2.1 cl1ss 3 vol 133
/C .73/.24
f, ik: H Out

cI i J %1 0o1- V43Q 0
C~~~~~~ 11C 7~(~o'5 02

&IL o 36
iclass 2 vol 36

Lih B Out cls u vl

y inki~: J Out

I~rc 64/80

2 vol 387 f rec &lA,9

cJliSG 2 vo.3
Lirk C Out cla S Vol

Lin , K Out
C,62-

542 .5
'v/. 54

cla S' 1 vol 116
cIK 2 vol 738 ire- l- s0d 42

class . vol 0 ls vol 50
laC 2 vol 255

Y D Out cl ri S vol 0
K t-2.4

'0 .49
7 -fi s 42
cA s 1 vol 125
&l so 2. vol 819

cias vol _ 0



Y - 1984
-106- -

Bus

.(A) .15

la 3frec-flc; SpL 42
class I vm 27

1Yco classr 2 voi 10
(,0 ( B) cJass vol

i G In
f' to .1&nt 2.2

.59
9 (Ce o rC.9 free- I- O; 47

Clacs 1 vol 27
A Out el,, s 2 vol

n . ~) 2_2.~ class 3 voI 0
V/c 723*r

l _ik H Out

sp (L '(km/h) 64/80 2. d - .5
cls x ol 9 V/U

S 2 VGA0 0
li: B Out c . vo0
102< Lh 3.4

V/U .96/.32 J Out
fre-lo' 64/80 .9
C , I VOI 18 V 52
clas 2 vol 20 r '-clc (l- 42

Clas 5 vol 0 class , yol 22
claoo 2 vol 10

Link: c Out cl SS 3 vol 0

VIjir)' K Out

freedow: 42105co
clasc 1 vol _ 9 V/c 5k

class 2 vol __ 30 free- f u u L
e3-:,1, vol 0 Sls i vol 9

SD In cls vol 0
2.4

%r/c 1.02
Cr C--flc-t Sy 42

claos 1 vol
clasI 2vol 40
cliaso 5 vol 0



Yercr: 1984

- 107 -

C Bus

' rii2k: E Out
A len .4.

.1.15
c 42

S vol 0
clas 2 vol8

C clas 3 vol 3

0 C/ C'
C . ~G In

o~~~~~ C) C)fe-flwSd 4

clias I vol o
3,,k A Out slas 2 vol 16

lon):h 2.1 clas. 3 vol 6
V/C .73/.24

rEe2l TbT~ H In

S (M/:h) 64/80 -
.04

clas 1 o 8 re-1Ws 42
:a 0 6 C0asJ Vol -

f ir Ie 2 s 64/801%

a ls 2 vol 12

Lik C In clacs 5 vol 16
I Qn 1.5

v C1.25Ln K Out
doaS 2 vol 5 frc e-AloW 42

0vol 20 s vol

cla' 2 vo 26

i2I; D In . 1 cl.ts 3 vol 12
J c t! 2.4

c v 1.50

c ra-lw sp 42 c~cI a s ol 0 -

c lass 2 vol 24

ela 9ss ) vol __1



Y r1984
108 -

0 r tn8

' Bus

c 1 L5. ik: E Out
(A) / 1

v .215
l 3 froo-1fl o) 42

cla; s I vol 50

r!!c]-ad 1 ' 210
-a clas s vol 200

cxpmQ on' Tinh G In
aCtl 2 2

v C .54
,-ci. rf 9 (C) 2ree- o s

cIa 1 vol 30
A In cla ss 2 vol 140

2. cl,,s 3 vol 1
v/c 1.L.96

fre C'>: H Out

P, pc (/ 64/80 lent --
clu2s i vcl 231 Y Q~/r0
cl)zos 2 e 1120 - .*free-fO SD 4

- ClEa>s ; vo 940 clv. z 1 vol q
2cl2 2 vol 20

B In el vo 0

A 2 31,nk: J Out1r

'v ~1.5/.89JOu
frC4 d 6480 .9

l1 1 'Q 21Q / .52
2 vol r-fl 43

clS ' vO 820 s 30

class 2 vol 140
L C In class 3 vol 100

/C Linrk:_ K Out

vt o 7/ 5A

c I vOl 720 cla&s 2. vol 27
clai " vol 16

D h clo'< 3 vol 120

1.-25-
fre fled 7ip> 42_

(a - .140
S -J 630

a ol 600



-109- Yea r :1984

R)GJN ZW : 1
Truck

.i rU: E Out

O.C. 14 5.2 V/C 1.15
n ctor 115 free-tf lo sp 60

vlum 158
N r ____Li -k-: 8 (C)

A Out F Out
2t1 

_n1.0

. 21 V/C . 73/.24 V/C 9
22 fre-flo zpc b) /10 frec- flcx . d 60

Vo135 _ 140

* Lin>. - B Out nOut

3.4 - t9 1525 .96/.32 V/C26 ~ ~ *~3.Vc.05
80/100 free-fcic 2pe<d ~6

135 volUM2 0

LI C Out J Out

V C y/-- ---

178 vol]e -

LJirk D Out Lin- K Out
.5

V/ Q V/C .54
free-f Jv s.md 60 fre- , x 60

VCu~me 19Q V0um~~~~n



-110- 194

(Er? TG ! i : j . 2
Tr.,ck

l r c '& (' r ) (r ~ L--

O.C. p K 37 V/C 56

31 v7
E (C)

Lin Li

V/C .73/.24

23 volus 72 43 volumlf3

Lir Li nk.
I eng~jLi ogL

V/C -9. V/C
free-f oi pe 8210/100 f rec-flow speod6

27 vWlum 105 volumY

-~~~~~-- -- ---~ - ----- I

V/CC

31 vo'l*- 131 47 vohm 26

fr f_ free--f laq s
35 1137 5



7Y'ar: 1984

OR TG!I'll
Truck

CX. ~>~V/C.1
oxpans_ free-fko60

11>o : I" of Li s: 9 (C)

Ln A Out Link: G Out
.1 . 2.1 2.2

V/C .73/.24 V/C .25
80/100 60

vohL'-358 vol-n- 132

L - B Out Lk- H Out
enG L3. 4 J. ng t

V/C .96/.32 V/C5
fre2-ficw p:d 8Q/100 fre.-05ow spel6

volu"e eg

C Out LInk J Out
- -- I; --J Out

6-0w 126 v0lUn 26

li E Out K Out
1.4 egth .5

1.15 V/C .54
free-fc-wU e __60 free--f 1 s~-66-

68 voume 36
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Year: 1984

Truck-

O.C. aatr

expansio facer ree-flow

oflu3
Noi:er of Lrks:_3 (C)

Link D In ")k-
en LL 1c:32length

* V/C J-L2-4--
--I. 2 , Cl

vIUmT vo1

ik: E Out

V/C 4----- -

fre&-fcw- spe 60 free--fiow apez- ~

10
L'nk: G In

lengtil2.2 --
VA -/- V/C-
free-fci, sPeed free-fla; f

volume 1_volme
Link: - Lik - - -____

V/n ---~~9L

V/c V/C-~
freec~-fIcw; sxed free~-flaw sped
volxn volume



- 113 -
yer: 1984

f)RI(;N 'i t E: 5
STruck-

ink: E Out
- Lat r Qos (y/h ) ___() 1-.-4

O.C. V/C 1.15expansion~ &acK free-flow~ spezce 601
v oluIu 28

_rLk 9 (C)

Link: A Out Lirk- G In
e2 .km) 2 ~~ .2

V/C .73/.24 V/C
frn-f/ w p-ed ( h) /100 free-flci s0eed

m 
39 volum 23

ink : B Out j in> H Out

V/C .961.32 V/C .05free-f.ow >xxed 80/_1QQ free-flow sped 60
vol 53 voluml~

Link; C In Link : J In
1.5 .9WeC 1.25 V/C .23fow sed '60 s ->f , 60---82 vol1me 82

D In Link: K Out
lenjth 2..4 5engU-
V/Cl -/ -5-
fre6-fl60- free-flow Sped 60

vou. 59 volux- 14
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Ycar: 1984

OVVC JN ZWE: 6

Truck

Changes from Zone 5

La No )C*s ( /hr) ___(B) - -~ t
O.C. p rV/c
expaninc, EUc free-flcow s ped

velumne 7
Nu Ce f LiT 7 (1>-Aed ~& 7___(C)

V/C V/C

volu,-; -o U0 volume 0

Li k _ _Link: H In
ler - -h

V/C v/C .04free-flcow sVpeeC free-flow sp:>ed
VC)J "'0 vol ume

V/C

fre-~f ~~ Ev ,e free-flow sPod~
vo 15 volume
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Year: 1984

F)PTII ZC E: 7
, Truk

Changes from Zone 5

i"~yvU Pu&v ~Link :
Labac ;CiX (7-r) _ (B) -

O.C. ra(r>'ver V/C
an ion facUr fre-flcxw e flo

N LLcr f L vvc l une 30
Nbr Lik 9 (C) ---U 30

Lin: Link. _

length (kn) ~-~-__-
V/C :3/.24 V/C___

frcee-flw spee (kmK 8/froos-fic m
volume 66 vol 14

Link: B InLn .Link
lengtn ~~ny - - -

V/C
free-fl& speed & 80/100 freelow pe- E
volum 102 volu c

Link: Lir -

V/c VC .52fre-~flw s>cced free lci : ee
vo 86 volume 16

Link: Link:-

V/C V/C ._2_
r free-f 1owq spred

volum.e volume T98
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Ye~r: 1984

x~:Truck

Changes from Zone 7

LpW'r c(jj(+ "hr) ___(B) ~-in- --

O.C. r V/c
OxpanLfsion fa tU free- f 1c zpx4 ____

Vlum .26
Nu;ber n f Lit:s: _ 9 (C)

Lin: A In

S v/C T./9-6 V/C
ir Ce-flYoT &e (km) n)80/100 free-Ufow spc,d

volum 114 volum:?

Link B In Iink -

ngt leng t
V/c 1. 5 89 V/C

0rc--f.lw scpeed 80/100 free-fiuw sped
95 volum. 0

ink : i nk:-

- vI/c

voliA 84voliml *

Link.

e ngng tll-

V/c -.54
fre -1'c e free-fic spe~

63 volumve~
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Year: 1984

BENEFITS TO RESIDENTS OF ORIGIN ZONE 1

AUO BUS

NO BUlUT

Incaia olass 1

2. 165 6
Incane clasw 2

(W0722 02 431.--

TC 7351 37 15510., 10
Inccme class 3

TC4. 561. .I

TAtal
()C-3 337(6. 417 -5 3 33. E-,9Ince - 3lass 9

Inim cas 2a2 -aJ~-

BUIID
Incane class 1

TotaltZ~~h

(.X--- 5 .s.* 1- . 7

TC9 9 8 043. ES1

Incame class 2

CC - af~ i

kwx &I 70403-1.. 77

5747.2 23z
Income class 3

'C: 1 Ell, .

T1otal

C 41 . OE9 -5. 4A
2"77 2 2140C. 92

DIFFER=CE
Income class 1

X 6 E,. 6 5 .

TCta 4872.9 2122. ;30I

Income class 2

R828 72283. 4:2

Inccne class 3
''A'- [0. 0.l 0= (0

Total
cC 1465~. 39:c 3:35. 4-C

E.C 4 7.7. 5--8 5
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Year 1984

BENEFITS TO RESIDENTS OF ORIGIN ZONE 4

AUTJO BUS,

NO BUIID

Inccne clas 1

Incame class 2

TC 4A0. t96.1

Incame class 3
ci 00 

0 00'[C 0.00 00

Total 96
(f 1300 02561. 96

'(C II0I0 5 . 670-h

BUIL
Inccme class 1

(x 915 - 3. i
5790. 4

Incone class 2
cc I-3..3 1%. 45
'.1C . R 7: ---

Incane class 3
iC0. F 0 c

C 0. i0 0

Total
oc 94,1 o.J

DIFFERENCE
Income Elass 1 .,.

Inccme class 2 4w
4". 5.-

7c Si. :56 161. 0

Inccme class 3

TC. i' 0. 00

Total
oc 457. 8 -4

TC '4 i6,j 7 --' 5.*
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Year 1984

BENEFITS TO RESIDENTS OF ORIGIN ZONE 6

AU'IO BUS

NO BUL4D

Incane -lasc 1

0.s0.

Incane class 2

I i5 5. 08 325.. 44
560. 7615 8 1.

Incane class 3

4CC.:C 145. -2
TC

Total

E. 97 1792. i2.5

BUUlD
Incane class 1

0. 00 C. L0I
0. 00 0. 00

Incore class 2

9:. 9 32. 77

Incane class 3

C7. i 7 132..77
52. 27 167. 03

Total

TC 1 C365 . C6 435. i4
48 . 0 1510. 73

DIFFERENCE
Incoue class 1

0. C0 A. -.
f. C0 0. i:l

Incme class 2
6. 5'9

'IC 4223 7.7=

Inccme class 3

TC 13 15
16. 5 4 2 C

2Tota.
c9 2. ~ 9 3 .82:_
TC'4 ;
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Year 1984

BENEFITS TO RESIDENTS OF ORIGIN ZONE 8

AUTO BUS

NO BUlDT

Incame class 1
0C - - ; . , - - , .,,

Incane class 2

TCX * 74 .4 -*

Incane class 3
f. Ti ; -..s

U= CIII.15 1 C 10. 00 I 45 9-
Tbtal

4X! ~2425. 3
--c --- .1 O4c. 93

BUIm
Incane class 1

208814 7 45. 81i
. TC 4-71 3 56-4

Income class 2

IC 1 44 4q I,5..3

Incane class 3
. C U -10 58:. IO
TC A, ;-.- 4

Total

TC -0---a- -

DIFFEPENCE
Incame class 1

2k.69.~ -162. 16
TC .463 3

Inccme class 2
2209. 5470. 70

TC 7f25. :4 , 2 9

Income class 3
0, C' 36. 94

TC 0. 00.

Total
OC 079 05549 3 1

7C - - 7 _4- 4V'12 . , _ :
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Year 1984
TRUCK COSTS FROM EACH ORIGIN ZONE

Origin Zone: 1 2 3 4

No-Build
OC * 4 03 73860. 9 5 4 4 6-C. :? 5 422'9. 52
labor 7834. 72 6080. 97 4706. 83 554. 65

Build
OC * 78 701 82. 93 51222% 28 4229. 52.
labor 571 9. 15 4485. 11 3306. 68 554. 65

Difference-
OC * 4E13. 25 3677. 76 3254. 57 0. 00
labor 21 15. I6 1595. 3 1400. 15 0. 00

Total OC C 928.31 -27-3 4654. 72 0.00

Origin Zone: 5 6 7 8

No-Build
oc .543, 85 3925. 04 48609. 1% 5461 C1.
labor 4394. 30 598. 1 746. 02 9364. 21

Build

OC -567 '5 3925. 04 44407. 6'. 4762. 7
labor 3577. 03 9 E1 - 465S . 1 6 5377. 31

Difference
- Oc * -

OC19 . 00 4201. 37 5843. :
labor :-'4- -. Cf. 00 2813. 6 39E., ?1

Total OC : . . 1) 7015. 33 .834 9.
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6.4 Instructions for computing benefits to a single link (Second Program)
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BSL-2.3(A)

USER INSTRUCTIONS

Enter Press

1. Set partition. 7 2nd Op. 17

2. Enter data on Input Data Sheet into
appropriate registers. This includes
data this will probably not change
during the analysis: modal charac-
teristics, values of time, discount
rate. It also includes data-specific
to one link: modal volumes, volume
increments (or growth rate), length,
and capacity. To check that all the
data is properly stored, press 0 INV
2nd list.

3. Load program BSL-2.3(A) for liniar 0 (load sides)
growth, or program BSL-2.3(B) for 0 (load side 2)
exponential growth. Load sides 1
and 2.

4. Initialize the accumulators of 0 STO 68
discounted costs. STO 69

5. Enter number of years for which n STO 00
costs should be computed with
volume and growth data as given.

6. Fix the display format to have 2nd Fix 2
2 decimal places

7. Computer costs for n 1 years B

8. To change the incremental volumes
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SINGLE LINK COST STREAM PROGRAM

BSL 2.3(A) INPUT DATA

Link A Link B Link C

1979 1981 1981 1979 1981 1981 1979 1984

Register 1 NB NB Build NB NB Build NB NB

8 Auto free-flow speed 80 100
9 expansion factor 107.4

10 OC parameter 1
11 occupancy 1.6
12 Bus free-flow speed 64 80

expansion factor 92
OC parameter 4.3
occupancy 45

16 Truck free-flow speed 80 100
expansion factor 115
OC parameter 5.2
occupancy 1

20 Class 1 auto volume in 809 2175.4 757
21 " out 254 198 349
22 bus volume in 262 1086 228
23 " out 78 59.2 97
24 Class 2 auto volume in 625 538.2 609
25 " out 86 88 121
26 bus " in 1083 1107.8 1052
27 " out 132 139.2 162
28 Class 3 auto volume in 0 188 0
29 " out 0 1.2 0
30 bus " in 1522 1877.2 1418
31 " out 114 73.2 147
32 Truck volume in 230 270.4 250 503

" out 230 270.4 250 503
34 Class 1 value of time 2.18
35 Class 2 VOT .56
36 Class 3 VOT .18
37 Auto PCU equivalency 1
38 Bus PCU " 3
39 Truck PCU " 3

Yearly incremental volumes

40 Class 1 Auto yiv in 683.2 559.2 489
" out -28 5.4 10

Bus " in 412 366.6 169
" out - 9.4 2.4 16

44 Class 2 Auto yiv in -43.4 -53.6 57
45 " out 1 33.2 58
46 Bus " in 12.4 -4.6 69
47 " out 3.6 61.4 62
48 Class 3 Auto yiv in 94 94 103
49 Auto " out 0.6 1.4 10
50 Bus " in 177.6 137.6 219
51 Bus " out -20.4 -19.2 0
52 Truck " in 20.2 31.4 50.6

3 "t out 20.2 31.4 50.6
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54 1 + discount rate 1.11
55* first year discount factor 1 1.2321 1.2321
56 link length (km) 3.4 3.4
57 link capacity (PCV) 1600 4800 4800 4800
68 cumulative discounted

total OC
69 cumulative discounted

total TC
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Link A Link B Link C
Supplementary Yearly 1984 1984 1984
incremental volumes for 1984 NB NB NB

40 Class 1 Auto yiv in 211.2 174.8 135
41 " out 5 f41.6 70
42 Bus " in 8.4 -22.4 138
43 " out 10.6 22.6 23
44 Class 2 Auto yiv in 94.5 62 -39
45 " out 8.2 71 80
46 Bus " in 23.2 -16.6 32
47 " out 64 154.4 142
48 Class 3 Auto yiv in 21.2 3.6 3
49 " out 8.6 20.2 17
50 Bus in 311 212.8 10
51 Bus out 30.6 120 60
52 Truck " in 15 37.8 58
53 out 15 37.8 58
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COMPUTING COSTS ON LINK A, 1981-2000

Link A No-Build

1. Load liniar growth program, BSL-2.3(A)

2. Enter data for Link A, 1981, No-Build. Store it on a magnetic card
(press 3 2nd write and load side 3; 4 2nd write & load side)

3. a. Enter 0 STO 68 STO 69
b. ,Enter 3 STO 00. Press 2nd Fix 2.
c. Press B

(costs for 1981, 1982, 1983 will be printed)
(volumes will be updated to 1984)

4. a. Enter incremental volumes for the 1984-1989 interval, in
registers 40-53.

b. Enter 5 STO 00
c. Press B

(costs for 1984, 85, 86, 87, 88 will be printed)
(volumes will be updated to 1989)

5. Load exponential growth program, BSL-2.3(B), sides 1 & 2.

6. a. Enter cumulative operating costs into register 68
Enter cumulative time costs into register 69.
(these costs were the first 2 of the last 3 numbers just
printed)

b. Enter growth factor: 1.05 STO 41
c. Enter 12 STO 00
d. Press B

(Costs for 1989-2000 will be printed - takes 30 minutes)

Link A Build

7. If you have the Link A 1981 No-Build data on a card, load in
(press 0, enter side 3; press 0, enter side 4.
If not, the 1981 data may be entered manually.

8. Change the free-flow speeds (registers 8, 12, 16) and capacity
(register 57) for build.

9. Proceed with Stpes 3-6.
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DISCOUNTED COSTS ON SINGLE LINK INPUTS

BSL-2.3(A) CARD B

Register Content (Input Data)

*00 number of years 40 incremental class 1 car in )
01 counter 41 volumes out )
02 counter 42 bus in )
03 pointer 43 out )
04 pointer 44 class 2 car )
05 pointer 45 )
06 pointer 46 bus )
07 pointer 47 )
08 car free-flow speed ) 48 class 3 car )
09 expansion factor ) 49 )
10 operating cost ) 50 bus )

parameter ) 51 )
11 occupancy ) 52 truck incremental )
12 bus ) modal volume in )
13 ) char. 53 truck incremental )
14 ) file volume out )
15 ) 54 1+ discount rate
16 truck ) 55 discount factor for first year
17 ) 56 length
18 ) 57 capacity (for 2 hours)
19 )
20 Class 1 car volume in )
21 out )
22 bus in )
23 out )
24 Class 2 car )
25 ) car,
26 bus ) bus
27 ) vols.
28 Class 3 car )
29 )
30 bus )
31 )
32 truck volume in ) truck
33 out ) vols.
34 Class 1 VOT )
35 2 )VOT
36 3 )
37 car PCV equivalency )
38 bus " " ) PCU
39 truck " )



LINK A -129- LINK A
No-Build 1979-84 Build 1979-84

0. O4.
0.4 0. 03
0. 05 54. 04
0. 06 34. )5
0. 07 23. )6

40. 17

101 7. 4 19
119. 10

264. 1.6 1
92 . .0. 12

4. 3 14 92. 3
45. 15 4. 3 4
80. -IS 45. 15

115. '7 100. 6
4Y* 5. 2 is 115. 17

1I . W 9 5. 2 is
4- I - 20 i. A9

.d 254. 21 4908. 2 20
Im 262. 22 86. 21

t 78. 23 2734. 22
7 625. 24 21.6 23

all 86. 25 364. 6 24
h 1083. \0e*626 92. 25

t132. (21a27 1157. 4 26
Arto' O.2 153. 6 27

0. 29 564. 28
6o W522. 30 3. 6 29
At 114. 31 86 30

1,01kW 230. f 32 -8.4 31
30 I 33 351.2 32

Va2.& isUl 34 351. 2 33
0. 56 35 2. 2s 34

4i , 1 , 36 0. 56 35
tcu1. 37 0. is 36

AlCi, 3. 38 1. 37
SF39 3. 3 8

cwr 1 A33. 2 40 3. 39
101d -28. 41 683. 2 40
is 412. 42 -28. 41

9. 3 412. 42
ckis5 -43. 4 44 -9.4

. 4 5 -43. 4 44
12.4 UWUP 46 f. 45

6 106 , 47  12.4 46
CO 94. 4 3. 6 47

0. 6 9 94. 48
177. 6 50. 6 49
-20. 4 .j 177.6 50

k _--ZO 2 Q -20. 4 51
S2-a . "3t 5: 20. 2 52

1. g 54 53
yr -55 11 54

5 6 5.6 7ihi414555
A1AiC apk yc' 115
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LINK A: NO-BUILD 1980-1999

198U 1981 1992

2336.- 74 2896E. TWO777. :3 8 .- 1 0 EL Ell
924. 10

- ... 4 7 . D -. 3- - -

-9- 7- . - - 9 - ' - -

20459 0..3, 3 - 5 1 4 61

- l - ?-

5373. -163.0
- - - .4 .4-441

.:i *b - d-

1111- - 111:1 iI
- 4 2 1. 6

3143.3e S1 : 3 7
133 . 85. 11 2 2 E

C0. 45 36 0 '4

977 99 398. *D-
0.00 54. -5

.. 4986.85 54 0.
-4 1.- .- . 7 -02 5 .7

42164. 11 9 4 C 4 .7

- ... . _'- :- 1... E 9 1 . -- E

-3 0.3 3- . ,9 12 8 .h' 3

1 1 6 6 5 7 1 4 2 2 '. 4 . l 3 21 3 El.

.

7 ., 9. E, 3 219 5' 6 31203.
333.4 3ei3 434. .C

ID E i3 5 45 S ?4 1. A3

0 0 5:b- 6 2,0526 .0 .
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1983 1984 J985

4014. 82 4846. 33

769.4. .. - . ... 1 9 : 5 43 . 31iC9 . 2 6 a 0 ... ( - . . 2 -- 78-9- .S! 0
R49

- 4 4 10 5 .. ".. 9.3

6 7 19.32 8442m 47 0176.2

.1856. 55197=7 257

0003. 27 915 5- 52

2a _ - . a .3 25524. 91a 1

S 54 4 57 .... .. . .

3391. 50 35a,? ~a

7 E. . 73
597 1 . 67 232 03 1054 U 6. 4

-
7 C4.. - 3

a ~aa a 4 7 . O

103402. 7- -
9 6,13 3 . . . .. 16 0 2i4-

13 56 -. 9 14 5 ~r~: Aa 8 IEDE,71.

4 0 2 2 59. -- - 5... C! -

5 56 7 S : a 79

,_57- 2.- -J =7 6-- -.- CO 2

83 22 . -1 01495=: 2- '

1564= 6 157872. 2769
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1986 1987 1988

- 5118. 48 5--9-. 3 - 62. 78 8
laE67. 14 1 13-3-:2. 78 1384 2

I [I i--, , -- _-

101006. 24 46 3- 41

.5 - . -:- , '. - - 3 413

3- - 1rj~ I 3 16790. 094
6 73:. 62 . 34 2. 2 7

18 2 5 '39 ' 3 2 5 191-41. 27

I H ' 2 2-3 - -1l =C

6ED 052iSA42. 77 116065. 46

I12.~~~3 
9155B213 )550.42

.4

1.:. 

.::..

1 ji

- E 5 2. 6 237 . 517

- - 3 . 0 -. - 449 8.3, -2

- 6- . - 8- -2 7 .D'. ED 7 2 8

2 0 ' 5. 33 , 1
A. 8 3 95 43 1 . 49~

3878. 5: 44967. E

-3-49 05.-905 506 3 11 l 64 1; 9
9 53. 1

343.57 10 5

29 2E 23.. 1358. 2

I29 1 1 1 3

61 08 . .1 ', 28' . - 5 9. 32

610.7644853. 2.34 *66 8 :I13 4.i 0 = 0

92175271044j19. 993 L16081. . 3

!L7652 920L56343. -. 8.

'f2b698- 2:1. 21 1107 6:. 6-3478621. 12
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1989 1990 1991

5934. 94 6207.09 6517. 44
1464. 06 '529. 7 0  bois. f6

1 :.3:LU5. 33 8 3 .. l - 12- 435.2
40 04M 12A 4167.1. "NA9T"O!. -?

689. 116 . S 572 1

_192 _675 't -C.43 .. 39--D .. u l 20 -a 2 . -7 -

593091. 55 E. 10-E. 7 0. E;5 641908. 29

2094. C6 1 C3 -5. 09 ~ 12.329 15:

4 0 .46. 74 201C 42 2 111 52

4fS. 13 4 8 1 6. ES U 25 . 7

48200.= 9 51538. 24 54640. 15

297 0. 8 13509z 27 142 :37. 35
30 6 8 . 78 3 S.a ... 1-3. 405.- 3

11 2 . 813 :"2587 . 41 13 24 49e--
2 7 62 1:~09 ~0. 42 -30 44 98

249- 7 26. 76. 69 1 7 .3 84

30439. 3:- 32730 - 4 -449.3

3 12 65. - 3454

593082. 86 7175E. 2 0 7553E3

256El19303,. 0 2 2789584. 95 .3005498. E.4

3832827.35 416446 1. 82 4479116,.
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1992 1993 1994

71835 4  7544. A

4 r
- - "

68-6.~ 49 -7 0 ED113

2 1 462=.2 225-z,=3027345

3 8 2 9 4...- .4 -. 65

74 2 ) go 79527- 57 74E.125=4

2 526 0424. ES 5

45533 9 5 4. 74 4 68. 86

39 -,z

-849 ;S 1 4U62362
31113 1.

. 4 3276 34473.5
6z --- 65516.

_52 J 04
42 5 34.~* 15 91 9 .. 660 . 9

189:3. : -S 4
114 3:368:3, 1435446. 3

3 6 -90.04 :38i~ 40199.1

165853. 46 155 m:

. t - - . - *I"262 -3 1 c -.

364193. .8 3,': 39 2,-' 0- - 4 E,-3 74

3 2i 3 8 -27 :34046~43:. 6 ,I1

4 7 .5 .1.506~~~~~~ 1,6 53301 .1
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1995 1996 1997

-1 Q 2 5 ..
49cq 5 . -3 2- --- 21-|4 9 9( 415-134. ' 4 f 59 95 14 a

-~~~ ~~~~ S 0 -. -- ,~- 85 9. 5:-

t- 3 7 0 9 -- 3-,c 3 6
2497t : 5..- 26 8 9 7 27 7 9 BE_,::

160274.54 16 : 3 4 7. 39 - f 8 4. -C

-. . -. i.r 29526.95

4787 6259 K 4U922.75

.4343...0 ..4 6 52E_5. 4,

649766 -4 ) 7 .9

-:5.--

9 28-4.. 55

- - 9- .52 93m 24
1 429 2 .z 4 3 4 .5 4

37311. ..-. -4.. 3.

I -J

0 3 5 6 . 1 2 3
- .- 4294.2

19~ 6 39 5 .47 53'* l3Fi: 2 5

333 5 96 41 35 6.. 3. 13. 13

4 502 1 Ii- 44 4 7 11 "504
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1998 1999

2260. 05E68 2373. 06160

,226-. 215G-. - -552- -. 1 34- 5

10303.5556r' 11ET2 2. 672 3 E
291427.7652 307005.1374

1 4 0 83.9 8 08 5161212,4.2719

3 3659. '3 36446.3013
- - - . A 0 7 :1...fll . -

?57 . 9 1 7 -7 7 2 9:-:!'4 _

-346 79 646 5 7 -3 1 l - > S. i S.

4231.4171 44 1S.0.57
84977.5357 91042. :39 2

2 02 69.7 5-5 21304=0E,2

-7 -4. -- - -.. 6 . 6 .-. 2 9 .

4333 4. 4 5 1::1 405920. 6501"S

49498. 74:- 52130- .3-.

2C:1E3r:4x 4556 i 44906f590

43:374.!---.'0135 471397 18 2

49 - . -- l 5 2 5 3 . ;E. 4t 13 -9
10919:-.245 9 hA94

3 0
20 -95 ,7.- 20467-- 2-

.-- C. . , -4- ....- 4

4239072. 677 -38209c 5517~ 6:33 E39 2
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LINIK B: NO-BUILD1980-1989

L8 1981 1982

924. 10 1046. 27 1168. 45

f 99. J2641. 85 45026. 53
09973. 71 98486. 1;D 150731. 79

859. 92 040 07 3006. 44
13779. 42 47594. 91 81980. 38

20459. 8 334581. 92 48033. 02
53753. 13 146001. o 232J12. 17

13438 26 13806,44 449. 59
7421. 34 10623. 17 10892. 5;

3143. 92 3452.41 3627. 7
13685. 11 21288. 99 23791. 51

16582. 13 1725!. :6 17076. 96
21106.45 31912.15 34684.09

1. 00 1979. T- 4008. 47
I. cl 530. 77 1169. 3 C

4 2 6 4. 1 9 A5A. 5257. 90
6067. 62 10161 54 2070. 4.

4264. 12 638.54 9266 37
6067. 62 106 2.. I23S. 7:

71370. 39 8521. 0 0 9:404. 96
6982. 43D 11:38 4. c-:2 416W1.N5

12676. 5 144500. 31 1727,31. :31
8791N. 63 20007C.3 294797.=3

112676. 57 242p57. 03 3UU. 22
87909. 63 2 68153. 22 51171
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1983 1984 1985

57Ui67. 41 10208 4.5
193671, 70 -675 384- b

4055. 32 4 A
11 1771. 57r 41615. 96 171 . 16

30544:3, 26 ~ 7:::: 80 : 451503. 44

12987. 26 1256c. 5 12163. 41
10216. 85 9618. 82 9108. 82

D78:. 8::: 3941,. 74 410.9
24378. 45 25116. 33 26025. 69

16768. 14 16502.:30 16271. 99
:4595. 31 34735. 20 351:34. 51

6015. 29 . ~ 8023. 70 10f:::::. 50
1755.09 234181 2929. 61

5$06. 87 5952. 6295. 68.
12959. 03 .3 7 7 14704. 71

11622. 16 13976. 39. 16329. 17
1 4714.,12 I16.79. 59 17634. 32

110738. 07 123339, 20 1361:38. 15
16201. 95 18411, 40 20808. 81

200251. 09 228030. 18 256036. 46
370954. 64 447695. 99 525081. 08

S7 .4,

52912 09 6772. 63 U2~7.8
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1967 190A

85873. 61 9062 779:-D77
297162.07 35484. 41352.S

6157. 6 6164. 61 12=
715:D. 26 172140 - -172,130

1732490. 95

63.1 2 101550. 0-
47 33~i 4:7624= 71 508545 33

15057. 08 18016: 4
11609.74 1453, . 1 01 

4511. 15 4930. 55 - 90
28481. 34 31894. 47 364 5. 21

19568. 23 22946. 9 2 - -
40091. 08 46432. 5- - - -54403. 32

10504. 87 11004. : 11524. 14
3027. 77 .- 58- 2 3-327. 45

721 4. 8 8152. 9
16580. 94 18659. 73

17719. 68 19157. 33 0
19608. 72 21 7 . 4: 10.24

152713. 34 1 2 7. 27 R5737. 73
24545. 44 2876. 71 -880 7

282232. 46 308162=95 -3-429 18
552945. 56 584752. 18 211364

982453. 8S 1130883. 15 1 9-
16808 9 1962455. 52.- -- .. -- -,.2231 . 46
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1989 1990 1991

t~ 523 12:3. 22284

'- 5625 . 52 04 63 7'... 109 2;I-D. 19
-- 6181. 68
17548Q 09 6 49.3

1 06:7-14. 91
5:31736. 61 1107.A116419. 82547986. El 5 7 5-3-: 9 94

2 1974. C!5 2 6847. 28190. 1924537.6 25A44

57798. 1442277. 6:3;61-:-: 6497.3:-;14512:--. 51 47:379. 69'

29842.99 90

64251. 6S 33035. 71 :4687. 5 0

6966 .07 3144 77-

3542. 2 12559.8 117.7
44564. 76

36;3874, 20

10065. 80
23592. 9 01u7. 11007.7.D

257-3 59 7145 7. 79

~~~ 5 709 57
22124. 08 -
271S 17 2:3566. 90 24 5 24

29489. 31 .9.67-..7

202080. 7 6
39637. 05 2 16276. 14 22 7089 4

42424 . 82 44546. 06

:6.2. 65 383754. 77 - - - -
68956 1.8 !,3-
Ar 7 2 4 039. 90

249107 , 1 25 1 69.85 796.7
:3910l7SE9 3 2733926. 132 6 6 .~ 7fl__

22~Q 9 ,-
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1992 1993 1994

115424 1196. 12! 27 6.410667. 80 431201.g 426 . 24

6815. 94 7156. 73 75 14. 57
193487. 44 203161.81 2 19. 90

124. T62 128352:. 6 134770. 50
604155. 2:3 634363. 00 666081. 15

29599. 70 31079. 68 32633. 6?
27052.66 28405. 30 29825.56

6822. 1? 7163. 28 7521. 45
49748.67 52236. 10 54 47. 9

36421.87 38242.96 40155.11
76801. 33 80641 40 84E7:. 47

1H4 7. 27 14539. 63 15266. 61
4067. 9 4271. 31 4484. 87

1135. 24 12742.00 13?9.10
28444. 05 29866 . 25 1359. 5?

259,S2. 5i 27281. 63 28645. V
32511.96 34137. 56 3 5844.44

238444. 44 250366. 66 262885. 00
4677:. 36 49112. 0:3 51567.63

423089. 63 4244. 12 466456. 32
760241. 89 798254. :- .166. 69

1800753. 08 1915152. 27 2023367. 72
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1995 1996 1997

3338.71 35105.65

14 0 299. 66 ES4

13:36 1:3 7 1474 74

8 2:394. 1 8699. A

141509. 02 14 Fj5-:4. 4~ E: 5 ; C 13 7 C

34265. 35 :35WR= , 377. 557
3 1316. 84 321~b 34526. 8

5 759 0. C0 6 04 69. !8-:2 6 !493. 3

42?162. 87 44271.014 4 6484 .56E
8897. 14 93352. 50iDS,8C i021. 2

160Ci29.94 16831.,i4 6 73. 01.
4709. 11 49 44.5759.

140U48--. C,15 14750!. 4E- 1548--:7. 98ED
C9 .-. 7 Z ~ 45 7 3. 9:2360.2

:3 i0 78 3 3158 1. 90 336. C

.76:36.6 US29 518.49- 4149 4. 42

260l29?. 25 2e% S 71 C 4 *-:2 2. 24
54146. 02 56853. 32 59695. 9

4897'79= 14 51426S. 09 MOS 1, T
8007 5.0C2 9 24 Ci 7 E; =97 2 '2 .7 1

2 12 57:-3- . 2 ~ 22 25 66. 31 464.G,4
A.7 4 1?.4 3938909. :32 4.n 111 51
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1998 1999

3864. 97Q5.2

154680. 38 4 40

914.1 9590. 71
259291.67 .7256. 26

16 3 814., 172005. 10
809625. 80 850107. 09

39666 43 41649.75

36253.W1 38065.821

'~14,, 9599. 48
6666. i97 70001,?7

4 0. 6 9 51249. 2
10292. 1310806?. l127 ' U ,- ,:- ...- 2 :1

18556. 66 19484.5
5451.39 5 72-3m96

16262. .:..3 17075. 50
3811?. 75 40023.64

3419. 04 6559. 99
43569. 14 4574. 60

3t195:;E. 3:5515. - ?
62680. D6514.82

5 6 6-- . 57 595329. 60
796.85 1069736. 69

0 79 -4--- -,-

2 40 0S, 2. 4248c-2775, 62~
2400812. 04 4044 -
425919567 0 . 49

-~~~~ -:8 - - -A,,- 0 9 . 1



- 144 -

LINK C: NO-BUILD 1979-1999

1980 1981 1982

Class 1

Car OC 4

Bus OC 44
TC 9t.2 7D229 9 6:2

Total OC 15546; 57 481. 55 . 4
TC 39j428.44 13. 4f 14 259. x

Class 2
Car OC 1123 1 4371

TC 5544,22 10113;27 11702,71J..

Bus OC 231 61 18849
TC81 3 936. 49

Total OC '43 5 ' 177.4
TC 92&. 0 9 20

Class 3
Car OC C 01 1718. 4 4

TC 4

Bus OC 299 4 39 4132;m
TC 4257 79 8053 9 .

Total OC 299.
TC C;~~ 5.37-7.4.

Tc427 7 52,63 1O336. 34

Truck OC 75245; 46 9:305. 16
TC 1C821;49 13657

Total OC 892Q6. 20 L 7 4 496.
Tc 65165. 96 1465. t:987.6

Discountec P4-';

Grand Totql
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19 12 1984 1985

D 7 .6 2 4763 71 5 93.7 7

1805. 9 C 219'7. 6-7 ~ 2 039. -42
4797145 59544.2D0 42 7-E- -

41574. 02 49891. 38 58183. 19
181769. 33 223057. 15 2? 5 198. OLD

16216G. 7 6 1101. 17 20I1M 37
13 D2 15 1A4=0C 172004.71

3284= 02 3570. 89 3860. 05
21917.12D 24180.40 2677'1.8:5

19 500! C; - 21672. 0 6 23870. 42
35 20C0. 46-.*;' ;: 4 = 42 43976. 56

5208. 09 696-:5, 55 3729?.1
14719. 71 1 ~.4 2 5 -2

4596. 2 5 CI6L = 5:3 5 5 23.19
10497~. 611647. 2:- 128, 15

9804. 35 1202E, CS 14 2 52.3WD

1054 6114.1 136571.52
16 7s 0 . - 20215. 66 2453

176463. 80i 20CI4 629r 6S6 232877.5 0
2 45 6 53. 0:-" 296198. 29-- 348758. 51

4 4-f5 I 4 ;-- 7582300 C C. 7 7 1 20 5!i2.2
53 70 . 5 

--- ______________________________ 7:5 7

98244 - 29 3. 0
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1986 1987 1988

5 ED9 5. E7 62151. 70E,532E;24
29556. 2 4 68.9

1 03 1. ..

61899, 60 65420,, 66
292 7 2 .6.3 3  3 9 -,2 - 0 0 3

20846. 96 2 1492. 00
1899= 32 196 42. ~

4247. 09 4610. 24 49- 0
.0882. 96 33618, :81 .2-7. - 6

25094. 05 26102. 24 -
49842. : 44

8908. 68 9064. 7! 921,71
2614. 72 266295 6 G2 47

5676. 58 5822. 5 9
13 295. 5 120-47. 69 -913988. 88

14 o-. 2:5 140. O- . 1 7.6
1.5910.6 16310.. 64 6697. 36

154786 24 170898, 35-547W 24 3523. - 4 186911. 44
S36664. 63

256365. 14 277308. 59 .-, 13C. 68
3D7.3 .20 417021.61 44454. 49

8 5 75 G-5.51 991133. 5... --
- - *
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1989 1990 1991

6 ,D5 Ci4. 7 16 1- !3 1 75265. 38
243731. 73 255 . 4 726775. 14

3, 38= 56- 4273. A. .4.-.G- 48. 03 li
118 5. 99 12 1 CI. 09 12 73 7 5. 6

724439.34 79752. 41
35557372 376343' 5 395160. 74

22762. 61 2:324567. 822 C;0-i- 3~ 9 1 2 4 f522451.7

53539 91 -74 59- 52; co 41534-

28096. 52 29093.6 3054 4
59699. E2 62919. C2 66A64. 97

9374. 66 10006. 1u
2753. 99 2 7 . 29:39. 49

6113 2 592 6572. 24
143.2 14671.2 7 15404. 3

15488. 3. - 90 615778. :~34
17 C84.70 I: -34

202924. 53 2189372 229884. 50
39805. 7- 42946. 45094. 24

:10 ;, 339 7 74- 6 5n 6 7 6: -~
- 1 8 ---.... i7 . __ _. .36 r6 .h
472127. 38 49960. 26 524664. 2,

1245186. D 1364850.29 47 4 5.-4
27 5
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7902:. 65 82980. 08 87129 09

4!,' 1 1 4 . -4 C 9 52-: : 2. 9 9 . T --
4711.4340 94 6.125 51 ;7!. 3133744. 38 1404 3 44 18

774C. 03 7927 03 9: :-341491-8,78- -
4 6 , 457447= 95

25796. 21 27 0E 2:440. 3223576. 46 -5 2 25993. 0 5

6279. 55 6593. 6922045~791 1.75 4!80;8-o'D1 4501i48':5 . 4 1

69 6- - 7 .7 7--3-3 4

-1 0 6 40 - .5 .
3086 46:... 4U. 79 3 4 C, 8

6900. 86 7245 9F 60
16175. 07 16983, 03 17833. 02

17407. TS 18277,.62 19 1 91,5019 2 61. 54 20224. 6;1 2 12:3-5. 8D4

241378. 73 253447. 67 266120. 0 547:-4 96 49716. 40 52202. 22

374601. 78 -393331. 7 412998. 46
5-507. 49 5 78 4426 6 07364. 48

8 564 10 . 1782223 . -
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1995 1996 1997

91485. 54 96059. 12 100862. 81
325494. 52 341769. 24 358857. 70

5454. C1 572671 6013. 05
154825. 84 162567. 1S 170695. 48

9939. 55 101t786. 3 1~6S,7 5.
48:::03 20 . :35 50U4:336. 37 295 53 D.9

29862= 34 31355. 4 5 32923. 23---
27292. 7 0 28657. 34 30090. 20

7269. 36 7632= 83 8014. 47
53009. 68 55660. 16 58443. 17

37131. 7 Ci 38988. 29 40937. 70
80302. 38 84317. 50 D5:- 3

1216. 47 1277.. 6U 13409. 13
3572. 97 3751. 62 3939. 20

7988. 60 8388r 880 7. 44
18724. 67 19660. 90 20643. 95

20151= 08 21158. 63 ~ 22216. 56
22297. 64 23412.- 52 24583. 14

54812. 33 57552. 95 60430. 60

433648= :D9 45 0 4789 7. :3 5
637732. 70 6696 19. 34 703100. :31

18-.:,7 2;-D5;D. 195859:3- E2 203:-9 69,4. 52
3 .-. - . ~ * . q

2- 64+::-
4020:
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1998 1999

105905.Q 4511201. 25
376800.59 395640.62

62313. 70 6629. 39
179 :30. 26 188191. 77

112 519. 65 1 A317 30. 6:3
5560:30. 35 583832. 39

34569. :39 :6297. 86
31594. 71 32174.45

8415. 20 8835. 96
61365. 33 64433. 60

42984. 59 45133. 81
92960. 04 97608. 05

1 4079. 58 14783. 56
4136. 16 4342 97

9247. 0. 97i . 20
21676. 14 221"59. 95

23327. 39 24493. 76
25812. 30 27102.92

323470. 58 I39644. 13
63452. 13 66624. 7:

502002. 21 527102. 32
738255. 32 775168. 09

2116411. 59 2188981. sn
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LINK A: BUITD - 1980-1999

1980 1981 W232

1777 38 2336. 74 2896. 10
9 24. 10C. 966. 45 1 E..~. .81

1590S.E3 25113.71 35322. 1.4
10t606. 16 20502. 50 34576. 73

645. (4 1444. 67 2337.9'0
3638. 93 9607. 14 18 114.4VD
6553,. . ' 2-,.. . ...

14245. S- 30109. E.5 52691. 27

10526. 9 E- 97 7. 03 9356. 99
1862. 67 2 U.h .3 52 8 .- .-

2303. 10 2393. 85 2534. TO
3416. 00 4067. '-? 49 34. 7S

1230. 79 12164. E 1189 1. 07
5278.67 A18.33 72119.20

3100= 2!-: 349 1. 75 :39-35.m 75
148. 01 1 9m 3 e 9m .. 5. .. ...5.. 6.:.6 . 0,

3100. 2 4856. .4 6786- 2i
1489. 0 1 2036. 80 2798. z35

2143. 9 1 25815. 72 3158. 6 0

9 5 2 EE.. 7 9 1 11 2 0 E. 38 -3 3-:0 '1 4 ;3. 00
23156..6E) 4 0 85 1.=50 G.5'.. .7. 42

95266. 79 1'95454. 9 7 130 10 86. 0 1

I1 S 42:3. 47 255414. ;-Z. 1 414505. '-:1
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1983 1984 1985

3455. 46 4014. 82 4846. 3275
1051. 116 1 C -.3,. 5 1 20-i. 505

47125.71 6 -049-. 41 487 92072

3344. 84 44 54. El6 :3 583. 73 E:1'?2
:-:0 0 7 5.. (18 464 41. 18 46::3.6-- 7

5-470 '- E.4954.. 2 ;:a 5344. 658: -3

84329, 42 127459. 27, 128955. 6167

'90- 6. 42C SEE- 3 . 73 -6 4-.- 7. 7 69 S-:.5 2
2t90 5 4 6:..' 2 -5. 291 2526a . . 4 7 5 6

2741 - 6 2374. 09 2022. 3535-7
603 1. -. 7. -a 1 0 62--- .3. 3G I . 7

11798=. 21 1712. 2 84 90. 1 S 2350 19
8577. 35 10186 8789. 7149

4.412. 8 : 223. 0 55 ;5=4; 4.
4 . .1 7.0 4 - - 4- -a 52-.-.. .- 5 -5

Ia 1sa o - -a .. .

4558.a3 5178.70 4177.426537
3 -:4. 29 -447 . . -: 4 64.9666 1

897 i1. ._2 1 1C-12. 4,- 6'--.'. .88 12 'l

aa,' 'oa 'I-'9' - -

388. TE 73. a7a 4085m 17992

... .- _ = .a . -a .. -- -. _.s

1011 11). 15 a7t C l~l 6~:~ I4705FL F1312

412455. 67 15909 Fa, 6- 6) 01250m 50:3-4
186988. 23 284217. 37 362836. 3252
5979443. 91 813312. 09 96406. 82:6
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1986 1987 1988

5118 4 C3 . 325 ' E 85

53358. 32061 59 . 8.2 4731 E0444. 6746
94520 24709 107693- 91; 122218. 3 52

3676. 593058 3764.-* 6024 3i,--.4 -.3 -34 i.3E.7
50871.58797 55711.66757 6 0,869. 64642

14539 1- E25 1634019. 474 183~78- 0317

25 -1.67 7- -4-8 - - 0 .- -

-16.5- - -18----8.2,.2= ' 2 30 9. 3ED3 0 S 2450. ' 49987
7047.233:781 7.393. 3 ES. 4. 5 13 6E6

9 *-9. 48716 9 11322. 9609 12786. 14 0118
1029:. 90E54 1-1973. 32546 1382 5 55:3 4

5 9 4 5-02 5:*8 " . "' 9 |" . 6 - "" ". - : "8 : - 9 10 2,

'3E3. 5210288 983. 5102?3 () 1115. 16227

5448. 29276 655 8. 8 8 8 7:,E 179 !:!0 E.. 3::3::29

11A717 3E 1 117 5. 0465:3 12:21 3061
6311. 650:305 - - - - - -75 . 4- 559S

66649. 70369 695-6.9'144 7 3-,. 2 67
4580. 46 1 55. 5123. SAM, 1 -a r" 4 3 5 - -, 22

144291.8905 153701.2064 163165.7411-4
16 6 5::,2. S!5 35 8045 4 511542. 9665

670749. 9'-61 737444.-- -21 801 20:. 4623
443072 357 524670.11.202 6117367.598.
1!1 383~2 2. V E2615.14 J. 1408'-: 59:8:. 05
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1989 1990 1991

594.375 6 .0965745

64010. ... 6 , . 3 E. 0 1 t . 5
'138140.3815 155566.7989 1784 i1. 086

3 9 213. 7117 3Q? 1 4004. 567-39 4259. 3708,

66351.2 5334 12162= I57;3 E ~2743. 12666

67939. 06882 71584. 92719 7E337. 28923
204491. 6349 22772.3. '557 261i154. 212-8

I i 683..a .. .U.720.125 1 .30.5. . 4-4.,5 - -98. 92-45
6 01'. . 836299 7271. 359467 '8325.782247

2591.28 3247 2730. 4EDID3:: 2 96 4 :-;

,: J .. : b .3:. ri,..:-.-. .,u o . :.- .- --t: ..
9783. 442524 11832. 93:3 2 12361. 4078

14275. 0035 15 7,-5. 973 5 5 16795. 790C7
... E 5-. C 78 82 1810- 4 . 2 '-t4-E-. 2 23. 203

7268. 208278 7707.- 99 S 2112. 2 6?7705
.6- 7.534 72 7 . .-. !5i .-,7 - 7 0 7 :.-? 3

i CJ -'. i. '-C.J-t 9 U ~ '-| -:a- o a . -2- - - -

o .- J C- 4 .. . - -- !:e -.- ~ -a.- --

9201. 4511:3:3 10752. 62613 12328.2564

4 ,ea:a:. , . r. a a , aa, e<=.00 oc .
11 80 85. 74 0"u 6 9.'|- A0 ) 54 9 16 .52 .0 - 151.-a

10460.57539 12168.67462 139 50.7827

76567. 73905 79 67. 44E:24 84373. 09422
6:364.70r516 7063. 235975 H114. ':3U69 1

726,6-,.5:;5, 1 1,1::.21 33:-.6 1m 1 :~3426.. 2658
237102.1896 2 13 C65070. I1503 303807.054E

062041. 294 9 147. 9055 975137. 02-6

690899.4736 775001 73- 861841. W2 '
1552940. 76 E 169 4:349. 2 44 G369 7. 826E
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1992 1993 1994

6843.16725 7185. 48261 -754.76S
1686.49057~ 177L U. 119104 1 -'5 . 3.-9

204926.2005 235720. 07.. - -72477.46

4526. 911225 4807. 5330'6 5 - 8-
95023. 44442 109 2 84. 496 2 ~125.15

81,3324 T7114 :86577. 6?i'04c,=423
2 9 9 94 9 . 4 4 ' C7 -27 _ 

- 34 :3. ' 6 6

14 8.62 9 . :516. E,577 650 .6E(E9.. -- ... 8.. . .:-68. 1 _96 -. 5370 . . .- 2- . - : -8

A6 3a 01 2 -3 ) 10
1 -r a -J . .:. , ... i~ a _ . e .a..- .' . - ,.

1 4 1 1 .7 3 2 n1 S;e . 1 8 .- 1 5 8 - 2,1 ' 0 8- .:-. 1 8 0 1.

17857. 54982 1897. ._ 57( 19 . 4 ,., -

-. 1 ... :: . ..rL .- ,.,a . -,Q a n .- 4 ..-

I8362. 111607 2140.1645

~i- a. -;i. - - - *

S3 - -- , a 2 
.5 --, --1 4

8-r9 .57992C7 '8699. 0 .- | .300b ;-:.!. 8.3

14 15 6. -203 16 2 0. 3-J 2::. .:- .

A -934.0477 -799: . c- 3: 3 0 C C - - ' -

- - - c .- .- - - -. .... . .. . -16 0 1 . 9 1 3 6 U' 1 !-4 2U . 6 5 6 51. 11 - 11.- .- .7 ., ..

.: C .0 .105 1 9 C 6 9.-
it 11-: . 5 C0 3 7 3 . 1 351212 1i 9 - 9. ..- 8 39 1

205234. 479 2- 7641. 37. 228E379. 6967
3475.83 400951. 0302. 42272.3..:974

10 7.87.!33,311010783479.51
9 - (55 - .it 0 - 1133 21. . 5 .j

1 SP U 9 63. 7 4 43 2 12 .1 Cit2 . C' , t7 0 , . .2i Jf i
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1995 1996 1997

7921. -94 .-A .313. ". ...i4

1-952. 323652 2049. C 3--8-- 2152.-4---

-0 -5.1124 1 .i'14688. 3-4693,. -9 4-S.

60935. 9742 274023. 2239 -771.6252

5303.575931 5569. 444417 5848.823351
12 0 31. 7 -8 -2-0.7.7214

9548. 69317 100257. 7913 1052E.7.
- c ui c1 -" .,- , - n. .,. 0

38121. 7522 4U01090. -9453J 42.2..- 9629!

17320.38 5731, 13130. 537-33 1905. 79564

2154. 35615 12772. 19083 13422.5 - C

.3596. 103 43 - _9. 02 -. - 73. 9105 1

17973-. 7259' 1 IS91 3. 6 7do - -. - 9f 7 5

09 16. 48954 21 960. 34004 059.

, 5_ - 2 0 9 0 07. .6 5 -- 5. E3 -. -3 _ _E _. . 1 S-

02. 0921 1935. 634A8 3. 1

.. 3W d. 57376 I 9. ..

- - - . 5 r...,.,.:. -. - - a Sg

- - 3 5 . . . 0 , . E 2 - 4 -- - -
I : .. 2 . - . . o - - . ..-- - . -n

2035 .67447 24214. 31 2 4 9 3

f103332. 7404 10834-4214 1- 13. (3

1156 6. 03,57 1 . 5288 5.59

444017. 5474 466.402. 9-~19 4.3993.33 5254~

2542'-4. -E.-

33 50. 5 2196. OF-,

a 2,.5 7i 4 3 ,'46-U . 69:' ko 13 06 7 - -S

12.1.66.,. 54' : i i2619 =1 l2911 932

23,87950. 65ts 2509713. 516 d-
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1998 1999

2260. 058668 2373. 061601

1043:,7 2 22 109610. 4442
302215. 3752 317390- --72

614249 0 6o 4 5~ 640. *51-c3 37 9
14065.-6 14 72 Af 47 5'

11053 1. 1471 116061. 442E6
442381. 2372 464610.0479

2003'.3 -9':34 21043. 17491

14107. 54308 14829.03~:455

41,9. 164: 4396. 311636

20959. 19124 22072. 86796

24 21. 155 25439. 48655

35066. 73502 3690 1. 902 5 1

- - 2N93 12456.90522

2748.917562 3 G .3 5 11

111 i15. 46927 i 1674- 24544

2 08 84. 23939 21936.-18869

22978.36305 24131.15066
o-:1 6 3 3 1 6 96 241324. 1)6132

119312.5942 125337.7627
13605. 94426 14378, 76 61

277040. 2599 290969. ED4 2 5

514687.0735 540715. 2802

* .. ;.:.l:--- "" * A -1292,437. 0 16 1328527.-142 11N k

1441478. 1508545. 094
2733915. 081 0237072. 236
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LINK B BUILD 1979-1999

1980 1981

243 84 7- 32417. 4DC

0606. 16 11249. 94
365 77 2125 27 34T583.241645= U:2

14245. 09 2 7922. 7)D 46575. :36

-1 - S : 10 115. 0-4 9971. 02iO526~ '-'3 -
2 - 20$8. 30 2279 6 2

.24; 6. :3
2303. 113 - 46 L =25 57

3416.00 4083. 65 49 i11.22

31256. 4 129. 59

27 ' 7 6141. 9 5 190. 84

0 F 95. 7 u 227. 2

;4i2. 2 3 7 4.
1ED631. 35 2364. 52

4 70 C, 4 9/ 4 6 5 --- . 0 5
400.2!9 19 59. 0 5 2 591 1 7 4

62782.56 70299. 43 7 D,5 E2.

2 143 9 126E-2. 18 3372. 9 C

95266.79 12837. 619 1:3269 Y

23156.6 38711. 89 59731. 35

E, 11 h : 6304592. 0
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1983 1984 1985

42133. 6 65133. 19

4 644. 1 65885.02 K050 44

3064. 16 4041. 91 5091. 65
26148. 59 39::37. 01 56514. 07

45232. 49 57175. 59 70224. 84
71792. 71 105222. 03 148564. 51

9944.44 910.62 9799.07
2507. 82 2722. 74 290:3. 14

2877. 04 31 I. 54 3318, 80
5903. D2 7065. 73 8400. 5

12821. 4D 13011. 16 13117. 87
8411. ' 788. 4R 11303. 71

4376. 77 6129. 34 8048. 98
407. 35 649. 38 967. 05

4231 25 4718. 32 5225. 93
3015. 01 33837. 75 4856 12

8608. 01 10847. 66 13274. 91
3422. 36 4487. 13 5823. 17

88452. 69 98849. 68 109782. 23
4226. 99 5280. 12 6562. 63

155114. 67 79884. 09 206399. 85
87853. 71 124777. 76 172254. 03

4 8010 . 6 536505. E2 658994. 
-' 4 41 355168. 80
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1986 1987 1988

729. 47 75550.4- 8089. 65
1 0 6 2708:. 140 4 ~"~ 41C

5195. 02 5378. 49
61646. 54 , - 2871, 89

b( 099j.7<1

75488. 49 - - 86270. 14
6,7894. 4 189115.1 212459. 06

3787,~ 79., 4950

~7:!5 .6 1 9 115. 1121 4 ,=0

2!i05. 57 .425 7 1657 . 11
: , ,D 7 948 -3 G, 7965. 24

3631. 23 .9. 4 . 42E.= 24
9 4.S-i. 57 i '~'6 1F2 0 i. 25

-,6 6 SO 18203. 16 1 8,3
13287. 35 55F . 64

86 1 . 67 .- 11 82
1087. 50 9.,~!31 36 1. 8 2

1218. 0 5J

6084. 87 7856. 6:3
5955 97 6961.6-3 8615. 24

-- 7204, 44

14698,, 54 . ., 17568. 46
7043. 47 1612. 29 977. 0 6

121 153 90 13-952 145267. 77
7837. 41 1-92. = 10928. 09

226977. 7 24, 124. 91 269944. 71
196022 7 2 2 2. 21 251 2. 49

780345. 65 . 1016993. 26
4590.68 9 9805 7. 1676115.74
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1989 1990 1991

~15 IIC, f- 7' 17 A05459 (2534n 99- 4 7Q9 -'3".4 10 04918,028UUU. 65 2.5254 es -- -9.

I -I --Tu 6 2
1 p96fl 38 21437. 68 22812. *9

~ d$6, 26 8 '' 1 1 9949. 0:3

- 4- 5261 0413429. 17 14985 63.1

23560, 19 26381, 16 28073. 42
20715. 43 2:37G7. 66 26885. 22

10253. 6 10796. 48 i 1521. 29151?e. 14 1685. 53 1922 2

.i , 9-' 2-5' 10335,57102u0. 25 11979 53 13667. 36

19023. 93 9440
- .Q49 - 9- ' 21856. 85

1516-1 640. 04 182601. 98
12776 . 14 49.,35 16810. R4

2507.27 31 843. --1- -7 1: 36450. 28
, C - - e l e . U r3 1 8 : 3 ; . U : 33 6 2 9 0 4 . 9 4

110~4-6 -242--o 83o 1349326. 897868.-, 3. 898873. 28 I1I 4016. 96191817I1. 96 2141450. 21 236:24? 2r
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1992 1993 1994

2884. 10 30 172

1 46 12. 1 111571. 2W 118908. 11
2-5823. 61 270265.5 310231. 21

27839 6601 7102. 87
11555. 40 127857.? 146775.

1113 D . 70 116251. 4! 126010. 8S
:4739.D 398123. 29 457006.

24284. W 25858. 55 27541. 24
I 1296. 56 12854. 08 14656. 09

5600. 10 5961. 85 6347. 48
19185. 87 2178:3.56 247 i6.1

29884. 24 31820. 40 33888. 72
30482. 44 34637. 64 39442. 20

12289. 62 13102. 94 13962. 76
2196. 42 2514. 16 2882. 69

1004. 03 11709. 13 12452. 1:3
15622. 32 17888. 45 20517. 13

23293. 66 24812. 07 26414. 89
17818. 74 20402. 61 23399. 82

19434E:. 26: 206925. 69 220381. 13
19075.01 21691. 30 24717. 45

358416. 86 381809. 56 406695. 6 1
414755. 18 474854. 85 544565. 86

1451777. 06 1550098. 46 16 4 4449. 74
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1995 1996 1997

126.497. 6: 132988. 91 398:31. 21
353932. 09 37345 06 91798. 

4335. 02167459. 29 1761 50. 69 85330. 1 0

134038. 09 1409164
521391. 3:3 5445 7 7+

29317. 56 30989. 98 3277,.63
16639. 38 17699. 7718 5
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COLON URBAN DEVELOPMENT PROJECT 2/29/80

Demand Analysis and Evaluation Method
for Transport and Land Sectors

Context

1. Summary of Approach

In multi-sectoral urban projects, significant changes in the level

and location of linked economic activities will result from direct project

interventions as well as induced program impacts. In given circumstances,

projections of future locational demands for residential and employment

land cannot be readily made by extrapolating past trends. Structural

changes, such as relative accessibilities, aggregate demand, supply of

serviced land on the market, and overall location cost borne by the activity,

-will affect returns to investment throughout the urban economy and particularly

in the Land and Transport sectors where locational preferences are most

directly exercised.

Within the framework of an urban development project, analytic

method is needed to identify future levels and locations of economic activity

with sufficient confidence to serve as the basis of rudimentary cost-benefit

evaluation. Any given method, especially one with an operational focus,

will be a highly simplified application of basic non principles. The

particular approach described herein is adapted from an operational tradition

of Strategic Land Use-Transportation Analyses in which some quantitative

detail is sacrificed for quickly determined strategic indicators of overall

project impact in the urban area.

The method is based upon a conurbation of manual calibration,

and manual and programal estimation. The program is written for use on a

Texas Instrument T159 hand-held programmable calculator, with use of

attached paper tape printer. Discounted time and operating cost savings are

automatically calculated for each link, year, mode, income group and (if



required) origin of trip. A complete run of a given configuration of transport

inputs takes about four hours.

The entire study takes about two calendar months (3 mm) including

Data assembly, input generation, manual calculation, programmable estimation,

manual estimation, interpretation of results and reporting.



COLON URBAN PROJECT

JUSTIFICATION OF HIGHWAY COMPONENT: II

Summary of Results

1. The highway improvement is economically justified. From

the perspective of intercity transport alone, the investment is already
overdue, in that past "territorial" constraints on the expansion of the

highway to meet growing demand in the region and between Cristobal Port

and Panama City has resulted in near, or above, capacity levels of service

on the highway. (See IRR, FURR, and increase in C/B ratio from 1973 to

present below section E: Justification).

2. The integrated urban development project to revitalize the

Colon sub-region proposes to increase and disperse economic activity and

housing in the corridor between Manzanillo Island and the Cativa/

Sabanitas suburbs. The resulting additional metropolitan travel demand

in effect transforms the highway, which is the only transport spine in

the sub-region, from an inter-city to a metropolitan transport artery.

As such it is an indispensible component of the integrated urban development

program (see below section C: Impact).

3. Demand for the road improvements to the Boyd-Roosevelt Highway

between Cativa/Randolph Road junction and Manzanillo Island is a direct

result of the implementation of the integrated urban project, and in

particular of the employment and housing components in the Expanded Free

Zone, Porto Escondido and industrial zones (5, 6, and 7 in the attached map).

Indirectly additional travel demands will also be generated in Manzanillo

Island and Cativa-Sabanitas (Zones 1 and 8), as a result of the urban

project (see below section B: Context).

4. Reductions in the overall size, or delays in the implementation

rate of the urban project would reduce overall demand for transport on the

road, providing that both employment and housing were reduced in equal

proportions. However, if employment in the new Free Zone sites is to

develop in any event, as is currently planned, while the housing in Porto

Escondido (Zone 6) is eliminated or reduced, then travel demand on the

road would increase further, due to the increase in average consequent

commuting distance (along the Boyd-Roosevelt corridor) between jobs and

homes.

5. In the absence of both the proposed highway improvements and

new housing, residential preferences, especially for low-income households

would generate strong demands for locations in the proximity of employment

resulting in illegal squatting conditions if affordable legal options were

unavailable. The areas most likely to be affected would be the Expanded

Free Zone industrial zone and Rainbow City (zones 5, 7, and 4), where land

would be available, and to a lesser extent, Manzanillo Island (Zone 1)

where services would be available.
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6. At the other extreme, implementation of the integrated urban

project, but without these road improvements, would undermine 'the effectiveness

of the urban project as a whole. The growth of travel demand on the road

would quickly create congestion and loss of efficiency to all road users.

The disbenefits to the urban project directly attributable to the absence

of the proposed road improvements, as shown in the attached memo, would

represent a significant share of overall project benefits. Disbenefits to

goods movement, which generate 10% of the trip volumes, represent 60% of the

total operating cost savings achievable on the road by 1984. Bus travelers

which amount to 50% of the trip volumes, would bear about 10% of the operating

cost savings, while car travelers (40% of the total trips) would derive 40%

of the total operating cost savings. The low- and middle-income travelers

generate 25% and 35% of the trips respectively and would incur 6% and 10% of the

respective total disbenefits.

7. In view of the above, implementation of the urban project in its

current form including the proposed road improvements would appear to

generate the minimum negative externalities for the transport sector in the

provision of essential access to linked economic activities in Gran Colon.



COLON URBAN PROJECT'

JUSTIFICATION OF HIGHWAY COMPONENT: II

A. Objectives

1. Implementation of the urban project is not required to justify
going ahead with construction of the road: as shown below, the road is
justified on the basis of regional demand. However, the road is required
to ensure the urban project realizes its objectives, particularly:

(i) the objective of stimulating improvements in key sectors such
as transport, and in the level of transport services in Colon,
to reduce travel costs and improve standards of access;

(ii) the objective of avoiding the disbenefits of $18,027 million
(present value) in additional travel expenditures on the un-
improved road (1980-1999), that would be incurred by the
Colon population were the urban project to go ahead without
the road component; and

(iii) ensure that the imminent rise in the volumes of trips along
the road caused directly by the housing and employment com-
ponents of the project are satisfactorily served, so that
bottlenecks do not arise that delay overall project imple-
mentation causing cost overruns and development imbalance.

B. Context

2., The existing two lane Boyd-Roosevelt Highway is the only access
corridor between Colon (i.e., Manzanillo Island), the main housing and
employment development areas of the urban project, the suburbs of Cativa
and Sabanitas, and Panama City (and the rest of the Metropolitan Region).
Upgrading of the highway as proposed in the urban project will be along
its existing alignment. No alternative alignment is lihely to develop
in the foreseeable future.

3. The roadway widening part of the project comprises a doubling
of the existing two lane highway which extends from 800 meters east of
the refinery- junction in Cativa to- the-Randolph Rdad junction for a
distance of 6.8 kilometers. The one-way loop part of the project extends
from Randolph Road junction to Manzanillo Island for a distance of 2.5
kilometers inbound and a return route through Rainboti City for a dis-
tance of about 2.8 kilometers outbound. There are about nine junctions
all of which will be at grade. Lane width will be 3.65 meters and the
existing one-way loop roads will be brought up to comparable service
levels as the main highway by means of resurfacing and geometric design
of junctions, storage lanes and slipways.
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4. On the basis of the regional demand projections made in the 1973
technical ard feasibility study of Boyd-Roosevelt, the expansion of the
road from its current two lane capacity to four lanes was determined to be
economically justified from regional demand alone. On the basis of- 1973
cost estirates this produced a benefit-cost ratio in the range of 1.8.
Regional travel volumes then were estimated to be over 6,000 average daily
trips (ADT) in 1973, with projections of over 10,000 ADT by 1980.

5. Current travel volume estimates based upon survey data collected
by the Ministry of Public Works (MOP) in 1979 show current volumes along
the road to be about 10,000-12,000 ADT, growing at an average rate of about
5% p.a. Current peak hour volumes are 1,200 passenger car units (PCU), which
prevail an average of 28 hours per week. This peak hour demand exceeds the
assumed effective capacity of the road during 25% of the travel week.

C. Impact

6. Wthou an urban project previous trends of traffic growth within
Colon, and between Colon and Panama City, suggest that demand would continue
to grow at about 5% p.a. producing 1984 ADT of 12,000 and 1990 ADT of 16,000.

7. However, in view of the dual impact of the urban project on Colon
the expected growth in traffic demand will be about 20% greater due to:

(a) the accelerated development of economic activities in Colon
resulting from the urban project; and

(b) the increased dispersion of project activities within the Colon
sub-region, whose inter-relationships will rely on effective
sub-regional transport access.

8. The economic analysis of demand for travel on the Boyd-Roosevelt
Road dcne for this project component has taken the above impacts into
account. It has been constructed upon conservative assumptions of trip
generacion, trip distribution and modal split, trip assignment and travel
cost. The method distinguishes nine origin and destination zones in the
city, three income classes and three travel modes. It also distinguishes
operating costs and time costs.

9. The results of this demand analysis show a rapid increase in the
number of peak hour PCU's from about 1,350 in 1980 to 1,650 in 1981, 2,000
in 1982, 2,300 in 1983, 2,600 in 1984 and 3,900 in 1989.

D. Cost

10. The capital cost of the road component, based upon preliminary
estima-es prepared by MOP, is $5,772 mlj.lion (base) plus physical and pricR
contin.-ncies for a qross of $8,700 million.
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E. Justification

11. Assuming (conservatively) an actual capital cost of about $8.0

millizn (not including price contingencies), economic evaluation of the

road i :oject shows a benefit-cost ratio in excess of 2.25 and a net present

value f $10.03 million, not including time cost savings.

12. When time cost savings are taken into account the benefit-cost

ratio rises to 12.94, and the net present value increases to $95.50 million.

13. The first year rate of return is 110%, showing that the optimum

time for initiating investment in the road is already past, and that

further delay is not justified.

14. The internal rate of return (IRR) for the road is 39.75% not

including time cost savings. When these are included the IRR is in excess

of 100%.

15. Sensitivity tests on costs show that a 20% rise in costs reduces

IRR to 34.65%, and that a 20% fall in expected benefits reduces IRR to

32.15%.

RMSarly:bb



COLON URBAN PROJECT

ROADWAY IMPROVEMENT: ORIGIN/DESTINATION TRIP VOLUMES
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2. Introduction to the Demand Analysis

Amongst the objectives of transport sector intervention in the

Colon Urban Development project is the provision of an efficient transport

system to make linked economic activities in metropolitan Colon more

accessible to the urban population. Since the impact of the overall project

is multi-sectoral and complex it will not be possible to represent its

derived benefit in a single measure such as a cost-benefit ratio, or

internal rate of return. The estimate of the transport components' net

worth, its benefits and costs (associated with road widening, traffic

improvements, bus and train service provision, bus fleet expansion and

vehicle maintenance) are therefore defined by the following evaluation

measures:

1. time savings to bus travellers

2. operating cost savings to bus travellers

3. time savings to car travellers

4. operating cost savings to car travellers

5. time and operating cost savings to trucks

6. time savings to train travellers

7. levels of service for the public bus system and

primary road network

8. travel expenditure share of household income

9. generalized travel share of location costs for households.

Each of the above terms is measured for nine separate geographic

areas in the metropolitan region, and with respect to its incidence in

three income classes. The areas are:
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1. Manzanillo Island (excluding the Colon Free Zone)

2. Colon Free Zone
3. Cristobal Port
4. Rainbow City
5. New Commercial Zone (Coco Solito)
6. Puerto Escondido
7. New Industrial Area (Export Processing Zone)

8. Cativa - Sabantas - Puerto Pilon Suburbs.

9. Rest of the Metropolitan Region and Panama City

The three income classes are:

Average HH income per month

1. Upper income (top 2
deciles) $1800/m

2. Middle income (from
4th to 8th decile) $425/m

3. Lower income (bottom
3 deciles) $125/m

3. Method in General

The method for estimating the above evaluation measures

relies on an aggregate strategic analysis of transport and land use changes

over the project period, and on their interaction. On the basis of these

estimates are made of the generation, distribution, assignment and cost of

household and business trips, for each income class and for every zone in the

region. Travel cost forecasts serve as the basis for estimating locational

demand in general, and in particular the values of land in different parts

of the region. From these estimates, long-term implications for changes in the

land use structure of the Metropolitan Region are determined.

Future levels of demand for transport facilities and services are

taken as a function of the future urban spatial structure and the rate of

growth of economic activity in the Colon Region. These are expressed

logically in three levels of a strategic development analysis, as shown

in the following diagram:
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Strategic Development Analysis

Inputs Feedback Outputs

Level 1: Regional growth

Investment & Investment growth

Employment Employment growth

Inp uts Income growth

Population growth

ong term feedback
on Comparative
rban efficiency

Level 2: Urban Land

Land Suppl l Land supply Measures of land

inputs ;Y-7Rent use demand

Consumption/Density Costs and Benefits
Service levels
Attractivity
Location costs

Shtor t T erm f eedback
c .Comparative

Level 3: Transport Lbcation Costs.

Transport supply1 Trip Generation Measures of travel
Inputs Trip Distribution demands

Modal split Costs and Benefits
Trip assignment
Generalized travel cost

Each level of analysis starting with Regional growth provides the operating

assumptions upon which the next level projections are made. The analysis

is validated on the basis of existing conditions by calibrating the governing

relationships linking the supply and demand of transport and land, from

survey and field observation. These relationships then derive the projection

of future demand levels in terms of changes in supply and the behavior of

the urban economy under conditions of growth.



4. Method in Detail 4

The method is made operational in three phases:

1. Manual calibration of functional relationships governing

the changing values of transport and land demands by mode,

link, zone and income class.

2. Programmable estimation of travel benefits by mode, link,

zone of origin, and income class

3. Manual estimation of location cost changes and imputed

affect on the demand for land by income class, zones

density and *rent values.

4.1 Manual Calibration of Transport Demands

The governing relationships for the transport analysis are

shown below:

Trip Generation and Distribution

(Equation 1) Tz P! Z

-

(Equation 2) Tz . P Z

Tzo = number of trips generated by an activity (residential/

employment) z for purpose o from origin zone.

Tzo = number of trips generated by an activity (employment)

of type z for purpose o to destination zone j.

Pz = Population (or number of employees) associated with

that activity

z = Propensity for each unit of activity to generate a morning

peak hour trip.

This function is used to discriminate trips by origin zone, i,

destination zone j, car users and non-car users. It is

used to generate estimates of existing conditions reflecting

known overall flows of public and private traffic.
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mzo 0 Dmzo-
(Equation 3) T = O J B

Cmbij

T Total trips per modem between zones i and j for
ij activity type z and figure o.

0 mz = Number of trip:origins in Zone J, for mode m activity z,
purpose o

D = Number of trip destinations in zone j for activity z,
purpose o.

b
C = Cost of travel between zone i and j.

b - Elasticity of demand for travel with respect to cost.

B = Normalizing factor = 1/ Z D /C

Trip Assignment & Costs

Given the simplified structure of the transport network in metropolitan

Colon, inter-zonal traffic is assigned directly to links. These links

acquire traffic loads which generate congestion as a function of free flow

link speeds and design capacities.

Travel costs are estimated in two parts:

1. Operating costs, measured in terms of average use, speed and distance,

characteristic vehicle cost per kilometer at link speed.

2. The cost assumed in terms of real (i.e., congested) travel time

elapsed per journey plus the (pedestrian) access time at either end of the

(vehicular) journey.

(Equation 4) Gc = Cop + C

The cost of travel is aggregated for each income class and each mode

for all trips made by households in a single origin zone to all other zones,

This measure is taken to be the generalized cost of travel for the typical

household in each origin zone. Truck trips are similarly aggregated by

employment-origin zones for all trips.
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The results of the transport analysis are fed back

into the land analysis in terms of generalized travel costs per household.

These values are then used to reestimate locational demand for land in different

zones in terms of residential densities, land rent and numbers of households

to be located in each zone.

The governing relationships for the land analysis are as follows:

4.2 Manual Calibration of Land Demands

Demand for Land

The first function determines the quantity of land consumed by

each activity 1z given the unit rent of land, r1 and the income of the

7
activity w . The relationships amongst these factors (land consumption,

rent and income) are governed by three parameters:

(a) constant coefficient, kz

(b) price elasticity of demand, p , which is negative to reflect

the reduction of land consumption that occurs with an increase

in rents.

(c) income elasticity of demand ie, which is positive to reflect the

increase in land consumption that occurs with an increase in

incomes.

The demand for land function is specified in the following form:
ie

(Equation 5) 1  = kZr . wZ where:

z
1 = land consumed by household

group z in zone i.

ri = rent of land per m2 in zone i

w = income of activity z

e
p = price elasticity of demand

for land

i = income elasticity of demand
for land

kz = constant scalar.
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Cost of Location

The second function, determines the total cost for an activity, z,

resulting from the selection of a location in zone i, C , as the sum of the

cost of land rent 1 - r plus the cost of building rent S .b plus the

i itransport cost associated with locating in the zone A~ g~ plus the cost of

providing the zone with infrastructure services FZ.Oz. The transport cost

is calculated as the weighted average of the cost of all trips made by

that activity in that zone. This cost connects the land use sub-model with

the transport sub-model. The function is specified in the following form:

zz z Z. 
(Equation 6) Cz = l -r + Si . b + A-gz + F -c

Where:

C = Cost of location for household group z at zone i.
i

S1.ri = Cost of ground rent for land consumed.

S -b - Cost of building rent.i i

Where: S = amount of built space per household.

b - unit cost of space.

A gZ = Transport cost.= Gi i c

Where: A = accessibility index for HH

g = unit cost of transport

Q
<Fz.cz = Cost of infrastructure for all services, Q

Where: F = standard of service.

c = unit cost of standard service.
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Distribution of Activities

The third function, determines the distribution among all the

zones of each activity in terms of the total number of the activity GZ

the amount of land available for development in zone i, Li, the location

cost of the activity Ci, and residual attraction W . The function

is specified in the following form:
-l1

zz z z
(Equation 7) Gz - Gz.L .W .Cz B

Where:

zG = total number of households

G z = total number of household group z

L = total land available in zone i.
i

W - residual attraction index for household group z in zone i.

C Z= location cost for household group z in zone i.

1 = elasticity of demand for location with respect to cost.

B - normalizing factor

Budget Constraint

The following constraint must be respected to ensure land

supply and located demand are in balance.

(Equation 8) G .11 = L

Cost Recovery

The cost of location function is the basis for estimating means

for cost recovery in terms of a recovery rate by cost component for each

activity, and for each location for all public capital investment projects,

as follows:
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(Equation 9)
*zz z z z z z Z

RC = T 1 r + T2S .b + T3 A.g + T4 F . c

where: R = cost recovery rate (aggregate),

T = land tax rate

T 2= building tax rate

T 3= public transit fares and road user charges

T = utilities user charges

*
In terms of this formulation, C may be thought of as the

social cost of location since not all of C may necessarily be charged to

the locator. Nonetheless, all of C is recovered as a result of the

locators' choice of the ith location on aggregate, though certain areas

(target groups, project sited, etc.) may be cross-subsidized in order to

ensure affordability.

The inclusion of C in the function ensures that the social

values created by project investments are reflected in land prices through-

out the urban market area in proportion to their impacts for each activity

group at each location, and are recovered without detriment to the benefit

share of the targetted poverty groups.

Income Generation

The demand for land function for household activities is the

basis for incorporating real income, w and not just wage income w. Income

gains and social subsidies that may have been created in different locations

in each of the cost categories as follows:

*r z *zi
(Equation 10) 1 = Kz. w

rperi
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where: wz = (BP - R-C*z + b + wiz

where: Bp = the sum of project capital costs per household

R-C = total costs recovered per household
i

b z = sum of income gains resulting from operating
cost savings in each project.

W, = wage income per household.

Difference between project costs and costs recovered measures the

proportion of conferred benefit not directly recovered by tax, user charge

(etc.,) or other methods. The function shows the effect of income gains

changes in location and service levels. Also, the use of b ensures

that locational preferences reflect the aggregate effect of income gains

from constraints on the structure of demand, and in particular on land

prices and location priorities for development.

The income effects identified in the analysis are used to

indicate aggregate changes in the levels of household demand by income

group and location in the urban area. These indicators are viewed from

the broad employment market perspective through disaggregated demand and

income elasticities as the basis for examining consequent employment impact.

This examination requires a separate formulation of a specific income-

employment relationship that applies for a given urban system. This is not

included in the above.

4.3 Programmable Estimation

A general sketch of the method for estimating transport benefits

by means of a hand-held computer Program is shown in the diagram below.

Discussion follows this diagram, step-by-step.



Figure 1

Comouting Qoerating and Time Costs of Each Alternative
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All hours
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yearly ccsts
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yearly costsi

11.1 Total
Discounted

cost
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Step 1: For Each 'Year, Compute Demand

Demand is used for an average weekday as representative of the

whole year. Demand has two dimensions: O-D pair, and mode. Because of

population and activity growth in different locations, demand between different

O-D pairs varys in magnitude and growth. There is also a different demand for

each mode of freight and passenger transport. All modes are aggregated into:

truck (freight), auto, and bus (transit). Demand values are taken from the

results of the manual algorithm.

Step 2: Distribute Demand Throughout the Day

Demand also has a temporal and a directional dimension. Usually demand is not

predicted directly for an hour, however; it is predicted for the entire day and later

distributed. For each direction there is a peaking profile, which 
gives the relative

demand in each hour of the day. For convenience we may say there is a peaking profile 
of 48

hours, where the first 24 hours correspond to one direction (positive) and the 
last 24

to the other (negative) direction.

The most cooncu assumption is that the daily peaking 
profile will be the same in

every year for every O-D pair. This assumption can cause significant error when the

network includes major radial and crosstoun roads, each of which exhi1it different

peaking patterns. (The crosstown road has 2 peaks per rush hour while the radiLl has only



- 14 -

However, in the corridor problem with which we are dealing it is probably safe to

assume each link of the same road will have the same peaking pattern. Different modes

may have different peaking profiles, however. Thus the demand at an hour h is

where Dt, - Dt fh
m, p M, p M (2)

f is the peaking factor for hour h and mode m, and the vector 'fhh 1,

H is called the peaking profile for mode m. Thus a peaking profile is assumed given for

each mode. It is common to not analyze all 48 hours separately but rather to select

a few representative hours, the results of which are expanded hours in the day which

have similar flows. A peaking profile for peak direction travel in San Jose, Costa Rica
is found in Attachment A.
Step 3: For Each Hour, Assign Demand to the Network to Get Link Volumes

This can be the most complex step of the urban transportation analysis prccedure.

However, our restricted problem definition makes this problem trivial. Each O-D pair

has a unique path, covering a known set of links. To get link volumes one must

aggregate over 0-D pairs and modes. Links, like hourly flows, are assumed unidirectional

and furthermore we assume a link is symmetric in its capacity. Thus the flow on link j

in hour 10 is the flow in the positive direction on link j at 10 a.m., while the flow in

hour 34 is the flow in the negative direction at 10 a.m.

To aggregate over modes (since they all share the same roadway), each mode is

given a passenger car unit (PCU) equivalency. This PCU equivalency depends not only on

vehicle size, but on vehicle performance as well; and since vehicle performance is

differentially affected by link characteristics, particularly grade, there must be a

PCU equivalency factor for each mode and link.

measured
Link volumes must be /in vehicles. For auto and truck this presents no p-ablem,

since demand is usually measured in vehicles, or if measured in passengers, a single
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occupancy factor can convert demand into vehicles. However, when bus demand is

measured in passengers, it is not so readily converted into vehicles since load factors can

vary widely throughout the day. Since bus operations are usually centrally planned, bus

volumes may be exogenously specified. In more complex networks rerouting'is also a

possibility.- In the simple corridor analysis with which we are dealing, it is probably

sufficient to assume that load factors on each route at each hour will be the same year-

to-year, so that demand can be measured in vehicles in the base year and treated in

the same way as cars and trucks.

Aggregating over O-D pairs is simple summation, so that the link volumes are:

Vt,h .p m Dt he 4vta " i D m ep M a,p (3)

where

V th . volume (in PCU's) on link a in hour h and year t
a

D ,h = demand for mode m between O-D pair p in hour h and year t (measured in vehicles
m,p

e = PCU equivalency factor for mode m on link a

I if link a is on the path between 0-D pair p
a,p (0 otherwise

In addition we will later need modal link volumes, which are:

V t,h D Dt~h Ca,p (3.1)
m,a m p

Step 4: For Each Link, Calculate the Volume/Capacity Ratio (V/C)

Since the volume has been determined in Step 3, all that is needed is the link

capacities. These are given for both alternatives (no-build and build), and are the same

at every hour in every year (barring the use of reversible lanes, peak hour exclusive

lanes, etc.). Therefore, for any link, hour and year, for an alternative b (no-iuild or

build,

(V/C) t,h,b = t,h + Cb (4)
a a a

where

C = capacity of link a in alternative b

(V/C)t,h,b = volume/capacity ratio in alternative b on link a at time h ia year t
a
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nace each alternative is analyzed identically, we shall remove the superscript b and

continue with the notation (V/C) a,h realizing that its value periains to a particular

alternative.

Step 5: For Each Mode, Find the Speed

The speed at which traffic flows on a link depends on the volume on the link

and its capacity. All existing models (to my knowledge) give speed as a function of

the volume/capacity ratio. Recognizing that volume and capacity affect speed not only by

their ratio, often there is a family of speed-flow (speed vs. V/C) curves for roads of

different capacities, e.g., 2-lane and 4-lane arterials.

Because of different vehicle and operating characteristics, the speeds of each

mode will be affected differently by congestion'. Therefore each mode will have its own

speed-flow relations.

Therefore the speed of mode m on link a which is of type s will be

t,h t,h (5)
m,a ms a

where

gm * ]is a particular speed-flow relation for mode m and rad Eype s.

Different functional forms exist for the functions g In order to identify the
m,s.

appropriate curve to be used for a particular link (given that mode is known), there

must be a pointer specific to each link indicating the correct curve. If all of

the curves have the same functional form with a different parameter(e.g., Minim=

speed), the pointer may be simply the parameter and thus the functional form of the

speed-flow curve needs to be stored only once. This pointer or parameter is called s M

(It seems obvious that the speed of the bus and truck modes might be affected by

grade. However most analyses consider the peak direction only, which is on'e dirzction

half the day and the other direction the other half, so that average grade on every link

is zero, and average speed is almost unaffected by grade. The same is true frr operating

cost, though it is knowA' that it costs more to travel a distance on a hilly road with
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an .' 3verage" grade of zero than on a flat road. Since we will usually be using

odels for speed and cost that ignore grade, the remainder of this paper shall

ignore it, too. Furthermore, ignoring grade allows both directions of a link to

be identical. This is a significant simplification, making flows to be direction

abstract, and hence allowing analysis of flows in one hour to be expanded to hours with

similar flows without regard to direction when less than 48 hours are analyzed.)

Some examples of speed-flow functions are found in Attachment A.

Step 6: For Each Mode, Determine Operating Cost

Vehicle operating cost on a link is difficult to measure, and therefore difficult

to model. It is affected by road characteristics (grade, curvature, pavement), vehicle

characteristics (weight, engine type), and operating characteristics (speed, number of

stops). Most models give operating cost in terms of one of the operating 
characteristics

only (speed) aggregating different vehicle types (within the same mode) and averaging

over road characteristics. If pavement is uniform over the road, there is no more than

normal curvature for an urban road, and grades are not great, such approximations are

acceptable. Under normal urban operating conditions a study found that 
95% of the

variation in fuel consumption among British cars could be explained by speed 
alone.

Since other auto related costs are roughly proportional to fuel consumption, the

simple speed-operating cost relation may be sufficient 
for autos.

Operating cost is usually computed by a function of this 
form:

t,h
oCt,h = e +m d .V (6)

m,a -
Xt,h ma
m,a

where

oC t ooera-ing cost for mode m on link at time ' ir. year t
ma

Ce,.n' m - parameters (per hour and per Km operating cost for mode mn)
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Xt,h speed of mode m on link a at time h in year t
m,a

da - length of link a

vt,h - volume of mode m on link a at time h in year t.
M,a

Since operating cost should include the labor cost of paid drivers such a function

including a term in which distance is divided by speed (which yields time) is especially

appropriate for bus and truck. Operating cost models estimated in a few cities are
documented in Attachment A.

Step 7: For Each Mode, Determine Time Cost

The time each vehicle spends on a link is the link's distance divided by the

vehicle's speed. The total passenger time is the vehicle time multiplied by

vehicle occupancy (not including paid drivers). .The total time cost is this total

passenger time multiplied by the value of time.
and

Vehicle occupancy can vary not only by mode but also by link /by time of day,

particularly on buses where loads may be 80 in the peak and 20 off-peak, and may

increase steadily toward the city center. Value of time is generally taken to be fixed

for all modes and all times, and invariant over the year.

Thus the passenger wait time cost is
d

m,a it,h m,a m,a
m,a

where

TCt,h time cost for mode m on link a at time h in year t
m,a

d a length of link a

Xth = speed of mode m on link a at time h in year t
m,a

Wh = vehicle occupancy of mode m on link a at time h
m,a

v - value of time

Vt,h = volu'me (of vehicles) of mode m on link a at time h in year t
m,a
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Step 8: Aggregate Costs Over Modes and Links

Steps 4-7 must be repeated for every link and every mode as the flowchart

in Figure 1 indicates, aggregating costs to yield hourly costs. Thus the operating

and time costs for an hour h in year t are:

t~h a m C t,h
0C ~ mmOCt,h a tC

TCt,h = 2 2 TC (9)m,a

Cther meaningful aggregations should be taken as well, such as total costs 
for modes, for

links, etc.

Step 9: Aggregate Costs Over Hours, Expanding to Yearly Costs

Steps 3-8 are repeated for each hour. .To expand the predicted hourly costs to

yearly costs one needs to know the number of hours in a year 
that hour represents. These

annualization factors should insure that the daily demand (in Step 1) is properly

expanded to annual demand. Different hours may have different annualization factors

because they represent different numbers of weekday and weekend hours. Also some analyses

may want to consider peak hours only in computing benefit.

The annual costs are then:
h

OCt - 2 OCt,h Nh
hh

TCt - 2 TCt'h Nh (10)

where

N = number of hours in a year represented by hour h.h

Step 10: Discount Yearly Costs

Either annual or continuous compounding may be used to discount the yearly costs

to present values. For operating costs, these formulas are:

UC0 - OC (1 + D)-t (yearly compounding)

= C -Dt (continuous compounding) (-1)
3 t=
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Oct = discounted operating cost from year t

D = shadow discount rate

time costs are similarly discounted

Step 11: Aggregate Discounted Costs

This yields the present costs of the alternative being studied. The

difference between the present cost of the no-build alternative and that of the

build alternative is the present value of the build alternative. (When other dis-

counted costs, such as construction, maintenance, etc., are subtracted this

becomes net present value.) So the final equation for present operating costs

(and similarly for time cost) is
t t

OC = C (12)

The predicted costs thus obtained may be disaggregated and manipulated

in any way to afford the analyst a closer look to see the benefits accruing to

each link, or to each mode, or to find link specific benefit/cost ratios, internal

rates of return, etc.
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5. Solution Procedure

Within the above Analytic framework, the solution procedure

provides a logical, yet simple sequence of analytic tasks. These

tasks are listed below and elaborated in detail in the following sections.

5.1 Summary of Tasks

A. Strategic Forecasts of Travel Demands

1. Review land use conditions and developmental
assumptions

2. Review test road network and bus system conditions

and changes

3. Review traffic assignments and diversions

B. Future Demand Volumes

1. Estimate future auto/truck traffic volumes

2. Estimate future bus and bus passenger traffic volumes

3. Estimate future train passenger traffic volumes

4. Develop peak hour and peak direction factors

5. Estimate future peak hour, peak direction volumes for

auto/truck, bus and bus passenger, train passengers.

C. Design Capacities

1. Develop lane capacity of auto/truck

2. Determine PCU equivalencies and passenger capacities

for bus and mini-bus

D. Volume/Capacity Ratios

1. Compute V/C ratio for auto/trucks and for busses

E. Level of Service and Travel Speed

1. For auto/trucks and for busses, establish a LOS - V/C

Speed table.

2. Determine LOS and travel speed, knowing V/C.



- 22 -

F. Travel Time, Stops, and Idling Time

1. Develop a "model" to relate LOS, travel time per km.,

stops per km., and idling time per km. for auto/trucks

and busses.

2. Determine on a "per kilometre" basis, travel time, stops,

idling time, and excess travel time (actual time minus

1.0 minute as derived from 60 kph base)

G. Time Costs and Vehicle Operating Costs

1. Determine value of driver's time and passengers'

time per hour.

2. Determine for auto/truck and for bus, vehicle operating

cost per km. for 60 kph base, and for additional costs

due to stops and idling time.

H. Time Savings

1. For auto/truck drivers and for bus passengers, compute

time savings during six peak hour, peak directions for

each year (1979-1999). "Savings" are based on difference

between "No Build" (Alternative 1) and "Build" (Alternative 2).

2. Compute present value of time savings.

I. Vehicle Operating Cost Savings

1. For auto/truck volumes and for bus volumes, compute

operating cost savings by link during six peak hour,

peak directions for each year (1979-1999).

"Savings" are based on "No Build" (Alternative 1) and

"Build" (Alternative 2).

2. Compute present value of vehicle operating cost savings.
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J. Project Costs

I. Determine present value of project costs.

K. Economic Evaluation

1. Determine benefit-cost (B/C) ratio, "Benefits" refer to the

sum of present values for time savings and vehicle operating

cost savings.

2. Determine net present value (NPV).

3. Determine internal rate of return.

5.2 Input Requirements

A description of input requirements and assumptions used to

calibrate the analysis to conditions in Colon in 1979 is given in the pages

that follow.

Input Requirements

For a project with A links, X modes, a benefit horizon of T years,

each of which has H hours, considering 2 alternatives.

Number
of Items Variable

A x M V ' base year vehicular demand for mode m on link a
m,a

M or 1 rm or r demand growth rate (for mode m)

H x M or H f or fh peaking factor (for mode m) in hour h
m

M e m PCU equivalency factor for mode m

2A C capacity of link a under alternative b (no build or build)

2M cw-m m operating cost model parameters for mode m

A d length of link a

H x M or M Wh or W vehicle occupancy of mode m(in hour -h)

1 v value of time
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H %h yearly number of travel hours of type 11

D shadow discount rate

M s speed-flow curve parameter for mode m

plus a speed-flow function-

eU bus fares

t terminal times
C

Cnr non-transport location costs

W disaggregate attractivity indices

L land availability

P aggregate popular growth

E aggregate employment growth
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BENEFITS ON A SINGLE LIN: SINGLE HOUR EPANDED

(Input Data Format)

Site: Date:

Analyst: Page: of

Costs:

Enter Press

(Initialize) A

(Initialize) B

Auto mode:

growth factor (1.xx) R/S

PCU equivalency factor (1) -/S

speed-flow function parameter -R/S

per hour operating cost ($/hr) -IS

per km operating cost ($/hr) -/S

auto occupancy x

value of time ($/hr) _/S

Truck mode:

growth factor (1.xx) - 1S

PCU equivalency factor R/S

speed-flow function parameter ._R/S

per hour operating cost . R/S

per km operating cost ._R/S

occupancy - value of time =0.0 RiS
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Enter Press

Bus Mode -

growth factor (vehicular) (1.XX) 1.

PCU equivalency factor

speed-flow function parameter - R/S

Per hour operating cost R/S

per km operating cost 
R/S

bus occupancy x___
value of time

(Initialize) C

Base year vehicular volumes (peak hcur. eak direction)

auto volume (veh/hr) S

truck volume R/S

bus volume RIS

Link capacities (one direction)

no build capacity (veh/hr) RIS

build capacity _/__

Link length (km) RIS

Peak hour, peak direction yearly

.expansion factor (number of STO 11
peak hours per year)

First year discount factor (l..c) STO 13

Discount rate (1.xx) 
STO 14

Number of years 
STO 00

First Year in Benefit Horizon . STO 06
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5.3 Regional Growth, Land and Transport Inputs for

Colon Urban Development Project

Level 1: Regional Growth Inputs

The key regional growth assumptions underlying the projection of

travel demands are described in the Project Appraisal Report and summarized

in the tables below:

Employment Growth and Change 1979-1989

Based on "basic" employment-generating project investment and

"non-basic" job-generation (assuming a multiplier of 1.8) distributed

to spatial structure of the market and available land.

Urban Project Build

Employment
Year 1979 1984 1989
Zone Basic Non-basic Basic Non-basic Basic Non-basic

1 500 7,500 500 9,000 500 11,000
2 5,000 - 5,000 - 5,000 -
3 3,000 - 3,500 - 4,000 -
4 - 250 - 500 - 1,300
5 500 - 2,000 - 3,000 -
6 - - - 250 - 500

7 - - 2,000 - 5,000 -
8 1,000 500 1,000 1,500 1,000 2,000
9 - - - - - -

Total 10,000 8,250 14,000 11,250 18,500 14,800

Urban Project No-Build

Employment
Year 1979 1984 1989
Zone Basic Non-basic Basic Non-basic Basic Non-basic

1 500 7,500 500
2 5,000 - 5,000
3 3,000 - 3,000
4 - 250 -
5 500 - 1,000
6 - - -

7 - - -
8 1,000 500 1,000
9 - - -

Total 10,000 8,250
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Population Growth and Change 1979-1989

Based upon a full labor participation rate of .33 and an

unemployment rate (in formal sector activities) of 40%

effective 1979 and reducing ___ to 7%-10% by 1989, distri-

buted on the basis of observed existing densities and inpdted

changes on future locational cost/demand for housing. Income

classes are defined in terms of average income levels which

are taken to neither increase nor decline in real terms over

the analysis period. Population growth arising from natural

increase and net in-migration are not distinguished in the h

household totals shown below; average household size is taken

as 4.6 (existing 1979 average) throughout the period. (Households.)

Income 1979 1980 198

Class High Medium Low Total High Medium Low Total High Medium Low Total

Zone

1 2,600 8,300 4,100 15,000 2,500 8,000 2,500 13,000 2,500 8,000 2,500 13,000

4 800 200 - 1,000 800 200 - 1,000 800 200 - 1,000

6 - - - - 3,000 2,000 5,000 3,000 2,000 5,000

8 800 2,000 1,200 4,000 1,000 2,500 1,500 5,000 1,500 3,500 2,000 7,000

Total 4,200 10,500 5,300 20,000 4,300 13,700 6,000 24,000 4,800 14,700 6,500 26,000

Level 2: Urban Land Inputs

The key land assumptions underlying the projection of land demands

are summarized in the tables below:



Land Available for Residential Use

Based on surveyed land use patterns and observed net residential
densities existing for 1979, with income classes separately
estimated by zone.

INCOME CLASS

Year 1979 1984 1989
High Middle Low Total High Middle Low Total High Middle Low Total

Zone

1 78.0 300 83.0 100 12.3 30 173.3 75.0 80.0 77.5 162.5
4 48.0 600 4.0 200 0.0 52.0 48.0 4.0 52.0
6 - - - - - - - - 75.0 15.0 90.0
8 72.0 900 60.0 300 10.8 90 142.8 90.0 75.0 13.5 178.5

Total 198.0 147.0 23.1 368.1 213.0 234.0 36.0 483.0

Disaggretated Attractivity Indices.

Based upon existing and future demand by income class in proportion to class size in each residential zone,

and a calibrated coefficient of attraction.

Income 1979 1984 1989
Class High oCH Middle o(M Low oCL High 'MH Middle 0<M Low cXL High tC<H Middle o<M LowLL
Zone

1 26 83 41 25 80 25 25 80 25
4 8 2 0 8 2 0 8 2 0
6 - - - 0 30 20 - 30 20
8 8 20 12 10 25 15 15 35 20
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Non-transport Location Expenditure

Based upon an estimated proportion of average household income

budgeted for land, housing and utilities costs, measured in terms

of monthly household expenditures per square meter of residential

land.

1979 1984 1989

Income Class High Middle Low High Middle Low High Middle Low

Zone

1 1.80 1.10 0.83
4 0.90 0.53 -
6 - - -
8 0.60 0.35 0.28

Level 3: Transport Inputs

The key transport assumptions underlying the projection of travel

demands are summarized in the tables below:

Values of Travel Time

Income Class

High Middle Low

Average HH income/month $1800 $425 $125

Average hourly income/traveler $8.72 $225 $0.73

Value of travel time rate 25% 25% 25%

VOT/minute of travel 0.036 0.009 0.003
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Trip Rate by Mode (Morning Peak Period Only)
1979

Income class High Middle Low

Mode Car Bus Walk Car Bus Walk Car Bus Walk

Zone
1 0.6 0.2 0.2 0.2 0.3 0.3 0.1 0.3 0.3

4 0.7 0.2 0.1 0.2 0.4 0.2 - - -

6 - - - 0.2 0.4 0.2 0.1 0.3 0.3

8 0.7 0.2 0.1 0.2 0.4 0.2 0.0 0.5 0.2

9 .8 .2 - 0.2 .6 - - 1.0 -

Year 1984/1989

Income class High Middle Low

Mode Car Bus Walk Car Bus Walk Car Bus Walk

1 0.7 0.2 0.2 0.3 0.3 0.3 n.1 n.3 0.3

4 0.8 0.2 0.1 0.3 0.4 0.2 - - -

6 - - - 0.3 0.4 0.2 0.1 0.4 0.2

8 0.8 0.2 0.1 0.2 0.4 0.2 0.1 0.4 0.2

9 0.9 0.1 - 0.5 0.5 0.2 0.1 0.9 -

TRUCK TRIP RATE PER UNIT OF EMPLOYMENT

Zone Truck Trips

1 0.08
2 0.10
3 0.10
4 0.06
5 0.08
6 0.06
7 0.08
8 0.06
9

INTERZONAL LINK DISTANCES

(Based upon shortest route distances between zone centroids
along existing roads in kilometers).

1 2 3 4 5 6 7 8
1 0.67 1.40 1.00 2.40 4.80 4.40 8.20 9.60
2 1.40 0.36 1.60 3.00 5.40 5.00 8.80 10.20
3 1.00 1.60 0.54 2.20 4.60 4.20 8.00 9.40
4 2.40 3.00 2.20 0.74 2.40 2.00 5.80 7.20
5 4.80 5.40 4.60 2.40 0.66 1.60 5.40 6.80
6 4.40 5.00 4.20 2.00 1.60 1.00 4.60 6.00
7 8.20 8.80 8.00 5.80 5.40 4.60 1.20 3.00
8 9.60 10.20 9.40 7.20 6.80 6.00 3.00 1.20
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PCU EQUIVALENCY AND OCCUPANCY RATE

PCU Equivalent Occupancy

cars 1.0 1.6
busses 3.0 45.0
trucks 3.0 1.0

PEAK PERIOD EXPANSION FACTOR TO MONTHLY TOTALS

trucks 115.0
busses 92.0
cars 107.4

Expansion factors are based on the following considerations for the

purpose of estimating benefits:

Auto: Peak (2 hour) volume is 1/7 of total daily

3 peak periods @ full benefit 3.00
2 " " " 2/3 " - 1.33
1 " " " 1/3 " 0.33
1 " " " no 0.00

4.67
4.67 (daily) X 23 (days per month) = 115.0

Bus: Peak (2 hour) volume is 1/5 of total daily

3 peak periods @ full benefit - 3.00
2 " " 1/2 " = 1.00

4.00

4.00 (daily) X 23 (days per month) 92.0

Truck: peak (2 hour) volume is 1/8 of total daily

3 peak periods @ full benefit = 3.00
2 " " 2/3 " = 1.33
2 " " 1/2 i 0.67
1 " 0 " 0.00

5.00

5.00 (daily) X 23 (days per month) = 115.0



AUTOMOBILE OPERATING COST PER 1,600 KMS. (1979)

MPH KPH Gas Oil Tires Maintenance Depreciation Interest Total

10 16 49.11 2.39 1.02 7.00 45.00 36.00 140.52

15 24 51.01 2.23 1.22 8.00 41.00 28.50 131.96

20 32 45.82 1.92 1.63 8.50 36.00 22.50 116.37

25 40 43.47 1.82 2.14 8.85 34.50 19.00 109.78

30 48 41.24 1.77 2.65 9.50 32.50 16.50 104.16

35 56 43.22 1.71 3.26 9.85 30.50 15.00 103.54

40 64 43.45 1.71 3.82 10.60 29.00 13.50 102.08

45 72 46.70 1.66 4.54 11.00 27.50 13.00 104.40

50 80 48.67 1.61 5.30 11.50 26.50 12.00 105.58

55 88 53.04 1.50 6.17 12.25 26.00 11.50 110.46

60 96 57.14 1.58 7.19 13.00 25.00 11.00 114.89

65 104 62.96 1.77 8.36 13.75 24.50 10.50 121.84



Using linear regression a curve is determined to fit these data points,

whose equation is:

C = 0.1046-0.001256x + 0.000009512x2

where C = $ cost per km for cars
x = speed in km/hour

For busses, based upon 1977 data, the ratio of bus to auto

operating costs is given as 4.3. For trucks, based upon the same data

source, the truck to auto operating cost ratio is given as 5.6. These

values are taken as given.

ASSUMED LEVELS OF BUS FARES

Destination
Zone 1 2 3 4 -5 6 7 8 9 Total

Origin
Zone

1. .10 .10 .10 .10 .25 .20 .40 .50 1.25
2 .10 .10 .10 .15 .25 .25 .45 .50 1.25
3 .10 .10 .10 .10 .20 .20 .40 .50 1.25
4 .10 .15 .10 .10 .10 .10 .30 .35 1.15
5 .25 .25 .20 .10 .10 .10 .25 .35 1.00
6 .20 .25 .20 .10 .10 .10 .25 .30 1.05
7 .40 .45 .40 .30 .25 .25 .10 .15 .85
8 .50 .50 .50 .35 .35 .30 .15 .10 .75
9 1.25 1.25 1.25 1.15 1.00 1.05 .85 .75

ASSUMED LEVELS OF TRIP TERMINAL TIME IN MINUTES

Destination
Origin Zone 1 2 3 4 5 6 7 8 Note
Zone

Cars 4 4 4 4 4 5 4 4 5 Min.
Busses 9 9 9 9 9 15 9 9 Service Level

Cars 4 4 4 3 4 6 4 4 10. Min.
Busses 14 14 14 14 14 18 14 14 Service Level

Cars 6 6 6 6 6 8 6 6 10 Min.
Busses 18 18 18 18 18 22 18 18 Service Level

Cars 4 4 4 4 4 6 4 4 10 Min.
Busses 14 14 14 14 14 18 14 14 Service Level



- 35 -

LINK CAPACITY TABLE

1 2 3 4 5 6 7 8

1 240 1,600 1,600 - - - -

2 240 - - - - - -

3 1,600 - 800 - - - -
4- 1,600 - 800 1,200 1,200 800 800
5 - - - 1,200 1,200 800 800
6 - - - 1,200 1,200 800 800
7 - - - 800 800 800 800
8 - - - 800 800 800 800

REVISED OPERATING COST FOR TRUCK

At 40 km/h, car operating cost of $ 0.07.

Truck operating cost is 5.6 times higher, or $ 0.39

$0.39 1 40km = $15.59/hrs
km hr

The labor cost component is $1/hr, so the reduced OC is 14.5%.

This corresponds to $0.36/km, which is 5.2 times higher than auto.

So truck cost is [5.2 (auto cost/km) X distance + $1 time]
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6. OPERATING THE PROGRAM

6.1 BASIC USER INSTRUCTIONS FOR A T159 & PRINTER

1. To turn on the calculator, first plug in the printer and calculator.

DO NOT turn on calculator and printer before plugging in the printer.

To turn off the calculator, turn off both calculator and printer before

unplugging the printer.

2. Algebraic operations -- The TI59 uses logic known as Algebraic Operating

System. Algebraic operations are punched into the calculator going frcm

left to right as they would be written out. For example, to perform tne

following calculation:

8 + 3 = 2.67

you would push the following buttons:

1) 8

2)R-

-3) 3

4)=

Where there are a complex series of calculations, the calculator foll:.;s

certain rules about which ones are performed first. Alternatively, yc.u

can use parentheses to make the calculator perform operations in a particIar

order.

The order of operations performed by the T159 is:

1) Special single function keys (such as trig and log functions)

2) Powers and roots (YX and Y

3) Multiplications and divisions

4) Additions and subtractions
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Example

3 + 10 - 2 x 14 + 7 = 9

This is the same as

3 + 10 -(2 * 14 t 7) = 9

If you do not wish the above interpretation to be followed you must use

parentheses, for example:

(3 + 10 -.2) * 14 - 7 = 22-

2. Special function and operation keys

A) Every key can be used in 2 ways as indicated by 1) labels on the

key and 2) gold labels above the key. To get the use of the gold label

function, push the gold key marked before pushing the desired key.

B) The INV key will give you the use of inverse functions or

operations for many of the keys. For example to compute e 2 push the

following:

Fn

4. User Labels -- User labels are names given by the programmer to

different parts ker rubroutines) of a pocket calculator program. By

pushing a user label key, you are able to have the alculator .perform

a specific subroutine. The user'labels are contained intthe top row of

the T159 and consist of A,S,C,D,E, and A', B', C', D', E'.

5. Memory Structure - The T159 memory is divided into a section to

hold a program and a section to hold data. When the TI59 is turned on,

it contains 480 spaces for program instruction and 60 spaces for data.
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You may re-partition memory if you need more data storage, or more program

storage. Following are two commands useful in memory partitioning:

A. will cause the calculator to display the current

memory partition. Ordinarily the disp'lay . 11 read 479.59 (program positions

go from 000 to 479 and data registers go frci 00 to 59).

B; XOPW 7 will cause the calculator to repartition memory

so that there are 1oX data registers. For example:

n E would give a partition of 639.39 (or 640

program positions and 40 data registers).

6. Reading a Card -- In order to read a card the calculator must

be properly partitional in the same manner as when the card was created.

The calculator must also be told the proper place to store the data on

the card. Each magnetic card has two sides (or banks). The calculator

memory can hold 4 banks (or 2 cards) worth of information.

To read a card, first push the number of the memory bank into which

this card will be read. The number will be 1, 2, 3 or 4. Usually the

proper memory bank is indicated upon the card or in programmer user instruc-

tions. As an alternative, push 0 before reading the card. Then the card

will be automatically read into the proper bank.

The second step in reading a card is to hold the yellow side up

and insert the proper end (designated by the bank number on the card)

into the card reader. Let the calculator process the card through (do

not push the card once the calculator has hold of it) and then gently

remove the card. The calculator will display the number of the memory

bank into which the card read. If there is a misread or if- you have

pushed an improper bank number, the calculator display will flash. In

this case you must start over.
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7. Listing Memory

There are two commands which allow you to list memory. there are:

This command will print out the program memory. It is

especially useful for checking that the current program

has been properly read in. To stop the listing push

This command will print out the contents of the data registers.

To stop the listing push .

Notes: Occasionally the listing does not start at the proper place (i.e.

does not start at program location 000 or data register 00). To correct

*for this you press and the proper memory address. For a program,

the address would be 000, and for the data registers (under normal partitioning)

the address would be 480. The calculator may flash when given the data

register address, but this procedure works nontheless. Follow with the

desired list command.

8. Run Stop and Reset

These are two useful commands. Reset[RST will place the program

counter at the beginning of a program which is at address 000. Thus reset

may be used when vou wish to start a program from the beginning.

Run/Stop El. may be used to stoio program execution, and it may

be used to start program execution at the current location in the program.

For example, a program may halt execution to wait for data. The user

enters the data into the display and starts execution by pressingsR/ .
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9. Clears -- There are four clear commands with the'T159 as follows:

E-- clears the current display only

C -- clears the current math operation

2n~d CP -- clears the program

2n E~ -- clears the data registers

10. 'Store and Recall

Press and a two digit data register number to place the display

in memory. For example, I77S J would place a 1 in register 2.

Press RCL and a two digit data register number to recall the

contents of the data register onto the display. In the above example,

would display a 1.

11. Printer commands -- The printer attached to the T 59 has a number of

different operating modes. If none of its three buttons have been pushed,

then the printer takes all its instructions from the calculator.

If the PRINT button is pushed,. the printer will print out the

.current display on the calculator.

If the TRACE button is pushed, the printer will print out each

step in the execution of a program. Trace is very useful for debugging.

The ADV or advance button merely advances the paper in the printer.
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6.2 INSTRUCTIONS FOR COMPUTING BENEFITS TO ORIGIN ZONES (FIRST PROGRAM]

1. Fill in, for each mode. a matrix giving volume on each link,

by income class within each origin zone, for each mode.

(See Tables 1-3)

Differentiate between volume inbound (i) and outbound (-).

2. Compute, for each link, the total volume in PCU's. This is

given by

V . (>V .) PCU 2 OCCUPANCY
- mi m m

Note than inbound volume must be computed separately from outbound.

3. Table 4 summarizes the necessary link data. Fill in such a table,

including length, V/C in each direction, and free-flow speed.

If V/C or free-flow speed changes in the build alternative, mark

that down.

4. Fill in, for each mode (bus and car) for each zone, a table

headed "ORIGN ZONE:" (See Tables 5-10) which contains all

the data needed.

5. Fill in, for truck, a table for each origin zone (see Tables

11-16).

6. You are now ready to run the programs.

7. After turning on the printer and calculator, set the partition;

Press 9 2ndO 17

8. Enter side 2A of program UT -2.2(A) after entering zero (0).

9. Enter the data on one of the bus or car tables. To enter the

data, enter each number and Lhan press the key indicated (A,

B, or C). Where no key is indicated, press R/S. Enter data

corresponding to the no-build alternativft. If you rake an

error in entering data, see Sxeip 79 bclowr F4ll in the data

for one origin zone and one mcde conpIletLy

10. Enter zero (0), and load cari lB if UTB-2.2(A).

11. If desired fix 1% - tut fC c 1 f pre6 s i; C S r C!

(n) is the numier oi digit& ce;ired after Lhe iecma.
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12. rress A and wait until costs are printed. These are the

operating and time costs for each iaccine class, ana their

sum over the income classes.

13. If there is a build alternative, enter data for it. You may

re-elLter all the data (beginning with number of links, as the

values of time and model parameters don't change), or enter

only those items that change. To do the latter, see 19 below.

To do the former, do Steps 8-11. Before entering data you may

want to change the format (as in Step 12).

Whatever you do, be sure to enter the numbez of links, even if

it hasn't changed, by entering it and pressing STO 00. or

pressing C if card LA is in merory.

14. Press B and wait. The same items as listed in Step 12 will

be printed for the build alternative; so will the differences

between no build and build..

15. Now select another moda-zone pair. It is best to do all the

zones of a sinrile mode together.

16. For each mode-zone pair, repeat Staps 8-15. Note: If values

of time and modal paramete-.; do not change, they need not be

repeated.

Also, you may want to undo the fixed display format by

pressing INV 2nd Fix.

17. Ycu are now ready to do the trucks. For each origin zone,

perform Steps 8-15 again, with these changes:

Use Program UT-2.2(B), sides 1A and lB instead

of Program UTB-2.2(A),

Because these are the inzome classes, the run time and

output in Steps 12 and 14 will be shorter

Oucpuit is coeratng cost no inci.ding labor, labor

cost and thEir sum.

18. FINISHEIEDf

19. Error Recovery

W L k 1 : 5.- IL 11: 1)- :OY L." n,-rt 'as&i

WIL.th r.LgLaC *ui) iy pre.ssn2. g,) I _ vg liesr. . ?rtss ./S L A

you want it to sto, Ii'-'

2. You mav' 7 ntr a y numbcr circtly p; etodng it and :r 1c, -

STO ab, where ab i the reoist i >aoe in. ThiF a-'o ? s
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to changes for the build alternative.

3. The contents of the data registers is given in'the

Tabie so marked for each program.
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Figure 2

Detailed Output Table

Link Y 2. T Total -(discounteI)

2 I

A

Total _._

Alternative 1 (no build)

1. Peak hour V/C

2. Peak hour auto speed not included in row and

Alternative 2 (build) column totals

3. Peak hour V/C

-4. Peak hour auto speed

Mode 1 (auto)

Alternative 1 (no build)

5. Operating cost

6. Time cost

Alternative 2 (build)

T. Operating cost

8. Time cost

Difference (benefit of build alternative)

9. Operating cost

10. Time cost

Mode 2 (truck)

Alternative 1

11. Operating Cost

12. Time cost

Alternative 2

13. Oeratihg ccst
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Figure 2 (continued)

14. Time cost

Difference

Operating cost

16. Time cost

Mode 3 (bus)

Alternative 1

17. - Operating cost

18. Time cost

Alternative 2

19. Operating cost

20. Time cost

Difference

21. . Operating cost

22. Time cost

Total (all modes)

Alternative 1

23. Operating cost

24. Time cost

Alternative 2

25. Operating cost

26. Time cost

Difference

27. Operating cost

28. Time cost
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6.3 ESTIMATED 1979 TRAVEL BENEFITS BY ORIGIN ZONE

By mode, income class and zone of origin for conditions

existing with no highway component as compared to those with the

proposed highway component.

Summary:
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Table 1:

SUMMARY GENERALIZED TRAVEL COST - YEAR: 1979

High Income Middle Income Low Income Employment Total

HH HH HH

Zone:

1. Car
Bus
Truck
Walk

2. Car
Bus
Truck
Walk

3. Car
Bus
Truck
Walk

4. Car
Bus
Truck
Walk

5. Car
Bus
Truck
Walk

6. Car
Bus
Truck
Walk

7. Car
Bus
Truck
Walk

8. Car
Bus
Truck
Walk

9. Car
Bus
Truck
Walk

Total Car
Bus

Truck
Walk

Total
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Table 2: TRIP-ORIGIN - MORNING PEAK

Year 1979

High Income Middle Income Low Income Employment Total

HH HH HH Places

Zone:

1. Car 1,560 1,660 - 3,220

Bus 520 2,490 1,230 4,240

Truck - - - 640 640

Walk 520 2,490 1,230 4,240

2. Car
Bus
Truck 500 500
Walk

3. Car
Bus
Truck 300 300

Walk

4. Car 560 40 - 600

Bus 160 80 - 240

Truck - - - 15 15

Walk 80 40 - 120

5. Car
Bus
Truck 40 40

Walk

6. Car 0 0 0 0

Bus 0 0 0 0
Truck 0 0 0 - 0
Walk 0 0 0 0

7. Car
Bus
Truck
Walk

8. Car 560 400 - 960

Bus 160 800 600 1,560

Truck - - - 90 90

Walk 80 400 240 720

9. Car +580 320 - 900

Bus +145 +480 +1,300 1,925
Truck 200 200

Walk - -

Total Car 3,260 2,420 - 5,680
Bus 985 3,850 3,130 7,965
Truck - - - 1,785 1,785
Walk 680 2,930 1,470 5,080

Total 4,925 9,200 4,600 1,785 20,510
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Table 3: TRIP DESTINATIONS - MORNING PEAK

Year: 1979

High Income Middle Income Low Income Employment Total

HH HH HH Places

Zone:

1. Car 485 1,465 - 1,950
Bus 105 2,355 1,420 3,880

Truck 640 640

Walk 30 1,780 420 2,230

2. Car 1,250 420 - 1,670

Bus 420 625 625 1,670

Truck 500 500

Walk 330 635 535 1,500

3. Car 750 250 - 1,000

Bus 250 375 375 1,000

Truck 300 300

Walk 250 375 375 1,000

4. Car 70 20 - 90

Bus 20 40 50 110

Truck 15 15

Walk 10 20 20 50

5. Car 130 70 - 200

Bus 35 100 165 300

Truck 40 40

Walk -- -

6. Car
Bus
Truck 0

Walk

7. Car
Bus
Truck 0

Walk

8. Car 420 120 - 540

Bus 120 240 300 660

Truck 90 90

Walk 60 120 120 300

9. Car 155 75 - 230

Bus 35 115 195 345

Truck 200 200

Walk - -

Total Car 3,260 2,420 - 5,680

Bus 985 3,850 3,130 7,965

Truck - - - 1,785 1,785

Walk 680 2,930 1,470 5,080

Total 4,925 9,200 4,600 1,785 20,510
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Table 4: O-D DISTRIBUTION OF CAR TRIPS

Year: 1979
Destination Zones

Origin 1 2 3 4 5 6 7 8 9 TOTAL
Zone

1. H 283 649 400 23 39 0 0 82 74 1,560

m 1,043 288 169 14 51 0 0 40 52 1,660
L 0 0 0 0 0 0 0 0 0 0

TOTAL 1,326 937 569 37 90 0 0 112 126 3,220
2. H

m-
L

TOTAL
3. H

m
L

TOTAL
4. H 43 198 134 25 39 0 0 64 27 560

m 22 9 8 0 0 0 0 0 1 40
L 0 0 0 0 0 0 0 0 0 0

TOTAL 95 207 142 25 39 0 0 64 28 600
5. H

m
L

TOTAL
6. H

L
TOTAL
7. H

m
L

TOTAL
8. H 43 171 82 9 29 0 0 199 27 560

m 205 69 40 0 10 0 0 65 11 400
L 0 0 0 0 0 0 0 0 0 0

TOTAL 248 240 122 9 39 0 0 264 38 960

9. H 86 222 134 13 23 0 0 75 27 580
m 195 54 33 3 9 0 0 .15 11 320
L 0 0 0 0 0 0 0 0 0 0

TOTAL 281 276 167 16 32 0 0 90 38 900

H 485 1,250 750 40 130 0 0 420 155 3,260

m 1,465 420 250 20 70 0 0 120 75 2,420
L 0 0 0 0 0 0 0 -0 0 0

GRAND
TOTAL 1,950 1,670 1,000 90 200 0 0 540 230 5,680
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Table 5: O-D DISTRIBUTION OF BUS TRIPS
Year: 1979

Destination Zone
1 2 3 4 5 6 7 8 9 TOTAL

Origin
Zone

1. H 72 241 139 2 20 0 0 28 18 520

m 1,624 388 250 24 62 0 0 64 78 2,490

L 628 270 149 15 52 0 0 40 .76 1,230

TOTAL 2,324 899 538 41 134 0 0 132 172 4,240

2. H
m
L

TOTAL
3. H

M
L

TOTAL
4. H 11 61 37 8 5 0 0 31 6 160

m 44 16 8 0 0 0 0 10 2 80

L 0 0 0 0 0 0 0 0 0 0
TOTAL 55 77 45 8 5 0 0 41 8 240

5. H
m
L

TOTAL
6. H

m
L

TOTAL
7. H

m
L

TOTAL
8. H 7 52 37 0 7 0 0 44 7 160

m 393 143 70 11 26 0 0 136 21 800

L 202 95 71 15 45 0 0 136 36 600

TOTAL 602 290 178 26 78 0 0 316 64 1,560

9. H 15 66 37 3 3 0 0 17 4 145

M 294 78 47 5 12 0 0 30 14 480

L 590 260 155 20 68 0 0 124 83 1,300

TOTAL 899 404 239 28 83 0 0 171 101 1,925

TOTAL
H 105 420 250 20 35 0 0 120 35 985

m 2,355 625 375 40 100 0 0 242 115 3,850

L 1,420 625 375 50 165 0 0 300 195 3,130

GRAND
TOTAL 3,880 1,675 1,000 110 300 0 0 660 345 7,965
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Table 6 : O-D DISTRIBUTION OF TRUCK TRIPS
Year: 1979

Destination

1 2 3 4 5 6 7 8 9 TOTAL

Origin
Zone

1.
TOTAL 276 141 109 6 10 0 0 26 72 640

2.
TOTAL 147 203 66 5 5 0 0 18 56 500

3.
TOTAL 102 69 72 1 10 0 0 12 34 300

4.
TOTAL 2 1 3 0 0 0 0 7 2 15

5.
TOTAL 17 7 7 0 4 -0 0 0 5 40

6.
TOTAL 0 0 0 0 0 0 0 0 0 0

7.
- TOTAL 0 0 0 0 0 0 0 0 0 0

8.
TOTAL 24 23 9 0 7 0 0 17 10 90

9.
TOTAL 72 56 34 2 4 0 0 10 22 20Q

GRAND
TOTAL 640 300 300 15 40 0 0 90 200 1,785
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Table 7: NETWORK

Arrow points in inbound (+) direction.

Car
Free-flow-

PCU's in PCU's out Capacity V/C in V/C out speed
Link (2 hrs) (2 hrs) (No Build/Build) (NB/B) (NB/B) Length (NB/B)

A 3.4
B 3.4 80/100

AB 1777 924 800/2400 1.11/.37 .58/.19 6.8 80/100
C 1784 1064 1600 .56 .33 1.5 60
D 1603 864 1600 .50 .27 2.4 60
E 891 2036 1000 .45 1.02 1.4 60
F 519 912 1600 .16 .29 1.1 60
G 463 165 800 .29 .10 2.2 60
J 108 250 1200 .05 .10 0.9 60
H 1200 0.5 60
K 1200 60



A B C L E F G H J K

H (Same 164 221~ 251- 621~ 408 - 57
m as 85 120 130 328 163 - 35
L B) (0)

H
m
L

i.14

L

H 90 128 271 + 199 - 132+ 38
M 41 1 31 8 - 8 0
L Ln

5. H

+809/-254

331 302 + 211 169 - 82+ 29~
331 322 282 76 - 40 9

L -_

47 455 308+ 222 - 134+ 23
1294 287 249 54 - 33 9 co H

9 +757/1790/-25 / +/-408 +348/-0 +0/-147
H 625/-86 -349 1362/-13 +0/-163 +81/-0 +0/-53

609'-2 32"+0/-466+013+/S3C+1434/ f609/-121 +1352/ +0/-671 +429/-0 +0/-260
L -340 1366 -381 +0/-167

70
K D



BEn
k BC EF G HJK

H (Same 43 55 61 223 155 - 12

N as 122 152 168 283 237 - 30

L B) 114 147 158 214 154 - 33

H

H

L

H 35 42 74 58 - 37+ 7-
. 10 10 62 16 - 8 0

L 0 0 0 - 0

.5. H
N
L

H
M.
L

H 140 111+ 68+ 51 - 34 29
650 631 552 118 - 69 20

H~ 0L 429 393 321 98 - 63 36
++ + +

H 122 117 77 62 37 5
433 421 369 78 47 12

L 1093 1025 850 260 155 68

262 228 219 0 0 108 0
1083 1052 983 0 0 124 0
1522 1418 1171 0 0 218 0I +2867 +2698 2373 0 0 +440 0

ND - 78 - 97 - 61 -394 -155 0 53
L* 132 162 168 493 261 0 68

114 147 158 512 134 0 137



n

k A B C E F G H J K

H (Same 98 108 114 141~ 109 - 10~
as

L B)

H 74 79~ 84- 297 + 66 - 5

H

46 56 - 69 1 7 1+ 57~ 10
L

6 6 3 1 - 3+ 0

H0
LL

5- 28 + 24 + 7- 4+ 3+

t-4I

0 M

LL

M H

+ + + - + -. m a s

A 168 166 128 56 - 34 2

230 250 200 297 173 55 36

230 250 200 297 173 55 36
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Table 11: YEAR: 1979

ORIGIN ZONE: 1 Input Data

MODE: Car

Values of Time ($/hr) Link: F out
9 Class 1 2.18 (A) 44 length 1.

10 Class 2 .56 45 v/C O.2
11 Class 3 .18 46 free-flow spd 66

47 class 1 vol 409
Moae: 48 class 2 vol 163

5 0.C. parameter 1  (B) 49 class 3 vol _

6 occupancy 1.
7 expansion Link: J out

factor 107.4 50 length U-
51 V/C .

0 Number of Links: 6 (C) .52 free-flow spd 
53 class 1 vol 57

Link: A-B outbound 54 class 2 vol 35
20 length (km) .35 55 class 3 vol 0
21 V/C U.58/.19
22 free-flow Link:

speed (km/h) 80/100 56 length_
23 class 1 vcl 164 57 V/C

24 class 2 vol 85 58 free-flow spd
25 class 3 vol 0 59 class 1 vol

60 class 2 vol
Link: C Out 61 class 3 vol

26 length I-5
27 V/C Link:
28 free-flow spd 6 62 length
29 class 1 vol 221 63 V/C

30 class 2 vol 12U- 64 free-flow spd

31 class 3 vol 0 65 class 1 vol
66 class 2 vol

Link: D out 67 class 3 vol

32 length -4
33 V/C U.27 Link:
34 free-flow spd 6U 68 length

35 class 1 vol 251 69 V/C
36 class 2 vol 130 70 free-flow spd

37 class 3 vol 0 71 class 1 vol
72 class 2 vol

Link: E out 73 class 3 vol
38 length 1.-
39 V/C 1.02
40 free-flow spd 6U
41 class 1 vol 621
42 class 2 vol
43 class 3 vol 0
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ORIGIN ZONE: 1 Input Data

- CJL. Bus

Values of Time ($/hr) Link: F out

9 Class 1 2.18 (A) 44 length 1.0
10 Class 2 45 v/C .. 2
11 Class 3 -18 46 free-flow spd 42

47 class 1 vol 155
Mode: 48 class 2 vol 237

5 O.C. parameter-4 .3  (B) 49 class 3 vol 154
6 occupancy 45
7 exp:ansicn Link: J odt

factor 92 50 length 0.9
51 V/C .10

0 Number of Links: 6 (C) 52 free-flow spd 42
53 class 1 vol T2

Link: A-B out 54 class 2 vol 3
20 length (km) 5.5 55 class 3 vol 33
21 v/C .58/.19
22 free-flow Link:

speed (km/h) 64/80 56 length
23 class 1 vol 43 57 v/C
24 class 2 vol 172 58 free-flow spd
25 class 3 vol =14 59 class 1 vol

60 class 2 vol

Link: C out 61 class 3 vol
26 length 1.5
27 V/C .33 Link:
28 free-flow spd 42 62 length
29 class 1 vol 5- 63 V/C
30 class 2 vol 15T2 64 free-flow spd _

31 class 3 vol I47 65 class 1 vol
66 class 2 vol

Link: D out 67 class 3 vol

32 length 2.4
33 v/C .27 Link:
34 free-flow spd 42 68 length
33 class 1 vol 61 69 V/C
36 class 2 vol 168 70 free-flow spd

37 class 3 vol 158 71 class 1 vol
72 class 2 vol

Link: E out 73 class 3 vol

38 length 1.4
39 V/C 1.02
40 free-flow spd 42
41 class 1 vol
42 class 2 vol
43 class 3 vol 214
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Year: 1979

Table 13:

BENEFITS TO RESIDENTS OF ORIGTN ZCNE l t Costs

AU'IO BUS $/Month

NO BUILD

Incame class 1

TC

Incane class 2 ,-
cc
TO

Income class 3

TC .. -

Total

.T

BUILD
Incane class 1

TO

-Incare class 2

TC

Incane class 3

TO

Total
OC

1.C

DIFFERENCE
Incane class 1

TC

Incane class 2

TO

Incane crass 3

TO

Total

TC
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Table 14: ORIGIN ZONE: 4 Input Data

MODE: Car

Values of Time ($/hr) Link: G in
9 Class 1 2.18 (A) 44 length 2.2

10 Class 2 .56 45 V/c . .29
11 Class 3 .18 , 46 free-flow spd. 60

47 class 1 vol 133
Made: 48 class 2 vol 8

5 O.C. parazeter 1 (B) 49 class 3 vol 0
6 occupancy
7 expansion Link: I out

factor 107.4 50 langth 0.9
51 V/C .10

0 Number of Links: 6 (C) 52 free-flow spd 60
53 class 1 vol 38

Link: A-B out 54 class 2 vol 0
20 length (kM) 5.5 55 class 3 vol 0
21 V/C 0.58/.19
22 free-flow Link:

speed (ko/h) 80/100 56 length
23 class 1 vol 90 57 V/c
24 class 2 vol 1 58 free-flow spd
25 class 3 vol 0 59 class 1 vol

60 class 2 vol
Link: C out 61 class 3 vol

26 length i-5
27 V/C 0- Link:
28 free-flow spd 6W 62 length
29 class 1 vol 12- 63 V/C
30 class 2 vol 64 free-flow spd
31 class 3 vol _ _65 class 1 vol

66 class 2 vol
Link: D in 67 class 3 vol

32 length 2.4
33 V/C Link:
34 free-flow spd 6068 length
35 class 1 voi 271 69 V/C
36 class 2 vol 3E 70 free-flow spd
37 class 3 vol _ _71 class 1 vol

72 class 2 vol
Link: E out 73 class 3 vol

38 length 1.4

39 V/C .102
40 free-flow spd 6
41 class 1 vol 199
42 class 2 vol 8
43 class 3 vol _
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Table 15: ORIGIN ZONE: 4 Input Data

E Bus

Values of Time ($/hr) Link: G in
9 Class 1 (A) 44 length 2.2
10 Class 2 45 V/C .- 29
11 Class 3 46 free-flow spd 42

47 class 1 vol 37
Mo'de: 48 class 2 vol 8

5 0.C. parameter 4.3 (B) 49 class 3 vol 0
6 occupancy 45
7 expansion Link: J out

factor 92 50 length 0.9
51 V/C .10

0 Number of Links: 6 (C) 52 free-flow spd 42
53 class 1 vol 7

Link: A-B 54 class 2 vol 0
20 length (km) 5.5 55 class 3 vol 0
21 V/C .58/.19
22 free-flow Link:

speed (km/h) 64/80 56 length
23 class 1 vol 35 57 V/C
24 class 2 vol 10 58 free-flow spd
25 class 3 vol 0 59 class 1 vol _

60 class 2 vol
Link: C out 61 class 3 vol

26 length 1.5
27 V/C .33 Link:
28 free-flow spd 42 62 length
29 class 1 vol 4"2_ 63 V/C
30 class 2 vol 10 64 free-flow spd
31 class 3 vol _ _65 class 1 vol

66 class 2 vol
Link: D in 67 class 3 vol

32 length 2.4
33 V/C .5U Link:
34 free-flow spd 47 68 length
35 class 1 vol /4 69 V/C

36 class 2 vol T2 70 free-flow spd

37 class 3 vol 0 71 class 1 vol
72 class 2 vol

Link: E out 73 class 3 vol
33 length 1.4
39 V/C 1.02
40 free-flow spd 42
1! 1 class I vol
42 class 2 vol 16
43 class 3 vol 0
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Table 16: BENEFITS TO RESIDENTS OF ORIGIN ZCNE 4 Output Costs

AU'IO BUS . $/Month

NO BUILD

Inccne class 1

TC

Incane class 2

'IC

Incane class 3

TC

Total

* EC

BUILD
Incane class 1

IC

Incane class 2
C
TC

Incane class 3
U.;
IC

Total
OC

DIFFERENCE
Incane class 1

TC

Incane class 2

IC

Inccne class 3

7C

Ttal
OC -
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Table 17: ORIGIN ZONE:8 Input Data

MOPE: Car

Values of Time ($/hr) Link: G in
9 Class 1 2.18 (A) 44 length 2.2

10 Class 2 ,56 45 V/C .29
11 Class 3 46 free-flow spd 60

47 class I vol 82
Mode: 48 class 2 vol 40

5 0.C. parameter 1 (B) 49 class 3 vol 0

6 occupancy _16
7 expansion Link: J out

factor 107.4 50 length .9
51 V/C .10

0 Number of Links: 6 (C) .52 free-flow spd 60
53 class 1 vol 29

Link: AB in 54 class 2 vol 9
20 length (kM) 5.5 55 class 3 vol 0

21 V/C 1.11/.37
22 free-flow Link:

speed (km/h) 80/100 '56 length
23 class 1 vol 331 57 V/C

24 class 2 vol - 331 58 free-flow spd

25 class 3 vol 0 59 class 1 vol
60 class 2 vol

Link: C in 61 class 3 vol
26 length 1.5

27 V/C .56 Link:
28 free-flow spd 60 62 length

29 class 1 vol 302 63 V/C

30 class 2 vol 322 64 free-flow spd ....
31 class 3 vol 0 65 class 1 vol

66 class 2 vol

Link: D in 67 class 3 vol

32 length 2.4

33 V/C Link:

34 free-flow spd 6 68 length

35 class 1 vol 2Tr 69 V/C

36 class 2 vol 22 70 free-flow spd

37 class 3 vol 0 71 class 1 vol
72 class 2 vol

Link: E out 73 class 3 vol.

38 length 1.4
39 V/C 1.02
40 free-flow spd 60

class 1 vol 169
42 class 2 vol 76
43 class 3 vol 0
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Table 18: ORIGIN ZONE:8 Input Data

MODE: BUS

Values of rime ($/hr) Link: G+
9 Class 1 (A) 44 length 2.2

10 Class 2 45 V/C .29
11 Class 3 46 free-flow spd 42

47 class 1 vol 34
Mode: 48 class 2 vol 69

5 O.C. parameter 4.3 (B) 49 class 3 vol 63
6 occupancy
7 expansion Link: J-

factor 92 50 length 0.9
51 V/c .10

0 Number of Links: 6 (C) 52 free-flow spd 42
53 class 1 vol 21

Link: AB+ 54 class 2 vol 20
20 length (km) 5.5 55 class 3 vol 36
21 V/C 1.11/.37
22 free-flow Link:

speed (km/h) 64/80 56 length
23 class 1 vol 14G 57 V/C
24 class 2 vol 650 58 free-flow spd
25 class 3 vol 429 59 class 1 vol

60 class 2 vol
Link: C+ 61 class 3 vol

26 length 1-5
27 V/C .56 Link:
28 free-flow spd 40 62 length
29 class 1 vol 111 63 V/C
30 class 2 vol 631 64 free-flow spd
31 class 3 vol 393 65 class 1 vol

66 class 2 vol
Link: D+ 67 class 3 vol

32 length 2.4
33 V/C .50 Link:
34 free-flow spd 42 68 length
35 class 1 vol 68 69 V/C
36 class 2 vol 552 70 free-flow spd _

37 class 3 vol 321 71 class 1 vol
72 class 2 vol

Link: F- 73 class 3 vol
38 length 1.4
39 V/c 1.02
40 free-flow spd 42
41 class 1 vol 51
42 class 2 vol 118
43 class 3 vol 98
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Table 19: BENEFITS TO RESIDENTS OF ORIGIN ZONE 8 Output Costs

AUTO BUS $/Month

NO BUILD

Incame class 1

Incane class 2

Inccne class 3

TC

Total - :

BUILD
Incane class 1

ICamre class 2
UU

Incare class 3
C

Total Oc

DIFERENCE
Incare class 1

0-

Incare class 2
c-

Incane class 3

TC

Ttal
cc
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Table 20: BENEFITS TO RESIDENTS OF ORIGIN ZONE 9 OUTPUT COSTS

AUTO BUS $/Month

NO BUILD
Income class 1

0C
TC

Income class 2
0C
TC

Income class 3
OC
TC

Total
OC
TC

BUILD
Income class 1

OC
TC

Income class 2
OC
TC

Income class 3
OC
TC

Total
00
TC

DIFFERENCE
Income class 1

OC
TC

Income class 2
OC
TC

Income class 3
OC
TC

Total
OC
TC
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Table 21: BENEFITS TO RESIDETS OF ORIGIN ZUNE 9

AUTIO BUS

NO BUILD

Incae class 1 7

Incane class 2

Incane class 3 t No-Build

TC Build

Total

BUILD
Incame class 1 7

Incame class 2

C-

Incane class 3 cc . 1 -4Build

TC v/loop

Total ~ .
0C i -4
TC

Differen ze

DIFFERENCE
Incrme class 1

TC -Difference
S...-.w/loop

Incane class 2 ~ n.

TC

Incane class 3

-TC

Total

'IC
OK
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Input Data

Table 22: ORIGIN ZONE: 1
MODE: Truck

Modal Parameters Link: F-
Labor cost ($/hr) (B) Length 1.0
OC parameter V/C .29
expansion factor Free-flow speed 60

Volume 109
Number of Links: 6 (C)

Link: AB- Link: J
Length (kmi) 5.5 Length 0.9
V/C .58/.19 V/C .1
Free-flow speed (km/h) 80/100 Free-flow speed 60
Volume 98 Volume 10

Link: C- Link:
Length 1.5 Length
V/C .33 V/C _

Free-flow speed .60 Free-flow speed
Volume 108 Volume

Link: D- Link:
Length 2.4 Length
V/C .27 V/C
Free-flow speed 60 Free-flow speed
Volume 114 Volume

Link: E- Link:
Length 1.4 Length
V/C ,1102 V/C
Free-flow speed 60 Free-flow speed
Volume 141 Volume
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YEAR; 1979

Input Data

Table 23: ORIGIN ZONE: 2
MODE: Truck

Modal Parameters Link: F-

Labor cost ($/hr) 1 (B) Length 1.0

O.C parameter 5.2 V/C .29
expansion factor 115 Free-flow speed 6

Volume 66

Number of Links: 6 (C)

Link: AB Link: J-

Length (km) 5.5 Length 0-
V/C 58/.19 V/C .10
Free-flow speed (km/h) 80/100 Free-flow speed 60
Volume 74 Volume 5

Link: C- Link:
Length 1.5 Length
V/C .33 V/C

Free-flow speed 60 Free-flow speed

Volume 79 Volume

Link: D- Link:
Length 2.4 Length
V/C .27 V/C
Free-flow speed 60 Free-flow speed

Volume 84 Volume

Link: E+ Link:
Length 1.4 Length

V/C v45 V/C
Free-flow speed 60 Free-flow speed
Volume 297 Volume
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YEAR1979

Input Data

Table 24: ORIGIN ZONE: 3
MODE: Truck

Modal Parameters Link: G-
Labor cost ($/hr) (B) Length 2.2

O.C parameter V/C .10

expansion factor Free-flow speed 60
Volume 57

Number of Links: (C)

Link: A- Link: J-
Length (km) 5.5 Length 0.9

V/C .58/.19 V/C .1
Free-flow speed (km/h) 80/100 Free-flow speed 6
Volume 46 Volume 10

Link: C- Link:
Length 1.5 Length
V/C .33 V/C -
Free-flow speed 60 Free-flow speed
Volume 56 Volume

Link: E- Link:

Length 1.4 Length
V/C 1.02 V/C
Free-flow speed 60 Free-flow speed

Volume 69 Volume

Link: F+ Link:
Length 1.0 Length
V/C .16 V/C

Free-flow speed 60 Free-flow speed

Volume 171 Volume
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YEAR; 1979

Table 25: ORIGIN ZONE: 4 Input Data
MODE: Truck

Modal Parameters Link: P+

Labor cost ($/hr) (B) Length 2.2

O.C parameter V/C .29

expansion factor Free-flow speed 60
Volume 3

Number of Links: 5 (C)

Link: C- Link:
Length (km) 1.5 Length
V/C .33 V/C
Free-flow speed (km/h) 60 Free-flow speed

Volume 6 Volume

Link: I+ Link:
Length 2.4 Length
V/C .5 V/C _

Free-flow speed 60 Free-flow speed

Volume 3 Volume

Link: E- Link:

Length 6.4 Length

V/C 1.02 V/C

Free-flow speed 60 Free-flow speed

Volume 1 Volume

Link: Link:
-Length Length
V/C V/C

Free-flow speed Free-flow speed

Volume Volume
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Input Data
Table 26: ORIGIN ZONE: 5

14ODE:

Modal Parameters Link: G+
Labor cost ($/hr) (B) Length 2.2
O,C parameter V/C .29

expansion factor Free-flow speed 60
Volume 4

Number of Links: 6 (C)

Link: AB- Link: J+
Length (km) 5.5 Length .9
V/C .58/.19 V/C .05

Free-flow speed (km/h) 80/100 Free-flow speed 6G

Volume 5 Volume 33

Link: C+ Link:
Length 1.5 Length
V/C .56 V/C
Free-flow speed 60 Free-flow speed

Volume 28 Volume

Link: D+ Link:

Length 2.4 Length
V/C .5 V/C __

Free-flow speed 60 Free-flow speed

Volume 24 Volume

Link: E- Link:
Length 1.4 Length
V/C 1.02 V/C

Free-flow speed 60 Free-flow speed

Volume 7 Volume
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Input Data
Table 27: ORIGIN ZONE: 8

MODE: Truck

Modal Parameters Link: G+
Labor cost ($/hr) (B) Length 2.2
O.C parameter _V/C -2
expansion factor Free-flow speed W

Volume 9
Number of Links: 6 (C)

Link: AB+ Link: '_
Length (km) 5.5 Length .9
V/C 1.173 V/C .1
Free-flow speed (km/h) 80/100 Free-flow speed 60
Volume 63 Volume 7

Link: C+ Link:
Length 1.5 Length
V/C .56 V/C _

Free-flow speed 60 Free-flow speed
Volume 56 Volume

Link: D+ Link:
Length 2.4 Length
V/C - V/C
Free-flow speed 60 Free-flow speed

Volume _ Volume

Link: E- Link:
Length 1.4 Length

V/C .1.02 V/C
Free-flow speed 60 Free-flow speed

Volume 23 Volume
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Output Costs

TRUCK COSTS FROM EACH ORIGIN ZONE

ZONE: 1 2 3

No-Build
OC * 53,796 8,991 30,263
labor 4,113 3,128 2,176

Build
OC * 54,566 9,573 30,624
labor 3,365 2,563 1,825

Difference
OC * -770 -582 -362
labor 748 565 351
total OC -22 -17 -10

ZONE: 4 5 8

No-Build
OC * 2,330 7,368 30,225
labor 155 539 21,541

Build
Oc * 2,377 7,407 25,987
labor 109 501 19,909

Difference
OC * -47 -39 4,239
labor 46 38 1,632
total OC -1 -1 5,870

* Operating cost minus $1/hr labor cost.
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Projected 1984 travel benefits by mode, income class, zone of

origin for conditions assumed to prevail with no highway component as compared

to those with the proposed highway component. Summary:
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Year 1984

Table 29: SUMMARY GENERALIZED TRAVEL COST

ZONE: High Income Middle Income Low Income Employment Total
HH HH HH

1. Car
bus
truck
walk

2. Car
bus
truck
walk

3. Car
bus
truck
walk

4. Car
bus
truck
walk

5. Car
bus
truck
walk

6. Car
bus
truck
walk

7. Car
bus
truck
walk

8. Car
bus
truck
walk

9. Car
bus
truck
walk

Total: Car
bus
truck
walk

Total:
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Year 1984

Table 30: TRIP ORIGINS - MORNING PEAK HOUR

ZONE HIGH INCOME MIDDLE INCOME LOW INCOME EMPLOYMENT TOTAL
HH HH HH

1. Car 1.500 1,600 250 3,350
Bus 500 2,400 750 3,650
Truck 760 760
Walk 500 1,200 375 2,075

2. Car 500
Bus
Truck
Walk

3. Car
Bus 350 350
Truck
Walk

4. Car 560 40 80 680

Bus 160 80 100 340

Truck 30 30
Walk 180 20 200

5. Car 160 160

Bus
Truck
Walk

6. Car 600 200 800

Bus 1,200 1,000 15 2,200
Truck 300 200 500

Walk

7. Car 160 160

Bus
Truck
Walk

8. Car 700 500 100 1,300
Bus 200 1,000 750 1,950
Truck 150 150

Walk 100 250 150 500

9. Car 4,112 424 380 4,916
Bus 1,303 180 2,815 4,298
TrucK 0
Walk 175 120 675 970

TOTAL Car 6,872 3,164 1,010 11,046

2,163 4,860 5,415 12,438
Bruck 2,125 2,125

Bus 955 1,890 1,400- 2,245
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Table 31: TRIP DESTINATIONS - MORNING PEAK HOUR

ZcP jIGH 11lNCOAE MIDDLE INCO.:E LO' ITICOLIE EMELOYMEflT TOTAL
HH HR HH

l.Car 2280 1140 500 3 9 2 0
us 760 1710 1710 4180

Truck 460 460
Walk 380 570 570 1520

2. Car 1200 600 200 2000
Bus 400 900 900 2200
Truck 500 500
Walk 200 420 310 930

3. Car 840 340 140 1320
Bus 280 630 63C 1540
Truck 350 350
Walk 200 420 310 93Q

4. Car 195 82 20 297

Bus 55 120 150 325
Truck 30 30

Walk 30 50 50 130

5. Car 780 330 8Q 119Q
Bus 220 480 6Q0 13Q0
Truck 160 160
Walk 40 80 80 200

6. Car 94 42 10 146
Bus 28 60 75 163
Truck 15 15
Walk 15 10 10 35

7. Car 780 330 80 1190
Bus 220 480 600 I 1300
Truck 160 160
Walk 40 80 80 200

8. Car 700 300 100 1100
Buz 200 480 750 1430
Truck 150 150
Walk 50 80 100 230

9. Car
Bus
Track
Walk

TOTAL Car 6872 3164 1010 11046
Bus 2163 4860 5415 12438
T1rck 2125 2125
walk 955 1890 1400 4245

TOTAL 9990 9914 7825 2125 29854

F
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Table 32: O-D DISTRI.TION OF TRUCK TRIPS Year 1985

ORIGIN ZONES 1 2 3 4. 5 6 7 8 9 TOTAL

1. H 584 318 200 24 118 19 183 5 0 1500
m 673 336 200 19 148 16 92 116 0 1600
L 121 40 37 2 8 21 8 *32 0 250

TOTAL 1378 694 437 45 274 37 283 202 0 3350

2. H
H
L

TOTAL

3. H

L

TOTAL

4. H 155 89 80 36 102 18 44 36 0 560
m 9 7 4 4 4 1 4 7 0 40
L 27 19 2 7 7 1 10 7 0 80

TOTAL 191 115 86 47 113 20 5 50 0 680

5. H
m
L

TOTAL

6. H
m 170 103 66 28 94 9 93 38 0 600

L 65 41 35 4 27 1 18 9 0 200

TOTAL

7. K
m
L

TOTAL

8. H 175 94 57 15 67 15 100 167 0 700

m 132 76 23 18 42 8 56 101 0 456

L 26 22 8 3 8 2 14 17 0 100

TOTAL 333 192 98 36 117 25 170 285 0 1,256

9. H 1356 699 493 120 493 45 453 453 4,112
m 156 81 47 13 42 5 42 38 0 424
L 141 78 53 9 30 4 30 35 0 380

TOTAL 1653 858 593 142 565 54 525 526 0 4,916

TOTAL H 2280 1200 840 195 780 67 780 700 0 6842
m 1140 600 340 82 330 42 330 300 0 3164
L 380 200 140 20 80 10 80 100 0 1010

3800 2000 1320 297 1190 119 1190 1100 0 11,016
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Table 33: 0-D DISTRIBUTION OF CAR TRIPS Year 1984

KLNA T( vNS i 2 3 4 5 6 7 8 9 TOTAL

1. 11 193 110 67 6 49 4 54 17 0 500

1 981 467 477 57 187 16 88 127 0 2400

L 354 134 114 20 47 7 4 .40 0 750

TOTAL 1528 711 658 83 283 27 176 184 0 3650

2. H
m
L

TOTAL

3. H

L

TOTAL

4. H 59 27 25 8 17 8 8- 8 0 160m 24 16 8 4 8 4 8 8 0 80
L 31 15 15 8 8 7 8 8 0 100

TOTAL 114 58 48 20 33 1-24 -4 0 340

5. H
m

. L

TOTAL

6. H
m 390 230 133 37 177 28 112 93 0 1200
L 282 159 96 21 168 23 138 103 0 990

TOTAL 672 389 229 58] 345 51. 250 196 o 2190

7. H

L

TOTAL

8. H 56 28 19 2 3 23 45 0 2001.1 2 2 8 15 9 28
25290 10 44 234 0 1000

L 160 114 67 17 67 10 110 205 __7

TOTAL 468 295 185 37 181 23 2771484 0 1950

9. H 457 235 169 39 130 13 130 130 0 1303
M 63 34 23 1 4 18 2 18 18 0 180L 873 478 338 84 310 28 3103940 2815

t393 747 530 127 458 43 458 542 0 4298

TOiAL ii 760 400 380 55 220 28 220 200 0 2263
M 110 150 630 120 480 30 480 480 0 2480110 700 630 150 100 75 750 750 0 3265

01250 164f 3258 133 4~oI f 14 30TO'T-I -'9800 0-
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Table 34: O-D DISTRIBUTION OF TRUCK TRTPS Year 1984

oRLGi1 TfU4N 2 4 5 6 7 8 9LTOTAL

1.

L
TOTAIL 354 154 140 12 43 0 28 29 0 760

2. H
m
L

TOTAL 167 177 71 6 26 0 33 20 0 500

3. H

L

TOTAL 115 68 73 6 26 6 36 20 0

4. H

L

TOTAL 10 10 10 0 0 0 0 0 0 30

5. H
m
L

TOTAL 31 28 23 0 38 9 14 17 0 160

6. H
m
L

TOTAL 8 7 _ .0 0 0 0 0 15

7. R

L

TOTAL 36 30 14 6 60 30 28 0 160

8. H
m
L

TOTAL 791 2 9 0 Il 0 19 36 0 150

9. H

L

TOTAL

TOTAL 11

L

T500 350 30 60 15 160 150 2125

ToTUAL i



Link
Origin Zone A B C D E G H I J K TOTAL

H 79- 168-
m 80 223
L

H 35 113
m 5 11
L

H 0 10
m 6- 18- m
L 3 7

H 538+ 397+
m 387+ 318
L

H 3687+ 3210+
m 21 19
L 470 470

H

H
6 m

L __

H
7 0I-

L H*1

In H 4225+ 3607+
m 408 337+
L 470 470+

Cotal 5103+ 4414

H 114- 381-
OUT m 91- 252-

. L 3- 7-
,otal 208- 640-



Link
Origin Zone A B C D E _ G H I J K TOTAL

H 22 72

1 m 132 387
L 0 0

H 9 18
2 m 10 20

L 0 0 H

H -0 0 m
3 m 8- 32-

L 12 18

H 237+ 210+
4 H 1020 960

L 940 820

H 2085 1885
5 m 125 110

1470 1390 H

H
6 m

L _

H
7 H

' L

In H 2322+ 2095+
m 1145 1070

TOTAL L 2410 2210
4375 4375

In H 31- 90-
m 150 439-
L 12 18-

TOTAL 193 647



Link
Origin Zone A B C D E G H I J K TOTAL

H
M 29- 57-

1 L

H
2 m 20- 53-

L

H
3 H 20- 56- m

L

H
4 m 0 0

L

H
5 H 17- 3

L

H
6 H 15- 30-

L ___

H
7 H 28- 102+

L

H
8 M 103+ 84+

L
9 _228+ 190+

H
m 129 227

TOTAL L 331+ 376+
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TABLE 38

yEAR 1984

'LINK ASSIGNMENTS BY MODE CAR DCUS-

ORIGIN/ZONE 1 2 3 4 5 6 7 8 9 Total Total

LINK 
P ,ssenge sPCU

,1-1 3,350 113 3,350
1-2 69 - 144 162 858 1,973

1-3 437 437
1-4- 842 842

- 2-1
2-2

*(2-5)
3-1
3-3
3-4
4-1 306 379 495 2,571 3,691
4-3 86 101 98 593 878
4-4 680 680
4-5 274 113 387

4-6 37 20 57

4-7 283 58 341
4-8 203 50 253

*(5-2)
5-4
5-5
5-6
5-7
5-8
6-4 572 1572

6-5 121 121

6-6 800 800

6-7 110 110

6-8 47 4
7-4
7-5
7-6
7-7
7-8
8-4 629 3,246 3,875

8-5 117 565 682
8-6 25 54 79
8-7 170 525 695
8-8 1,300 1,300
8-9
9-8 15,916 S,916
9-95,65,1
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TABLE 39

YEAR 1984

LINK ASSIGNMENITS BY MODE BUS DCUS_

ORIGIN/ZONE 1 2 3 4 5 6 7 8 9 Total

LINK Plssengeru Total PCU

1-1 3,650 . . 3,650
1-2 iiT 58 389 295 747 -2,200
1-3 658 658

1-4 763 763
2-1
2-2

*(2-5)_
3-1
3-3
3-4
4-1 172 1,061 763 2,140 4,136
4-3 48 229 185 520 982
4-4 340 340
4-5 283 23 316
4-6 27 19 46
4-7 ... -24 200
4-8 T424 208

*(5-2)
5-4
5-5
5-6
5-7
5-8
6-4 1,348
6-5 345 345
6-6 2,200 2,200
6-7 250 250
6-8 196 196
7-4
7-5
7-6

7-8
8-4 985 1,587 2,572
8-5 181 458 639
8-6 23 43 66
8-7 274 458 732i
8-8 1,950 1,950
8-9
9-8 _4,298 4,298 _

9-9 4,298 4,2981
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TABLE 40

YEAR 1984

'LINK ASSIGNMENTS BY MODE TRUCK DCUS_

ORIGIN/ZONE 1 2 3 4 5 6 7 8 9 Total Total

LINK passer ers PCU

1-1 760 . 760

1-2 154 68 10, 28 7 30 26 _ _323

1-3 140 71 211f
1-4 112 85 197
2-1 333 333

2-2 500 500

*(2-5)
3-1 183 183
3-3 3.5u 15

3-4 161 6
4-1 20 59 15 66 65 225
4-3 1_ _3_14 23 66
4-4 __ 30
4-5 43 26 6 75

4-6 26 16
4-7 28 33 361 97

4-8 29 20 20 69
*(5-2)

5-4 72 72
5-5 160 160
5-6 9 9
5-7 14 14
5-8 17 17
6-4 15 15
6-5
6-6 15 15
6-7
6-8
7-4 86 86
7-5 16 16 1.
7-6 1
7-7 160 160 _

7-8 28 28

8-4 -84 84 _

8-5 11 11.I
8-6
8-7 19 19
8-8 1_ - 150

8-9
9-8
0-9
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REGISTER CONTENTS: UTB-2.1(A)

YEAR:_1984
FOR CAR & BUS

O1ITGIN ZONE: 1

MODE: Bus

Values of Time ($/hr) Link:

9 Class 1 2.18 (A) 44 length
10 Class 2 .56 45 V/C
11 Class 3 .18 46 free-flow spd

47 class 1 vol
Mode: 48 class 2 vol

5 0.C. parameter 4.3 (B) 49 class 3 vol
6 occupancy 45
7 expansion Link:

factor 92 50 length _
51 V/C

0 Number of Links: 10 (C) 52 free-flow spd
53 class 1 vol

Link: A outbound 54 class 2 vol

20 length (km) 2.1 55 class 3 vol
21 V/C 1135/1600-0.17/0.24
22 free-flow Link:

speed (km/h) 64/80 56 length
23 class 1 vol 2T 57 V/c_
24 class 2 vol 132 58 free-flow spd

25 class 3 vol _ 59 class 1 vol
60 class 2 vol

Link: B outbound 61 class 3 vol
26 length 1_4
27 V/C Link:
28 free-flow spd / 62 length
29 class 1 vol 7? 63 v/C
30 class 2 vol 387 64 free-flow spd

31 class 3 vol 0 65 cla3s 1 vol
66 class 2 vol

Link: 67 class 3 vol
32 length
33 V/C Link:
34 free-flow spd 68 length
35 class 1 vol 69 V/C _

36 class 2 vol 70 free-flow spd
37 class 3 vol 71 class 1 vol

72 class 2 vol

Link: 73 class 3 vCl

38 length
39 V/C
40 free-flow spd
41 class 1 vol
42 class 2 vol
43 class 3 vol
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TRIP-ORIGINS - MORNING PEAK HOUR

ZO 11IG11 i COUE MIDDLE INCOME LOW I1NCOLE EMPLOYMEINiT TOTAL
-Hli HH HH

1. Car 2250 2100 350 4725
Bus 1000 3600 1500 6100
Truck 920 920
Walk 250 800 375 1425

2. Car
Bus

Truck 500 500
Walk

3. Car
Bus
Truck 400 400

Walk

4. Car 840 60 900
Bus 280 120 400
Truck 150 150
Walk 120 20 140

5. Car
Bus
Truck 240 240
Walk

6. Car 750 300 1050
Bus 1800 1600 3400
Truck 30 30
Walk 225 300 525

7. Car
Bus
Truck 400 400
Walk

8. Car 735 650 300 1685
Bus 375 1400 900 2675
Truck 180 180
Walk 75 260 100 435

9. Car 5175 350 410 5935
Bus 2325 225 2420 4970
Truck .
Walk 135 145 550 830

TOTAL Car 9000 3915 1385 14300
Bus 3980 7145 6420 2820 17545
Truck 2820 2820
Wall 580 1450 1325 3355

TOTAL 13560 12510 9130 2820 38020
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TRIP DESTINATIONS - MORNING PEAK HOUR

HI f IGHl ILCOM MIDDLE TCyE LOW INCOUE 2 jLOmENT TUTAL
HH HH HH

1. Car 2990 1035 460 4485
iius 1380 2070 2070 5520
Truck I 920 920
Walk 230 500 460 1190

2. Car 1300 600 200 2100
Bus 600 1000 900 2500
Truck 500 500
Walk 100 250 200 550

3. Car 1040 360 160 1560
Bus 480 900 630 2010
Truck 400 400
Walk 80 200 160 440

4. Car 725 400 100 j 1225
Bus 250 575 475 1300
Truck 150 150
Walk 50 100 75 225

5. Car 870 500 120 149Q.
Bus 300 600 540 1440
Truck 240 240
Walk 60 90 90 240

6. Car 115 80 15 210
Bus 50 150 115 315
Truck 30 30
Walk 5 40 20 65

7. Car 1150 700 150 2000
Bus 500 1250 1150 2900
Truck 400 400
Walk 25 150 200 375

8. Car 810 240 180 1230
Bus 420 600 540 1560
Truck 180 180
Walk 30 - 120 120 270

9. Car
Bus
Truck
Walk

TOTAL Car 9000 3915
Bus 980 915 1385 14300
Truck 3980 7145 1420 17545
Walk 2820 2820

TOTA. 1510 9355

TOTAL 13560 12510 9180 2820 38020



- - Year 1981
O-D DISTRIBUTION OF CAR TRIPS

ORIGIN ZONE 1 2 3 4. 5 6 7 8 9 TOTAL

1. H 873 343 280 136 201 20 281 116 0 2250
m 688 366 236 193 175 31 355 56 0 2100
L 168 73 48 24 21 4 18 *19 0 375

TOTAL .729 782 564 353 397 55 654 191 0 4725

2. H
m
L

TOTAL

3. H
m
L

TOTAL

4. H 248 146 131 129 86 9 69 23 0 840
m 11 7 7 7 7 7 7 7 0 60

L 0 0 0 0 0 0 0 0 0 0

TOTAL 259 153 138 136 93 16 76 30 0 900

5. H
m
L

TOTAL

6. H
m 140 96 42 105 159' 26 113 69 0 750

L 82 38 39 28 38 2 44 27 0 300

TOTAL 222 134 81 133 197 28- 157 96 0 1050

7. R
H
L

TOTAL

8. H 163 86 48 46 68 34 128 165 0 735

m 95 78 43 61 113 9 164 87 0 650

L 74 32 24 19 24 3 .43 81 0 300

TOTAL 332 196 115 126 205 46 335 333 0 1685

9. H .707 125 621 444 508 52 672 466 0 5175

H 91 53 32 39 46 77 61 21 0 350
L 136 57 49 29 37 4 45 53 0 5135

TOTAL 1934 835 702 482 601 63 778 540 5935

TOTAL H 2990 1300 1040 725 870 115 1150 810 0 9000

m 1035 600 360 400 500 80 700 240 3915

L 460 300 160 100 120 75 150 180 0 1545

WTM, 4485 2200 1560 1225 1490 270 2000 1230 0 14,460
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O-D DISTRIBUTION OF BUS TRIPS Year 1989

ORIGIN ZONE 1 2 3 4. 5 6 7 8 9 TOTAL

1. H 401 169 135 60 63 11 94 67 0 1,000

H 1342 570 509 247 217 59 541 115 0 3,602
L 633 230 190 81 95 20 180 66 0 1,500

TOTAL 2376- 969 834 393 375 90 815 248 0 6,100

2. H

L

TOTAL

3. H
m
L

TOTAL

4. H 93 42 34 34 27 8 25 17 0 280

m 32 16 16 16 8 8 16 8 0 120

L 0 0 0 0 0 0 0 0 0 0

TOTAL 125 58 50 50 35 16 41 25 4 0

5. H
m
L

TOTAL

6. H 0 0 0 0 0 0 0 0 0 0
m 372 229 210 201 210 73 292 239 0 1800

L 443 238 136 158 197 30 279 93 0 1600

TOTAL 815 467 346 359 407 103 571 332 3400

7. R
m
L

TOTAL

8. H 96 40 32 16 24 8 79 80 0 375

m 264 153 136 93 147 25 340 246 0 1400

L 220 93 62 51 65 17 231 161 0 900

TOTAL 580 286 230 160 136 50 650 487 0 2675
TOALI i- .

9. H 790 349 279 140 186 23 302 256 0 2325
m 64 32 29 18 18 5 41 18 0 225
L 774 339 242 169 194 48 460 194 0 2420

TOTAL 1528 720 550 32 -398 76 803 468 0 4970

TOTAL H

L
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O-D DISTRIBUTION OF TRUCK TRIPS Year 1989

ORIGIN ZONE 1 2 3 4. 5 6 7 8 9 TOTAL

1. H
H
L

TOTAL 381 149 120 40 86 6 75 63 0 920

2. H
H
L

TOTAL 133 14 74 35 20 7 74 14 0 500

3. H
m
L

TOTAL 149 60 97 14 21 0 44 15 0 400

4. H
H
L

TOTAL 46 24 24 16 16 0 16 8 0 150

5. H
m
L

TOTAL 71 35 27 18 48 0 27 14 0 240

6. H
H
L

TOTAL 10 10 5 0 0 0 5 0 0 30

7. R
m
L

TOTAL 92 51 34 17 30 17 121 38 0 400

8. H
H
L

TOTAL 38 .28 19 10 19 0 38 28 0 180

9. H
m
L

TOTAL 20 100 60 5 8 2 10 20 0 325

TOTAL H
m
L

920 500 400 150 240 30 400 180 0 3,145
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LINK ASSIGNMENTS BY MODE CAR

Or-JGli Tw :al Total

ZO 1 2 3 4 5 6 7 8 9 Passengers FCU

LINK 1- 4725 4795
1-2 782 153 134 196 835 2100
1-3 564 564
1-4 1650 1650
2-1 _ _
2-2

3-1
3-3
3-4
4-1 312 356 528 2769 3965
4-3 138 81 115 702 1036
4-4 900 900
4-5 397 93 490
4-6 55 16 71
4-7 654 76 730
4-8 191 30 221

"( [ 4- - -- -_(5-2
5-5

5-6
5-7
5-
6-4 _70 570
6-5 197 197
6-6 1050 1050
6-7 151 151
6-8 96 96
7-4
7-5
7-6

7-8
8-4 769 3973 4742

8-5 _ 205 601 806
8-6 46 63 109

8-7 -335 778 1113

8-8 1 685 1685
8-9 ____ _ _ _-______ ___ __

9-8 15135 5135
9-9 _5135 135
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Year 1989

LINK ASSIGNMENTS BY MODE

OiGITotal TOal
zoNP 1 2 3 4 5 6 7 8 9 Passengcrs FCU

LINK 1-1 6100; 6100
1-2 969 58 467 286 1780
1-3 834 834
1-4 1927 1927 '
2-1 1-
2-2

* -5)
3-1
3-3
3-4
4-1 183 1282 866 2248 4579
4-3 50 34 230 54L 1166
4-4 400 40.
4-5 375 35 410
4-6 90 16 106
4-7 815 41 856
4-8 248 25 273

*C5-2
5-4
5-5

-5-6
5-7
5-8-
6-4 1987 1987
6-5 407 407
6-6 3400 3400
6-6 571 571
6-8 332 332
7-4
7-5
7-6
7-7
7-8 1 ______

8-4 1256 3115 4371
8-5 236 398 634
8-6 50 76 126
8-7 65- -0-3_ .453
8-8 2675 2675
8-9 1
9-8 14970 4970
9-9 4970 E:4970
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Year 1989

LINK ASSIGNMENTS BY MODE: TRUCK

RGTocal Total
1 2 3 4 5 6 7 8 9 Passengers FCU

LINK 1-1 92Q 920
1-2 149 60 24 35 10 51 329

1-3 120 74, 194
1-4 270 150 - , 420

2-1 357 357
2-2 50050

2-5
3-1 209 209
3-3 400 40
3-4 94 _94
4-1 70 106 20 143 66 405

4-3 24 27 5 34 19 109

4-4 150 150
4-5 86 20 21 16 143

4-6 6 7 _3

4-7 75 74 44 16__29
4-8 63 14 15 8 100

5-4 157 157
5-5 1240 240
.5-6 0 0

5-7 27 27

5-8 14_ 14
6-4 25 25

6-5
6-6 30 30
6--7 5 5

6-8 194 194
7-414 9

7-5 30 30

7-6 17 17
7-7 400 400

7-8 38 38
8-4 _95 _

8-5 19 19
8-6 38 38

8-7-
8-8 180 180

8-9 ---
9-8
9-9-
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PROGRAMMING LAND DEMAND

Al) With No highway component

A2) With highway component

Bl) With weak public transport component
BlA) Context Al
BlB) Context A2

B2) With strong public transport component
B2A) Context Al
B2B) Context A2



898
1 83 83 6889 30 229.6 .75 7875 8300 79

4
4 8 2 8 4.7 1.702 .01 105 200 .02

8 60 20 1200 16.1 59.6 .24 2520 2000 .19
48

305.8 10500 10500
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1984 - 1989 Volume Increments 1989
Links A & B

LINK A TTNK R

1984 1989 Increment 1979 1984 1989 1984-89 1979-84
Increment Increment

High Auto In 4223 5279 211.2 809 3603 4479 174.8 559.2

Out 114 139 5 254 281 489 41.6 5.4

Bus In 2322 2364 8.4 262 2095 1983 22.4 366.6

Out 31 84 10.6 78 90 203 22.6 2.4

Med. Auto In 418 892 94.5 625 357 667 62 53.6

Out 91 132 8.2 86 252 607 71 33.2

Bus In 1245 1361 23.2 1083 1060 977 16.6 4.6

Out 142 462 64 132 439 1211 154.4 61.4

Low Auto In 470 576 21.2 0 470 488 3.6 94

Out 3 46 8.6 0 7 108 20.2 1.4

Bus In 2410 3965 311 1522 2210 3274 212.8 137.6

Out 6 159 30.6 114 18 618 120 19.2

Truck In 342 417 15 230 387 576 37.8 31.4

Out 342 417 15 230 387 576 37.8 31,4



Ye 1984
0- 1j1 -

Oc; n

Car

~J7 rj2l 7r1: E Out
class 1 2 ~ (A) 1.4

ClS. 2 -65/C .
c1ass 3 .18 froeC'- f spo7 60

class 1 vol ~284
- class 2 vol 3~

a (B) class 3 vol 50
C Th Fa Out

e x pS Io n i:F Out

tactor 107.4 n 1.0
V C .27

r Fv f 01ik J (C) free-flo' spd 60
class 1 vol 198

Tn A Out la class 2 vol 2
class 3 vol 50

V/. Z3.24-
fre-f i H Out -
spocd (In, ; 80/100 langt- 0.5
clasS vol 7 - V/C __Q.

class 2 vol . .6fre:?-flo' S 60
s vol clas I vo1 18

class 2 vo1 16
lii: B Out clcss 3 vol 0

v IC 3)6inia: J Out -
f reoe-flv ow :C 80/100 e io

cl.s I vol 168 V C
class 2 vol 223 ree-loi

clnss '5 Vol 0 la vl 177
clacs 2 vol 6

L ~in: C Out class 3 vol 0
le n 1.5KOu
V /-62 - . K Out

clnz I vol 363 V/u .54
c1.ss 2 vo2 408 freES-f.. pi 60
clas. '1 vol 0 cl,'S 1 vol 89

cla 2 vol 73
D Out class 3 vol

VC .4.9-
1re-flc." s:d 60
cIass 1 vol 402

S2 vol 453
s3 vol 0



-102- -

Car

v.LLLZLr Zp Ilink: F Out
class 1 - (A) _ .
clcss 2 V/C 1.15
class 3 free-flow s> 60

class 1 vol 88
SMoeclass 2 vol 6

O.C. ~arz2 class 3 vol 0
occupan cy
expansion 2: G In

V/C .59
ufmber of LiTs 9 (C) free-flovi spd 60

class 1 vol 79
Link- A Out - class 2 vol

length (k":,) .1 class 3 vol 0
/ .73/.24 H Out

speed (km/h) 80/100 th 5
class 1 vol 35 A-I
class 2 vol 5 f .ree-fo. sf 60
class ' vol 0 clas- vol 26

jI -- class 2 vol 0
IlI.:_B Out class 3 vol 0

lZngt 3.4
V/C .96/.32 n: J Out

fras "l : 0100 9 .
113. a V3 .0 16

class 2 vol 11 frev-ilow 6
cla:s 3 vol 0 class a ve, 61

class 2 vol 6
Lin" -: C Out class 3 vol 0

V/C .62 n K Out

r60 l h .5
1s 1 2ol V/C-.54

cla-= 2 o free-flov spd 60
class r o clas 1 vol 78

class 2 vol 8
In class 3 vol

long ta2.4
Y C 1.02

class 1 vol 246
clSs 2 vol 17
cl s 3 vol 0
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Orin I n

Car

h ij .e 1 i-nl: E Out
cas1 (A).4
class 2 V/C .15

cl-s 3 frec-flo S116 60
class i vol 0
class 2 vol 3

00 . a 1 . ( - class 3 vol 1

occupa;2n c
expa'si G In

Sactor n2
~/c .59

_u_ _of Uiili: 9 (C) free---flou, s 60
class I vol 0

LIm - A Out class 2 vol 6
1ength ( ) class 3 vol
V/C ... 3.24

speed (1/ 00 .-- Qh -5
class 1 vol o \ .04
class 2 vol 6 . free-Uor z 60
class 3 vol 3 1. vol 0

8 - class 2 vo 3
Li: B Out ClatS 3 vol

3.4
V/C .96/.32 in': J Out
free ... f1ow I I 8O/lOOfr I -lov,, s-d 80[100 1Ui
class 1 vol 0 V/C
class 2 vol 18 free-lcw 6
class 3 vol 7 class . voi q

class 2 vol 16
Tik: C In class 3 vol 5

IOngt 1.5
V/C; 1. 25 Lin: K Out

r 60 l5 Y.
Cla; 1 vol 0 VC 34
class 2 vol 20 free lowv spd
cla~s ! vol 8 clasn 1 vol

cla 2 VO 12
D In C____ 3 vol 4

1lrnfli 2. 4
1C 1.02

free lawSpa 60
claso 1 vol 0
claS 2 vol 12
class 3 vol 4



ye 1984
- 104 -

4in one 8-

Car

lu TA, iLi*: E Out

class 1 (A) -1.4
class 2 V/C 1.15
cla5G 3 ree-fsow Fpd 60

class 1 vol
T o(Ie class 2 vol

O.C. pam a (?) class 3 Vol
0 C C0pn Y
occupancy
exparsion _. Ln

f&ctor ln
Y/C -- 5 9

k (C) free-flo o p 60
clas 1 vol 69

Link A In class 2 vol 40
length ) c ass vol 0
V/C -H Out

spe e d (kra/>)8Of10 ln
class 1 vol 536 v/
class 2 vol 387 free-f - Sir'
Class 3 vol 0 0 " Vol

-class 2 vo& 11
T' B I clos vol 

/C .8 5: J Out

fr(c,-f'lo w s c 395 . i
class 1 vol 318 t/C
class 2 vol fre--''Ywp q
class 3 vol class I. _

class 2 vol
_C In -class 3 vol o

l1gt.5.
/ C - 1-25 link: K Out

free-flo, eo ~~60e In L, i
class 1 vol 3r V/co
cl'Iss 2 vol 264 ree-llov/ sp

class 3 vol 0 class 1 vol
class 2 vol 69

Lin-: D In '_claas 3 vol a
lenet~h2.4

V/C 1.02
&rec-foWg spc 60
class 1 vol 235
class z vol 215
class 3 vol 0



Y 19 84
-105- - - 9~~

f~ Bus

-nn Li : E Out
Cn (A) A; 1.4

clafs 3 fre -4o o1. . 47
clan I Vol
cla s 2 vol

0~.0. R. (4) class 3 vol w
occu-aI ny 45

expaon 1in: F Out
iactor 92 1.0

V/C -. 29
.1 MIer Of in9 () free-flo w spcd 42

class 1 vol
TLin,': A Out class 2 vol (

.Lc (2 2.1 class 3 vol 133
V/C .73/.24

reC-f "1LInk: H Out

spoed (kt h 8 . G 5n
cla 1 f-: __/ C 0
class 2 vo - .ree-flow Ze 02
class V'OL cls 1 vol 0

- class 2 rol 36
1 W B Out cla-S 3 vol 0

2f6 .32 LirK: J Out

class 1 vol 72 V/C 5
class 2 vol 387 free-flw 42
class 3. vol 0 class 1 VO' 44

class 2 vol
Liink: C Out class 3 vol

Ct 0..54
cls '1 vol V5

2> VOl 738 ree- -- r s. a 42
clcs 3 vol 0 C Es. j. vo 50

class 2 vol 255
Yin:- D.Out cla$8 3 vol 0

2.4
.49

.-- *Im ,. p 42
ci.. ss 1 vol 125

21 2..vol 819
C.s " vo _i 0



'Y(';n 11:1984
- 106 ~ -~

Bus

1:Li~tcELir3 3LInk: E 0ut.
class 1 (A) -1n1th
class 2 V/C 1.15
class 3 free-flow SpL 42

class I vOl 27
Sode class 2 vol 10

O.((. l () -1asc 3 vol 0
occupancy
expansion 2 k G In

factor lenotr 2.2
v/U u .59

Number of Li.1s: 9 (C) free--flow sp 4
class 1 vol 27

Lin: .A Out class 2 vol
length ( ) class 3 vol 0

f r e-f lo: Lirk : H Out.
speed (Im/h) 64/80 lO:!th

class 1 vol 9 /C ._
class 2 vol 10 . free-fw sP 4
class 3 vol 0 clas: 3 vol

l s s 2 vol 0
Link: B Out clfSs 3 vol 0

lenrgil 3.4
V/' . .L : J Out
free-flo-f s d 64/80 l:gth1, .9
class 1 vol V/C .52
claso 2 vol 20r 42
class 3 Vol class 3 yl 22

class 2 vol 10
Link: C Out class 3 vol

leng,"1
V/C 6 in: K Out
free-2wS 42
clasz 1 vol 49 V/C
class 2 vol 30 free-florv sld
class 3 vol 0 clzs Io v_91

- clasw 2 vol -
Lii&:~ D In class 3 Vol 0

lCri;n ,' -2.4-
Vr/C 1.02

class 1 vol 75
class Z vol 40
class 3 vol 0



Y n :19 84.
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Bus

' Lir: E Out

class 2 V U-1
clas free-flow sp 42

class 1 vol 0
1;0 0 class 2 vol

() class 3 vol 3

expaysio J.U.Y: G In
act or lens u-

V/c;9
humvr of r~id : 9 (a) freeoflow 0p 42

clas8 1 Vol
3ijk: A Out class 2 vol 16

1one2 OCm 2.1 class 3 vol 6
V/C .73/.24
f r - cT nk: H In

spocd (:m/) 64/80 le~h .5
class 1 vol 0 V/C .
class 2 vol 8 . free-flow' :p> 42

-cla s f vol 6 cia:sl 1 vol 0
- c so 2 vol 112

lint : -a -out c laas 3 vol5+

26 61.4 J Out-
v /C __2000_

free-007 r sd 4a_8 l(!iVn _,i9
class 1 Vol V/ 52
clasc 2 Vol free-flow vn4 42
class 3 vol c s J vol!

cla ss 2 vol 26
lirk: C _In class 3 vol 16

lcngth1.5,
V/C 1.25 CJ: K Out

frcQ-flo\V ~Spy 42Lems 5
clASS 1 vol _0 v / (; 4
elas 2 vol S6' fre-fov! 7

clam: >i vol 20 class vo 0
clans 2 vr"l 24

)inZ: -D In cl 3voi2
2.4

V/C 1.02
freflow Spd 42

clav 1 vol 0-
cass 2. vol 36
class 3 vol 12



108 :1984
- 108 - - ~ii i~

Bus

1. i:k: E Out
ras . ,. (A) 1ell4
class 2 (A) V/c .15
cless 2 free-flo C 42

claos 1 vol 50
11 __class 2 vol 210

a.C. a:. () class ; vo 200
occupancy
expansion Ln_ G In

factor lengta 2.2
V/C. .54

Ru.r,:o of lin1s: 9 (f) ree-flove spd 42
class 1 vol 30

A In class 2 vol 140
class 3 vol 10O

V/C 1.5/.96
rec-flo' T~r H Out -

speeU (on/h)64/80 en-th
class 1 vol 231 v/c

claos 2 vol 1120 - . free-fvow spja
*lats ' vol 940 class I vol 0

.class 2 vol 20
__B In class 3 v.l 0

1 ith 3.4
S1.5/.89 ~l nk:_J Out

ree-fio" c-d 64/80 .9
cla. s 1 vol 1 V/C .52
class 2 vol 6 freG-fIc.7 43
class 3 vol 820 class 1 v 30

class 2 vol 140
L Ck: C In class 5 vol 100

V/C ).K Out

cl>o 1 vol 1p V/C
cl 2 Vol 800 free-flow spd 42

class 3) vol 720 class I vol 27
clacz 2 vol

D In class 3 vol 120

V 1.25
&ee-f -w/ sp'_ 42

Cl-a 1 vol 140
ela . vol ~~630

cI 3 vol 60
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Truck

- .. :E Out
'.o~C c5 V/kr) 1 (1) 4g 1.

O.C. farQ i 5.2 V/C . 1.15
exp&nson f&cLor 115 free-f lcw spe: l 60

velume 158
Nft'-r of LisnJs: 8 (C)

Link: A Out Link-: F Out
leng,;h- (km _2,1, longth-- 1.0

21 V/C .73/.24 V/C 29
22 free-f1c;1 ,pe:A (k/h)80/100 free-flcw spend 60

vol-e 135 volume 140

Lin' B Out. Link: H Out

3.4 leng th 1525 V/C 32_ V/C .0526 free-flow ee: 80/100 free-flow spcd 60
volum 135 Volurime . 0

ink: C Out Link: J Out
legth I.5 eng uh g

V/C . V/C
frref-r,.se 6Q frce-flcv spd 60

178 43

D Out Link: K Out

2.4 length .5
VC V/C .54

free-f cw t 60 free--f low spcod 60
m 19Q vol
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CJRTGJU ZoE: 2

Ja$jr cosi;($/hr) .(Tx) leno th __

O.C. pameter 37 V/C s. .56
expansion-i tacL~r _____free-flow spr_.

31 velune 375
A (C)

.73/.24 V/:,
free-fl sp (km/n) 85/10 fre -flC speed

23 voln-j 72 43 volure

___ ____Link:

ength _lengh _h

V/C . 6 /._32 V/C
free-f io1 y80 /100 f ree-flow speed -_.

27 volunr 105 vouE

__ Link:
1eng t -- _g____

v,/C V/C
fre--flcw spr'od

31 volu e 131 47 vo.zo 26

Letn 1 iencT
V/C V/C
freflo u sieedl free-flcw spced

35 vourre 137 51 volure 33
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i:w.2 Truck

Cy:- c (/ (B) 1.0
0.C. p ______V/C ,. .18

cxpanic. facUa_ free-f ciw spm 60

trrcr of LIr':3: 9 (C)

Link: A Out Link: G Out
-lenth (ks; 2.1 1c2ng-1 2.2
V/C .73/.24 V/C .25
frte-fl , spmed (knm/n 80/100 fre60-flua d .6

58 VOlU132

Link: B Out Link: H Out
length 3.4 length .5

V/C .96/.32 V/C .05froe-fla p-ed 80/100 frec--flw spe3Cd 60
volu9 4 vOniU - 6

___'_C Out Link: J Out
L5 .9

/C -. 62 V/- 25
6rfree-f : 1 peed ~ 60

126 vol10e - - 26

in'e E Out Li - -K Out
1h i.4 length .5

V/C -. 15 V/C .54
frc<-ficw scim 60 free-flow spced 60

vOluTe 68 volune 36
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ORTGIN ;rya:

Iacr Cs (S/hu) _ (13) length
O.C. rtn/ar C
expansicn factLr ____free-flkow spee. ___

volume-
Na or of irnks: 3 (C)

Link: D In Link: -
leng-th (--24 length

. V/C Vc /C
free-ficw ecd (k/h) 60 free-flow sp>-d
voume 20 volunmv

Link: E Out. Li:
length 1.4 leng th

. V/C 1.1 V/C
free-flcw speed 60 free-flow speed.

vohme - 10 volume

tInk: G In Link -
length 2.2 length
V/C 59 V/C
free-flow speed 6o free-flcw sp _ _

volumi 10 volume .

Link! -Link:
length length_
V/C ___ V/c -___

free-flow sneed free-flow sred
volume volume
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Year: 1984

ORTGIN (NE: 5

:c:Trucki

1~ez Link: E Out
L r CQc (7/hr) __ (B) ~lg-1.4

O.C. parar ter /V/C s. 1.15
expa sicn -actor frec-flow ZGK'L 60

volim 28
Ni0rbfr Of!Lr: 9 (C)

Link: A Out Link: G In
1ength Oi) 2.1 clnith 2.2

V/C .73/.24 V/C .59
free-flow c pcd (km/h) 80/100 free-flcw zpeed 60

vol32 39 volume 23

Link: B OutLink: H Out
length 3. 4 len.,th .5
V/C .96/.32 V/C .05
free-flow Epeed 80/100 free-fIcw speed '-60
vo53 _3 volu.e 9

Link: C In Link: J In
leng th 1.5 lenth 9
V/C 1.25 V/C .23re-low szeea 60 free-flow spced 60

82 vo182e 182

Link: D In Link: K Out
ength 2.4 length .5

V/C -1.02 V/C .54
free-f low spe 60 free-flow speed 60
volume 59 volu-e 14
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Year: 1984

)RTGIN 7 : 6

ruck

Changes from Zone 5

Lor cost (S/hr) _ _(B) length
O.C. parater _r V/C _.

expansion fact=r free-f low specd.
volumne 7

Number of Links: 7 (C) vlm

Link: _Link:

length (km) length
. V/C V/C

fre--flcw speed (km/h)_free-flw s:eed
volmc _0 volume 0

Link:-_ Link: H In
leng th length
V/C V/C .04
free-flo; speed free-f"lw speed
volrme 0 volume 15

Link:_ _Link:
leng th
VV/C
free-f Lcw speed_____

voiume 15 volune

LinkInk:
leng th length
V/C V/c
free-flow speeI _free-flow speed
volume 15 volume
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'Year: 1984

7
Truck

Changes from Zone 5

Morg a ~rsLin7-
Iakoc cr.) (a/; ) _(B) - i -~
O.C. parmtrV/C

epanaion fac____free-flu4 spc_
velumO9 30-Natrbx.r of Links: 9 (C)

Link: _ Link:
lengtEh (kin__ longth
V/C .73/.24 V/C
free-fila, sp, 2 (km n) 80/100 free-flow smcd
volume 66 volue 14

Link: B In Link:
lencth ______Ileng th_
V/C V/C/._.V/C
free-f 1i, speed 80/100 free-fpw peed
volum2 102 volune . _-__

Link: Link:
I eng t egt
V/C V/C .52
frec-f lcw sred free-flc spe__
voha-re 86 volume 16

I_ _ _ __ _ _ ___nik::__ 
_ _ __ _ _ _

length length
V/C - V/C
free-f c spee free-flTq speed

_ _ ____6 volume9
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Y.ca-: a19_84+

ORIGTN 7C-E:8

NiKf: Truck

Changes from Zone 7

Pa1a.4Paremn rs Link :
La:or cost (/hr) . (B) longth
O.C. param.,etr V/C ,,
expcansion factor free-flw speed -__

volume .26
Number of Links: 9 (C)

Link: A In Link:
lenqth (la) length

* V/C 1.5/.96 V/C
free-f low s)8(km/)80/100 free-flow speed

volume 114 volume_ 17

Link: B In- Link:
length leng th_
V/C 1.5/.89 V/C
free-f.1cw speed 80/100 free-flow speed ______

95 volume 0

Link: _Link:

length length
V/C V/C

frfaa-flaq s eed ' .free-flcw spe- ___voluma 84 volume .

length length
V/C - V/C .54

free--f lcy snd free-flow speed
vol6- 65 volume 19
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Year: 1984

BENEFITS TO RESIDENTS OF ORIGIN ZONE 1

AUTO BUS

NO BUT)

Incamn olas 1
::ai.5 T.- 77

Incane clas3 2

Inccme class 3
9 2730.7

2 4. 18 561. 18
Total

33:37 . 47 5 383. 69
39 8 3. 4 27226. 89

BUILD-
Incane class 1

14-865. 1:2 1705. 71
35.43. 6

Incana class 2

U 6402:. 70 40:33. 77
5 747. 25 125 3 ...

Incame class 3
.42. :2 _10 73

124. 18 561. 18
Tbtal

O C . - . ;- i.4 1 , I

2!506. 7 5 22140. 97

DIEFFERECE
Incoae class 1

63. 75. 0;*-
4872. 93 2122. 00

Incame class 2

TO 3
. 604 226.3

Inccme class 3 1- '

%.- 0. OC 0. 0 0
TC 0. CI 0. 00

Tbtal
TC 4E. 335. 48

.477 T. 0 E: 51:185. 92
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Year 1984

BENEFITS TO RESIDENTS OF ORIGIN ZONE 4

AUTO BUS

NO BUILD

Incame- -clasi, 1 . -
P ~~ 92 2. '10 -5J.

Incarde class 2 14
'4

'IC 1_1 i- 4 1-, 2

Incane class 3
Uc 0. 00 0. J0
TC. 00 0. 00

Total 5 6 1

-C 0051. 36 7300. 96

Incam class 1
OG 9105. 8133C.1

TC 56 1 71 79 0. 6

Incane class 2
7r, 736. 34 154 . -5

'.CS1. 5 8 78 5. 138

Inccme class 3
U0 00 0. 00
TC 0. 00 0 00

Total7bal oc 52 36 32 . -_5 E

TC 180. 29 651. 2 -

DIFFERENCE
Incre class 1 . 3

Tc 3 i i 6. 2'364 2
'IC 5 6 '-'

Incane class 2 15. 1.L-4 1. 5 7 .:-
C 31. 36 161. 04

Inccme class 3
%. 00 0. 00

TC o 0. 0 0

Total
oc a457. 36 - 40'

- t-9. !. 7 7'5. 24
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Year 1984

BENEFITS TO RESIDENTS OF ORIGIN ZONE 6

AU'IO BUS

NO BUI-D

Income Vlass 1
kux; C. !-n- 00

CfOr . 00
Incane class 2

1055. .0 325.44

560. 76 1,3 81 57

Incane class 3

402.91 145. 2
TC 6 8. E.,1 211. 273

Wtal
1457. 99 471. 36
629. 57 1792. 80

BUILD
Incame class 1

. 0.00 c 00
0.00 0. C 0n

Incam class 2

T. 49 302.77
432. 34 1343. 70

Incane class 3
.2 376. 57 132.77

52.27 167. 03
tal

Tc 1365. 06 43 5. 5 4
484. 60 1510. 73

Incare class 1
0. 00 0. co
0. 00 0. 00

Incae class 2
%AA-66. 5Y 22. 68

TC 128.4.2 23707e

Incne class 3
-26.34 13. 15

Tc 1655 4a.20
Total

C i92. 93 35.82
S144.97 282. Of-
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Year 1984

BENEFITS TO RESIDENTS OF ORIGIN ZONE 8

AUIO BUS

NO BULD)

Incane class 1

AIC 1637.- - 17
S77277. &---i 44108 7-f

Incane class 2
i63. 36 75!7. 09

TC 0E3. 94 5184;. 24
Incane class 3

W; 0. 6519. 95
TC 0. 0 14509. ?9

Total
42420. 6.3 15665. Cit
9 2917. 0 9 110462. 93

BUILD
Incame class 1

20387. 15 1475. 81
C 41713. 83 - 25365. 74

Income class 2
S1645z. 43 6756. :39

®rc 8619. 70 29539. 95
Incane class 3

A. 100 5883. 00
0. 0 0 8429. 37

Total
oC 37341. 5 14115. 20

...3-. 53 63335. 06

DIFFEPENCE
Income class 1

2869. 51 162. 16
- -. 32 18742. 96

Income class 2
2209. 54 750. 710

TC 7020. 24 . 2:.0- 29
Incane class 3

0. 00 636. 94
TC 0 00 6080. 63

Total
0C 5079. 05 1549. 31

MC 42583. IS 47 its7. S 1:1
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Year 1984
TRUCK COSTS FROM EACH ORIGIN ZONE

Origin Zone: 1 2 3 4

No-Build
Oc" 8 6283 03 780. 69 - 544 76C. 85 42.52

labor 7434. 72 60:0. 97 4706. 8 3 554. 5

Build
OC * 07769. 73 70182. 93 51222 28 4229. 52.
labor 571 9. 15 4485. 11 o33Ch, 68 554. 65

Difference
OC * 4 13. 25 .377. 76 3254. 57 0. 00
labor 2115. 56 1595.86 1400. 15 . 0.00

Total Oc . '1 5273. 63 4654. 72 0. 00

Origin Zone: 5 6 7 8

No-Build
Oc '4. :.5 3925. 04 4'609. 66 54610. 80
labor 4394. 30- 598. 0 1 7464. 132 9 364. 21

Build

OC r5E7i. 86 3925. 04 44407. 69 48762. '7
labor 3577. 03 598. 0 1 - 465Q. 16 5377. 30

Difference
* OC* *;-'- - A. 9 Cf. 00 420 1. 97 5848. i3

labor f 0. 'J 2813. 86 39 S, 91
Total OC 26 . 0. 00 7010. :3 9834. -



- 122 -

6.4 Instructions for computing benefits to a single link (Second Program)
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BSL-2.3(A)

USER INSTRUCTIONS

Enter Press

1. Set partition. 7 2nd Op. 17

2. Enter data on Input Data Sheet into
appropriate registers. This includes
data this will probably not change
during the analysis: modal charac-
teristics, values of time, discount
rate. It also includes data-specific
to one link: modal volumes, volume
increments (or growth rate), length,
and capacity. To check that all the
data is properly stored, press 0 INV
2nd list.

3. Load program BSL-2.3(A) for liniar 0 (load sides)
growth, or program BSL-2.3(B) for 0 (load side 2)
exponential growth. Load sides 1
and 2.

4. Initialize the accumulators of 0 STO 68
discounted costs. STO 69

5. Enter number of years for which n STO 00
costs should be computed with
volume and growth data as given.

6. Fix the display format to have 2nd Fix 2

2 decimal places

7. Computer costs for n1 years B

8. To change the incremental volumes
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SINGLE LINK COST STREAM PROGRAM

BSL 2.3(A) INPUT DATA

Link A Link B Link C

1979 1981 19811979 1981 1981 1979 1984

Register r NB NB Build NB NB Build NB NB

8 Auto free-flow speed 80 100
9 expansion factor 107.4

10 OC parameter 1
11 occupancy 1.6
12 Bus free-flow speed 64 80

expansion factor 92
OC parameter 4.3
occupancy 45

16 Truck free-flow speed 80 100
expansion factor 115
OC parameter 5.2
occupancy 1

20 Class 1 auto volume in 809 2175.4 757
21 " out 254 198 349

22 bus volume in 262 1086 228
23 " out 78 59.2 97
24 Class 2 auto volume in 625 538.2 609
25 " out 86 88 121

26 bus in 1083 1107.8 1052

27 out 132 139.2 162
28 Class 3 auto volume in 0 188 0
29 " out 0 1.2 0
30 bus " in 1522 1877.2 1418
31 " out 114 73.2 147
32 Truck volume in 230 270.4 250 503

" out 230 270.4 250 503
34 Class 1 value of time 2.18
35 Class 2 VOT .56
36 Class 3 VOT .18
37 Auto PCU equivalency 1
38 Bus PCU " 3
39 Truck PCU " 3

Yearly incremental volumes

40 Class 1 Auto yiv in 683.2 559.2 489
" out -28 5.4 10

Bus " in 412 366.6 169
" out - 9.4 2.4 16

44 Class 2 Auto yiv in -43.4 -53.6 57

45 " out 1 33.2 58

46 Bus " in 12.4 -4.6 69

47 " out 3.6 61.4 62

48 Class 3 Auto yiv in 94 94 103
49 Auto " out 0.6 1.4 10

50 Bus " in 177.6 137.6 219

51 Bus " out -20.4 -19.2 0
52 Truck " in 20.2 31.4 50.6
53 " out 20.2 31.4 50.6
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54 1 + discount rate 1.11
55* first year discount factor 1 1.2321 1.2321
56 link length (km) 3.4 3.4
57 link capacity (PCV) 1600 4800 4800 4800
68 cumulative discounted

total OC
69 cumulative discounted

total TC
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Link A Link B Link C
Supplementary Yearly 1984 1984 1984
incremental volumes for 1984 NB NB NB

40 Class 1 Auto yiv in 211.2 174.8 135
41 " out 5 f4l.6 70
42 Bus " in 8.4 -22.4 138
43 " out 10.6 22.6 23
44 Class 2 Auto yiv in 94.5 62 -39
45 " out 8.2 71 80
46 Bus " in 23.2 -16.6 32
47 " out 64 154.4 142
48 Class 3 Auto yiv in 21.2 3.6 3
49 " out 8.6 20.2 17
50 Bus " in 311 212.8 10
51 Bus " out 30.6 120 60
52 Truck " in 15 37.8 58
53 " out 15 37.8 58
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COMPUTING COSTS ON LINK A, 1981-2000

Link A No-Build

1. Load liniar growth- program, BSL-2.3(A)

2. Enter data for Link A, 1981, No-Build. Store it on a magnetic card
(press 3 2nd write and load side 3; 4 2nd write & load side)

3. a. Enter 0 STO 68 STO 69
b.- Enter 3 STO 00. Press-2nd Fix 2.
c. Press B

(costs for 1981, 1982, 1983 will be printed)
(volumes will be updated to 1984)

4. a. Enter incremental volumes for the 1984-1989 interval, in
registers 40-53.

b. Enter 5 STO 00
c. Press B

(costs for 1984, 85, 86, 87, 88 will be printed)
(volumes will be updated to 1989)

5. Load exponential growth program, BSL-2.3(B), sides 1 & 2.

6. a. Enter cumulative operating costs into register 68
Enter cumulative time costs into register 69.
(these costs were the first 2 of the last 3 numbers just
printed)

b. Enter growth factor: 1.05 STO 41
c. Enter 12 STO 00
d. Press B

(Costs for 1989-2000 will be printed - takes 30 minutes)

Link A Build

7. If you have the Link A 1981 No-Build data on a card, load in
(press 0, enter side 3; press 0, enter side 4.
If not, the 1981 data may be entered manually.

8. Change the free-flow speeds (registers 8, 12, 16) and capacity
(register 57) for build.

9. Proceed with Stpes 3-6.
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DISCOUNTED COSTS ON SINGLE LINK INPUTS

BSL-2.3(A) CARD B

Register Content (Tnput Data)

*00 number of years 40 incremental class 1 car in )
01 counter 41 volumes out )
02 counter 42 bus in )
03 pointer 43 out )
04 pointer 44 class 2 car )
05 pointer 45 )
06 pointer 46 bus )
07 pointer 47 )
08 car free-flow speed ) 48 class 3 car )
09 expansion factor ) 49 )
10 operating cost ) 50 bus )

parameter ) 51 )
11 occupancy ) 52 truck incremental )
12 bus ) modal volume in )
13 ) char. 53 truck incremental )
14 ) file volume out )
15 ) 54 1+ discount rate
16 truck ) 55 discount factor for first year
17 ) 56 length
.18 ) 57 capacity (for 2 hours)
19 )
20 Class 1 car volume in )
21 out )
22 bus in )
23 out )
24 Class 2 car )
25 ) car,
26 bus ) bus
27 ) vols.
28 Class 3 car )
29 )
30 bus )
31 )
32 truck volume in ) truck
33 out ) vols.
34 Class 1 VOT )
35 2 )VOT
36 3 )
37 car PCV equivalency )
38 bus " ) PCU
39 truck " )



LINK A - 129 - LINK A
No-Build 1979-84 Build 1979-84

0-00
0, 0.0. 02 0. O

0. u. . -0.
0. 04 0. 03
0. 05 54. 04
0. 06 34. 05
0. 07 23. 06

LU - r 40. 07.
-7. 4 9 1.08

e 92 . -r 0 e: e 107. 4 09

4: 
92. 13 80. 12

1 -4. 3 14 92. 13
45. 15 4. 3 14
'U. 45. 15

5. 17 100. 14
Y 5. 2 18 I15. 17

1 . 119 5. 2 is
. 20 . 19

Wf 254. 21 4908. 2 20
.W 0 262. 22 86. 21

aa 78. 23 2734. 22
cts__; 4 625. 24 21. 6 23

A 4 86. 25 364.6 24
bA e 083. \qjwoS26 92. 25

132. q m27 157. 4 2
C" IVc 0. Y)28 153. 6 27

e-4 u 0. 29 564. 2G
Wo 41520.3 3. 6 29

I M114. 31 2587.6 30
hwet lw I . Fv 32 -8. 4 31

3. IL33 351.2 32

4 O . UP 34 351.2 33
6a# . 56 35 2. 18 34
n1 , 18i 36 0. 56 35

1- 37 0. 18 A6
S 3. 38 i . 37

-~ --- g-.:-6 39 3. 38
car 1 xS3. 2 40 3. 39
CarA -28. 4 1 683. 2 4 0

A 412. 42 -28. 41
-. 4 412.

class -43- 4 44 -9. 4 43
.41. 5 ..- 43. 4 44
12. 4 M 4 6 1. 45

Jd.-I

- -. 4 7 12. 4 46
c(&ss 94. 3.6 47

1 0.6 49 94. 48
177. 6 50 0. 6 49
-20. 4 51 177. 6 5D

2 -204 51
- I 53 2.52

54 20. 2 53

j'" r -1 55 1. 11 54
acwgfeer2. 1 56 E- 87041I4552 55
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LINK A: NO-BUILD 1980-1999

1980 1981 1992

2336= 26 ---

924. N~

7: 110664 74-'C3

1 -9 9 6 
. . .60r..4

20459 08.36833. 85 52184. 61

5:375 . 13 6 6 59 '00 25546:3. 61

1354i.7( 12736.82
13-438. 2l- E. 11074.6 -,8, U 1:3. 0 1
7421. :34117.6* 

1

-337S. 4 3440. 96

:345. 11 2 7 23603.70

1082. 1816920. 25 16177. 78

21106. 45 33262. 01 34416.71

0. 00 973980. 86
5 5. 3 1165.83

0.00

42-4.-2 4986.85 5470.89
46 46 .612 -- 7. 13i 12571. 74

.. - ... .-.-,.U 3 --..-.

-
6 4- 9451. 75

7 13 7 . --- 1- E3 Es 1

- -- -- I.

1- 2 .- 5 7 .- 2 . -34 -- : 166765.--

879 E, 2 9 3i :316203. 0

741 -: 376211.20
87909 .63 - -8 . :. 0 S. 3 . 6

20 5 6 - . 2Cl 52E.3 !0-. 11
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1983 1984 1985

3455. 46 404 ,-- 486.3

1051. i 6 1201. 50

.29 1 ....,.... ...95488. 31

- - ~

4348. 10 1547 - -

S242. 4 7, -02 7. 25
6 7 3 --, .3i .2 2 -"0 0.

339 d 27. 52,::37 10 Qj|~
.- ,., g aa7 7 . -. ,,- .- - -= .- ~ ~ 2 . i ii

1 1 5-.55 ;10977. 07 -a-. --
10 0 0 3. 27 0298. 52

a a ~ ~ .... a..J. ,:".*

3 4,::.02 354 5 - 6 3,'!0 4. 32
29 15 .=; 2 .4 3 .5 .E9

15344. 57 33429 .44.
984 3=.23a. C1

5 -~' 9 - . 73 10546. 475971.67 2332.0 1,a4

1748. 8 f " 3064.23

5.a 9 . -51 14860 31 -- '- --
.i.-,, . 6.-6-- "- 18120.85i=

11901. 4349.72 84 4

..546 . 54 1 :3. a a a-"

33 97 4 . : . 16 - -2

-- -- - - --:- a a. a. a

13656. 89 *6 * a

,:al..: i u i. - - - - - -~.

190-99. 05 4 asa E3 2' 7 2 5:3 - - -

402~59.70 59727:' 02 -

67 44 83. Ri - 51
3 5 1 5 7 4 . 1- 1 5 7 7 2 4 7 7 : 4 .a 0- 2 aS- 3 6 .2 5- 49 5 5 .2 5

A ~~ ~~ . .. . ...-811 !3 .2



- 132 -

1986 1987 1988

5 1 t- -- 4 -- ~~-
-33 2.1 -j -- -1 a67-14--~ -

3 -67. 5 " f0 D0

-6 - 7 0 09 n6.42.-. -. -. --

1 0322. 56189 - 91471. 27

1068 5 1 1 .14 . 116065. 4b
-0 - 8 2 1. 45 5 6 09. 42

165 2-'. 60 18-766. 5 1
-- * ,- ..419:. . 623 16092. 2-

.. 4- 2-62 .-

401. 0 4 . 49 449. 32
26566. 89 : 28875. ED

X
145 9 55. 09 23264. 83
8 5 4 58 31. 49 44967. 68

II

11144.5 11748.1 . 2357.7
23 3369. 97 2-7. 24

32-i 15. 7 -, f. -. r

8;749. 0 7 D 553Of664.-
-2 - 7.7 A c2 --- 7 . 19 C

2 " " - -
S 93 ..I. 2,- .. .. 7

-T2- 5 891* 7. 1 20157. 43

ii:444i9. -9 1161:8i1. 13
- -4 7

b I o
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1989 1990 1991

5934.94 6207. 19 6517. 44
1464. SO 529. 70 1606. A3

- - a 4 ..- -.-. . --

4004M 12 416731. 64 4398-- 57

6895. 1 E- 69 4 ;. 5:3 7 299. 68
192675. 43 1 9393' ~. 0120967

20700. 44 125337. 23 131656.9
593091. 55 61i0670. 65 e41908. 29

9a 4-16 2315 1 0 9 --439. 15
4. 4 14. 4 2 2118.

4 8.1A a 4 . 8 1. E-- 5-- -71

30154.23 :3153. .- 332 a1.

25682.31 28106.70 29580.86
48200. 97 51533. 24 54640. 15

12970.88.. ....... 2 74 87 3

687.70 3851. 82 4057.35

1624. ' 12
A6751. 62 289 3 E. 4 2 30434. 98

3 -- -- 9.3 3 7'0..24 -34492. 34

2 30.9422599. 06 24322. W,

2 - 2 2 15. =,30 ' S 6.
38227344- v4479116. 08
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1992 1993 1994

6843. 32 7185. 7544 76
1 i6836. 49 - 77.. 2-6

I 30626. 10 17209. Es9 144124. 0:,
460363. 36 483945. 27 50 .3-3. C-,9

7668. 49 5.. .. 2 - S
2~4R2F- 12:37:324.52?214462. ; 2255 --3

3'29 4. 591426.752586. 65
674825. 98 709527.57 746125.41

25595. 21 2692.. 07 2,324. 65
22295. 18 23550.93 24893. 13

5535. 90 5834. 74 3143. '86
35690. 09 38049. 61 40623. 62

311:31. 1 32760. 2 34473. 51
5 79335. 26 61600. 54 65516. 74

15021. 04 15 7 91. 9 4 16601. 95
4275. 34 4506.75 4752.70

-- - -- -- " - - ... ~ -t - . . .. - -- - -. '

32014.70 33683. 4 35446. 36

289 14.6 '1 - 30:388. 37 3: 36 35~:F
36290. 04 38 18 9. 89 40199. 0

16 585 . 4 6 17551:3. 1 156 7.
26231.90 28353. 03 30716. T.

364193.82 383928.09 404603.74

567403.24 56472. 5 7 741053.23
3 2 103 j2.E. 2 7 34 04 E-4:--' 61 35S9101. 92
477771 .!1.51i 5 06 11i16. 18 ;- 5'3:3 015 5. 15
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1995 1996 1997

5' 2 - - 4z. 4

1 . - .11 167014.

SS -- 2 . E 7 9. :3293.58 2- S 47

-6245 1634. Q176824C C'.10
-r- '.... . 5 -. .. . : . .

7 74I,:.T 8 ~j2 -:'.92 8"60-569.52

: - .- a z = - 1 - i . a . .- ~ .. n
Q 92 ~ ji "', 1 -- -
29794.00 3137.35 32581

. 6 . -3 . 0 S 2:87. 4 29 26 9

-478.07 6 2 47.- .-, - -
6 -ti . 'F 5 

i _ . *

3627.873816.8240147.45*1

1928~4.565074.41S 543. 24I

16109..S, 33 .6923 517777.59

37311.01 ' 41345

- - 37062. 5
33--2 ..; 4696 2.

S ~ ~ 219477.-

33355.96fl 4?Aj-?--.- 
- . 3. 13 .

4 E5C. : 4494 . 15 -

9-0 91 Be 98079:-, 6 6 -- 0346 19.,05

:--21:-60. 26 897597. 77 19 9 59 0

-"": 24 .7 3"9:"3062 "" i34. - -1 "087 1-

6 .- 82 E3 2",
- t -
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1998 1999

9 17 , . 69s 11 6 2:ae l9 ---. .. ..-- ,,..- . 23 3,- 5,6
-E" 0 5

1754211.00! 1824247.00

622656. 21.6 655219. 34

291427.7652 307005.1374

135724.5637 195069. 6731
914083. 913 o a 962224.27 A

34659.G1E 3 36446. 30163

7 5 71. 2D94 12 7 -37 . 09 394 2
53667. 964t 57810. 08543

20269. 7475- 21304. 06724
5908.601147 6243. 304085

18674.70343 19616. 5294
43590, 3263 45941. 537r9

38944. 45,101 4 09 20. 6 i' 0i E

231E84.4556 2 4409. E9 0
43374. 4 7 -9 .--7211

4 983728-4. 5338'1 5253 84
10 9 1 4.35- .. 4 - -. :.-4 - . - .-- e5 -

200i9517.974
., a= 4 675.r 2

4239072.677 482090.55
~6 r aT,1)9E-2
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LIUK B: NO-BUILD1980-1989

1980 1981 1982

924. 10 1046. A 1I68. 45

I9599. 96 32641. 85 45026.58
39973. 71 9:3436. I 150731. 79

859.92 1940.07 3006.44
13779. 42 47594. 91 1980.3,

20459. 88 34581. 92 48033. 02
53753. 1:3 146081. 09 232712. 17

13438. 26 13806. 44 13449. 59
7421. 34 10623. 17 10892. 5S3

3143. 92 3452. 41 3627. 37
13685. 11 21288. 99 23791. 51.,

16582. 18 1725:5.86 17076. 96
21106. 45 31912. 15 34684. 09

0. 00 1979. 28 4008. 47
0.00 530. 77 1169. 30

4264.12 4859.26 5257.90
6067.62 10161. 54 12070. 43

4264.12 6838.54 9266.37
6067. 62 10692. :31 13239. 73

71370. 09 85821. 00 98404. 96
6982.43 11384.82 14161.31

i 2676.57 144050T 3 1727-8 1. 31
87909. 63 200070. H 29477.

112676. 57 242857. 0 3 -: I90. 22
S79 09. 6:3 268153-. 22 507417. 32

200586. 20 511010. 25 890507. f4



- 138 -

1983 1984 1985

284. 15 3 7 41 42%8. 67
1290.62 1412.79 1534.97

57067. 41 69108.20 E31144. 52
193671. 70 236753. 84 279986. 28

4055. 32 5104. 08 6152. 62
111771.57 141615. 96 171517. 16

61122.72 74212. 2S 87297. 14
305443. 26 378369. 80 451503. 44

12987.26 12560.55 12163.41
10216. 85 961S. S2 9108. 82

3780.88 3941.74 4108.59
24378.45 25116 3"8 262'9 69

16768. 14 16502. 30 16271. 99
34595. 31 34735. 20 35134. 51

6 0 15. 29 8023. 70 100:33. 50
1755.09 2 341. :81 2929. 61

5606. 87 5952.70 6295. 68
12959. 03 13837 . 78 1 4704. 71

11622. Wa 1376. 39 16:329. 1
14714. 112 16179. 59 17634. 32

110738. 07 123339. 20 136138. 15
16201.95 18411. 40 20808. 81

200251. 09 22,3030. 18 256036. 46
370954. 64 447695. 99 525081. 08

529512.-09 679722.63 031667.80
77'656. 15 1073567. 37 1385177. 4!:
138682 1753 9 0.00 22184.2
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1967 1988

4 . 8 39. 14 5, 14 3--
1751. 17 196 7. 37 21-. -

ii s' .-= 41-,. -...

85873.61 90621.7 .,77. 9
297162. 07 315484. 41 335124. 3

6157. 62 6164.61 617.80
71538. 26 17.14L.. 4 9

920:31. 2:3, 967:.6. 3: 8 -0550.100
468 700.33 4-.' 7624. 7 1 -0 . 3 -3

15057. 08 18016. 42 21017
11609. 74 1453. 36 . :8.-

4511.15 4930..55 -36090
2841.34 31894.47 36435. 21

1 9568. 23 22941.97, 26:3783.62
40091. 08 464-. 54403. 32

10504.87 11004.33 112 4
3027.7 -158.2- 3327. 45

7214.8:31 6152.99 9104.6
16580. 94 1:659. 73 209. 8

i 7 19. & 3 19--- .2- - 0628.3
1i00.72 - 8 - 17. 24310. 24

15: -, . 4 ..92.2..- - 5 3-

2823246 308162 9 325 1.8
552945. .- 58475 . 6211: 39. 64

982453.88 13.ES3. 15 1279 42. 69
S. 0:3, 04. 71 1 962455.52 22, -94. 46-

26E63258. 59 3093338. 67 -507,,7;1
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1989 1990 1991

5339.61 -
- 3 9 7 2 1 9 -!f, r;6 0 

9746.7 -

100133. 22
356256. 52 104693" 77 10 99 2;3

372487. 8 0. - 1-

6181. 6:3
175480. 09 4.9317 5 4 -:;. '- 1 14 273- 75

106314. 91
5 3 17 36. 6 1 110,87 E. 02 6498

,- .- .- .1' .41 -5 4 79836. 6 1 75 3: 85 9

24044. 75
21974. 05 26847. 80 28190.1-

.- - '... ... . ~

579.14
42277.63 6187.91 6497.3

4512% 51 47379:69
29842.90
64251.68 330-35. 71 34687. 5069661.077:141

12058.29
3542. 27 12559.88 -3E87.87

36:9. 3.1. .

10065.80
23592.90 11007.02 11557.372599 19 27089.57f

22124.08
27135. 17 23566. 90 24745.4

20 200. 76
39637. 05 2 1 62 7E..1 22 7 0'9. 9 4.A:3. S42424.8 44546-.0

360362. 6538747
662760. 51 "-5 85- 8 40294.b~7~f. I6:395 -

724039. 90

1416817. 3G.
2491073. 96 15 519 69. 85 696.7

:34 -7 -,.. - - . - - - . ' -

390789i. 34 2733926. -.. 1946365.75.-;3 4* E. 4-- 4 6. 9. - -
-~ 2:5:9-72464:3469. 49
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1992 1993 1994

& 645. 5 -j 65-5 7- 7-7 lc -
2S4. 2302 .31 3179. 7

1 0115424. 8 -31 72
4 06,7. Sli 43 12 .4452761

6 15. 94 7 -7 -

19:3417. 44 . 3 3 23319. 90

122240. :E2 I2:35. :6 1 477f. 50
04,1E.55. 23 634 63. 00 66601. 5

23 1 . 323. 3 7
C''52. 5 284f5.30 29825.56

E822.17 7521.45
4542 67 10 54847. 91

421. 242. 46 40155. 11
76801. 33 -0641. 40 4673.4

iS :47. 2 145:39. 63 15266. 6 
40 67. 9 4271. 31: 4484. 7

12135.24 12742. 00 1:3:379. 1ic
23444. :5 29366. 25 31359. 57

'29.51 41. 'E 2645. 71

407:3.:3 4It1 .It 51567. 6

4239. 63 44-244 - 466456. 32

18053. 08 -191552 2 2o23367. 7
C.9.7 4 92 583842i-95301674. 9 2 50430 ,
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1995 1996 1997

9. 4 759-1 4 4-_
:3338. 71 3505. 65 3680. 93

13318. 72 140299. ,6 147:314. 64
47539. 31 499169.27 524127. 74

J8-30. 30 3 4 8 8699. 06
223985. 90 2:35185. 19 246944.45

1415 9.02 148584. 48 156013. 70
699385. 20 734354. 46 771072. 19

34265. 35 35978. 62 37777. 55
31316. 84 32 882 . 6 -E3,34526. 81

7897. 52 8292. 39 8707.01
57590. 30 60469. 82 63493.3

42162. ':7 44271. 0.1 46484. 56
88907.14 93352.50 98 020. 12

16029. 94 16831.44 17673.01
4709. 11 4944. 57 5191. 0

14048. 05 14750. 4 1 47. 9
32927.55 34573.92 36302.62

30078.130 31581.90 33160~. 99
37636.66 3 95 1 .8.-49 44 94. 4 2

276029. 25 28 9 30-. 71 304322-24
54146. 02 56853. 32 59695. WS

4:39779. 14 51426.3. 09 539981. 50
8,3007 5. 0 2 924078. 77 9 702.2. 71

2 125 :6 9 2 2:-- 2C--E,'6. -3" 231 4 164.8R4
3764912. 49 3938909. 32 410:3500. i
5890646.1 3 5161475.68 6417665. 75
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1998 1999

~ ~4058 -23864.97

15468 0. : 8 162414.40
550:334.1i2 57850. 83

.-.. i ., - 90 F -

.134. 01 ,. 0...,

-16381. 3 So 172C005.. 1.-
809625,.8 850107. O'9

- .- - - 41649. 75
--25-. - 38065.81

9142. .9 59.9. 4.
70001.3 -66667. 97-

'4 8:U:8 0 79' 51249.23

40921. 13.

8 -556.66 194: 4.5

5451. :39 -

''-262.30050
3811i7. 75 -00-3.64

3481.0436559. 99

62680.'. 14

- - - -0-9--3-. .9
0~ 18 U9 . 8'5

425I 919.1 44064744

671 6 89
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LINK C: NO-BUILD 1979-1999

1980 1981 1982

1783. 62 2371. 5 2959. 40
1070. 82 r ' 1482. 32

Car OC 14?42. 79 27 317. 04
TC 29915. ME 74122. 9 104522. 3

Bus OC 603. 77 1021. 94 141- 42
TC 9512. 77 2559.49 36732.65

Total OC 15546. 57 24 815. 55 33231.
TC 3942'3. 44 99382.40 141255. 0:3

Class 2
Car OC 10123.21 12554.95 14371. 25

TC 5544.22 10113. 27 11702. 1 1

Bus OC 2312. 61 2718. ,- 30 0l0. 99
TO 10053. 34 17814. 8:3 1 9936. 49

Total OC 12435. E3 15273. 79 17372. 24
TC 15598. 05 27923.C 10 3 16 39. 20

Class 3
Car OC 0. 00 1718.07 349.39

TC 0. 00 474. 42 977. 42

Bus OC 299 .. i 4 2,94 :29 4130. IC
TO 4257. 7' 8053. 20 9358-. 92

Total OC E. ' .4 5372. 4 - 753. 49
TO 4257. 79 - 10336. :34

Truck OC 58224. 7 75245 4 6 90305. 1
TO 5881. 16 0821. 49 36 5.. 112

Total OC 89206. 20 12070 7 3 . 148493. 34
IT E51 65. 96 146659 2 196337. 69

Discounted Totals
OC 0 6. 20 19795 48 318476. 0 6
TO fi! ?6 1972i. 74 357090. 20

Grand Total , 1 54. - 3954 222z 675566. 27
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1983 1984 1985

i3547. 294 -; -. 4 2:.0

a.. 4 ..- - U- -

133797. 8E, 163512.-4 10370S 12

1 80 90 2. 9 - 6 - -

7971. 4.59544.2 0 7497. 89

41574. 02 49891.. 3 58.3. 19
S1769.33 22,,057. 26519800

* .. e1, . . - -- -- --- 1.4 .--

16216. 76 18101. 17 20010. 37
139283. 2' 15104.01 17204. 7

.32-4.2 :3570.9 3060. 05
. * . U ,: -- -. -- .- -

21917.1i9 24186. 40 26771.85

19500.7 8 21672. 06 23870. 42

35200. 46 39284. 42 43976.5

5200.0 6965...55- 872, e----8-o o

1479.71 993-.84 2521. 9

4596.25 ;: 5C 6. 5:3 4523. 19
1049. 56 11647. 23 1218M. 15

9 S.04. :*:.5 12026. 0 14252E- ,
11977. 27 13641. 07 1 53 31. 14

105584. 66 121040 14 136571.52
1670 . 9E 20215.66 2425:3. 8

17646.80 204629 6E 232877.- 50

2456530: 29698. 29 348758. 5 1

-.4750; .87 582300. 77 720502. 2:-:
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1986 1987 1988

4:.. ... J.J . 5 5 C 2~ 1 S. -,.-, 246. A

2 6..-2.9. . 914

58965 . 8C .,..1.5.1

20.C9556. 31 22-8 24a 6a. 3 :".. 24a

61899.. 60 65420. 66 - 3 2
292726. 63 313926. 04 31a99 296 24 2 3.2

2 47. 09 41 . 2449 2

0 a. a 3 6 1 8 a . a32 . .6*na.C a 4-- .

25094.05 26102.24 27:09. 38
49872. 07 532 1. 44 56480. 63

8908. 6 9064. 76 a-a9 ,
- .a j -..-. a1  e, * ;. . 3~' -

C6 14.C 2662. .. 270.,, .

5J 6 7 6.. :. 82 . .9 5968-a.: 5
1 3.2- 9 5e . 9 5 3.- 4 . 9 .- 8 8 .- 8 .8-6 1-

14585. A5 14887. 34 15187, 8 -
15910. E 1653143. 64 - 36

1 .4 , 8 6 2 -8 - 0. 4 4

138J'8733o . 21. ; 17021. 61 44457- 14. .4.

a-1 - - - - -+a-+

.. ao- -r aa * ~ :: -

857565_. . .5 ._: 11.3.. 3. . 2 1 ... :5 - H
1146628. 41 134 74 9 C. 154 i --
2004193 9I 2338623.90.

C.11oo
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1989 1990 1991

6 G;5 04. 7 71631 31 75265.38 -
243731. 73 -- - - 7 785. 14

3985 4273.3 44870
'1 5 991 - 12

72443. 759 54. 67724

--- .- - - -

22 -2- 23397. 2 24 ,-
- .o ==-

5333.91 5695. 74 5
38895 .9 41:.-:4. 4 -3 1 1

28 .2909:3. 6 30543. 34
59699.82 629 9.02 66064.97

9374.66 10006. 10
2753. 99 2939. 49

14330. 07 15404.83

15488. 3- 1- 7 16578. 34
1704. 07 1 A 7 0. 8 -834.. 3-

202924. 5:3 2137.62 2 2938-4. 50
395 76 42946. I 0 4r94 4

3 -J9 . ... 6 7 . :. E.
472127. 3:8 499 EU '''~ 524664. 27

1724969. 32 19 0 Q 48. 35 2067416A. 17,
29715. 126579- 4 3441 :
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192 1993 1994

76073. 6 0. 2.2- 47

8 7 5 5 -9281174. 40H 29523. 1 3 34 !:

4711. : 4; 4 E
i o-,, a .- i.-, -.- - 9 .133 f03 7 4"4. -10 4 47453. 18

83740. 03 -,74 7.

25 i 49 I-j .LO... _.- -- C2

4198 03 4356,4. 72 457447. 95

25796. 21 27086.02 28440 e-.3-

6279- -- -593.5--623.20 .

4579 .75 4
' i- .l . -" ' : : ""4 :

32075-. A -- '--. Q 35363. 5269:368. 22 72836. 62 "P6478. 46
0506 4 Co 0.'25

3086. 46 E. 3 4.- 7 T? 3402.~8_- 36190.13 6 7 2- 4 5 9-1 04U .

16175. 0.6 ..; 17

17407. 2E. 18~27C. :- 19191 5;19261.54 2- 6 121-2- 3.'S

241378. 73 253447.6 26620 0

746C 1. 7E378
S -. 57'442. 36 E07364.

5 -,.158 12 .9 1686410. 47 1, 2-:., :,
2224 85. ES 373:42. _3 2 254 7 . 7:--310007'. 74060251.T 4267.7-
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1995 1996 1997

4511.0 BC. 437. 49 4974. 3

91 45. 4 96059. 82 1008,2. !
325494.52 0 3417 69. 24 358857. 70

5454.01 5726. 71 6013.05
154825. 84 162567. 13 170695. 4;

9 E9:39. 5 1017E6. 53 10ESE75. 86
4 0:32 0. 3 5 504336. 37 529553. 19

298362. 34 :31:355. 45 32923.2:---
27292. 70 28657. 34 30090. 20

7269.36 7632.83 8014.47
53009. 6E 55660. 16 5b443.17

371 31. 70 38988. 29 40937.70
80302. 3 84317. 50 88533. 37

12162. 47 12770.. 60 13409. 13

7988.6fc 8388. 03 880 7. 4 4

18724.6 1 9660.,90 2 064:3-. 9?5

20151. TO 2 15 8. 6:3 22216. 56
22297.64 23412.52 24583.14

54812.33 57552.95 60430. 6D

4 33 6 4:* 2 455330. 81470097. 35
--: 3,. 70 6 69619. 34 70310.9 31

1 0723:=; -,:: 1958592. 62 2039694. 52

4520 9. 0 473271 = 3 4 9'Cl-% . F.
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1998 1999

5223.09 5484.24

105905. '95 111201. 25-
376800.5' 395640.62

6313. 70 6629. 39

112219. 65 117:30. 63
556030. '5 58 3 3 2.3

3 4 569. 39 36297. 86
31594. 71 33174. 45

8415.20 8835.96
61365. 33 64433. 60

42984. 59 45133.81
92960.04 97608. 05

14079. 58 14783. 56
4136. 16 4342. 97

9247.81 9710.20
21676.14 22759.95

2332.3 24493.7-

323470.56 339644.11
63452.13 66624.73

* I

300 . 311293
5122622.8t: Hl1963
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LINKA: BUILD - 1940-1999

198) 1981 1 32

-
--23,. 7 -8 " .1C,

924. 10 966. 45 100E:. 81

1590.. - 2511:3. 71 3532 . 14
10IS0 . E20502. 5 34576. 78

645. 04 1444. 67 2337. 90
3638.93 9607. 14 18114. 48

16553. '7 26558. :39 37660. 04
14245. 09 3 0 109. 65 52691. 27

10526. 98 9771. 03 9356. 0
1862. 67 2050. 35 28.4

2303. 10 2393. 85 2534. 78
3416. 00 4067. 99 4934. 78

12830. 08 1216E,4. 88 11891. 77
5278.67 6118. 34 7219. 20

0. 00 1364. 89 2800. 45
0. 00 96. 94 235. 33

-3100. . 349.- 7 3-. -. 75
1489. 01 1939.85 2563. 02

3100. 2 4856. 64 6786. 20
1489. 01 2036. 80 2790.35

627'82. 56 -4 62 . 72: . 9'-9

2143. 91 2586. 72 31 58. 6

9526E.. 79 11i12 08. E3;- 1 -3 014,3. 0 0

2956. 6 8 40854. C 65867. 2
235. .ED 59959' 0A3193

11 42. 472554'4 414505h. 31
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1983 1984 1985

3455. 4e 4014. 82 4846.3275
1051. 16 109:3.-51, 12L .

47125. 71 60499. 41 49857. 920 2
54254. 34 1 0 1'. 09 212. 00555

3344. 84 4454.86 35::3. 73:,172
30075. 0 46441. 18 46343.61117

50470. 55 64954. 2, 53441. 65389
84329.42 127459. 27, 121E955. 6167

9096. 42 13.73 6467. 769952
2546. A 281529 2526. 348756

2701.86 2874.09 2022.353557
6031. 17 7371. 10 6263.366172

11798. 2: 11712 .82 E49.123509
8577..35 10186. 39 '37,. 71492':

4412.89 6223.80 5505.454674
431. 11 700.94 754. 5529 5917.3

4558. 63 517. 70 4177.426537
3394.29 4470.31 4464. 966641

8971. 52 11402.49 9682. E;8: 12 11
3825. 40 5171.25 5219. 519601

81072. 27 899 e. 6 5 E63346. 62333
3882. IS 4783. 77 4085. 17992

152312. 61 177066. 24 134961.22869
100615. 15 147600. 6:3 147050. 0312

412455. 67 U2 9 09.4 601250. 5034
1:E69:S3. 2C 2842173. 7 362836.3252
5994433f 813312.04, 9 6 4 0S6. 236
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1986 1987 1988

51 13 4: 5 -'- 0 6: 2- 5 .5662- ---
1267. 1- 4333 -T " - - . 1 .4 -39-- -

53358.32061 5691. 24731 60444. 9674
94520. 24709 107 69 3. 7 998 12 2 2 0- ,,5 2

3 ,7 6. 593 5 8 3764. 96024 38.4E. 94 0G7
5,-,1 ~5:7c 557 1. 66757 60869.64642

57034. 91366 60656. 20755 64293. 90-33
145391.8351 163405.4674 183078.0317

77 22. 96:247 9013. 577:319 10335. 1902
3251.672759 4080.459455 5 021.039731

21166. 1138 222 2 309. 0 E,8 2 4 5 . 9 4 298 7
7n47 2-,37:3 7393. 3 66 SE 04. 51::6.

9889. 4 87069 113 22. 1609 12786. 14018
10298. 90654 1973. S2546 1325. 5534

5945. 025838 63S6. 0 4S53 6E2 7. 3:3690
363.52102'8 983.5102303 1115.16227

4772. 760275 13378. '397575 5994. 41i9249
5448. 129276 6 55. 8.:796 7'S06. 7,3329

1 G717. 7 8 6 1 11765. 04653 12821. 80616
6311. 650305 7542. 399026 8921. 945599

66649. 7 0369 ' '- - -- 3 2 6n 3. :3,-"' "2'
4580. 461556 5123. 622091 71F. 435882

144291.8905 153701.2064 163165.7414

670749. 906 1 737444. 9321 :01230. 4623
44:3072. 3577 524670. 202 607367.5872
11138 2:2E .4 i 2 1 . -41 1- 40 5, E. 05



- 154 -

1989 1990 1991

5934. 9375 6207. 09 6517. 4445
4-464. f5L -333 1529. 696667 --. 56. 1815 -

6 4 1.34143 67580.36016 72077. 90214
13814U. 3815 155566. 7989 1 -411. 03'-!

3928.727391 4004.567039 425-9. 387088
66351.25334 72162.15678 82743. 1 26 6 6

E7 939. 06882 71584. 927I9 76337.28923
204491.6349 227728. 9557 261154. 21 a

11683.72025 13055.48465 13E9-. 9845
6081.836299 7271.359467 8325.782247

2594.283247 2 7 30. 4'08 92 2,39 6. 62423
9 7':-. 3. . -4 4 -10 ,32 --3-0- 112- 6 -. --:407 TO

14275.0035 15785. 97355 16795. 79087
1586 5. 272 18104. 29248 206-37. 12303

72,. 203278 7707. 929649 8212.267768
1259.124254 1460 4 84 93 1622.531371

6617.532412 1247.053507 7707-23737
9201. 451133 10752. 62613 1232!. 2564

13885.74069 14954. 9916 15920. 09151
10460. 57539 12168. 67462 13950. 78327

76567. 73905 79367. 44624 04373. 09422
6364. 700516 7063. 235975 3014. 93061 3

172667. 552 1 1821 93,,3361 1 93426. 2658

237182. 1896 265070. 1583 303807. 0548

R,--2041. 2941 919847. 9055 9 7 5137. 0 2 8
69 089 -9. 4736 775001. 338 861841. 7
1552940. 76 1694349. 244 V 1836978.826



- 155 -

1992 1993 1994

6:43. 316725 1 ,: 5. 4 S 2 i .- 1 - _7544r 7
1686.490575 1770.854 1,859.35585-c.J... ._._ ._7

o a .4a., - , - - .,.,. a . ?2 -
7 9 '92 . : U 2 817 ,-.23,.1 -1 -..6 .-3

204926.2005 235720.0766 24. -. .E 3

4526.911225 4007. 533096 - - - .5 4

2 9 9-9 49. 6 4 49 ,345004. 5727r 3 2

147835.62493 15 7 16. :37577 F 1 5 0. 6 E '-
9 ' 4 ,8 . ,:- . 6 3'- 1 0 9 6: 53 0t. 0- 6 7 3 2 .

3 07 1. 9 24:39 3 . ".-. 0' :-, ES -3-
14131. 7:8327 16184. 150 . .-142213 -

170834. 183609'

.857 . 549 .32 1-8972. 9651 9 4.. 2., .-

2 t 8. 65995 27152. 953 2:651. 51299-

83742.467769 9299. 233322976082
18362. 111607 2140. 26452 2256. 661294

819 1 . 5 7 9 9 2 7 8 . 9 9 . 0 :34. 0 . :. it,.- -:.- 3 .-

14156.88208 16230.39233 17162. 7961:3

16934..0477 17' 9 E,:
160 18. .- - 3 6. -42 6

1.9419. 4574-c

89 109. '9 1 5 1 14~ 09 2.::, 5 14- -m86 1 5 1

205234.4792 2170141. 5279
..i8,7,.83 - ..0 0 -4 , ' - - - 379. 6967

10279:37. ,3 i 10783479. 541116to19
95 - 155 1. to 1 100 4 4-t 7 0. U -0-1 1 -3: 0- --.. ,.

1' 79 E. 9. 7 44 212 .1:A 0 C3.22 i : '-t:



- 156 -

1995 1996 1997

7 92 1. 945924 831:. 09+Cs 4 -
-95 . .32 3 6 5 2. 2 0 4 9 . .93 . - . . 2 15 2 , 4 36 82 6

90185. 11724 94688. 34693 9941 89304
260935. 9742 274023. 2239 287771'.625

5303.5 5569. 444417 5848.823351
12099. 77 _,706 .7,.,4 1 33454.3377

95488. 6931 00257. 7913I -0267. 7164
39.7522 401090. 9453 421225. 9629

17:320.3 7 . , 0. 5 3 783 19i085. 79564

12154. 35615 12772. 19083 13422. 61522

359 .103843 3779. 2209 3973. 910551

17973. 72599 18913. 67 6 ,'9907. 54159

20916. 4 8535 4 219U. 34004 23059. 70619

30128.08214 31685. 86346 33330.156

10 2 5 1. 48655 10761. 77595 1 . 3
2370. 57,7E8 2490. 374119 2616.3

9596. 829096 1007S. 0-9E9 10 5,3. 87619
18025. 0957 18931. 20834 19883. 441 2

1948. 31564 20839. 87254 21882.27309

20395. 67447 21421. 50241 2499. T 10

1 -3.-C,. 74 -i4 1 IM3342. 4214 .-3-3.

11568. 03857 12204. 81282. 5 1 7

2 39 5 86. 2 3 88 251400. 4254 2E 1.4( E-1

444017. 5474 466402. 9 4938.

1216626. 1295743.69 '- 1370.-5
23807950I . ; 2509713.1 2624911.93



- 157 -

1998 1999

2260. 0 5E3 2373. 061601

104388.7222 109610. 44442
302215. 375.2 317390.572

6142.424903 6450. 9379
140165.862 147219. 4759

110531. 1471 116061. 442E
442-81.2072 464610. 0479

2003. 9 9934 21043.17491
14 10 7. 54:37 14 . 03455

4179.156243 4396. 311636
099. 19124 22072. '36796.

4218.1558 25439. 48655

35066. 73502 36901. 90251

11862.89373 12456.90522
2748.91i75627 288:3. 380511

.E 1, 1 5.-- -46,927 1,674. 24544
2 0 *.,8 4. 2 39 3' 219:36. 1 8869

2297S.36305 24131.15066
-, . E, 24824. 5692

119312. 5942 125:33762

13o0 94426 14378. 76061

7040. 99 290969.0425
514687.0735 540715.2802

124247I.06 13U8527. i42
44.4 7;-:,.OZ1 * 

4 5.0-

2733 15 OE-,2, 3 .23-



- 158 -
LINK B BUILD 1979-1999

1980 1981 r9L

77 -3'3-- - 2 9 428.9

924. 10 ~ 4 2

1590-., 2 38 09. 63 32410. :0

- .- - ~- 1 3 -E. - - -'..: - -
10606e. 16 895. 76 30325~92'

645. 04 13:73. 25 .173. 41

3638. 8963. 4 16249. 94

125182.87 34584.21

14245. 09 4~. , 6

-026 -- 10115.04 9971.02
10526. 98 -L ~ - -,,, I . o-

162.-67 2053. 3079,.62.
2303.0 246.31 258.5

3416. 00 4 033. 4911. 22

527. -6 6141.95 7190.- 84

48.. - i 9.59'. 052 9 .7

...7 8 -, . 5 70299.43 78858.03
95. 7. 3 -9.07 -- .

2310. 6, 3 -. 11. 8 5973. -35

95 ..-. 9 196922. 36 --- 304592.01?
215. 68 103.26 10651. 52

5826.4 123395.6 4690.6



- 159 -

1983 1984 1985

- - :--15~~ -7 36
1290. 62 412.79 1534. 97

42 6. 531 O 65133. 19
456,44 b e.58:5. 02 92 050. 44

04f4 9 5E9, -
2614. 5 39337. i 56514. 07

45232. 49 57175. 59 70224. :4
71792. 105222. ,3, 4, 5 4. 51

9944. 44D- 910. 62 2. 0r
250 7. 82-2 -74 4-1

.7.04. 54 0
59 0 3. 87 065. - 41 05

"82 1. 4 -8 1

o fl ' .1 0

,41 .t;- 97 *'8 . 4 '-

30153. 2-- - 4 1

364l:. c5 --l .4 - 4 -

3427'. 3 *6 ,i.:7- *...'c:.-1
-3419. i 3 7 5 48 56. 2

4226 99I1

86 0 . 0847.6 3249

1 51 14 6 17'- 8.. -n 20639 .

7 7 4 47 35.i. 53
- j i -



- 160 -

1986 1987 1988

456. 9 5 11 4
S4839,14 33. 1

175 1. - - - - -

h1~t~. -4729371. 
-

5.4 80891. 65
10 6 20'.*.0 ~ -39587. 17

55. 02 520.4 5 378-.. 41
E1 E5. 1 72871. 89

75488. 49 . 0840., 86270. 1 4
,6 8 4 6 4. 18 4U1. 11 2 12459. 0.4.6--

1205 57 14256.7 1670 HI

4:103. 1.

3787. 79 -'03.6 5965. O 1

631. 2-3 4268. 24
449 57a - -''- :39246..2

-49 510696.98

156:36. 80 , 8.0. W .- 0 8.38. 3 1
1328 735 -'.0 17968.08

15500. 64

m.- ... .- ,9711.:g8613. 67 9166. .E 9-,-.82
1087. 50 218. 36 02

Obr . -J. s- - --

6084.8:7 696.67856. 63
S7204. 8615. 24

4698 54 - E- 15.4 6
-043.47 1 . 2 9977

4 4 --.2

837. 41 - 109 ::8.

226.77 7 269944. 71

478034i.6 .. --8 5 4597.E.: 56.7055.w 1 . 1 . 6: 5. 74

124036.28 4 6 94 '116309 1



- 161 -

1989 1990 1991

5 3 S'9. E 564..-3 - .594 C19239 7 2 15. 5--

807 4 91788= 5 9021
159039. 47 1049. 4a 2f2

238000. 65 265854. 95 30361.26

18960. 3 G 21437. 68 2212 97286 2 E. 87:2. 11 3949. 08

4599. 2 4943. 48 1
-- 41 9 . 114985. 55 16936. 14

23560. 19 26381. 16 280,4
- 207 15. 4 3 237 E.- .- 8 85 - -

1G253. 6!c 10796. 4 1.5. . 1 '
1517. 14E 65. 53

8770.25 7.02.53103357
1- 0 -: C-5 11'79 53 13667 36

19023. 93 20499.00 21856. 85
r1 . '' -i 1..:.3"'-J. -5589. 62

2' 2 5i7. 27 3::", 6: -3-,36450 T..-
283. .. 07.- ::3 . 3-9. - 94

1913141. 60 -23457 .7880.3 93 8 73. 2131 10 140 16. 9
1918171 9E 2141450. 11 23333. 5



- 162 -

1992 1993 1994

6245. 50 -55M, 77 ®r &I. &
2884. I 0 3028. 31 3179. 72

104612. 31 11157. 1 1908. 01
2 35 .2 3. 61 270265. 55 .310231. 21

E 2 7:3. 39 66 0. 20 7102. 87
111555. 40 127857. 74 146775. lS

110890. 70 11825 1. 41 126010. 8.
347379. 00 390123. 29 457006. 3'

24284. 14 25858. 55 27541. 24
1 1296. 56 i 2854. OE3- 14656. 09

5600. 10 596.1. 85 6347. 48
19185. 87 21783. 56 24786. 1

29884.24 31820. 40 3338-3. 72
30482.4 ~34637.64 39442.20

12 .642 13102.94 13962.76
2196. 42 2514. 16 2UU2. 69

11004. 03 11709. 13 12452. 13
15622. :32 17,838. 45 20517. 13

23293.66 24812.07 26414.89
17818. 74 20402. 61 23399. 82

194348. 26 206925. 69 220 :3,1 . 13
19075.00 21691. 30 24717.45

358416.86 38109. 5E 406695. 6 1
4i14 7 5 . 18 E 4 74;:5 4. ED:5 5 4456E.5. -- 6

1451777. 06 155009:3. 46 1644449.74
+Z+-25 7 G-9 24.2 .5 4 1 381 189. 27
2 5'84 47. ? S 280 49 5 . 2;:- 3 02 56:3.



- 163 -

1995 1996 1997

3338. 71 3505. 65 3680. 93

353932. 09 :372345. 06 391798. 90

7 4 , . , --- -. . 02
167459. 29 176150. 69 15330. 10

13403.3. 09 140916. 46 148 165. 22
521391. 38 5484'95.74 577129. 00

29317. 56 30989. 93 32777. 63
1E,39. 3, 17699. 77 18851.53

6754.90 7152. 69 7576. 49
28097.76 29990. 62 32060. 03

36072. 46 38142.67 40354. 11
44737. 14 47690 40 50911.55

14855. 86 15635. 40 16459. 54
3286. 09 3463. 4 6 3651.89

223. 1:39. 26 14644.
2393. 65 24643.37 25969.0

28079.30 29550.6E. 311'04.33

2346059.15 2480&1. 54 262498.8
28050.06 29867.03 31844.40

432795. 00 456691. 32 402122. 5
620858. 32 654160.00 689505. 86

1734905. 78 31820897. 20 1902680. 90
1510951.36 1634124. 59 1751087.27
3245857, 14 :3455021. 71 365376 . 17



- 164 -

1998 1999

8369. 5 6
3864. '37 8780. 04

4088.29

147038 .. 5
412365. E3 G4 2 1

8763.86925.
S950:30.9 921*5.!11205289. A

155802. 81
607396.75 163941. 7

639414.,75

34686..15 
370920105.64 JE720. 92
2i474.74

8027.46 
5673432.54 5U6. 74

-4285 36822.18

42713.62
54434. 18 452 9. 9

58296.9-

17330.49

3852.304065.72

19413. 3s
1543.85: 16224. 29

27376.6328872.95

32744.34 34473 1 2 2 8 . 3 3 844 7 4 . 7

277903.2929385
3400 1. 8 8 2 9 .3 3 62 .

509164.0
7 2 70 6 1. 74 . 7 0 1. 49

198 491 45
18 2 9 , 4:. K6 7 9 .E.38 4 2 6 0 .8 9 02 23 4 . W.-



- 165 -

LINK C - BUILD 1979-99

1980 1981 1982

1783.62 ~ 271. i 295. 4

ON. 4o i 17270. 9E- 23039. 54
8065. 55 13944. 52 22319. 40

453. 727.3 10 37. 19
2545. 08 4747. 42 7861. 69

12636. 47 1799. 64 2407.. 73
106 10. 64 18691. 94 30181. 09-

7953. 37 9085. 95 10 519. 99
1401. 95 1892. 136 2540.143

1691.64 1922.57 2201.17-
2509.66 -C-6- 40 4274.74

9645. O1 11008. 52 12721. 16
3911. 61 5159. 79 6815. 17

0. 00 1205. 50 2472. 59
0. 00 84. 24 204. 930

2113. 51 2557. 14 3018. 10
1046. 61 1426.45 1955.99

2180.51 3762.64 5490. 69
1046. 61 1510. 68 2160. 90

1735. 44 2360. AS 3179. 72

74192. 27 91417. 60 11,036. 90

17304?. 3F- 2 7 .6-7 6 1 1

9 9.57 1982 0 : 23 1. -



- 166 -

1983 1984 1985

3409970974:'.
- E..- 3j*3

2. 9 6 3. - -

31151.i ~? -~|4 473:-.
46; ~ 71 60 2' .T4 9 7...21. .; 1 1 1 . .5-6. 6--

- 5741 0-8
.~~-1 

S.t*~

55721 4. 5- 9 . 9

14707. 34 16858. 12 5. 6'4- 4. '

4405 i7 447 0S

C.-- -- 1 .. : ... --: -- - -i

2; - 1 15 2 i 2 5

.- - -.- .i .--.. 3, - i E. . 0 2

1-4 0 7i. 34 1 -b- 0 -C . 4 1- 1 3-3

44. E3 91 6 6. 9. -
7 o 4? -4

3 38 90. 12 13120 -1

b .4- --7 .. .

A~C CC!
Lt ~ ~~ 1 '

4 I . 144

105 19d . 7



- 167 -

1986 1987 1988

2386. 69 267. 82960.94

49058. 42 5 2 56129. 64
80812.02 970103726. 11

2494. 23 28 2g. 3169. 932
31698. T2 -, 5 45725. 84

. I -e-. - 5J 552J. 6-5 55:377.04 59995
11 73 300. . - 149451. 5

1 6504. :81 -7, 5. - 17773. 79

6204. 65 E7 EE,377257. 49
* -~

1057'. 44 2187 13828. 7E

19991. 53 2937 21943. 73
16780. 09 ,-, 17. 0- D 21086. 25

- 5086.095

-au E I; n .- ----

5280.5E..... .. . 0 . 4: 3 2

1 2342.40 11 : Q 44 13 242. 10

9 5i. 7E 13:34 4 . -- 48655. 6:,

8875-.15 -0674 -273- 8

202937. 34 225917 243141. 0:3
144470. 17 16437O1083. 4 ..



- 168 -

1989 1990 1991

59794 93 6353. 79 64. 35
A1 --95 1 13 1460. 5 0333. 45

35 19. .

15 4 i 3 4-- ;

E4, 3 . 41 E, 1 4 ' - 1

- - - * a - .- : . . u .Ia -

157,4, 90 1 7906. 5O 20392. 55

8 4 2. 
2 14 1 .

4

64 4 '0

, . . .. .- It i 9 0

. 4 R4.2 144. 43
En.1'-' L 2 .. 31 4 10 7 . C-5

.. . . j - - . .: -_ -. . "

4
1341. 1 04 Et 4.

i 31 E . 13 7 .8 4 6 2e 19D4 D -

15 0 ,-E ; 1- 74 j9j 2-20 0 2.L2

2" -7--:r ri :4-'= - 7 .- 0 .e . ,- -d~ ~ ~ ~ ~ ~~~~2 4-- -Aj-'i. ++1id i -+ .'io|; - - ,i



- 169 -

1992 1993 1994

6573. 60 6 9 02. 28 7247. 4!--
:38R97.55 40 92.03 429.05

72420. 63 77239-.. :3-2 8 2 1 G6.- 85
172214. 63 197600. 7 224474.90

4:394..28 4674.41:- t 4962.:36
82941.74 95189.-1 i2142. 96

76814. 90 81913.73- 8749.-
255156.137 292789. 86 332618. 86

21966. 43 23465. 89 250:7. 86
11017.90 125 14252. 

5579.18 544 24 6324. 30
23269. 58 26602. 16 30178. 58

27545. 61 29410. 1:3 31362. 16
34287. 48 39174. 30 4443O.'81:I

9670. 934 10313. 45 10972. 30
1918. 71 2202. 12 250 1. EE

6429.62 6839. 74 7261. 41
r 9 9 C! 86 G 11465. 32 13025. 3-

16100.57~ 1715:3. 19 1823.71

207090.25 221188. 78 23593771
2 : .S-1 260:42. 24 295 '.1

1274449 92 1364493 85 45095
850528.50 946139.8210416. :



- 170 -

1995 1996 1997

9, -7 4 .&9 4Ci74

4511. S,0

~1 3. 6 2 .- 3333.3 .

.25047. -62-47 .
2 3 .70-3!. 1-S 3-

---I t -- --. - 3- - -

5 222. zf E 12 l46 E. 5 127 24D. C.-
4107. 16

9 C. 101741. 49
91761. 68 3708. 4 392019. 709'-
3,511.-3, ,-

62201 .Ec 2 6C'.
253. 2 2 16534. 73 17866. 3
15335. : 1

- U~-34 5 b 4.

7071.8 4h .114
6E.8 454 3 7070. 27

T352 34I. - 373 46t.04
33241. 005 510E8. 87 437. 1
47600. 9

2155. 4 -3,44 51

11 54:;: 5:7--9 -449 -

2639. 4434

76 4 2 . 37 14516. 33 1533
13746. 91 1

2019 .7 415 6t191on90 173:2.:~: 1;co. :30
-. ~12 9 - j 

3  
1 *-

2- 14 854 -. -4 q .

6 336. :'

26E4 3ED5 . 6-7 L882
50029. 6 34093. 2 3674g.

4C:4 . 94419,1

44 .7 4 33 .. 50 .
446t; 4.44

t--D.4.. 1
7 7-- ~



- 171 -

1998 1999

-- " f'9249. 72
5 39M 5484. 24

101044.86 106396. 70
28i1:36. 33 296E20. 66

6085. 4 CO6403. 18
134491. 00 142249. 76

107130. 2,-' 1-.12 799. 8 ':
414627. 3 3 438:70. 42

3 16 74. 78 3358 2. -92
19350. 14 21006.75

7904. 31 8354.23
39844.75 42912.41

39 579.09 41937.14
59194. 89 63919. 1W

13466. 98 14174.33
3109. 30 3287. 98

E21, 8:3 17 15 8. WD'

22..375. :3 2:548.8:4 -9326.13 20446.37

4 .. :. 7'- 4 -;6,5

5:3 2 31. 2;. 56 19 1 . :3,

. - 1 . - '

:'9 3i 2i 6 '. 7 2 71 4 1 1 1 1 46



ANNEC

DEMAND ANALYSIS AND EVALUATION METHODOLOGY

FOR URBAN TRANSPORT COMPONENTS

for the Transpo-:tation and Land Sectors

of the Colon Urban Development Project

Draft prepared by Robert M. Sarly, Consultant, for the World Bank, Urban

Operations Review & Support Unit.

April 1980



RMSarly:dm/bb/al

COLON URBAN DEVELOPMENT PROJECT 2/29/80

Demand Analysis and Evaluation Method
for Transport and Land Sectors

Context

1. Summary of Approach

In multi-sectoral urban projects, significant changes in the level

and location of linked economic activities will result from direct project

interventions as well as induced program impacts. In given circumstances,

projections of future locational demands for residential and employment

land cannot be readily made by extrapolating past trends. Structural

changes, such as relative accessibilities, aggregate demand, supply of

serviced land on the market, and overall location cost borne by the activity,

will affect returns to investment throughout the urban economy and particularly

in the Land and Transport sectors where locational preferences are most

directly exercised.

Within the framework of an urban development project, analytic

method is needed to identify future levels and locations of economic activity

with sufficient confidence to serve as the basis of rudimentary cost-benefit

evaluation. Any given method, especially one with an operational focus,

will be a highly simplified application of basic non principles. The

particular approach described herein is adapted from an operational tradition

of Strategic Land Use-Transportation Analyses in which some quantitative

detail is sacrificed for quickly determined strategic indicators of overall

project impact in the urban area.

The method is based upon a conurbation of manual calibration,

and manual and programal estimation. The program is written for use on a

Texas Instrument T159 hand-held programmable calculator, with use of

attached paper tape printer. Discounted time and operating cost savings are

automatically calculated for each link, year, mode, income group and (if



required) origin of trip. A complete run of a given configuration of transport

inputs takes about four hours.

The entire study takes about two calendar months (3 mm) including

Data assembly, input generation, manual calculation, programmable estimation,

manual estimation, interpretation of results and reporting.



COLON URBAN PROJECT

JUSTIFICATION OF HIGHWAY COMPONENT: II

Summary of Results

1. The highway improvement is economically justified. From

the perspective of intercity transport alone, the investment is already

overdue, in that past "territorial" constraints on the expansion of the

highway to meet growing demand in the region and between Cristobal Port

and Panama City has resulted in near, or above, capacity levels of service

on the highway. (See IRR, FURR, and increase in C/B ratio -from 1973 to

present below section E: Justification).

2. The integrated urban development project to revitalize the

Colon sub-region proposes to increase and disperse economic activity and

housing in the corridor between Manzanillo Island and the Cativa/

Sabanitas suburbs. The resulting additional metropolitan travel demand

in effect transforms the highway, which is the only transport spine in

the sub-region, from an inter-city to a metropolitan transport artery.

As such it is an indispensible component of the integrated urban development

program (see below section C: Impact).

3. Demand for the road improvements to the Boyd-Roosevelt Highway

between Cativa/Randolph Road junction and Manzanillo Island is a direct

result of the implementation of the integrated urban project, and in

particular of the employment and housing components in the Expanded Free

Zone, Porto Escondido and industrial zones (5, 6, and 7 in the attached map).

Indirectly additional travel demands will also be generated in Manzanillo

Island and Cativa-Sabanitas (Zones 1 and 8), as a result of the urban

project (see below section B: Context).

4. Reductions in the overall size, or delays in the implementation

rate of the urban project would reduce overall demand for transport on the

road, providing that both employment and housing were reduced in equal

proportions. However, if employment in the new Free Zone sites is to

develop in any event, as is currently planned, while the housing in Porto

Escondido (Zone 6) is eliminated or reduced, then travel demand on the

road would increase further, due to the increase in average consequent

commuting distance (along the Boyd-Roosevelt corridor) between jobs and

homes.

5. In the absence of both the proposed highway improvements and

new housing, residential preferences, especially for low-income households

would generate strong demands for locations in the proximity of employment

resulting in illegal squatting conditions if affordable legal options were

unavailable. The areas most likely to be affected would be the Expanded

Free Zone industrial zone and Rainbow City (zones 5, 7, and 4), where land

would be available, and to a lesser extent, Manzanillo Island (Zone 1)

where services would be available.
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6. At the other extreme, implementation of the integrated urban

project, but without these road improvements, would undermine the effectiveness

of the urban project as a whole. The growth of travel demand on the road

would quickly create congestion and loss of efficiency to all road users.

The disbenefits to the urban project directly attributable to the absence

of the proposed road improvements, as shown in the attached memo, would

represent a significant share of overall project benefits. Disbenefits to

goods movement, which generate 10% of the trip volumes, represent 60% of the

total operating cost savings achievable on the road by 1984. Bus travelers

which amount to 50% of the trip volumes, would bear about 10% of the operating

cost savings, while car travelers (40% of the total trips) would derive 40%

of the total operating cost savings. The low- and middle-income travelers

generate 25% and 35% of the trips respectively and would incur 6% and 10% of the

respective total disbenefits.

7. In view of the above, implementation of the urban project in its

current form including the proposed road improvements would appear to

generate the minimum negative externalities for the transport sector in the

provision of essential access to linked economic activities in Gran Colon.



COLON URBAN PROJECT

JUSTIFICATION OF HIGHWAY COMPONENT: II

A. Objectives

1. Implementation of the urban project is not required to' justify
going ahead with construction of the road: as shown below, the road is
justified on the basis of regional demand. However, the road is required
to ensure the urban project realizes its objectives, particularly:

(i) the objective of stimulating improvements in key sectors such
as transport, and in the level of transport services in Colon,
to reduce travel costs and improve standards of access;

(ii) the objective of avoiding the disbenefits of $18,027 million
(present value) in additional travel expenditures on the un-
improved road (1980-1999), that would be incurred by the
Colon population were the urban project to go ahead without
the road component; and

(iii) ensure that the imminent rise in the volumes of trips along
the road caused directly by the housing and employment com-
ponents of the project are satisfactorily served, so that
bottlenecks do not arise that delay overall project imple-
mentation causing cost overruns and development imbalance.

B. Context

2., The existing two lane Boyd-Roosevelt Highway is the only access
corridor between Colon (i.e., Manzanillo Island), the main housing and
employment development areas of the urban project, the suburbs of Cativa
and Sabanitas, and Panama City (and the rest of the Metropolitan Region).
Upgrading of the highway as proposed in the urban project will be along
its existing alignment. No alternative alignment is likely to develop
in the foreseeable future.

3. The roadway widening part of the project comprises a doubling
of the existing two lane highway which extends from 800 meters east of
the refinery junction in Cativa to- the-Randolph Rad jtnction for a
distance of 6.8 kilometers. The one-way loop part of the project extends
from Randolph Road junction to Manzanillo Island for a distance of 2.5
kilometers inbound and a return route through Rainbotq City for a dis-
tance of about 2.8 kilometers outbound. There are about nine junctions
all of which will be at grade. Lane width will be 3.65 meters and the
existing one-way loop roads will be brought up to comparable service
levels as the main highway by means of resurfacing and geometric design
of junctions, storage lanes and slipways.
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4. On the basis of the regional demand projections made in the 1973
technical ard feasibility study of Boyd-Roosevelt, the expansion of the
road from its current two lane capacity to four lanes was determined to be
economically justified from regional demand alone. On the basis of- 1973
cost estimates this produced a benefit-cost ratio in the range of 1.8.
Regional travel volumes then were estimated to be over 6,000 average daily
trips (ADT) in 1973, with projections of over 10,000 ADT by 1980.

5. Current travel volume estimates based upon survey data collected
by the Ministry of Public Works (MOP) in 1979 show current volumes along
the road to be about 10,000-12,000 ADT, growing at an average rate of about
5% p.e. Current peak hour volumes are 1,200 passenger car units (PCU), which
prevail an average of 28 hours per week. This peak hour demand exceeds the
assumed effective capacity of the road during 25% of the travel week.

C. Impact

6. Without an urban project previous trends of traffic growth within
Colon, and between Colon and Panama City, suggest that demand would continue
to grow at about 5% p.a. producing 1984 ADT of 12,000 and 1990 ADT of 16,000.

7. However, in view of the dual impact of the urban project on Colon
the expected grovth in traffic demand will be about 20% greater due to:

(a) the accelerated development of economic activities in Colon
resulting from the urban project; and

(b) the increased dispersion of project activities within the Colon
sub-region, whose inter-relationships will rely on effective
sub-regional transport access.

8. The economic analysis of demand for travel on the Boyd-Roosevelt
Road done for this project component has taken the above impacts into
account. It has been constructed upon conservative assumptions of trip
generation, trip distribution and modal split, trip assignment and travel
cost. The method distinguishes nine origin and destination zones in the
city, three income classes and three travel modes. It also distinguishes
operating costs and time costs.

9. The results of this demand analysis show a rapid increase in the
number of peak hour PCU's from about 1,350 in 1980 to 1,650 in 1981, 2,000
in 1982, 2,300 in 1983, 2,600 in 1984 and 3,900 in 1989.

D. Cost

10. The capital cost of the road component, based upon preliminary
estimates prepared by MOP, is S5,772 mijlion (base) plus physical and price
contin-ncies for a gross of 8,700 million.
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E. Justification

11. Assuming (conservatively) an actual capital cost of about $8.0

millin (not including price contingencies), economic evaluation of the

road i :oject shows a benefit-cost ratio in excess of 2.25 and a net present

value if $10.03 million, not including time cost savings.

12. When time cost savings are taken into account the benefit-cost

ratio rises to 12.94, and the net present value increases to $95.50 million.

13. The first year rate of return is 110%, showing that the optimum

time for initiating investment in the road is already past, and that

further delay is not justified.

14. The internal rate of return (IRR) for the road is 39.75% not

including time cost savings. When these are included the IRR is in excess

of 100%.

15. Sensitivity tests on costs show that a 20% rise in costs reduces

IRR to 34.65%, and that a 20% fall in expected benefits reduces IRR to

32.15%.

RMSarly:bb



COLON URBAN PROJECT

ROADWAY IMPROVEMENT: ORIGIN/DESTINATION TRIP VOLUMES
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2. Introduction to the Demand Analysis

Amongst the objectives of transport sector intervention in the

Colon Urban Development project is the provision of an efficient transport

system to make linked economic activities in metropolitan Colon more

accessible to the urban population. Since the impact of the overall project

is multi-sectoral and complex it will not be possible to represent its

derived benefit in a single measure such as a cost-benefit ratio, or

internal rate of return. The estimate of the transport components' net

worth, its benefits and costs (associated with road widening, traffic

improvements, bus and train service provision, bus fleet expansion and

vehicle maintenance) are therefore defined by the following evaluation

measures:

1. time savings to bus travellers

2. operating cost savings to bus travellers

3. time savings to car travellers

4. operating cost savings to car travellers

5. time and operating cost savings to trucks

6. time savings to train travellers

7. levels of service for the public bus system and

primary road network

8. travel expenditure share of household income

9. generalized travel share of location costs for households.

Each of the above terms is measured for nine separate geographic

areas in the metropolitan region, and with respect to its incidence in

three income classes. The areas are:
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1. Manzanillo Island (excluding the Colon Free Zone)

2. Colon Free Zone
3. Cristobal Port
4. Rainbow City
5. New Commercial Zone (Coco Solito)
6. Puerto Escondido
7. New Industrial Area (Export Processing Zone)

8. Cativa - Sabantas - Puerto Pilon Suburbs.

9. Rest of the Metropolitan Region and Panama City

The three income classes are:

Average HH income per month

1. Upper income (top 2
deciles) $1800/m

2. Middle income (from
4th to 8th decile) $425/m

3. Lower income (bottom
3 deciles) $125/m

3. Method in General

The method for estimating the above evaluation measures

relies on an aggregate strategic analysis of transport and land use changes

over the project period, and on their interaction. On the basis of these

estimates are made of the generation, distribution, assignment and cost of

household and business trips, for each income class and for every zone in the

region. Travel cost forecasts serve as the basis for estimating locational

demand in general, and in particular the values of land in different parts

of the region. From these estimates, long-term implications for changes in the

land use structure of the Metropolitan Region are determined.

Future levels of demand for transport facilities and services are

taken as a function of the future urban spatial structure and the rate of

growth of economic activity in the Colon Region. These are expressed

logically in three levels of a strategic development analysis, as shown

in the following diagram:
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Strategic Development Analysis

Inputs Feedback Outputs

Level 1: Regional growth

Investment & Investment growth

Employment . Employment growth

Inputs Income growth

Population growth

I ong term feedback
cn Comparative
Urban efficiency

Level 2: Urban Land

Land Supply Land supply Measures of land

Inputs Rent ) use demand

Consumption/Density Costs and Benefits

Service levels
Attract Pvity
Location costs

Lcort Term feedback
_t- Comparative

Level 3: Transport Lcation Costs.

Transport supplyl Trip Generation Measures of travel
Inputs Trip Distribution demands

ModaJ split Costs and Benefits
Trip assignment
Generalized travel cost

Each level of analysis starting with Regional growth provides the operating

assumptions upon which the next level projections are made. The analysis

is validated on the basis of existing conditions by calibrating the governing

relationships linking the supply and demand of transport and land, from

survey and field observation. These relationships then derive the projection

of future demand levels in terms of changes in supply and the behavior of

the urban economy under conditions of growth.



4. Method in Detail 4

The method is made operational in three phases:

1. Manual calibration of functional relationships governing

the changing values of transport and land demands by mode,

link, zone and income class.

2. Programmable estimation of travel benefits by mode, link,

zone of origin, and income class

3. Manual estimation of location cost changes and imputed

affect on the demand for land by income class, zones

density and rent values.

4.1 Manual Calibration of Transport Demands

The governing relationships for the transport analysis are

shown below:

Trip Generation and Distribution

(Equation 1) Tz P' Z

(Equation 2) T " P.

Tzo , number of trips generated by an activity (residential/i

employment) z for purpose o from origin zone.

Tzo = number of trips generated by an activity (employment)

of type z for purpose o to destination zone j.

Pz = Population (or number of employees) associated with

that activity

z = Propensity for each unit of activity to generate a morning

peak hour trip.

This function is used to discriminate trips by origin zone, i,

destination zone j, car users and non-car users. It is

used to generate estimates of existing conditions reflecting

known overall flows of public and private traffic.
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0z 0mzo Dmzo
(Equation 3) T = i j B

jmb
ij

Tz = Total trips per modem between zones i and j for
activity type z and figure o.

Omz = Number of trip origins in Zone j, for mode m activity z,
purpose o

D zo Number of trip destinations in zone j for activity z,
purpose o.

C b Cost of travel between zone i and j.ii

b - Elasticity of demand for travel with respect to cost.

B Normalizing factor = 1/ Oi D i/C j

Trip Assignment & Costs

Given the simplified structure of the transport network in metropolitan

Colon, inter-zonal traffic is assigned directly to links. These links

acquire traffic loads which generate congestion as a function of free flow

link speeds and design capacities.

Travel costs are estimated in two parts:

1. Operating costs, measured in terms of average use, speed and distance,

characteristic vehicle cost per kilometer at link speed.

2. The cost assumed in terms of real (i.e., congested) travel time

elapsed per journey plus the (pedestrian) access time at either end of the

(vehicular) journey.

(Equation 4) Gc = C + C

The cost of travel is aggregated for each income class and each mode

for all trips made by households in a single origin zone to all other zones,

This measure is taken to be the generalized cost of travel for the typical

household in each origin zone. Truck trips are similarly aggregated by

employment-origin zones for all trips.
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The results of the transport analysis are fed back

into the land analysis in terms of generalized travel costs per household.

These values are then used to reestimate locational demand for land in different

zones in terms of residential densities, land rent and numbers of households

to be located in each zone.

The governing relationships for the land analysis are as follows:

4.2 Manual Calibration of Land Demands

Demand for Land

The first function determines the quantity of land consumed by

each activity lz given the unit rent of land, r1 and the income of the

activity w7. The relationships amongst these factors (land consumption,
i

rent and income) are governed by three parameters:

(a) constant coefficient, kz

(b) price elasticity of demand, p , which is negative to reflect

the reduction of land consumption that occurs with an increase

in rents.

(c) income elasticity of demand ie, which is positive to reflect the

increase in land consumption that occurs with an increase in

incomes.

The demand for land function is specified in the following form:
ie

(Equation 5) 1  = kzr~ . wZ where:

iz
1 = land consumed by household

group z in zone i.

ri = rent of land per m in zone i

zw = income of activity z

p = price elasticity of demand
for land

i = income elasticity of demand
for land

kz = constant scalar.
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Cost of Location

The second function, determines the total cost for an activity, z,

resulting from the selection of a location in zone i, C , as the sum of the

cost of land rent 1 - r plus the cost of building rent S .b Z plus the

transport cost associated with locating in the zone Az g plus the cost of

providing the zone with infrastructure services FZ .Oz. The transport cost

is calculated as the weighted average of the cost of all trips made by

that activity in that zone. This cost connects the land use sub-model with

the transport sub-model. The function is specified in the following form:

(Equation 6) Cz = lz-r + S . b + Az.g + F *c
Si i i i i i i

Where:

C = Cost of location for household group z at zone i.i

S1-ri = Cost of ground rent for land consumed.

S -b - Cost of building rent.i i

Where: S = amount of built space per household.

b = unit cost of space.

A gZ = Transport cost.= G

Where: A = accessibility index for HH

g = unit cost of transport

Q
(F.c = Cost of infrastructure for all services, Q

Where: F = standard of service.

c = unit cost of standard service.
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Distribution of Activities

The third function, determines the distribution among all the

zones of each activity in terms of the total number of the activity GZ

the amount of land available for development in zone i, Li, the location

cost of the activity C , and residual attraction Wz. The function

is specified in the following form:
- 1

(Equation 7) G = Gz .L .W .C zBz

Where:

G = total number of households

Gz = total number of household group z

L = total land available in zone i.
z

W - residual attraction index for household group z in zone i.

C = location cost for household group z in zone i.

1z = elasticity of demand for location with respect to cost.

Bz = normalizing factor

Budget Constraint

The following constraint must be respected to ensure land

supply and located demand are in balance.

(Equation 8) G .1 = L

Cost Recovery

The cost of location function is the basis for estimating means

for cost recovery in terms of a recovery rate by cost component for each

activity, and for each location for all public capital investment projects,

as follows:
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(Equation 9)
*zz z z z z z z

RC = T 1 r +T2S .b + T3 A .g + T F . c

where: R = cost recovery rate (aggregate),

Ti= land tax rate

T 2- building tax rate

T 3= public transit fares and road user charges

T = utilities user charges

In terms of this formulation, C may be thought of as the

social cost of location since not all of CZ may necessarily be charged to

the locator. Nonetheless, all of C is recovered as a result of the

locators' choice of the i th location on aggregate, though certain areas

(target groups, project sited, etc.) may be cross-subsidized in order to

ensure affordability.

The inclusion of C in the function ensures that the social

values created by project investments are reflected in land prices through-

out the urban market area in proportion to their impacts for each activity

group at each location, and are recovered without detriment to the benefit

share of the targetted poverty groups.

Income Generation

The demand for land function for household activities is the

basis for incorporating real income, w and not just wage income w. Income

gains and social subsidies that may have been created in different locations

in each of the cost categories as follows:

(Equation 10) 1 __K w__

rpe
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where: w*Z = (Bp - R-C*z + b + wiz

where: Bp = the sum of project capital costs per household

R-C z = total costs recovered per household

bz = sum of income gains resulting from operating
cost savings in each project.

W, = wage income per household.

Difference between project costs and costs recovered measures the

proportion of conferred benefit not directly recovered by tax, user charge

(etc.,) or other methods. The function shows the effect of income gains

changes in location and service levels. Also, the use of b ensures

that locational preferences reflect the aggregate effect of income gains

from constraints on the structure of demand, and in particular on land

prices and location priorities for development.

The income effects identified in the analysis are used to

indicate aggregate changes in the levels of household demand by income

group and location in the urban area. These indicators are viewed from

the broad employment market perspective through disaggregated demand and

income elasticities as the basis for examining consequent employment impact.

This examination requires a separate formulation of a specific income-

employment relationship that applies for a given urban system. This is not

included in the above.

4.3 Programmable Estimation

A general sketch of the method for estimating transport benefits

by means of a hand-held computer program is shown in the diagram below.

Discussion follows this diagram, step-by-step.



Figure 1

Comouting Oferating and Time Costs of Each Alternative
Irogram Steps

1 Each year Compute demand

2-. Distribute demand
amoug 24 hours

3. 4or each hour Assign demand to
network to get
link volumes

4. For each link Find V/C

5. For each mode F-ind speed

6. Find operat-
ng Cost

7. Find time
cost

All links All modes

8. ourly cost s

All hours N

9. [xpand to
yearly costs

10. rDiscount

yearly costsi

(All years

11.1 Total
Discounted

cost
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Step 1: For Each Year, Compute Demand

Demand is used for an average weekday as representative of the

whole year. Demand has two dimensions: O-D pair, and mode. Because of

population and activity growth in different locations, demand between different

O-D pairs.varys in magnitude and growth. There is also a different demand for

each mode of freight and passenger transport. All modes are aggregated into:

truck (freight), auto, and bus (transit). Demand values are taken from the

results of the manual algorithm.

Step 2: Distribute Demand Throughout the Day

Demand also has a temporal and a directional dimension. 
Usually demand is not

predicted directly for an hour, however; it is 
predicted for the entire day and later

distributed. For each direction there is a peaking profile, which gives 
the relative

demand in each hour of the day. For convenience we may say there is a peaking profile 
of 48

hours, where the first 24 hours correspond to one direction 
(positive) and the last 24

to the other (negative) direction.

The most common assumption is that the daily peaking 
profile will be the same in

every yaar for every O-D pair. This assumption can cause significant error when the

network includes major radial and crosstown roads, each of which ex' hibit different

peaking patterns. (The crosstown road has 2 peaks per rush hour while 
the radial has only
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However, in the corridor problem with which we are dealing it is probably safe to

assume each link of the same road will have the same peaking pattern. Different modes

may have different peaking profiles, however. Thus the demand at an hour h is

where D - Dt fh
m,p m,p m (2)

f is the peaking factor for hour h and mode m, and the vector f ,h 1,...,

H is called the peaking profile for mode m. Thus a peaking profile is assumed given for

each mode. It is common to not analyze all 48 hours separately but rather to select

a few representative hours, the results of which are expanded hours in the day which

have similar flows. A peaking profile for peak direction travel in San Jose, Costa Rica
is found in Attachment A.
Step 3: For Each Hour, Assign Demand to the Network to Get Link Volumes

This can be the most complex step of the urban transportation analysis prccedure.

However, our restricted problem definition makes this problem trivial. Each 0-D pair

has a unique path, covering a known set of links. To get link volumes one must

aggregate over O-D pairs and modes. Links, like hourly flows, are assumed unidirectional

and furthermore we assume a link is symmetric in its capacity. Thus the flow on link j

in hour 10 is the flow in the positive direction on link j at 10 a.m., while the flow in

hour 34 is the flow in the negative direction at 10 a.m.

To aggregate over modes (since they all share the same roadway), each mode is

given a passenger car unit (PCU) equivalency. This PCT equivalency depends not only on

vehicle size, but on vehicle performance as well; and since vehicle performance is

differentially affected by link characteristics, particularly grade, there must be a

PCU equivalency factor for each mode and link.

measured
Link volumes must be /in vehicles. For auto and truck this presents no p-oblem,

since demand is usually measured in vehicles, or if measured in passengers, a single
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occupancy factor can convert demand into vehicles. However, when bus demand is

measured in passengers, it is not so readily converted into vehicles since load factors can

vary widely throughout the day. Since bus operations are usually centrally planned, bus

volumes may be exogenously specified. In more complex networks rerouting'is also a

possibility., In the simple corridor analysis with which we are dealing, it is probably

sufficient to assume that load factors on each route at each hour will be the same year-

to-year, so that demand can be measured in vehicles in the base year and treated in

the same way as cars and trucks.

Aggregating over O-D pairs is simple summation, so that the link volumes are:

Vt,h p t,h e
a 2,mvp ap (3)

where

vt,h = volume (in PCU's) on link a in hour h and year t
a

Dt,h demand for mode m between O-D pair p in hour h and year t (measured in vehicles
m,p

e = PCU equivalency factor for mode m on link a

1 if link a is on the path between 0-D pair p
a,p (0 otherwise

In addition we will later need modal link volumes, which are:

Vt,h = D h Zap (3.1)
m,a m,p

Step 4: For Each Link, Calculate the Volume/Capacity Ratio (V/C)

Since the volume has been determined in Step 3, all that is needed is the link

capacities. These are given for both alternatives (no-build and build), and are the same

at every hour in every year (barring the use of reversible lanes, peak hour exclusive

lanes, etc.). Therefore, for any link, hour and year, for an alternative b (no-k-uild or

build,

(V/C) t Ih tb = V t + C b (4
a a a

whcre

Cb capacity of link a in alternative b

(V/C)t,h,b = volume/capacity ratio in alternative b on link a at time h ia year t
a
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* ce each alternative is analyzed identically, we shall remove the superscript b and

continue with the notation (V/C) t,h, realizing that its value pertiains to a particulara

alternative.

Step 5: For Each Mode, Find the Speed

The speed at which traffic flows on a link depends on the volume on the link

and its capacity. All existing models (to my knowledge) give speed as a function of

the volume/capacity ratio. Recognizing that volume and capacity affect speed not only by

their ratio, often there is a family of speed-flow (speed vs. V/C) curves for roads of

different capacities, e.g., 2-lane and 4-lane arterials.

Because of different vehicle and operating characteristics, the speeds of each

mode will be affected differently by congestion. Therefore each mode will have its own

speed-flow relations.

Therefore the speed of mode m on link a which is of type s will be

th -- s (V/C, )t,h)
ma m,s )a

where .

g * ]lis a particular speed-flow relation for mode m and r*ad Eype s.

Different functional forms exist for the functions g In order to identify the

appropriate curve to be used for a particular link (given that mode is known), there

must be a pointer specific to each link indicating the correct curve. If all of

the curves have the same functional form with a different parameter(.g., minimum

speed), the pointer may be simply the parameter and thus the functional form of the

speed-flow curve needs to be stored only once. This pointer or parameter is called s .

(It seems obvious that the speed of the bus and truck modes might be affected by

grade. However most analyses consider the peak direction only, which is on't dirZction

half the day and the other direction the other half, so that average grade on every link

is zero, and average speed is almost unaffected by grade. The same is true fcr operating

cost, though it is known that it costs more to travel a distance on a hilly road with
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an oaverage" grade of zero than on a flat road. Since we will usually be using

sdels for speed and cost that ignore grade, 
the remainder of this paper shall

Lgaore it, too. Furthermore, ignoring grade allows both directions 
of a link to

be identical. This is a significant simplification, making flows to be direction

abstract, and hence allowing analysis of flows in one hour to be expanded to hours with

similar flows without regard to direction when less than 48 hours are analyzed.)

Some examples of speed-flow functions are found in Attachment A.

Step 6: For Each Mode, Determine Operating Cost

Vehicle operating cost on a link is difficult to measure, and therefore difficult

to model. It is affected by road characteristics (grade, curvature, pavement), vehicle

characteristics (weight, engine type), and operating characteristics (speed, number of

-stops). Most models give operating cost in terms of one of the operating 
characteristics

only (speed) aggregating different vehicle types (within the same mode) and averaging

over road characteristics. If pavement is uniform over the road, there is no more than

normal curvature for an urban road, and grades are not great, such approximations 
are

acceptable. Under normal urban operating conditions a study found that 
95% of the

variation in fuel consumption among British cars could be explained by speed 
alone.

Since other auto related costs are roughly proportional to fuel consumption, 
the

simple speed-operating cost relation may be sufficient 
for autos.

Operating cost is usually computed by a function of 
this form:

t,h
0C ,h = + m d. V , (6)

m,a --- ~ a a

xt,h
m,a

where

oC t,h = operacing cost for mode m on link at Jime h in year t
m,a

e ,,g - parameters (per hour and per Km operating cost for mode m)
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X ,h speed of mode m on link a at time h in year t
m~a

da - length of link a

Vt,h - volume of mode m on link a at time h in year t.
m,a

Since operating cost should include the labor cost of paid drivers such a function

including a term in which distance is divided by speed (which yields time) is especially

appropriate for bus and truck. Operating cost models estimated in a few cities are
documented in Attachment A.

Step 7: For Each Mode, Determine Time Cost

The time each vehicle spends on a link is the link's distance divided by the

vehicle's speed. The total passenger time is the vehicle time multiplied by

vehicle occupancy (not including paid drivers). The total time cost is this total

passenger time multiplied by the value of time.
and

Vehicle occupancy can vary not only by mode but also by link /by time of day,

particularly on buses where loads may be 80 in the peak and 20 off-peak, and may

increase steadily toward the city center. Value of time is generally taken to be fixed

for all modes and all times, and invariant over the year.

Thus the passenger wait time cost is
d

m,a it,h m,a m,a
m,a

where

TCt,h = time cost for mode m on link a at time h in year t
m,a

d = length of link a

X t,h= speed of mode m on link a at time h in year t
m,a

Wh = vehicle occupancy of mode m on link a at time h
m,a

v = value of time

vt,h = volume (of vehicles) of mode m on link a at time h in year t
m,a
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Step 8: Aggregate Costs Over Modes and Links

Steps 4-7 must be repeated for every link and every mode as the flowchart

in Figure 1 indicates, aggregating costs to yield hourly costs. Thus the operating

and time costs for an hour h in year t are:

oCt,h - m t,h
m,a

th a m h
TCt~ TCm (9)

cther meaningful aggregations should be taken as well, such as total ccsts for modes, for

links, etc.

Step 9: Aggregate Costs Over Hours, Expanding to Yearly Costs

Steps 3-8 are repeated for each hour. To expand the predicted hourly costs to

yearly costs one needs to know the number of hours in a year 
that hour represents. These

annualization factors should insure that the daily demand (in Step 1) is properly

expanded to annual demand. Different hours may have different annualization factors

because they represent different numbers of weekday and weekend hours. Also some analyses

may want to consider peak hours only in computing benefit.

The annual costs are then:
h

OCt . Oct,h Nh
hh

TCt = 2 TCt~' Nh (10)

-here

N = number of hours in a year represented by hour h.h

Step 10: Discount Yearly Costs

Either annual or continuous compounding may be used to discount the yearly costs

to present values. For operating costs, these formulas are:

rCt - OCt (1 + D)-t (yearly compounding)

OCt e-Dt (continuous compounding) (11)
0Ct =0
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Oct = discounted operating cost from year t

D = shadow discount rate

time costs are similarly discounted

Step 11: Aggregate Discounted Costs

This yields the present costs of the alternative being studied. The

difference between the present cost of the no-build alternative and that of the

build alternative is the present value of the build alternative. (When other dis-

counted costs, such as construction, maintenance, etc., are subtracted this

becomes net present value.) So the final equation for present operating costs

(and similarly for time cost) is
t _t

OC = oC (12)

The predicted costs thus obtained may be disaggregated and manipulated

in any way to afford the analyst a closer look to see the benefits accruing to

each link, or to each mode, or to find link specific benefit/cost ratios, internal

rates of return, etc.
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5. Solution Procedure

Within the above Analytic framework, the. solution procedure

provides a logical, yet simple sequence of analytic tasks. These

tasks are listed below and elaborated in detail in the following sections.

5.1 Summary of Tasks

A. Strategic Forecasts of Travel Demands

1. Review land use conditions and developmental
assumptions

2. Review test road network and bus system conditions

and changes

3. Review traffic assignments and diversions

B. Future Demand Volumes

1. Estimate future auto/truck traffic volumes

2. Estimate future bus and bus passenger traffic volumes

3. Estimate future train passenger traffic volumes

4. Develop peak hour and peak direction factors

5. Estimate future peak hour, peak direction volumes for

auto/truck, bus and bus passenger, train passengers.

C. Design Capacities

1. Develop lane capacity of auto/truck

2. Determine PCU equivalencies and passenger capacities

for bus and mini-bus

D. Volume/Capacity Ratios

1. Compute V/C ratio for auto/trucks and for busses

E. Level of Service and Travel Speed

1. For auto/trucks and for busses, establish a LOS - V/C
Speed table.

2. Determine LOS and travel speed, knowing V/C.
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F. Travel Time, Stops, and Idling Time

1. Develop a "model" to relate LOS, travel time per km.,

stops per km., and idling time per km. for auto/trucks

and busses.

2. Determine on a "per kilometre" basis, travel time, stops,

idling time, and excess travel time (actual time minus

1.0 minute as derived from 60 kph base)

G. Time Costs and Vehicle Operating Costs

1. Determine value of driver's time and passengers'

time per hour.

2. Determine for auto/truck and for bus, vehicle operating

cost per km. for 60 kph base, and for additional costs

due to stops and idling time.

H. Time Savings

1. For auto/truck drivers and for bus passengers, compute

time savings during six peak hour, peak directions for

each year (1979-1999). "Savings" are based on difference

between "No Build" (Alternative 1) and "Build" (Alternative 2).

2. Compute present value of time savings.

I. Vehicle Operating Cost Savings

1. For auto/truck volumes and for bus volumes, compute

operating cost savings by link during six peak hour,

peak directions for each year (1979-1999).

"Savings" are based on "No Build" (Alternative 1) and

"Build" (Alternative 2).

2. Compute present value of vehicle operating cost savings.
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J. Project Costs

1. Determine present value of project costs.

K. Economic Evaluation

1. Determine benefit-cost (B/C) ratio, "Benefits" refer to the

sum of present values for time savings and vehicle operating

cost savings.

2. Determine net present value (NPV).

3. Determine internal rate of return.

5.2 Input Requirements

A description of input requirements and assumptions used to

calibrate the analysis to conditions in Colon in 1979 is given in the pages

that follow.

Input Requirements

For a project with A links, M modes, a benefit horizon of T years,

each of which has H hours, considering 2 alternatives.

Number
of Items Variable

A x M V ' base year vehicular demand for mode m on link a
m,a

M or 1 rm or r demand growth rate (for mode m)

H x M or H f or fh peaking factor (for mode m) in hour h

M em PCU equivalency factor for mode m

2A Cb capacity of link a under alternative b (no build or build)

2M 4,m operating cost model parameters for mode m

A da length of link a

H x M or M Wh or W vehicle occupancy of mode m(in hour -h)

1 v value of time
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H Nb yearly number of travel hours of type hx

D shadow discount rate

M s speed-flow curve parameter for mode m

plus a speed-flow function

Ca bus fares

t terminal times
C

C non-transport location costs
nr

W disaggregate attractivity indices

L land availability

P aggregate popular growth

E aggregate employment growth
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BENEFITS ON A SINGLE LINK: SINGLE HOUR EPANDED

(Input Data Format)

Site: Date:

Analyst: 
Page: of

Costs:

Enter Press

(Initialize) A

(Initialize) B

Auto mode:

growth factor (1.xx) K/S

PCU equivalency factor (1) 1/S

speed-flow function parameter - S

per hour operating cost ($/hr) -/S

per km operating cost ($/hr) -/S

auto occupancy x
value of time (S/r) /S

Truck mode:

growth factor (1.xx) 1/S

PCU equivalency factor - R/S

speed-flow function parameter . R/S

per hour operating cost = R/S

per km operating cost ._R/S

occupancy z value of time 0.0 K/S
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Enter Press

Bus Mode

growth factor (vehicular) (1.xx) 1. .

PCU equivalency factor R/S

speed-flow function parameter _ 
3/S

.'per hour operating cost -/S

per kn operating cost 
R/S

bus occupancy x
value of time

(Initialize) C

Base year vehicular volumes (Peak hur. peak direction)

auto volume (veh/hr) ./S

truck volume R/ S

bus volume -/S

Link capacities (one direction)

no build capacity (veh/hr)

build capacity _ __

Link length (km) RIS

Peak hour, peak direction yearly

Axpansion factor (number of

peak hours per year) 
STO 11

First year discount factor (1.xx) . _STO 
13

Discount rate (1.xx) 
STO 14

Number of years 
STO 00

First Year in Benefit Horizon 
STO 06
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5.3 Regional Growth, Land and Transport Inputs for

Colon Urban Development Project

Level 1: Regional Growth Inputs

The key regional growth assumptions underlying the projection of

travel demands are described in the Project Appraisal Report and summarized

in the tables below:

Employment Growth and Change 1979-1989

Based on "basic" employment-generating project investment and

"non-basic" job-generation (assuming a multiplier of 1.8) distributed

to spatial structure of the market and available land.

Urban Project Build

Employment
Year 1979 1984 1989
Zone Basic Non-basic Basic Non-basic Basic Non-Basic

1 500 7,500 500 9,000 500 11,000
2 5,000 - 5,000 - 5,000 -
3 3,000 - 3,500 - 4,000 -
4 - 250 - 500 - 1,300
5 500 - 2,000 - 3,000 -
6 - - - 250 - 500
7 - - 2,000 - 5,000 -
8 1,000 500 1,000 1,500 1,000 2,000
9 - - -

Total 10,000 8,250 14,000 11,250 18,500 14,800

Urban Project No-Build

Employment
Year 1979 1984 1989
Zone Basic Non-basic Basic Non-basic Basic Non-basic

1 500 7,500 500
2 5,000 - 5,000
3 3,000 - 3,000
4 - 250 -
5 500 - 1,000
6 - - -

7 - - -
8 1,000 500 1,000
9 - - -

Total 10,000 8,250
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Population Growth and Change 1979-1989

Based upon a full labor participation rate of .33 and an

unemployment rate (in formal sector activities) of 40%

effective 1979 and reducing _ to 7%-10% by 1989, distri-

buted on the basis of observed existing densities and inpited

changes on future locational cost/demand for housing. Income

classes are defined in terms of average income levels which

are taken to neither increase nor decline in real terms over

the analysis period. Population growth arising from natural

increase and net in-migration are not distinguished in the h

household totals shown below; average household size is taken

as 4.6 (existing 1979 average) throughout the period. (Households.)

Income 1979 1980 198

Class High Medium Low Total High Medium Low Total High Medium Low Total

Zone

1 2,600 8,300 4,100 15,000 2,500 8,000 2,500 13,000 2,500 8,000 2,500 13,000
4 800 200 - 1,000 800 200 - 1,000 800 200 - 1,000
6 - - - - 3,000 2,000 5,000 ,- 3,000 2,000 5,000

8 800 2,000 1,200 4,000 1,000 2,500 1,500 5,000 1,500 3,500 2,000 7,000

Total 4,200 10,500 5,300 20,000 4,300 13,700 6,000 24,000 4,800 14,700 6,500 26,000

Level 2: Urban Land Inputs

The key land assumptions underlying the projection of land demands

are summarized in the tables below:



Land Available for Residential'Use

Based on surveyed land use patterns and observed net residential
densities existing for 1979, with income classes separately
estimated by zone.

INCOME CLASS

Year 1979 1984 1989
High Middle Low Total High Middle Low Total High Middle Low Total

Zone

1 78.0 300 83.0 100 12.3 30 173.3 75.0 80.0 77.5 162.5
4 48.0 600 4.0 200 0.0 52.0 48.0 4.0 52.0
6 - - - - - - - - 75.0 15.0 90.0
8 72.0 900 60.0 300 10.8 90 142.8 90.0 75.0 13.5 178.5

Total 198.0 147.0 23.1 368.1 213.0 234.0 36.0 483.0

Disaggretated Attractivity Indices.

Based upon existing and future demand by income class in proportion to class size in each residential zone,

and a calibrated coefficient of attraction.

Income 1979 1984 1989
Class High oCH Middle c M Low XCL High o<CH Middle 0<.M Low c.L High OCH Middle '< M LoweX L
Zone
1 26 83 41 25 80 25 25 80 25
4 8 2 0 8 2 0 8 2 0
6 - - - 0 30 20 - 30 20
8 8 20 12 10 25 15 15 35 20
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Non-transport Location Expenditure

Based upon an estimated proportion of average household income

budgeted for land, housing and utilities costs, measured in terms

of monthly household expenditures per square meter of residential

land.

1979 1984 1989

Income Class High Middle Low High Middle Low High Middle Low

Zone

1 1.80 1.10 0.83
4 0.90 0.53 -
6 - -

8 0.60 0.35 0.28

Level 3: Transport Inputs

The key transport assumptions underlying the projection of travel

demands are summarized in the tables below:

Values of Travel Time

Income Class

High Middle Low

Average HH income/month $1800 $425 $125

Average hourly income/traveler $8.72 $225 $0.73

Value of travel time rate 25% 25% 25%

VOT/minute of travel 0.036 0.009 0.003
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Trip Rate by Mode (Morning Peak Period Only)
1979

Income class High Middle Low

Mode Car Bus Walk Car Bus Walk Car Bus Walk

Zone
1 - 0.6 0.2 0.2 0.2 0.3 0.3 0.1 0.3 0.3

4 0.7 0.2 0.1 0.2 0.4 0.2 - - -

6 - - - 0.2 0.4 0.2 0.1 0.3 0.3

8 0.7 0.2 0.1 0.2 0.4 0.2 0.0 0.5 0.2

9 .8 .2 - 0.2 .6 - - 1.0 -

Year 1984/1989

Income class High Middle Low

Mode Car Bus Walk Car Bus Walk Car Bus Walk

1 0.7 0.2 0.2 0.3 0.3 0.3 n.1 0.3 0.3

4 0.8 0.2 0.1 0.3 0.4 0.2 - - -

6 - - - 0.3 0.4 0.2 0.1 0.4 0.2

8 0.8 0.2 0.1 0.2 0.4 0.2 0.1 0.4 0.2

9 0.9 0.1 - 0.5 0.5 0.2 0.1 0.9 -

TRUCK TRIP RATE PER UNIT OF EMPLOYMENT

Zone Truck Trips

1 0.08
2 0.10
3 0.10
4 0.06
5 0.08
6 0.06
7 0.08
8 0.06
9

INTERZONAL LINK DISTANCES

(Based upon shortest route distances between zone centroids
along existing roads in kilometers).

1 2 3 4 5 6 7 8
1 0.67 1.40 1.00 2.40 4.80 4.40 8.20 9.60
2 1.40 0.36 1.60 3.00 5.40 5.00 8.80 10.20
3 1.00 1.60 0.54 2.20 4.60 4.20 8.00 9.40
4 2.40 3.00 2.20 0.74 2.40 2.00 5.80 7.20
5 4.80 5.40 4.60 2.40 0.66 1.60 5.40 6.80
6 4.40 5.00 4.20 2.00 1.60 1.00 4.60 6.00
7 8.20 8.80 8.00 5.80 5.40 4.60 1.20 3.00
8 9.60 10.20 9.40 7.20 6.80 6.00 3.00 1.20
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PCU EQUIVALENCY AND OCCUPANCY RATE

PCU Equivalent Occupancy

cars 1.0 1.6
busses 3.0 45.0
trucks 3.0 1.0

PEAK PERIOD EXPANSION FACTOR TO MONTHLY TOTALS

trucks 115.0
busses 92.0
cars 107.4

Expansion factors are based on the following considerations for the

purpose of estimating benefits:

Auto: Peak (2 hour) volume is 1/7 of total daily

3 peak periods @ full benefit 3.00
2 " " " 2/3 " - 1.33
1 " " " 1/3 " 0.33
1 " " no " 0.00

4.67
4.67 (daily) X 23 (days per month) = 115.0

Bus: Peak (2 hour) volume is 1/5 of total daily

3 peak periods @ full benefit - 3.00
2 " " 1/2 " = 1.00

4.00

4.00 (daily) X 23 (days per month) = 92.0

Truck: peak (2 hour) volume is 1/8 of total daily

3 peak periods @ full benefit 3.00
2 " " 2/3 " = 1.33
2 " " 1/2 " = 0.67
1 " " 0 = 0.00

5.00

5.00 (daily) X 23 (days per month) = 115.0



AUTOMOBILE OPERATING COST PER 1,600 KMS. (1979)

MPH KPH Gas Oil Tires Maintenance Depreciation Interest Total

10 16 49.11 2.39 1.02 7.00 45.00 36.00 140.52

15 24 51.01 2.23 1.22 8.00 41.00 28.50 131.96

20 32 45.82 1.92 1.63 8.50 36.00 22.50 116.37

25 40 43.47 1.82 2.14 8.85 34.50 19.00 109.78

30 48 41.24 1.77 2.65 9.50 32.50 16.50 104.16

35 56 43.22 1.71 3.26 9.85 30.50 15.00 103.54

40 64 43.45 1.71 3.82 10,.60 29.00 13.50 102.08

45 72 46.70 1.66 4.54 11.00 27.50 13.00 104.40

50 80 48.67 1.61 5.30 11.50 26.50 12.00 105.58

55 88 53.04 1.50 6.17 12.25 26.00 11.50 110.46

60 96 57.14 1.58 7.19 13.00 25.00 11.00 114.89

65 104 62.96 1.77 8.36 13.75 24.50 10.50 121.84
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Using linear regression a curve is determined to fit these data points,

whoge equation is:

C = 0.1046-0.001256x + 0.000009512x2

where C = $ cost per km for cars
x = speed in km/hour

For busses, based upon 1977 data, the ratio of bus to auto

operating costs is given as 4.3. For trucks, based upon the same data

source, the truck to auto operating cost ratio is given as 5.6. These

values are taken as given.

ASSUMED LEVELS OF BUS FARES

Destination
Zone 1 2 3 4 '5 6 7 8 9 Total

Origin
Zone

1. .10 .10 .10 .10 .25 .20 .40 .50 1.25
2 .10 .10 .10 .15 .25 .25 .45 .50 1.25
3 .10 .10 .10 .10 .20 .20 .40 .50 1.25
4 .10 .15 .10 .10 .10 .10 .30 .35 1.15
5 .25 .25 .20 .10 .10 .10 .25 .35 1.00
6 .20 .25 .20 .10 .10 .10 .25 .30 1.05
7 .40 .45 .40 .30 .25 .25 .10 .15 .85
8 .50 .50 .50 .35 .35 .30 .15 .10 .75
9 1.25 1.25 1.25 1.15 1.00 1.05 .85 .75

ASSUMED LEVELS OF TRIP TERMINAL TINE IN MINUTES

Destination
Origin Zone 1 2 3 4 5 6 7 8 Note
Zone

Cars 4 4 4 4 4 5 4 4 5 Min.
Busses 9 9 9 9 9 15 9 9 Service Level

Cars 4 4 4 3 4 6 4 4 10. Min.
Busses 14 14 14 14 14 18 14 14 Service Level

Cars 6 6 6 6 6 8 6 6 10 Min.
Busses 18 18 18 18 18 22 18 18 Service Level

Cars 4 4 4 4 4 6 4 4 10 Min.
Busses 14 14 14 14 14 18 14 14 Service Level
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LINK CAPACITY TABLE

1 2 3 4 5 6 7 8

1 240 1,600 1,600 - - - -

2 240 - - - - - -

3 1,600 - 800 - - - -

4 1,600 - 800 1,200 1,200 800 800
5 - - - 1,200 1,200 800 800
6 - - - 1,200 1,200 800 800
7 - - - 800 800 800 800
8 - - - 800 800 800 800

REVISED OPERATING COST FOR TRUCK

At 40 km/h, car operating cost of $ 0.07.

Truck operating cost is 5.6 times higher, or $ 0.39

$0.39 1 X 4 = $15.59/hrs
km hr

The labor cost component is $1/hr, so the reduced OC is 14.5%.

This corresponds to $0.36/km, which is 5.2 times higher than auto.

So truck cost is [5.2 (auto cost/km) X distance + $1 time]
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6. OPERATING THE PROGRAM

6.1 BASIC USER INSTRUCTIONS FOR A T159 & PRINTER

1. To turn on the calculator, first plug in the printer and calculat.r.

DO NOT turn on calculator and printer before plugging in the printer.

To turn off the calculator, turn off both calculator and printer before

unplugging the printer.

.2. Algebraic operations -- The T159 uses logic known as Algebraic Operating

System. Algebraic operations are punched into the calculator going frc

left to right as they would be written out. For example, to perform tne

following calculation:

8 + 3 = 2.67

you would push the following buttons:

2)R-

- 3) 3

4)=

Where there are a complex series of calculations, the calculator folic-s

certain rules about which ones are performed first. Alternatively, ycu

can use parentheses to make the calculator perform operations in a partic lar

order.

The order of operations performed by the T159 is:

1) Special single function keys (such as trig and log functions)

2) Powers and roots (Yx and 'T )

3) Multiplications and divisions

4) Additions and subtractions
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Example

3 + 10 - 2 x 14 t 7 = 9

This is the same as

3 + 10 -(2 * 14 t 7) = 9

If you do not wish the above interpretation to be followed you must use

parentheses, for example:

(3 + 10 -.2) * 14 + 7 = 22

2. Special function and operation keys

A) Every key can be used in 2 ways as indicated by 1) labels on the

key and 2) gold labels above the key. To get the use of the gold label

function, push the gold key marked E] before pushing the desired key.

- B) The INV key will give you the use of inverse functions or

operations for many of the keys. For example to compute e 2 push the

following:

E2

4. User Labels -- User labels are names given by the programmer to

different parts kor-rubroutines) of a pocket calculator program. By.

pushing a user label key, you are able to have the alculator .perform

a specific subroutine. The user'labels are contained inthe top row of

the T159 and consist of A,S,C,D,E, and A', B', C', D', E'.

5. Memory Structure -- The TI59 memory is divided into a section to

hold a program and a section to hold data. When the TI59 is turned on,

it contains 480 spaces for program instruction and 60 spaces for data.
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You may re-partition memory if you need more data storage, or more program

storage. Following are two commands useful in memory partitioning:

A. jnIE1~ iI6] will cause the calculator to display the current

memory partition. Ordinarily the display 'll read 479.59 (program positions

go from 000 to 479 and data registers go from. 00 to 59).

B.W~n1 Wwill cause the calculator to repartition memory

so that there are lOX data registers. For example:

r4 Ml E] would give a partition of 639.39 (or 640

program positions and 40 data registers).

6. Reading a Card -- In order to read a card the calculator must

be properly partitional in the same manner as when the card was created.

The calculator must also be told the proper place to store the data on

the card. Each magnetic card has two sides (or banks). The calculator

memory can hold 4 banks (or 2 cards) worth of information.

To read a card, first push the number of the memory bank into which

this card will be read. The number wil be 1, 2, 3 or 4. Usually the

proper memory bank is indicated upon the card or in programmer user instruc-

tions. As an alternative, push 0 before reading the card. Then the card

will be automatically read into the proper bank.

The second step in reading a card is to hold the yellow side up

and insert the proper end (designated by the bank number on the card)

into the card reader. Let the calculator process the card through (do

not push the card once the calculator has hold of it) and then gently

remove the card. The calculator will display the number of the memory

bank into which the card read. If there is a misread or if-you have

pushed an improper bank number, the calculator display will flash. In

this case you must start over.
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7. Listing Memory

There are two commands which allow you to list memory. there are:

This command will print out the program memory. It is

especially useful for checking that the current program

has been properly read in. To stop the listing push R/S

This command will print out the contents of the data registers.

To stop the listing push R/S

Notes: Occasionally the listing does not start at the proper place (i.e.

does not start at program location 000 or data register 00). To correct

for this you press and the proper memory address. For a program,

the address would be 000, and for the data registers (under normal partitioning)

the address would be 480. The calculator may flash when given the data

register address, but this procedure works nontheless. Follow with the

desired list command.

8. Run Stop and Reset

These are two useful commands. Reset will place the program

counter at the beginning of a program which is at address 000. Thus reset

may be used when You wish to start a program from the beginning.

Run/Stop may be used to stooi program execution, and it may

be used to start program execution at the current location in the program.

For example, a program may halt execution to wait for data. The user

enters the data into the display and starts execution by pressing R.
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9. Clears -- There are four clear commands with the T159 as follows:

CE-- clears the current display cnly

l -- clears the current math operation

ndl F -- clears the program

2nCM~s -- clears the data registers

10. 'Store and Recall

Press T and a two digit data register number to place the display

in memory. For example, T would place a 1 in register 2.

Press RCL and a two digit data register number to recall the

contents of the data register onto the display. In the above example,

RC-ol would display a 1.

11. Printer commands -- The printer attached to the T 59 has a number of

different operating modes. If none of its three buttons have been pushed,

then the printer takes all its instructions from the calculator.

If the PRINT button is pushed, the printer will print out the

.current display on the calculator.

If the TRACE button is pushed, the printer will print out each

step in the execution of a program. Trace is very useful for debugging.

The ' AOV or advance button merely advances the paper in the printer.
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6.2 INSTRUCTIONS FOR COMPUTING BENEFITS TO ORIGIN ZONES [FIRST PROGRAM]

1. Fill in, for each mode, a matrix giving volume on each link,

by income class within each origin zone, for each mode.

(See Tables 1-3)

Differentiate between volume inbound (-) and outbound (-).

2. Compute, for each link, the total volume in PCU's. This is

given by

V. (>V .) PCU - OCCUPANCY
ml m m

Note than inbound volume must be computed separately from outbound.

3. Table 4 summarizes the necessary link data. Fill in such a table,

including length, V/C in each direction, and free-flow speed.

If V/C or free-flow speed changes in the build alternative, mark

that down.

4. Fill in, for each mode (bus and car) for each zone, a table

headed "ORIGN ZONE:" (See Tables 5-10) which contains all

the data needed.

5. Fill in, for truck, a table for each origin zone (see Tables

11-16).

6. You are nowr ready to run the programs.

7. After turning on the printer and calculator, set the partition;

Press 9 2nd 0? 17 2

8. Enter side 2A of program UTB -2.2(A) after entering zero (0).

9. Enter the data on one of the bus or car tables. To enter the

data, enter each number and then press the key indicated (A,

B, or C). Where no key is indicated, press R/q. Enter dara

corresponding to the no-build alternative. I__ you make an

error in entering data, see S7. .9 bclow. Fill in the data

fGr one origin zoije and one mede c DetCly.

10. Enter zero (0), and load card 1B if UTB-2.2(A).

11. If desired fix Lhe output fFr.. i prt7La d

(n) is the numoer o digits :e:.re. aftcr e L ciUmal.



- 41 -

12. Press A and wait until costs are printed. These are the

operating and time costs for each iaccme class, anai their

sum over the income classes.

13. If there is a build alternative, enter data for it. You may

re-enter all the data (beginning with number of links, as the

values of time and model parameters don't change), or enter

only those items that change. To do the larter, see 19 below.

To do the former, do Steps 8-11. Before entering data you may

want to change the format (as in Step 12).

Whatever you do, be sure to enter the number of links, even if

it hasn't changed, by entering it and pressing STO 00, or

pressing C if card 1A is in memrory.

14. Press B and wait. The same items as listed in Step 12 will

be printed for the build alternative; so will the differences

between no build and build..

15. Now select another moda-zone pair. It is best to do all the

zones of a single mode together.

16. For each mode-zone pair, repeat Steps 8-15. Note: If values

of time and modal parameter,; do not change, they need not be

repeated.

Also, you may want to undo the fixed display format by

pressing INV 2nd Fix.

17. You are now ready to do the trucks. For each origin zone,

perforu Steps 8-15 again, with these changes:

Use Program UT11-2.2(B), sides 1A and 1B instead

of Program UTB-2.2(A),

Because these are the inicoue classes, the run time and

output in Steps 12 and 14 will be shorter

Outpuit is operat!ng cost not including labor, labor

cost and their sum.

18. FINISHED

19. Error Recover,

I.7 :a ~ thc' co unt~s of eU 1- eisnbein

ith xpiur \ia) by -ression ; ) INV Zr, lsr. Press F./S I ii

you want it to storJ li2L:Ln

2. You av .nLtr a:v numbar 6ir: tly c- en1e7ing it and pr,

ST0 ab, where ab is the fstir t goes TI. Thi. tlso IT~ s
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to changes for the build alternative.

3. The contents or the data registers is given in'the

Table so marked for each program.
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Figure 2

Detailed Output Table

Year

1 2- T Total -(discountel)

2

A 0

Total I [

] Alternative I (no build)

1. Peak hour V/C

2. Peak hour auto speed not included in row and

Alternative 2 (build) column totals

3. Peak hour V/C

.4. Peak hour auto speed

Mode 1 (auto)

Alternative 1 (.no build)

5. Operating cost

6. Time cost

Alternative 2 (build)

7. Operating cost

8. Time cost

Difference (benefit of build alternative)

9. Operating cost

10. Time cost

Mode 2 (truck)

Alternative 3

11. Operating Cost

12. Time cost

Ajternatire 2

1.3. ec r-at in g c~s



- 44 -

Figure 2 (continued)

14. Time cost

Diffqrence

15. Operating cost

16. Time cost

Mode 3 (bus)

Alternative 1

17. Operating cost

18. Time cost

Alternative 2

19. Operating cost

20. Time cost

Difference

21. . Operating cost

22. Time cost

Total (all modes)

Alternative 1

23. Operating cost

24. Time cost

Alternative 2

25. Operating cost

26. Time cost

Difference

27. Operating cost

28. Time cost
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6.3 ESTIMATED 1979 TRAVEL BENEFITS BY ORIGIN ZONE

By mode, income class and zone of origin for conditions

existing with no highway component as compared to those with the

proposed highway component.

Summary:
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Table 1:

SUMMARY GENERALIZED TRAVEL COST - YEAR: 1979

High Income Middle Income Low Income Employment Total

HH HH HH

Zone:

1. Car
Bug
Truck
Walk

2. Car
Bus
Truck
Walk

3. Car
Bus
Truck
Walk

4. Car
Bus
Truck
Walk

5. Car
Bus
Truck
Walk

6. Car
Bus
Truck
Walk

7. Car
Bus
Truck
Walk

8. Car
Bus
Truck
Walk

9. Car
Bus
Truck
Walk

Total Car
Bus

Truck
Walk

Total
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Table 2: TRIP-ORIGIN - MORNING PEAK

Year 1979

High Income Middle Income Low Income Employment Total
HH HH HH Places

Zone:

1. Car 1,560 1,660 - 3,220

Bus 520 2,490 1,230 4,240
Truck - - - 640 640

Walk 520 2,490 1,230 4,240

2. Car
Bus
Truck 500 500
Walk

3. Car
Bus
Truck 300 300
Walk

4. Car 560 40 - 600

Bus 160 80 - 240
Truck - - - 15 15

Walk 80 40 - 120

5. Car
Bus
Truck 40 40
Walk

6. Car 0 0 0 0
Bus 0 0 0 0

Truck 0 0 0 - 0
Walk 0 0 0 0

7. Car
Bus
Truck
Walk

8. Car 560 400 - 960

Bus 160 800 600 1,560
Truck - - - 90 90

Walk 80 400 240 720

9. Car +580 320 - 900

Bus +145 +480 +1,300 1,925
Truck 200 200
Walk - - ~

Total Car 3,260 2,420 - 5,680

Bus 985 3,850 3,130 7,965

Truck - - - 1,785 1,785

Walk 680 2,930 1,470 5,080
Total 4,925 9,200 4,600 1,785 20,510
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Table 3: TRIP DESTINATIONS - MORNING PEAK

Year: 1979

High Income Middle Income Low Income Employment Total

HH HH HH Places

Zone:

1. Car 485 1,465 - 1,950
Bus 105 2,355 1,420 3,880

Truck 640 640

Walk 30 1,780 420 2,230

2. Car 1,250 420 - 1,670

Bus 420 625 625 1,670

Truck 500 500

Walk 330 635 535 1,500

3. Car 750 250 - 1,000

Bus 250 375 375 1,000
Truck 300 300

Walk 250 375 375 1,000

4. Car 70 20 - 90
Bus 20 40 50 110

Truck 15 15

Walk 10 20 20 50

5. Car 130 70 - 200

Bus 35 100 165 300

Truck 40 40

Walk -- - - -

6. Car
Bus
Truck 0

Walk

7. Car
Bus
Truck 0

Walk

8. Car 420 120 - 540

Bus 120 240 300 660

Truck 90 90

Walk 60 120 120 300

9. Car 155 75 - 230

Bus 35 115 195 345

Truck 200 200

Walk - -

Total Car 3,260 2,420 - 5,680

Bus 985 3,850 3,130 7,965

Truck - - - 1,785 1,785

Walk 680 2,930 1,470 5,080

Total 4,925 9,200 4,600 1,785 20,510
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Table 4: 0-D DISTRIBUTION OF CAR TRIPS

Year: 1979
Destination Zones

Origin 1 2 3 4 5 6 7 8 9 TOTAL

Zone
1. H 283 649 400 23 39 0 0 82 74 1,560

M 1,043 288 169 14 51 0 0 40 52 1,660

L 0 0 0 0 0 0 0 0 0 0
TOTAL 1,326 937 569 37 90 0 0 112 126 3,220

2. H
M
L

TOTAL.
3. H

m
L

TOTAL
4. H 43 198 134 25 39 0 0 64 27 560

m 22 9 8 0 0 0 0 0 1 40

L 0 0 0 0 0 0 0 0 - 0 0

TOTAL 95 207 142 25 39 0 0 64 28 600

5. H
m
L

TOTAL
6. H

m
L

TOTAL
7. H

m
L

TOTAL
8. H 43 171 82 9 29 0 0 199 27 560

M 205 69 40 0 10 0 0 65 11 400

L 0 0 0 0 0 0 0 0 0 0
TOTAL 248 240 122 9 39 0 0 264 38 960

9. H 86 222 134 13 23 0 0 75 27 580

M 195 54 33 3 9 0 0 15 11 320

L 0 0 0 0 0 0 0 0 0 0
TOTAL 281 276 167 16 32 0 0 90 38 900

H 485 1,250 750 40 130 0 0 420 155 3,260

m 1,465 420 250 20 70 0 0 120 75 2,420

L 0 0 0 0 0 0 0 0 0 0
GRAND
TOTAL 1,950 1,670 1,000 90 200 0 0 540 230 5,680
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Table 5: O-D DISTRIBUTION OF BUS TRIPS
Year: 1979

Destination Zone
1 2 3 4 5 6 7 8 9 TOTAL

Origin
Zone

1. H 72 241 139 2 20 0 0 28 18 520

M 1,624 388 250 24 62 0 0 64 78 2,490

L 628 270 149 15 52 0 0 40 .76 1,230
TOTAL 2,324 899 538 41 134 0 0 132 172 4,240

2. H
m
L

TOTAL
3. H

M
L

TOTAL
4. H 11 61 37 8 5 0 0 31 6 160

m 44 16 8 0 0 0 0 10 2 80

L 0 0 0 0 0 0 0 0 0 0
TOTAL 55 77 45 8 5 0 0 41 8 240

5. H
m
L

TOTAL
6. H

m
L

TOTAL
7. H

M
L

TOTAL
8. H 7 52 37 0 7 0 0 44 7 160

M 393 143 70 11 26 0 0 136 21 800

L 202 95 71 15 45 0 0 136 36 600

TOTAL 602 290 178 26 78 0 0 316 64 1,560

9. H 15 66 37 3 3 0 0 17 4 145

M 294 78 47 5 12 0 0 30 14 480

L 590 260 155 20 68 0 0 124 83 1,300
TOTAL 899 404 239 28 83 0 0 171 101 1,925

TOTAL
H 105 420 250 20 35 0 0 120 35 985

m 2,355 625 375 40 100 0 0 242 115 3,850

L 1,420 625 375 50 165 0 0 300 195 3,130

GRAND
TOTAL 3,880 1,675 1,000 110 300 0 0 660 345 7,965
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Table 6: 0-D DISTRIBUTION OF TRUCK TRIPS
Year: 1979

Destination

1 2 3 4 5 6 7 8 9 TOTAL

Origin
Zone

1.
TOTAL 276 141 109 6 10 0 0 26 72 640

2.
TOTAL 147 203 66 5 5 0 0 18 56 500

3.
TOTAL 102 69 72 1 10 0 0 12 34 300

4.
TOTAL 2 1 3 0 0 0 0 7 2 15

5.
TOTAL 17 7 7 0 4 -0 0 0 5 40

6.
TOTAL 0 0 0 0 0 0 0 0 0 0

7.
TOTAL 0 0 0 0 0 0 0 0 0 0

8.
TOTAL 24 23 9 0 7 0 0 17 10 90

9.
TOTAL 72 56 34 2 4 0 0 10 22 200

GRAND
TOTAL 640 300 300 15 40 0 0 90 200 1,785
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Table 7: NETWORK

Arrow points in inbound (+) direction.

Car
Free-flow

PCU's in PCU's out Capacity V/C in V/C out speed
Link (2 hrs) (2 hrs) (No Build/Build) (NB/B) (NB/B) Length (NB/B)

A 3.4 -
B 3.4 80/100

AB 1777 924 800/2400 1.11/.37 .58/.19 6.8 80/100
C 1784 1064 1600 .56 .33 1.5 60
D 1603 864 1600 .50 .27 2.4 60
E 891 2036 1000 .45 1.02 1.4 60
F 519 912 1600 .16 .29 1.1 60
G 463 165 800 .29 .10 2.2 60
J 108 250 1200 .05 .10 0.9 60
H 1200 0.5 60
K 1200 60



LI

AC L E F G JK

I (Same 164 221 251 621 408 - 57

M as 85 120 130 328 163 - 35
L B) (0)

H
M
L

H

MM

L

H90 128 271 199 - 132+ 38
41 1 318 -8

P-. M

5478 455 30e 222- 134 23

I 294 287 249 54 33 9
Fu__ __ lb

9 +757/ 1-790/-25 .+0/-408 +348/-0 +0/-147
II 0625/-86 -349 1362/-130 - +0/-163 +81/-0 +0/-53

H 1434/ 609/-121 +1352/ +01-466 +0/-671 +429/-0 +0/-260
L -340 V1

3 6 6  -381 +0/-1671
70

.D ...



0 . L

n
k A j B C C E F G_ J K

H (Same 43 55 61 223 155 - 12

Sas 122 152 168 283 237 - 30

L B) 14 147 158 214 154 - 33

H

* L

H
3. m

L

H 35~ 42 74+ 58~ - 37+ 7-

u. N 10 10 62 16 - 8 0
L 0 0 0 - 0

5. H
H

L

H
m
L

H 140 111+ 68+ 51 - 34 29

650 631 552 118 - 69 20

L 429 393 321 98 - 63 36 . 0 m

+3 42+ 36+ 78 15 8H 122 117 77 62 37 5
433 421 369 78 47 12 l

1093 1025 850 260 155 68

262 228 219 0 0 108 0
it 1083 1052 983 0 0 124 0

1522 1418 1171 0 0 218 0
L +2867 +2698 2373 0 0 -4400

D - 78 - 97 -61 -394 -155 0 53
AL* 132 162 168 493 261 0 68

114 147 158 512 134 0 137



Table 10:
5 - Year: 1979

Mode: Truek

Link Assignments

I + C
H- C M M

I ++ + +

a* .TL Li,

Pr1 - _____________ -

CoN Ln

r-q 04 C1 e o , o

+ + + tC,

00 o % C)

rH

4.4

I 1II ,

t-4-

IV c 4-7I_
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Table 11: YEAR; 1979

ORIGIN ZONE: 1 Input Data

MODE: Car

Values of Time ($/hr) Link: F out

9 Class 1 2.18 (A) 44 length

10 Class 2 .56 45 V/C
11 Class 3 .18 46 free-flow spd 60

47 class 1 vol 4F8

Mode: 48 class 2 vol

5 0.C. parameterl (B) 49 class 3 vol .

6 occupancy i.-
7 expansion Link: J out

factor 107.4 50 length 0-9
51 V/C -10

0 Nuber of Links: 6 (C) .52 free-flow spd--.
53 class 1 vol 57

Link: A-B outbound 54 class 2 vol 35

20 length (km) j.5 55 class 3 vol 0

21 V/C 0.587.19
22 free-flow Link:

speed (km/h) 80/100 56 length

23 class 1 vol 164 57 V/C
24 class 2 vol 85 58 free-flow spd

25 class 3 vol 0 59 class 1 vol
60 class 2 vol

Link: C out 61 class 3 vol

26 length 1.5
27 V/C Link:
28 free-flow spd 6 62 length

29 class 1 vol 221 63 v/c
30 class 2 vol 12U 64 free-flow spd

31 class 3 vol U 65 class 1 vol
66 class 2 vol

Link: D out 67 class 3 vol

32 length --4

33 V/C 0.27 Link:

34 free-flow spd 6U 68 length

35 class 1 vol 231 69 V/C
36 class 2 vol 130 70 free-flow spd

37 class 3 vol 0 71 class 1 vol_
72 class 2 vol

Link: E out 73 class 3 vol
38 length 1.
39 V/C 1.02
40 free-flow spd 6
41 class 1 vol 621
42 class 2 vol
43 class 3 vol
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ORIGIN ZONE: 1 Input Data

PDE! Bus

Values of Time ($/hr) Link: F out

9 Class 1 2.18 (A) 44 length 1.0
10 Class 2 3T 45 V/C
11 Class 3 -1W 46 free-flow spd 42

47 class 1 vol 155
Mode: 48 class 2 vol 237

5 O.C. parameter.4 .3  (B) 49 class 3 vol 154
6 occupancy 45
7 expansion Link: J ouit

factor 92 50 length 0.9
51 V/C .10

0 Number of Links: 6 (C) 52 free-flow spd 42
53 class 1 vol 12

Link: A-B out 54 class 2 vol 30
20 length (km) 5.5 55 class 3 vol _ _

21 V/C .58/.19
22 free-flow Link:

speed (km/h) 64/80 56 length
23 class 1 vol 43 57 V/C_
24 class 2 vol 22 58 free-flow spd
25 class 3 vol 114 59 class 1 vol

60 class 2 vol
Link: C out 61 class 3 vol

26 length 1.5
27 V/C .33 Link:
28 free-flow spd 42 62 length
29 class 1 vol 55 63 V/C
30 class 2 vol 1- - 64 -free-flow spd
31 class 3 vol M47 65 class 1 vol

66 class 2 vol
Link: D out 67 class 3 vol

32 length 2.4
33 V/C .27 Link:
34 free-flow spd 42 68 length
35 class 1 vol 61 69 V/C
36 class 2 vol 168 70 free-flow spd
37 class 3 vol 158 71 class 1 vol_

72 class 2 vol .
Link: E out .73 class 3 vol

38 length 1.4
39 V/C 1.02
40 free-flow spd 42
41 class 1 vol 22
42 class 2 vol 2S3
43 class 3 vol 214
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Table 13:

BENEFITS TO RESIDENTS OF ORIGIN ZCN l utput Costs

AU'IO BUS $/Month

NO BUILD

Incame class 1

TC

Incane class 2
U;
'IC

Incane class 3

TC -----

Total
()Z

BUILD

Incxte class 1

'IC

Incare class 2 ;-4

'IC

Inccme class 3

'IC

Total

-o -.. ... _

'IC

DIFFERE
Inccrne class 1

TC

Incane class 2 7

'IC

Incane class 3

'IC

Total
'IC4
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Table 14: ORIGIN ZONE: 4 Input Data

MODE:_ Car

Values of Time ($/hr) Link: G in

9 Class 1 2.18 (A) 44 length 2.2

10 Class 2 .56 45 V/C ..29

11 Class 3 -T8 46 free-flow spd 60
47 class 1 vol 133

Mod;: 48 class 2 vol 8

5 0.C. pararmeter 1 (B) 49 class 3 vol 0

6 occupancy Lk o

7 expansion _~_~~~_Link: I out
factor 107.4 50 length 0.9

51 V/C .10

0 Number of Links: 6 (C) 52 free-flow spd 60
53 class 1 vol 38

Link: A-B out 54 class 2 vol 0

20 length (kni) 5.5 55 class 3 vol 0

21 v/C 0.58/.19
22 free-flow Link:

speed (km/h) 80/100 56 length

23 class 1 vol 90 57 V/C

24 class 2 vol 1 58 free-flow spd

25 class 3 vol 0 59 class 1 vol
60 class 2 vol

Link: C out 61 class 3 vol

26 length 1-
27 V/C 0.33 Link:

28 free-flow spd 60 62 length

29 class 1 vol 12 63 V/C

30 class 2 vol 1 64 free-flow spd

31 class 3 vol 0 65 class 1 vol
66 class 2 vol

Link: D in 67 class 3 vol

32 length 2.4
33 V/C -__ Link:

34 free-flow spd 60 68 length

35 class 1 vol 271 69 V/C

36 class 2 vol 70 free-flow spd

37 -class 3 vol _ _71 class 1 vol
72 class 2 vol

Link: E out 73 class 3 vol

38 length 1.4

39 V/C 1.62
40 free-flow spd 60
41 class 1 vol 19
42 class 2 vol 8

43 class 3 vol
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Table 15:ORIGIN ZONE: 4 Input Data

MODE: Bus

Values of Time ($/hr) Link: G in
9 Class 1 (A) 44 length 2.2
10 Class 2 45 V/C .- 29
11 Class 3 46 free-flow spd 42

47 class 1 vol 37
Mode: 48 class 2 vol 8

5 0.C. parameter 4.3 (B) 49 class 3 vol 0
6 occupancy 45
7 expansion Link: J out

factor 92 50 length 0.9
51 V/C .10

0 Number of Links: 6 (C) 52 free-flow spd 42
53 class 1 vol 7

Link: A-B 54 class 2 vol 0
20 length (km) 5.5 55 class 3 vol 0
21 V/C .58/.19
22 free-flow Link:

speed (km/h) 64/80 56 length
23 class 1 vol 35 57 V/C
24 class 2 vol 10 58 free-flow spd
25 class 3 vol 0 59 class 1 vol

60 class 2 vol
Link: C out 61 class 3 vol

26 length 1.5
27 V/C .33 Link:
28 free-flow spd 42 62 length
29 class 1 vol 42 63 V/C
30 class 2 vol 64 free-flow spd_
31 class 3 vol 0 65 class 1 vol

66 class 2 vol
Link: D in 67 class 3 vol

32 length 2.4

33 V/C -5U_ Link:
34 free-flow spd 4' 68 length
35 class 1 vol 4 69 V/C

36 class 2 vol ___70 free-flow spd
37 class 3 vol 0 71 class 1 vol

72 class 2 vol
Link: E out 73 class 3 vol

33 length 1.4
39 V/C 1.02
40 free-flow spd 42
41 class 1 vol 3
42 class 2 vol
43 class 3 vol _
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Table 16: BENEFITS TO RESIDENTS OF ORIGIN ZONE 4 Output Costs

AUTO BUS $/Month

NO BUILD

Incane class 1

Ic

Inccne class 2

Inccxne class 3

TC

Total

BUILD
Incame class 1

T-4

IncaTe class 2
QC

Incane class 3

TC

Total
OC

DIFFERENCE
Incane class 1

TC

Incane class 2

Incane class 3

TC

Total
OC
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Table 17: ORIGIN ZONE: 8 Input Data

MODE: Car

Values of Time ($/hr) Link: G in

9 Class 1 2.18 (A) 44 length 2.2

10 Class 2 ,5 45 V/C .29

11 Class 3 .18 46 free-flow spd 60
47 class 1 vol 82

Mode: 48 class 2 vol 40

5 O.C. parameter 1 (B) 49 class 3 vol 0

6 occupancy 1.6
7 expansion Link: J out

factor 107.4 50 length .9
51 V/C .10

0 Number of Links: 6 (C) .52 free-flow spd 60
53 class 1 vol 29

Link: AB in 54 class 2 vol 9
20 length (km) 5.5 55 class 3 vol 0
21 V/C 1.11/.37
22 free-flow Link:

speed (km/h) 80/100 56 length
23 class 1 vol 331 57 V/C
24 class 2 vol ~ 331 58 free-flow spd_
25 class 3 vol 0 59 class 1 vol

60 class 2 vol
Link: C in 61 class 3 vol

26 length 1.5
27 V/C .56 Link:
28 free-flow spd 60 62 length
29 class 1 vol 302 63 V/C

30 class 2 vol 322 64 free-flow spd

31 class 3 vol 0 65 class 1 vol
66 class 2 vol

Link: D in 67 class 3 vol

32 length 2.4

33 V/C -TM Link:
34 free-flow spd 6U- 68 length
35 class 1 voi 69 v/c 6__/C
36 class 2 vol 70 free-flow spd
37 class 3 vol _ 71 class 1 vol

72 class 2 vol
Link: E out 73 class 3 vol _

38 length 1.4
39 V/C 1.02
40 free-flow spd 60
:1 class 1 vol 169
42 class 2 vol 76
43 class 3 vol 0
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Table 18: ORIGIN ZONE: 8 Input Data

MODE: BUS

Values of rime ($/hr) Link: G+
9 Class 1 (A) 44 length 2.2
10 Class 2 45 V/C .29
11 Class 3 46 free-flow spd 42

47 class 1 vol 34
Mode: 48 class 2 vol 69

5 0.C. parameter 4.3 (B) 49 class 3 vol 63
6 occupancy 47
7 expansion Link: J-

factor 92 50 length 0.9
51 V/C .10

0 Number of Links: 6 (C) 52 free-flow spd 42
53 class 1 vol 21

Link: AB+ 54 class 2 vol 20
20 length (km) 5.5 55 class 3 vol 36
21 V/C 1 37
22 free-flow Link:

speed (km/h) 64/80 56 length
23 class 1 vol 14U 57 V/C
24 class 2 vol 650 58 free-flow spd
25 class 3 vol 429 59 class 1 vol

60 class 2 vol
Link: C+ 61 class 3 Vol

26 length 1.3
27 V/C .56 Link:
28 free-flow spd 40 62 length
29 class 1 vol IT- 63 V/C
30 class 2 vol 631 64 free-flow spd
31 class 3 vol 393 65 class 1 vol

66 class 2 vol
Link: D+ 67 class 3 vol

32 length 2.4
33 V/C .50 Link:
34 free-flow spd 42 68 length
35 class 1 vol 68 69 V/C
36 class 2 vol 552 70 free-flow spd
37 class 3 vol 321 71 class 1 vol

72 class 2 vol
Link: F- 73 class 3 vol

38 length 1.4
39 V/C 1.02
40 free-flow spd 42
41 class 1 vol 51
42 class 2 vol 118
43 class 3 vol 98
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Table 19: BENEFITS TO RESIDENTS OF ORIGIN ZONE 8 Output Costs

AUTO BUS $/Month

NO BUILD

Incame class 1

Incane class 2

TC

Inccne class 3

Total

cTC

BUILD
Incame class 1

Incae class 2

'IC

Incame class 3
C

Total
OC

DIFFERENCE
Incae class 1

TC

Incane class 2
c-
'IC

Incane class 3

TC

Total.

'IC
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Table 20: BENEFITS TO RESIDENTS OF ORIGIN ZONE 9 OUTPUT COSTS

AUTO BUS $/Month

NO BUILD
Income class 1

oc
TC

Income class 2
OC
TC

Income class 3
OC
TC

Total
OC
TC

BUILD
Income class 1

OC
TC

Income class 2
OC
TC

Income class 3
OC
TC

Total
OC
TC

DIFFERENCE
Income class 1

oc
TC

Income class 2
OC
TC

Income class 3
0C
TC

Total
OC
TC
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Table 21: BENEFITS To RESIDENTS OF ORIGIN ZONE 9

AUT'IO BUS

NO BUILD

Incane class 1 *.

ccj

Inccne class 2 . -

Incane class 3 No-Build
Uc
TC Build

Total
0C

BUILD
Incxne class 1

Incane class 2 . .

TC

Incane class 3 Build

TC w/loop

Total
0C
TC

-_ Differeni ze

DIFFERENCE
Incane class 1

Difference
w/loop

Incane class 2 17,

TCt

Incane class 3

TC

OK
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Input Data

Table 22: ORIGIN ZONE: 1
MODE: Truck

Modal Parameters Link: F-
Labor cost ($/hr) (B) Length 1.0
O.C parameter V/C .29
expansion factor Free-flow speed 6r

Volume 109
Number of Links: 6 (C)

Link: AB- Link: J
Length (km) 5.5 Length 0.9
V/C .58/.19 V/C .1
Free-flow speed (km/h) 80/100 Free-flow speed 60
Volume 98 Volume 10

Link: C- Link:
Length 1.5 Length
V/C .33 V/C '
Free-flow speed .60 Free-flow speed
Volume 108 Volume _

Link: D- Link:
Length 2.4 Length
V/C .27 V/C
Free-flow speed 60 Free-flow speed
Volume 114 Volume

Link: E- Link:
Length 1.4 Length

V/C .. 02 V/C
Free-flow speed 60 Free-flow speed
Volume 141 Volume
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YEAR: 1979

Input Data
Table 23: ORIGIN ZONE: 2

MODE: Truck

Modal Parameters Link: F-
Labor cost ($/hr) 1 (B) Length 1.0

O.C parameter 5.2 V/C .29
expansion factor 115 Free-flow speed b

Volume 66

Number of Links: 6 (C)

Link: AB Link: J-

Length (km) 5.5 Length 0.9
V/C 58/.19 V/C .10

Free-flow speed (km/h) 80/100 Free-flow speed 60
Volume 74 Volume -5

Link: C- Link:
Length 1.5 Length
V/C .33 V/C
Free-flow speed 60 Free-flow speed

Volume 79 Volume

Link: D- Link:

Length 2.4 Length
V/C .27 V/C

Free-flow speed 60 Free-flow speed

Volume 84 Volume

Link: E+ Link:

Length 1.4 Length
V/C 45 V/C

Free-flow speed 60 Free-flow speed

Volume 297 Volume
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YEAR;1979

Input Data

Table 24: ORIGIN ZONE: 3
MODE: Truck

Modal Parameters Link: G-
Labor cost ($/hr) _(B) Length 2.2
OC parameter V/C .10
expansion factor Free-flow speed 60

Volume 57
Number of Links: (C)

Link: A5 Link: J-
Length (km) 5.5 Length 0.9
V/C .58/.19 V/C .1
Free-flow speed (km/h) 80/100 Free-flow speed 60
Volume 46 Volume 10

Link: C- Link:
Length 1.5 Length
V/C .33 V/C -
Free-flow speed 60 Free-flow speed
Volume 56 Volume

Link: E- Link:
Length 1.4 Length
V/C 1.02 V/C
Free-flow speed 60 Free-flow speed
Volume 69 Volume

Link: F+ Link:
Length 1.0 Length
V/C ..16 V/C
Free-flow speed 60 Free-flow speed
Volume 171 Volume
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YEAR: 1979

Table 25: ORIGIN ZONE: 4 Input Data
MODE: Truck

Modal Parameters Link: G+
Labor cost ($/hr) (B) Length 2.2

O.C parameter V/C .29

expansion factor Free-flow speed 60
Volume 3

Number of Links: 5 (C)

Link: C- Link:

Length (km) 1.5 Length
V/C .33 V/C
Free-flow speed (km/h) 60 Free-flow speed

Volume 6 Volume

Link: D+ Link:
Length 2.4 Length
V/C .5 V/C -
Free-flow speed 60 Free-flow speed

Volume 3 Volume

Link: E- Link:

Length 6.4 Length
V/C 1.02 V/C

Free-flow speed 60 Free-flow speed

Volume 1 Volume

Link: Link:

Length Length
V/C V/C

Free-flow speed Free-flow speed

Volume Volume
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Input Data
Table 26: ORIGIN ZONE: 5

MODE:

Modal Parameters Link: G+
Labor cost ($/hr) (B) Length 2.2

OC parameter V/C .29
expansion factor Free-flow speed 60

Volume 4

Number of Links: 6 (C)

Link: AB- Link: J+
Length (km) 5.5 Length .9
V/C .58/.19 V/C
Free-flow speed (km/h) 80/100 Free-flow speed 6
Volume 5 Volume 33

Link: C+ Link:
Length 1.5 Length
V/C .56 V/C
Free-flow speed 60 Free-flow speed
Volume 28 Volume

Link: D+ Link:

Length 2.4 Length
V/C .5 V/C
Free-flow speed 60 Free-flow speed

Volume 24 Volume

Link: E- Link:
Length 1.4 Length
V/C 1.02 V/C

Free-flow speed 60 Free-flow speed

Volume 7 Volume
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Input Data
Table 27: ORIGIN ZONE: 8

MODE: Truck

Modal Parameters Link: G+
Labor cost ($/hr) (B) Length 2.2
O.C parameter .9V/C -
expansion factor Free-flow speed bU

Volume 9
Number of Links: 6 (C)

Link: AB+ Link:

Length (km) 5.5 Length .9
V/C 1-17-737- V/C .1
Free-flow speed (km/h) 80/100 Free-flow speed 60

Volume 63 Volume 7

Link: C+ Link:
Length 1.5 Length
V/C .56 V/C
Free-flow speed 60 Free-flow speed
Volume 56 Volume

Link: D+ Link:

Length 2.4 Length
V/C .5 V/C __

Free-flow speed 6T Free-flow speed

Volume 47 Volume

Link: E- Link:
Length 1.4 Length
V/C ,1.02 V/C
Free-flow speed 60 Free-flow speed

Volume 23 Volume
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Output Costs

TRUCK COSTS FROM EACH ORIGIN ZONE

ZONE: 1 2 3

No-Build
OC * 53,796 8,991 30,263
labor 4,113 3,128 2,176

Build
OC * 54,566 9,573 30,624
labor 3,365 2,563 1,825

Difference
OC * -770 -582 -362
labor 748 565 351
total OC -22 -17 -10

ZONE: 4 5 8

No-Build
OC * 2,330 7,368 30,225
labor 155 539 21,541

Build
OC * 2,377 7,407 25,987
labor 109 501 19,909

Difference
OC * -47 -39 4,239
labor 46 38 1,632
total OC -1 -1 5,870

* Operating cost minus $1/hr labor cost.
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Projected 1984 travel benefits by mode, income class, zone of

origin for conditions assumed to prevail with no highway component as compared

to those with the proposed highway component. Summary:
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Year 1984

Table 29: SUMMARY GENERALIZED TRAVEL COST

ZONE: High Income Middle Income Low Income Employment Total
HH HH HH

1. Car
bus
truck
walk

2. Car
bus
truck
walk

3. Car
bus
truck
walk

4. Car
bus
truck
walk

5. Car
bus
truck
walk

6. Car
bus
truck
walk

7. Car
bus
truck
walk

8. Car
bus
truck
walk

9. Car
bus
truck
walk

Total: Car
bus
truck
walk

Total:
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Year 1984

Table 30: TRIP ORIGINS - MORNING PEAK HOUR

ZONE HIGH INCOME; MIDDLE INCOME LOW INCOME EMPLOYMENT TOTAL
HH HH HH

1. Car 1.500 1,600 250 3,350
Bus 500 2,400 750 3,650

Truck 760 760

Walk 500 1,200 375 2,075

2. Car 500

Bus
Truck
Walk

3. Car
Bus 350 350

Truck
Walk

4. Car 560 40 80 680

Bus 160 80 100 340

'Truck 30 30

Walk 180 20 200

5. Car 160 160

Bus
Truck
Walk

6. Car 600 200 800

Bus 1,200 1,000 15 2,200

Truck 300 200 500

Walk

7. Car 160 160

Bus
Truck
Walk

8. Car 700 500 100 1,300

Bus 200 1,000 750 1,950
Truck 150 150

Walk 100 250 150 500

9. Car 4,112 424 380 4,916

Bus 1,303 180 2,815 4,298

TrucK 0

Walk 175 120 675 970

TOTAL Car 6,872 3,164 1,010 11,046

1 ck2,163 4,860 5,415 12,438
'us 2,125 2,125
Bus 955 1,&90 1,400 2,245
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Table 31: TRIP DESTINATIONS - MORNING PEAK HOUR

ZOIE 11IG11 lNCOE MIDDLE INCOME LOW INCOHE EMPLOYMENT TOTAL
HH HH Hu

1. Car 2280 1140 500 3920
Bus 760 1710 1710 4180
Truck 460 460
Walk 380 570 570 1520

2. Car 1200 600 200 2000
Bus 400 900 900 2200
Truck 500 500
Walk 200 420 310 930

3. Car 840 340 140 1320
Bus 280 630 630 1540
Truck 350 350
Walk 200 420 310 930

4. Car 195 82 20 297

Bus 55- 120 150 325
Truck 30 30

Walk 30 50 50 130

5. Car 780 330 8Q 119Q,
Bus 220 480 600 13Q0
Truck 160 160
Walk 40 80 80 200

6. Car 94 42 10 146
Bus 28 60 75 163
Truck 15 15
Walk 15 10 10 35

7. Car 780 330 80 1190
Bus 220 480 600 1300
Truck 160 160
Walk 40 80 80 200

8. Car 700 300 100 1100
Bus 200 480 750 1430
Truck 150 150
Walk 50 80 100 230

9. Car
Bus
Truck
Walk

TOTAL Car 6872 3164 1010 11046
Bus 2163 4860 5415 12438
Track 2125 2125
Valk 955 1890 1400 4245

TOTAL 9990 9914 7825 2125 29854

TO A 99 0
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Table 32: 0-D DISTRIBUTION OF TRUCK TRIPS Year 1985

ORIGIN ZONES 1 2 3 4. 5 6 7 8 9 TOTAL

1. H 584 318 200 24 118 19 183 54 0 1500

m 673 336 200 19 148 16 92 116 0 1600
L 121 40 37 2 8 21 8 -32 0 250

TOTAL 1378 694 437 45 274 37 283 202 0 3350

2. H
m
L

TOTAL

3. H

L

TOTAL

4. H 155 89 80 36 102 18 44 36 0 560

9 7 4 4 4 1 4 70 40
L 27 19 2 7 7 1 10 7 0 80

TOTAL 191 115 86 47 113 20 5 50 0 680

5.' H
m
L

TOTAL

6. H
m 170 103 66 28 94 9 93 38 0 600
L 65 41 35 4 27 1 18 9 0 200

TOTAL

7. R

L

TOTAL

8. H 175 94 57 15 67 15 100 167 0 700

m 132 76 23 18 42 8 56 101 0 456

L 26 22 8 3 8 2 14 17 0 100

TOTAL 333 192 98 36 117 25 170 285 0 1,256

9. H 1356 699 493 120 493 45 453 453 4,112
m 156 81 47 13 42 5 42 38 0 424
L 141 78 53 9 30 4 30 35 0 380

TOTAL 1653 858 593 142 565 54 525 526 0 4,916

TOTAL H 2280 1200 840 195 780 67 780 700 0 6842
m - 1140 600 340 . 82 330 42 330 300 0 3164
L 380 200 140 20 80 10 80 100 0 1010

3800 2000 1320 297 1190 119 1190 1100' 0 11,016
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Table 33: O-D DISTRIBUTION OF CAR TRIPS

C N TmwNs 1 2 3 4 5 6 7 9 TOTAL

1. 11 193 110 67 6 49 4 54 17 0 500

14 981 467 477 57 187 16 88 127 0 2400

L 354 134 114 20 47 7 4 .40 0 750

TOTAL 628 711 58 83 283 27 176 184 0 3650

2. H

L

TOTAL

3. H

L

TOTAL

4. H 59 27 25 8 17 8 8- 8 0 160
24 16 8 4 8 4 8 8 0 80L 31 15 15 8 8 7 8 8 0 100

TOTAL 114 58 48 20 33 -. 19- 24 24 0 340

5. H
m
L

TOTAL

6. H
m 390 230 133 37 177 28 112 93 0 1200
L 282 159 96 21 168 23 138 103 0 990

TOTAL 672 389 229 58j 345 51. 250 196 0 2190

7. R

L

TOTAL

8. H 56 28 2 24 3 23 45 0 200
1 252 153 99 18 90 10 44 234 0 1000
L 160 114 67 17 671 10 110 205 0 7_0

TOTAL 468 295 185 37 181 23 277 48410 1950

9. 11 457 235 169 39 130 13 130 130 0 1303
63 34 23 4 18 2 18 18 0 180

L 873 478 338 84 310 28 310 394 0 2815
T393 747 530 127 458 43 1 458 15421 0 4298TOTALf 4298__

TOTAL It 760 1400 380 55 220 28 220 200 0 2263
110 150 1630 120 480 30 480 480 0 2480

L 110 700 630 150 100 75 750 1750 0 3265

ToTAL 980 1250 1640 325 80 133 f5 14~30 70 -~- ~70-
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Table 34: O-D DISTRIBUTION OF TRUCK Year 1984

ihiGd T iiit1iJI 2 3 4 5 6 7 8 9 TOTAL

L

TOTAL 354 154 140 12 430 28 9 0 76

2. H
m
L

TOTAL 167 177 71 6 26 0 33 20 0 500

3. H

L

TOTAL 115 68 73 6 26 6 36 20 0 350

4. H

L

TOTAL 10 10 lo 0 0 0 0 30

5. H
m
L

TOTAL 31 28 23 0 38 9 1 0 __6 _

6. H
m
L

TOTAL 8 7 0 0L0 0 0 0 0 15

7. a
m
L

TOTAL 36 30 14 6 16 0 30 28 0 160

8. H

L

39___26__19 '3
TOTAL 9 26 19 o 1 0 19 36 0 150

9. ]1

L

TOTAL

TOTAL I1

T00[3'60 36 1 15 160 150 2125



Link
Origin Zone A B C D E G H I J K TOTAL

H 79- 168-
H 80 223
L

H 35 113
H 5 11
L

0'

H 0 10
m 6- 18- m
L 3 7

H 538+ 397+
m 387+ 318
L

H 3687+ 3210+
m 21 19
L 470 470

H
6 m

L

H
7 -

L __

In H 4225+ 3607+
m 408 337+
L 470 470+

Cotal 5103+ 4414

H 114- 381-
OUT m 91- 252-

L 3- 7-

rotal 208- 640- ____ ___ ___ ___ ___



Link
Origin Zone A B C D E G H I J K TOTAL

H 22 72

1 m 132 387
L 0 0

H 9 18
2 m 10 20

L 0 0

H 00 0
3 H 8- 32-

L 12 18

H 237+ 210+
4 m 1020 960

L 940 820

H 2085 1885
5 H 125 110

L 1470 1390

H
6 m

L

to

7 m 9 %D
TU) 00

L

In H 2322+ 2095+
m 1145 1070

TOTAL L 2410 2210
4375 4375

In H 31- 90-
m 150 439-
L 12 18-

TOTAL 193 647



Link

Origin Zone A B C D E G H I J K TOTAL

H
m 29- 57-

1 L

H
2 1 20- 53-

L H

H
3 m 20- 56-

L

H
4 m 0 0

L

H
5 k 17- 3

L

H
6 m 15- 30-

L

H
7 m 28- 102+

' L D H0 00

H
8 103+ 84+

L
9 228+ 190+

H
m 129 22'

TOTAL 331+ 376+
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TABLE 38

YEAR 1984

'LINK ASSIGT.MNTS BY MODE CAR DCUS_

ORIGIN/ZONE 1 2 3 4 5 6 7 8 9 Total Total
P ssenge sPCU

LINK
1- 3,350 113 _ _ f3,350
1-2 . b94 144 162 858 1,973
1-3 437 437
1-4 842 842

- 2-1
2-2

*(2-5)
3-1
3-3
3-4
4-1 306 379 495 2,571 3, b91I
4-3 86 101 98 593 878
4-4 680 680
4-5 274 113 _ 387_
4-6 37 20 _ 57
4-7 283 58 341

4-8 203 50 253

*(5-2)
5-4
5-5
5-6
5-7
5-8
6-4 572 572
6-5 121 121
6-6 800 800
6-7 110 110
6-8 47 +47
7-4
7-5
7-6
7-7
7 - 8 3 , 8 7 5
8-4 629 T,4 3,N/_

8-5 - 117 565 682
8-6 25 54 79
8-7 170 525 695
8-8 1,300 1,300
8-9
9-8 __ 5,916 5,916_ _

9-9 5,916 5,916
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TABLE 39

YEAR 1984

'LINK ASSIGNMENTS BY MODE BUS DCUS_

ORIGIN/ZONE 1 2 3 .4 5 6 7 8 9 Total

LINK P ssengerw Total PCU

1-j 3,650 . 3,650
1-2 ii 58 389 295 747 -2,200

1-3 658 658

1-4 763 763
- 2-1

2-2
*(2-5)

3-1
3-3
3-4
4-1 172 1,061, 763 2,140 4,136
4-3 48 229 185 520 982

4-4 340 340

4-5 2323 316 .
4-6 27 19 46

4-7 1'76 24 200

4-8 8424 208

*(5-2)
5-4
5-5
5-6
5-7
5-8
6-4 1, 348 1, 348
6-5 345, 345

6-6 2,2001 2,200
6-7 2501 250

6-8 196 196

7-4
7-5
7-6
7-7
7-8
8-4 985 1,587 2,5721

8-5 181 458 639

8-6 23 43 66

8-7 274 458 7321

8-8 1,950 1,950

8-9
9-8 4,298 4,298

9-9 4,2984,9
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TABLE 40

YEAR 1984

'LINK ASSIGNMENTS BY MODE TRUCK DCUS_

ORIGIN/ZONE 1 2 3 4 5 6 7 8 9 Total Total

LINK passen ers PCU
760 760

1-2 154 68 10, 28 7 30 26 -_33_
1-3 140 71 211-
1-4 112 85 197
2-1 333 -33

2-2 500 00

*(2-5)
3-1 183 1TT
3-3 3' M 35
3-4 161 6
4-1 120 15 66 r 637 225
4-3 10 23 14 23 66

4-4 30 30
4-5 43 26 6 75

4-6 26 26
4-7 28 33 36 97

4-8 29 20 20 69
*(5-2)

5-4 7T 72
5-5 160 160
5-6 9
5-7 -T 14
5-8 IT 17
6-4 15 15
6-5
6-6 - _15 15
6-7
6-8
7-4 86 f 86
7-5 16 16
7-6
7-7 160 160 _

7-8 _ 28 28
8-4 84 84

8-5 11 11

8-6
8-7 19 19

8-8 150 -- __0 _15_

8-9 .
9-8
9-9
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REGISTER CONTENTS: UTB-2.1(A)

YEAR:_1984
FOR CAR & BUS

ORIGIN ZONE: 1

MODE: Bus

Values of Time ($/hr) Link:

9 Class 1 2.18 (A) 44 length __
10 Class 2 .56 45 V/C
11 Class 3 .18 46 free-flow spd

47 class 1 vol
Mode: 48 class 2 vol

5 O.C. parameter 4.3 (B) 49 class 3 vol
6 occupancy 45
7 expansion Link:

factor 92 50 length
51 V/C

0 Number of Links: 10 (C) .52 free-flow spd
53 class 1 vol

Link: A outbound 54 class 2 vol

20 length (kn) 2.1 55 class 3 vol

21 V/C 1135/1600=0.17/0.24
22 free-flow Link:

speed (km/h) 64/80 56 length
23 class 1 vol 22 57 V/C
24 class 2 vol T32 58 free-flow spd
25 class 3 vol __0- 59 class 1 vol

60 class 2 vol
Link: B outbound 61 class 3 vol

26 length
27 v/C Link:
28 free-flow spd _6glgn 62 length
29 class 1 vol 79 63 V/C

30 class 2 vol 387 64 free-flow spd

31 class 3 vol 0 65 class 1 vol
66 class 2 vol

Link: 67 class 3 vol
32 length -
33 v/C Link:
34 free-flow spd 68 length

35 class 1 vol 69 V/C _

36 class 2 vol 70 free-flow spd
37 class 3 vol 71 class 1 vol

72 class 2 vol
Link: 73 class 3 vol

38 length
39 V/C
40 free-flow spd
41 class 1 vol
42 class 2 vol
43 class 3 vol
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TRIP-ORIGINS - MORNING PEAK HOUR

ZoUEA 11IGH II ACGIE MIDDLE INCOlE LOW IUCOE EM,1PLOYUENT TOTAL
HH HH HH

1. Car 2250 2100 350 4725
Bus 1000 3600 1500 6100
Truck 920 920
Walk 250 800 375 1425

2. Car
Bus
Truck 500 500
Walk

3. Car
Bus
Truck 400 400
Walk

4. Car 840 60 900
Bus 280 120 400
Truck 150 150
Walk 120 20 140

5. Car
Bus
Truck 240 240
Walk

6. Car 750 300 1050
Bus 1800 1600 3400
Truck 30 30
Walk 225 300 525

7. Car
Bus
Truck 400 400
Walk

8. Car 735 650 300 1685
Bus 375 1400 900 2675
Truck 180 180
Walk 75 260 100 435

9. Car 5175 350 410 5935
Bus 2325 225 2420 4970
Truck
Walk 135 145 550 830

TOTAL Car 9000 3915 1385 14300
Bus 3980 7145 6420 2820 17545
Truck 2820 2820
Wal 580 1450 1325 3355

TOTAL 13560 12510 9130 2820 38020
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TRIP DESTINATIONS - MORNING PEAK HOUR

ZOdE 111GI INCOME MIDDLE INCOME LOW INCOME f LOYAENT TOTAL
H HH H HH

1. Car -2990 1035 460 4485
Bus 1380 2070 2070 5520
Truck 920 920
Walk 230 500 460 i1190

2. Car 1300 600 200 2100
Bus 600 1000 900 2500
Truck 500 500
Walk 100 250 200 550

3. Car 1040 360 160 1560
Bus 480 900 630 2010
Truck 400 400
Walk 80 200 160 440

4. Car 725 400 100 1225
Bus 250. 575 475 1300
Truck 150 150
Walk 50 100 75 225

5. Car 870 500 120 149&
Bus 300 600 540 1440
Truck 240 240
Walk 60 90 90 240

6. Car 115 80 15 210
Bus 50 150 115 315
Truck 30 30
Walk 5 40 20 65

7. Car 1150 700 150 2000
Bus 500 1250 1150 2900
Truck 400 400
Walk 25 150 200 375

8. Car 810 240 180 1230
Bus 420 600 540 1560

Truck 180 180

Walk 30 120 120 270

9. Car
Bus
Truck
Walk

TOTAL Car
Bus 9000 3915 1385 14300
Truck 3980 7145 1420 17545
Walk 1580 2820 2820

L13560 1510 _ _91.20 _2 --- 0 -3355

TOTAL 13560 12510 9180 2820 380 20
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O-D DISTRIBUTION OF CAR TRIPS

ORIGIN ZONE 1 2 3 4. 5 6 7 8 9 TOTAL

1. H 873 343 280 136 201 20 281 116 0 2250
m 688 366 236 193 175 31 355 56 0 2100
L 168 73 48 24 21 4 18 '19 0 375

TOTAL L729 782 564 353 397 55 654 191 0 4725

2. H
m
L

TOTAL

3. H
m
L

TOTAL

4. H 248 146 131 129 86 9 69 23 0 840

m 11 7 7 7 7 7 7 7 0 60

L 0 0 0 0 0 0 0 0 0 0

TOTAL 259 153 138 136 93 16 76 30 0 900

5. H
H
L

TOTAL

6. H
H 140 96 42 105 159 26 113 69 0 750

L 82 38 39 28 38 2 44 27 0 300

TOTAL 222 134 81 133 197 28- 157 96 0 1050

7. R
H
L

TOTAL

8. H 163 86 48 46 68 34 128 165 0 735

H 95 78 43 61 113 9 164 87 0 650

L 74 32 24 19 24 3 .43 81 0 300

TOTAL 332 196 115 126 205 46 335 333 0 1685

9. H 707 125 621 444 508 52 672 466 0 5175
H 91 53 32 39 46 77 61 21 0 350
L 136 57 49 29 37 4 45 53 0 5135

TOTAL 1934 835 702 482 601 63 778 540 5935

TOTAL H 2990 1300 1040 725 870 115 1150 810 0 9000

m 1035 600 360 400 500 80 700 240 3915

L 460 300 160 100 120 75 150 180 0 1545

4485 2200 1560 1225, 1490 270 2000 1230 0 4,460
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O-D DISTRIBUTION OF BUS TRIPS Year 1989

ORIGIN ZONE 1 2 3 4. 5 6 7 8 9 TOTAL

1. H 401 169 135 60 63 11 94 67 0 1,000

M 1342 570 509 247 217 59 541 115 0 3,603

L 633 230 190 81 95 20 180 6 0 1,500

TOTAL 2376 969 834 393 375 90 815 248 0 6,100

2. H
H
L

TOTAL

3. H
m
L

TOTAL

4. H 93 42 34 34 27 8 25 17 0 280

M 32 16 16 16 8 8 16 8 0 120

L 0 0 0 0 0 0 0 0 0 0

TOTAL 125 58 50 50 35 16 41 25 4 0

5. 1
m
L

TOTAL

6. H 0 0 0 0 0 0 0 0 0 0
m 372 229 210 201 210 73 292 239 0 1800

L 443 238 136 158 197 30 279 93 0 1600

TOTAL 815 467 346 359 407 103 571 332 3400

7. K
m
L

TOTAL

8. H 96 40 32 16 24 8 79 80 0 375

H 264 153 136 93 147 25 340 246 0 1400

L 220 93 62 51 65 17 231 161 0 900

TOTAL 580 286 230 160 236 50 650 487 0 2675

9. H 790 349 279 140 186 23 302 256 0 2325

m 64 32 29 18 18 5 41 18 0 225

L 774 339 242 169 194 48 460 194 0 2420

TOTAL 1528 720 550 32 -398 76 803 468 0 4970

TOTAL H
H
L

- I _ ____
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O-D DISTRIBUTION OF TRUCK TRIPS Year 1989

ORIGIN ZONE 1 2 3 4. 5 6 7 8 9 TOTAL

1. H
m
L

TOTAL 381 149 120 40 86 6 75 63 0 920

2. H
m
L

TOTAL 133 14 74 35 20 7 74 14 0 500

3. H
m
L

TOTAL 149 60 97 14 21 0 44 15 0 400

4. H
m
L

TOTAL 46 24 24 16 16 0 -16 8 0 150

5. H
m
L

TOTAL 71 35 27 18 48 0 27 14 0 240

6. H
m
L

TOTAL 10 10 5 0 0 0 5 0 0 30

7.R
m
L

TOTAL 92 51 34 17 30 17 121 38 0 400

8. H
H
L

TOTAL 38 .28 19 10 19 0 38 28 0 180

9. H
H
L

TOTAL 20 100 60 5 8 2 10 20 0 325

TOTAL H

L

920 500 400 150 240 30 400 18 0 0 3,145
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LINK ASSIGNMENTS BY MODE CAR

O~JIHTotmal Total

ZON 1 2 3 4 5 6 7 8 9 Passengers FCU

LINK 1-1 4725 47?-
1-2 782 153 134 196 835 21a0
1-3 564 . 564
1-4 1650 1650
2-1

A2-2

(2-5)T
3-1
3-3
3-4
4-1 312 356 528 2769 3965

4-3 138 81 115 702 1036

4-4 -o 900 900
4-5 397 93 490
4-6 55 16 71

4-7 654 76 730
4-8 191 30 221

5-4
5-5
-5-6
5-7
5-8 --570
6-4 57_ 570

6-5 197 197
6-6 1050 1050
6-7 151 151

6-8 96 96
7-4
7-5
7-6____ ___ _______ _______ _

7-7 _______ ___

7-8
8-4 769 3973 2
8-5 205 601 806
8-6 46 63 109

8-7 335 778 1113

8-8 1685 1685

8-9
9-8 5135 5135

9-9 5135 5135
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Year 1989

LINK ASSIGNMENTS BY MODE

o ajy;g Total Total

z 0Il1 2 3 4 5 6 7 8 9 Pass en ;ars FCU

LINK 1-1 6100 6100
1-2 969 58 467 286 1780
1-3 834 834

1-4 1927 1927
2-1
2-2

3-1
3-3
3-4
4-1 183 1282 866 ?248 4579
4-3 50 346 230 54Q 1166
4-4 400 400 -
4-5 375 35 41
4-6 90 16 106
4-7 815 41 856
4-8 248 25 1, 273

*C5-2L
5-4
5-5

-5-6
5-7.
5-8
6-4 1987 1987

6-5 407 407

6-6 3400 3400

6-7 571 571

6-8 332 332

7-4
7-5

7-7

8-4 1256 -311 c 4*171
8- 5 236 398 634

8-6 150 76 12-6-
8-7 60 803 1453-
8-8 12675 2675
8-9
9-8 4970 4970

9-9 4970 4970
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Year 1989

LINK ASSIGNMENTS BY MODE: TRUCK

OiGIPi Total Total
ZOi7 1 2 3 4 5 6 7 8 9 Passengers FCU

LINK 1-1 920 920

1-2 149 60 24 35 10, 51 329
1-3 120 74 194
1-4 270 150 420

2-1 357 357
2-2 _ _ __500

2-5
3-1 209 209
3-3 400 400
3-4 94 t94
4-1 70 106 20 143 66 405
4-3 24 27 5 34 19 109
4-4 _ 150 150

4-5 86 20 21 16 143
4-6 6 7 13 L

4-7 75 74 44 16 209
4-8 63 14 15 8 100
5-2
5-4 157 157
5-5 240 24Q
.5-6 0 0-
5-7 27 27
5-8 14 14
6-4 25 25
6-5
6-6 30 30

6--7_____5
6-8
7-4 194 194

7-5 1 30 30
7-6 17 17
7-7 400 400

7-8 38 3
8-4 95 95
8-5 19 19
8-6 38 38

8-8 180 do

8-9 ___
9-8
9-9
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PROGRAMMING LAND DEMAND

Al) With No highway component

A2) With highway component

Bl) With weak public transport component
BlA) Context Al
BiB) Context A2

B2) With strong public transport component
B2A) Context Al
B2B) Context A2



898
1 83 83 6889 30 229.6 .75 7875 8300 79

4
4 8 2 8 4.7 1.702 .01 105 200 .02

8 60 20 1200 16.1 59.6 .24 2520 2000 .19
48

305.8 10500 10500

114
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1984 - 1989 Volume Increments 1989
Links A & B

LINK A T.TNK R

1984 1989 Increment 1979 1984 128 1984-89 1979-84
Increment Increment

High Auto In 4223 5279 211.2 809 3603 4479 174.8 559.2

Out 114 139 5 254 281 489 41.6 5.4

Bus In 2322 2364 8.4 262 2095 1983 22.4 366.6

Out 31 84 10.6 78 90 203 22.6 2.4

Med. Auto In 418 892 94.5 625 357 667 62 53.6

Out 91 132 8.2 86 252 607 71 33.2

Bus In 1245 1361 23.2 1083 1060 977 16.6 4.6

Out 142 462 64 132 439 1211 154.4 61.4

Low Auto In 470 576 21.2 0 470 488 3.6 94

Out 3 46 8.6 0 7 108 20.2 1.4

Bus In 2410 3965 311 1522 2210 3274 212.8 137.6

Out 6 159 30.6 114 18 618 120 19.2

Truck In 342 417 15 230 387 576 37.8 31.4

Out 342 417 15 230 387 576 37.8 31,4



- 0 -U A-1984
- 10V~ 1 -

- 2 0 Car

_. -ink: E Out

c1 s 1 2.18 (A) 1.4
ClaSO 2 .56 V/C 1.15

class 3 .18 f-roee-flow sPd 60
class 1 vol

ode class 2 v ~3o
u(C. parv e i (B) class 3 vol 50

xpasion nk: F OutexpaJI s-Lon
factor 107.4 lens 1-t

V/C .27
rr of Liks ()free-floa)x spd 60

class 1 vol 198
Link: A Out clas s 2 vol

ength 2.1, class 3 vol 50

rec-f i -nk: H Out_-
specd (km i) 80/100 lcnrth -5

class J. vol V/.C
class 2 vO D.8 . 6re0-fi O p 6
class 3 vol "Ic.ss I vol 18

- lass 2 vol 16
in,: B Out cl.? 3 vol 0

3.4
v/C .96L 32 Tin: J Out_ -
fres- fl sQd 80/100 A9 j

clcss 1 vol 6 /C
class 2 vol 223 free-low. :__ 60
class 3vol 0 class " vol 177

class 2 vol 169
Link: C Out class 3 vul 0

/Ti i ': K Out
A r-60

class 1 vol 36 / e 6
Clas - 2 voL 408 free--lov 60a

Class ' vol 0 class 1 vol 89
class 2 vol 73

: D Out ",s cl3s 3 vol

ic

cl A 1 vOl 402
CLas9s Zvol 453

class 3 v n- 0
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0 r in Zon: C +
Car

- -- I .anme-af i F Out
class 1 (A)e 115

cass 2 free-flow sf 60
class 1 vol 88

frode: class 2 vol 6
0.0 . parza(B) class 3 vol 0
occupancy
expansion nk: GIn

factor lenGtz 2.2
V/C .59

nThmer of LiT 9 (C) free-flov spd _60
class 1 vol 79

Iirk: A Out class 2 vol 6
Iength (k~) 2.1 class 3 vol
/C .73/. 24 H Out

f rac-fl '4 0,YHou
speed (ki/2 80/100 .e5th

class 1 vol 35 V
class 2 vol 5 . fr6e-flo0 s -0

aclass 3 vol 0 clasS z. vol 26
class 2 vol 0

LiO: B Out class 3 vol 0
4-nf.L 3.4

V/C .96/.32 n : J Out -

fre.---l-w s 0/ 1-0 7t .9
class I vol 13V/
class 2 voT 1f freG-flow
claos 3 vol ~ class 1 vol 61

class 2 vol 6
Lin_: - _ Out class ' vol -

len-th L
V/ - .2 K Out

r60 Loc e6 .5
clc-ss 1 vol V/c' z 310 1 VC .54
class 2 vofree-flo sd 60
class 3 o class 1 vol 78

class 2 vol 6
D In class 3 vol

1.02
!Cree f 1u. sped. 60
clasz 1 vol 246
c1a25 2 vol 17
clas 3 vol 0
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Car

rn!"n I E Out
s(A) n 1.4

class 2 V/C 17.15
class 3 fr_-fIo_ Spa 60

class 1 vol 0
__de: class 2 vol 3

O.. (B) class 3 vol 1
occupancy
exp^': sio11 Link: G In

factorlng -2
V/C .59

Numbeh of Links: 9 (C) free-flow spd 60
class 1 vol 0

Iin: A Out class 2 vol 6
length (c,;) 2- class 3 vol T
V/ C .73/ 24

r a-flo Link H In..

spee d (!,i/h) jQ. lj I-en- .5
class 1 vol o V/c .04
class 2 vol 6 .free-flow spac 60
class 3 vol 3 class 1 vol 0

cla.ss 2 vol 
1ink: B Out cla.s 3 vol

lcer3th.4
/.96.32 Link: J Out

free.-flowi s-d8of10o lz,
class 1 vol 0 V/C .Z
class 2 vol 18 free-flow sp
class 3 vol 7 class I vol

class 2 vol 16
7ink: C In class 3 vol 5

lenith 1.5
V/C 1.2 )- K Out
f'r a c-;f1 o 81 L! 60 len g Uh ,
class 1 vol ~0 V/C
class 2 vol 20 free-flop' spd
class 3 vol 8 class 3. vol .

class 2 vol 12
i., - D In 1:cla 3 vol 4

lcngLth 2.4
- VC~C :.02

fre-fows",C 60
class 1 vol o
class .vol 12
class : vol - 4



Ye; r: 1984
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Car

I-11 V E Out
class () lEs; 1.4

cuss 2 v/C 1.15
claf 3 free-flow sI C 60

class 1 vol ~~
1 class 2 vOl T

O.C. ( ) class 3 vol 0
0C CI y lC

v. .5_9

-rnCLi>L9 (C) 1rec-flo sp 60
class 1 vol 69

Lirn- A In cIla:-s 2 vol _40

lngt ) class 3 vol 0
V/c L/9

L r ee-f w I k ROut
S.peed (km /) io /n r-. .
clas s 1 vrJ 536 V /
c1aos 2 vol 387 - .re-i: S a SQ
class 3 vol 0 clsa I vol

T. B I clss 3 vol 0

V/C L .9 n J Out
frce.-flow cs a 395n
class 1 vo 318 V/C
class 2 vol 0 free-low t

lcsz 3 vol claos I vo I
class 2 vol

C In _ _ claS3 3 vo . 0
nr t 1.5

V/C 1. , :__K Out
class 1 vol'-/

C 2 Vol 264 free-flo sp 6
cla& vol _0 class I vo

class 2 vol 9
n4 : D In cla's 3 vol 0

l r, a 2.4
V/C 1.02

rp 60
clas.s 1 vol 235
class 2 vol 215
class 3 vol 0



Yr :1984
- 105 - ~- --

Or.Vi Z oner

,111i 1: Bus

V Nh.d f ir E Out

class 1 (A) jength 1.4
class 2 v/C 1.15
class 3 I r-flov; spa 47

claus 1 vol 109
______- class 2 vol 44

O.C. par.;A.r4.3 (B) class 3 vol
occunpancy 45

epanS Ijn Lin : F Out
factor 92 lengt- 1.0

V/C * .29
Number of LiiV's 9 (C) free-flow spa 42

class 1 vol
LInV A Out class 2 vol 3

ng () 2.1 class 3 vol 133
V/0 .73/.24

-ree-f o11 link: H Out

speed (km/i h'A4 lerGh - .5
class 1 vol V/C
class 2 vo - .free-,.ow sp 02
class 3 vol classs- ' vol 0

class 2 vol 36
Li': B out class 3 vol 0

Jk_ _32 Tjink: J Out

freeflow d480 h
class 1 vol 72 V/C 52
class 2 vol 387 free- S.2 42
class 3 vol 0 class . vol' 44

class 2 vol .15
Link: C Out class 3 vol

V/C --- Lin: K Out
fr -floY: C, 42 ,c___2U .5
class 1 vol V/C .54

class 2 vol 738 free-flo sp.o 42
class 3 vol 0 class 1. vol

class 2 vol 255
5in: D Out class 3 vol 0

lenga2.4
.49

CeX- nI s p 42
Cla SL V OL 125

class 2.vol 819
c.a.s 3 Vol 0



Yn r 1984
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Bus

(A)-E Out

class 2 / C 1.15
class 3 free- fl ow sp, 42

class 1 vKl 27
Iode: class 2 vol 10

. (B) class 3 vol 0

exp nsi on L i r G In
factor 2.2

V/0, .59

Number of in ks 9 (C) free--flow sp 4
class 1 vol 27

A Out class 2 vol
len~gT1 () .class 3 vol 0
v C .73/24,

lik: H Out.
sp.ed (km/h) 64/80 c,_th 5

class 1 v;l 9 v/U
class 2 vol 10 fre-ficag 4
class 3 vol 0 clas:: I vol 9

- - s 2 vol 0
1 rV: B Out class 3 vol 0

len~gth3.4
V/ C' ' in" J Out

f re e - f!ow s cd e48 e, t h .9
c " a F 1 5 2

class 1 vol~ ~~V~/C .- 52
claso 2 vol 20 r -. e 2
class 3 vol 0 class I yol 22

class 2 vol 10
Tnk: C Out clsss 3 vo 0

lengt 1.5.
v/C ,in2 K Out

Crce-fov S 42 l n .5
clazss 1 vol, 49 V/C
class 2 vol 30 f ree-floOv! s rd
class 1 vol 0 cla.sS 1 vol 9

class 2 vol 10
Lir%: D In clas 3 vol 0

nI C ,-12.4
-r/C _1.02

class 1 vol 75 -
class Z vol 40
class 3 vol 0



Yenr: 1984
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Orin ,nc

Bus

T ivk: E out

cas 1 ((A) en
cass 2 /C 1.15

cfasC 3 - fe- o pd 42
class 1 vol 0

(oe:- class 2 vol $
CO.G. ar( class 3 vol 3

0 O U f C Y - r a -,. t : -

.xpI si o Link: G In
factor lerGM L.2

V/C '
Tumbhr of Lin:: 9 (C) free-flow spd 42

class 1 vol 0
)Lirk: A Out class 2 vol 16

len (kn) -2.1class 3 vol 6
V/C .73/.24

r link: H In

zpced (:m/h) 64/80 .5'
class 1 vol ~0 V/C .04
class 2 vol 8 . ree-ow sp 42

cI a ss 3 VOQ _ 6 class 1 vol 0
clss 2 vol 112

I iZ: B Out class 3 vol

v/Ct_. Link: J Out

frae e f] ., s d 61_8 l iAt .9
class 1 vol 0V/C
class 2 vol 3 ree-f11 42

class 3 vol 20
class26

ink C In class 3 vol 16
lcng ti- 1.5.

/01.2 Lin>: K Out
9r F-el 42 1 l2n 1 ) .5_

class 1 vol 0 V/( .54
class 2 vol free-floW spd
clas - vol 20 class 1 vol -

clars 2 vol 24
i !: D In cla&s 3 vol 12

.Lcna. 2.4
V,'C 1.02

cla:s 1 vol 0-
class 2 vol 36
class 3 vol
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Or ir Z->r":8

Bus

1. Li.11k: E Out

clasis 1 (A) n
cl ass 2 V/C 41.15
class 3 frec-]l S- 42

class 1 vol 50
Moe e- class 2 vol 210

0.0. para: tur( class 3 vol 200
Occupancy
expansion -ink:V_ G In

'ac tor lengt, 2.2
V/C - .54.

1uner of liks: 9 (C) free- low spd 42
class 1 vol 30

A In clas s 2 vol 140

lengthki ) 2.1 class 3 vol Th0
V/C 1.51.96
fre.-0:% Lirl:. H Out

spee, (kir/h)64/80 le nth

class 1 vol _23 V/C
class 2 vol 1120 free-f 3oW sp _
class . vol 940 class 1 vol 0

class 2 vol 20
ik: BIn _ _class 3 vol 0

3.4
V/ C 1.5/.89 iink: J Out

frec--flow s c 64/80 g .9
class 1 , oI V/C .52
class 2 vol 6 frec-flev s- 43
class 3 vol 820 class I vflf 30

class 2 vol 140
Link: C In class 3 vol 100

V/C I 25 K Out
-iCM2U~ a.5

clcss 1 vol 18 v/
o1ass 2 vol 800 fr ee-flov! spd
cla 3 vol 720 class 2 vol2

claso 2 vol 16
D In claS 3 vol 120

.2.
fre-fr ,Ipai 42
claso 1 vcol 140
class 2 vol 630
clcss 3 vol 600
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fRJ;yN zc:u 1
Truck

*, e t v - Lirk: E Out
I. r C'st ($,7ht) 1 (B) crg th 1.4

O.C. - Castr 5.2 V/C . 1.15
expanzion factr 115 free-flow sP:id 60

volume 158
N rb'er cof LisAs: 8 (C)

Link: A Out Link: F Out
.loength (km)2. length 1.0

21 v/C 29021VC.73/.24 V/C .29-
22 free-flcw p k/ 80/100 f ree- flc. zpc &d .60

volumT 135 voluma 140

Li.nk: B Out Link: H Out
length 3.4 length 1525 v/c .96/.32 V/C .5

26 free-ficw .peed 80/100 free-flow 2c'cd 60
voLume 135 volMe. - 0

tdn: C Out Link: J Out
lengt Ieng Lh

V/C
fr c-f Icw spe 60 free-flow sp, !c-6

v0 178 Volu .z- 43

ILir>- D Out Link: K Out
--2.4 length .5

V/C -. 49 V/C .54
free-f l. s-ced 60 free--f l spced 60
volume90 volum-19



-110 - r k_

0RTCI ZJW: 2

Truck-

Labr cosi (f/lr) .(B) lcngth____
O.C. par__t_ 37 V/C .56
expansi n tactr free-flcw spx. .__

31 vui 375
Ntnber off LirIs: (C)

Link: Link:
0=n1t ) (_ _ ler:gth

V/C .73/.24 v17/c:_
free-fi kd(km/h) 85/100 frm-ficr spe7d

23VoX 2 72 43 volume

Li3 : Link:
ant enj Uli

V/C .96/L32 V/C
free-f icslx 80/10Q free-flow specd -

27 volume 105 volumeV2

Link:___ _____ __________Link: _________

1eng th ____ engiJo
V/C V--/C _-----

freeflowsee free-flcw spr ,d
31 vol-ri 131 47 vol.e 26

L~~h1 ____ ~~Link: ___ _____

length_

V/_ V/C
free-fcu speed _free-f lew spcd

35 olum3 137 51 volum: 33



- 111 - Ycar: 1984

Truck

LJ':Kor cot ('/hr) .__ (B) 1cngtii 1.0
O.C. pa er V/C ,. .18
Cxpans.1cn fcLr free-flow spdc. 60

volume183
Ncrnb- of Li:s: 9 (C)

Link: A Out Link: G Out
Slength (k- 2.1 lungth 2.2
V/C .73/.24 V/C .25
free-flow sped(k/n) 80/100 free-flc( pted 60

voiue 58 volune 132

Link,: __ B Out Link: H Out
lenath 3.4 leng th 5
V/C .96/.32 v/C .05
free-flc!w pee 80/100 free-flo-w speed 60
volu__ vum - 6

Li__k __ C Out Link: J Out
leng_ __ length .9

v/C .62 V/C ~~ _

fee-flcw zeed ~C free-f"'o>, s-ed ~~ 60volZn 126 voline 26

E Out LL-k: K Out
t1.4 length .5V/C 1.15 V/C .54

freo-fiacw sie 60 free-f lcw speed 60
voluxae 68 vohlne 36



S112 - Yoar: 1984

ORTGIN SqJ:

Mr ruck

Lar cost (1/hr) _______ (B) ClC
O.C. %arxreer V/C _.

exp~ansicn factor free-flow spece _

4 vClume
Nkacr of Links: 3 (C)

Link: D In Link:
length (rm) 2.4. CL.ng th
V/C %.0 V/

_ _ _ f r eeI / C r ~free--flav 61c m ) . free-flctw sp.edvohzre 1 volum

Lir: E Out. Link:
length _1A4 ~_ngth
V/C 1.15 V/C
free-flow speed 60 free-flad spec

10 vclume

Link : G In Link:
lenjtai 2.2 length

V/C59 V/C
free-flow speed 1fr4e1f ic p2 w sp__d
voliie 10 volu c

LinK _________ Link: ________

lengtli-ent
V/C /C
free-f Wc7 speed free-flw spec-d
volume 01 volure
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Year: 1984

0RTGTN ZUE: 5
;:- Y~ ruc

. Link: E Out
Laor cost (hr) _ _(B) ~~rigK 1.4
O.C. para:.ter V/C s. 1.15
expansion tacLtor __free-flow Spot& 60

vu1.Tm 28
Nurbxr of Liks: 9 (C)

Link: A Out Link: G In
length (kmr 2.1 length 2.2
V/C .73/.24 V/C .59
free-f lw coeed (km/h) 0/100 free-flcw spced. 60
volume _ 39 volume 23

Link: B Out Link: H Out
length 3.4 length _.5

V/C .96/.32 V/C .05
free-ficw speed 80/100 free-flow sped -. 60

53 volume - 9

Link: C In IrJ- : J In

lngth 1.5 leng th 9V/C 1.25 V/C .23free-flw speed 60 free-flw sped 60
volr 82 volume 182

LrA D In Link: K Out
lenjth 2.4 length 5
V/C V/C .54
frez-f0 s ed 60 free-flaq spced 60
volume59 volume 14
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Ycar: 1984

fRTGIN :7'zU- 6
Truck

Changes from Zone 5

Lor cos; ($/hr) _ (B) ~ leng th
O.C. paramtr _ _ V/C ,.
exparsion acLor free-flw spec_

Nurlier of Links: 7 (C)

Link: _____ Link:

lengt> (k) _length

V/C V/C
f;-f w spd (km/h)______free-flaw s;eed

volume 0 volume 0

Link: Link: H In
leng th length
V/C V/C .04
free-flcw speed free-f lcw speed

V-lm 0 volume 15

Link:__Link:
lkng th lenq'th
V/C V/c'
fre2-flow speda free -flcw speed ____

vo um! 15 volune

Lik __________Link:

length length
V__/C V/C -

free-f Icy-: sc free-flw srced
lume 15 Volume
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Yecar: 1984

ORIGTIN ZCNIB: 7

Changes from Zone 5

La>Or cost (:/r) (B) icnth
O.C. aRIEetr V/c ,.
expansion fact r free-f icw spec __--

velume 30-
NLrber of LirPks: 9 (C)

Lirn:: Link:
length (}al) length

. V/C .73/.24 V/C
free-fl kc pee-d(km/h) 80/100 free-flow saeod
vollxe 66 VOlume 14

Link: B In __Link:

length length
Vi/C 1.5 /.89 V/C
free-flow speed 80/100 free-flow speed-
voha 102 volume __-__

Link: Link:
leng th leng th
V/c V/C .52free-flow speed free-fIcw speed
Volue 86 volume 16

Link:_Link: 
length length
V/c V/C ._25_--
free-flcw sneei free-f1(w speed
volum-e 6 volume 9
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'Ycar: _84

QPRTGTNi zmy:8
t>de Truck

Changes from Zone 7

!'0:w _f.r-Link:
L "Dsr cst ( /h) . (3) lcngth

O.C. iaam__er V/c _,

expansion factr ~ _ free-fl1cw spee. ___

volum.26
Nu:r er of Lins: .9 (C)

Link: A In Link:
le a(th (k) length

V/C 1.5/.96 V/C .
free-flaw seed (k/)80/100 free-flow speed
volume 114 volumrre 1~9

Link: B In Link:
length _ leng th
V/C 1.5/ .89 V/C
free-fizw spa-:ed 80/100 free-flw speed

95 volume 0

Link.: _ Link:
leng th leng th
V/C V/c
frcc'-flaw zpeed free-flcw speed
volume 84 volue .11

Lin__ __:__Link:

lengLh length
V/C - V/C .54
free-flow Sped ~~~free-flaw spced ___

volu6e 6_ volr-e1
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Year: 1984

BENEFITS TO RESIDENTS OF ORIGIN ZONE 1

AUIO BUS

NO BULI'
Incom- ilas 1

Incane clas 3 2

:722. 42 431. 2 .'
7351 . :37 155401. 10

Incane class 3

-42. 27 308. 73
L.4 4. It-, 5 E,. 1 8

Total

TC 33 -2E,. 47 53 .9
33?83 1 272 26. 8. 9

BUILD
Incane class 1

1465. 2 705. 71
T.2165 LD - 94 3. E,

Inccme class 2

1 E4 , 70 403. 77
5747. .5 2536. 1 7

Incame class 3

.U 6 4 2. 27 30,:.. -73
124. 1E 561. 18

Total

31911.08 5048. 21
750. 75214.9

DFFERENCE
Income class 1

%3.A - 52. i6
487 93 2122. Cu

Incane class 2

TO .1604. 12 2963. 9:3

Incane class 3
%.A- 0 0. 00

I.- Cf. OC; 0. 00

Total
EO 6475. 3-9 5- 5. 42

TC677 E 50 8511. 'D



- 118 -

Year 1984

BENEFITS TO RESIDENTS OF ORIGIN ZONE 4

AUTO BUS

NO BUILD

Incam -- clas 1 35C! 4
- 9522. 10. .

Inccme class 2
*g77.9 2113. 92

5C400. 14 946. 12

Incane class 3
U. 0. 00 0.00
C. 00 0 00

Total -
c 10300. 02 561. 96

C . 3 0 CJ 7300.915

Inccm class 1 33 ,
-U.L05. 81 336. 1
TC 15 47. 71 70.-,- 4

Incoae class 2
C 736. 34 196.45
C318. 58 - 785. 08

Inccme class 3
0c . 0 0. CI

C 0. 00- . 00

Total -.
oc 9842. 1 E 530. 5 .

C E60. 29 6575. 72

DIFFERENCE
Incane class 1 ..-

Incane class 2
41. 57 15. 48

7c 81. 56 161. J4

Inccne class 3
0. 00 G. 0 0

Tc n. 'o0 0. 00

Total .j -
c 457. 86 7 -. 40

TC :1 ?6. 017.72.4
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Year 1984

BENEFITS TO RESIDENTS OF ORIGIN ZONE 6

AUIO BUS

NO BUI:D

Inccme .-lass 1
-. -0 C. Ci -

i0. L' . 0.J

Inccme class 2
w I Ci 55. 03 325-44
TC 5- I .*~~ 71*0. 76 8 1. 5

Incane class 3

402 91 145. 92
'IC E8. 31 21'. 2'

Total
1457. 99 471. :36
629. 57 1792. 80

B=~l
Inccme class 1

C. 0 0 C. Clo
0.00 0. 00

Incore class 2
u9x 49 30 2. 77

432. 34 1343. 7
Incane class 3

U 376. 57 ' 32. 7
52. 27 167. 03

Total
1365. 06 435. 54
484. 60 1510. 73

I ECE
Incore class 1

i0. 10i0 0. l:'
IC 0. 00 0. 00

Incane class 2
66.. 59 22. 68

Inccne class 3
26, 341. 15

'IC 16, Z- 4a. 20

Total
c92. 93 35. 

-4 . 972-. ,..'..
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Year 1984

BENEFITS TO RESIDENTS OF ORIGIN ZONE 8

AUTO BUS

NO BU1.~T

Incmane class 1

T. 7 7 44108, 70

Incame class 2
(C1 D6:3. 7 5 'l7. 0 9

C1563~9. 94 5 184-; '2 4
Inccne class 3

Ur-. 00 6519. 95
0.00 14509. 9

Tbtal
42420. 63 15665. 0 1
9 2917. 09 110462. 93

BUILD
Income class 1

(xv 2 OSS7. 15 1475. 31
41713. 33 2 5365. 74

Income class 2
OC I645l. 43 6756. 39

71 3 9. 70 29539. 95

Inccne class 3
. 0. 00 5 D3 0'

0. 0o 8429. -7
Wtal

oC 37341.58 14115. 20
IC 5C,*:33. 53 E3335. 06

DIFFERENCE
Income class 1

t- 2369. 51 162. 16
S 5563. 32 18742. 96

Incame class 2
2209. 54 750. 70

'IC 7020. 24 . 2 3':'. :9
Incame class 3

0. C0 636.94
TC 0. 0o 600. 6:3

(l C 5079. 05 1549. 31
IC4258 .A
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Year 1984
TRUCK COSTS FROM EACH ORIGIN ZONE

Origin Zone: 1 2 3 4

No-Build
Oc * 02433. C3 73860. 69 54476. 85 4224. 52
labor 7834. 72 6080. 97 4-706. 33 554. 65

Build
OC * h--9. 73 70182. 93 51222. 28 4229. 52.
labor 571 9. 15 4485. 11 3306. 68 554.65

Difference
OC * 4313. 25 3677. 76 3254. 57 0.00
labor 215. 5E 1595. EE 1400. 15 0 o. 00

Total OC 6923. 31 5273.63 4654. 72 0.00

Origin Zone: 5 6 7 8

No-Build
oc Z4... 35 . 3925. 04 48609. 66 54610. 130
labor 4394. 30 598.01 7461. 02 9364.21

Build

OC 3'7. 5 36, 3925. 04 44407. 69 48762. -7
labor .577- 03 '18. 01 - 465D. 1 6 537 7. :30

Difference
OC c. 9 ci. 00 4201 37 5848. 0?

labor 8"7. 27 Cf. C0 2:13. 3986., 91
Total OC 24:9. 26 .. . 00 7015. 33 9334.
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6.4 Instructions for computing benefits to a single link (Second Program)
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BSL-2.3(A)

USER INSTRUCTIONS

Enter Press

1. Set partition. 7 2nd Op. 17

2. Enter data on Input Data Sheet into
appropriate registers. This includes
data this will probably not change
during the analysis: modal charac-
teristics, values of time, discount
rate. It also includes data-specific
to one link: modal volumes, volume
increments (or growth rate), length,
and capacity. To check that all the
data is properly stored, press 0 INV
2nd list.

3. Load program BSL-2.3(A) for liniar 0 (load sides)
growth, or program BSL-2.3(B) for 0 (load side 2)
exponential growth. Load sides 1
and 2.

4. Initialize the accumulators of 0 STO 68
discounted costs. STO 69

5. Enter number of years for which n STO 00
costs should be computed with
volume and growth data as given.

6. Fix the display format to have 2nd Fix 2
2 decimal places

7. Computer costs for n1 years B

8. To change the incremental volumes
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SINGLE LINK COST STREAM PROGRAM

BSL 2.3(A) INPUT DATA

Link A Link B Link C

1979 1981 1981 1979 1981 1981 1979 1984

Register V NB NB Build NB NB Buildl NB NB

8 Auto free-flow speed 80 100
9 expansion factor 107.4

10 OC parameter 1
11 occupancy 1.6
12 Bus free-flow speed 64 80

expansion factor 92
OC parameter 4.3
occupancy 45

16 Truck free-flow speed 80 100
expansion factor 115
OC parameter 5.2

occupancy 1

20 Class 1 auto volume in 809 2175.4 757
21 " out 254 198 349
22 bus volume in 262 1086 228
23 " out 78 59.2 97

24 Class 2 auto volume in 625 538.2 609
25 " out 86 88 121
26 bus " in 1083 1107.8 1052

27 " out 132 139.2 162
28 Class 3 auto volume in 0 188 0
29 out 0 1.2 0

30 bus " in 1522 1877.2 1418
31 " out 114 73.2 147
32 Truck volume in 230 270.4 250 503

" out 230 270.4 250 503
34 Class 1 value of time 2.18
35 Class 2 VOT .56
36 Class 3 VOT .18
37 Auto PCU equivalency 1
38 Bus PCU 3
39 Truck PCU 3

Yearly incremental volumes

40 Class 1 Auto yiv in 683.2 559.2 489
" out -28 5.4 10

Bus " in 412 366.6 169

out - 9.4 2.4 16
44 Class 2 Auto yiv in -43.4 -53.6 57

45 " out 1 33.2 58

46 Bus " in 12.4 -4.6 69
47 " out 3.6 61.4 62

48 Class 3 Auto yiv in 94 94 103
49 Auto " out 0.6 1.4 10
50 Bus " in 177.6 137.6 219

51 Bus " out -20.4 -19.2 0
52 Truck " in 20.2 31.4 50.6
53 out 20.2 31.4 50.6
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54 1 + discount rate 1.11
55* first year discount factor 1 1.2321 1.2321
56 link length (km) 3.4 3.4
57 link capacity (PCV) 1600 4800 4800 4800
68 cumulative discounted

total OC
69 cumulative discounted

total TC



- 126 -

Link A Link B Link C
Supplementary Yearly 1984 1984 1984
incremental volumes for 1984 NB NB NB

40 Class 1 Auto yiv in 211.2 174.8 135
41 " out 5 41.6 70
42 Bus " in S.4 -22.4 138
43 " out 10.6 22.6 23
44 Class 2 Auto yiv in 94.5 62 -39
45 " out 8.2 71 80
46 Bus " in 23.2 -16.6 32
47 " out 64 154.4 142

48 Class 3 Auto yiv in 21.2 3.6 3

49 " out 8.6 20.2 17
50 Bus " in 311 212.8 10
51 Bus " out 30.6 120 60
52 Truck " in 15 37.8 58

53 " out 15 37.8 58
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COMPUTING COSTS ON LINK A, 1981-2000

Link A No-Build

1. Load liniar growth program, BSL-2.3(A)

2. Enter data for Link A, 1981, No-Build. Store it on a magnetic card

(press 3 2nd write and load side 3; 4 2nd write & load side)

3. a. Enter 0 STO 68 STO 69
b.- Enter 3 STO 00. Press 2nd Fix 2.
c. Press B

(costs for 1981, 1982, 1983 will be printed)
(volumes will be updated to 1984)

4. a. Enter incremental volumes for the 1984-1989 interval, in
registers 40-53.

b. Enter 5 STO 00
c. Press B

(costs for 1984, 85, 86, 87, 88 will be printed)
(volumes will be updated to 1989)

5. Load exponential growth program, BSL-2.3(B), sides 1 & 2.

6. a. Enter cumulative operating costs into register 68
Enter cumulative time costs into register 69.
(these costs were the first 2 of the last 3 numbers just
printed)

b. Enter growth factor: 1.05 STO 41
c. Enter 12 STO 00
d. Press B

(Costs for 1989-2000 will be printed - takes 30 minutes)

Link A Build

7. If you have the Link A 1981 No-Build data on a card, load in
(press 0, enter side 3; press 0, enter side 4.
If not, the 1981 data may be entered manually.

8. Change the free-flow speeds (registers 8, 12, 16) and capacity
(register 57) for build.

9. Proceed with Stpes 3-6.
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DISCOUNTED COSTS ON SINGLE LINK INPUTS

BSL-2.3(A) CARD B

Register Content (Input Data)

*00 number of years 40 incremental class 1 car in )
01 counter 41 volumes out )
02 counter 42 bus in )
03 pointer 43 out )
04 pointer 44 class 2 car )
05 pointer 45 )
06 pointer 46 bus )
07 pointer 47 )
08 car free-flow speed ) 48 class 3 car )
09 expansion factor ) 49 )
10 operating cost ) 50 bus )

parameter ) 51 )
11 occupancy ) 52 truck incremental )
12 bus ) modal volume in )
13 ) char. 53 truck incremental )
14 ) file volume out )
15 ) 54 1+ discount rate
16 truck ) 55 discount factor for first year
17 ) 56 length
18 ) 57 capacity (for 2 hours)
19 )
20 Class 1 car volume in )
21 out )
22 bus in )
23 out )
24 Class 2 car )
25 ) car,
26 bus ) bus
27 ) vols.
28 Class 3 car )
29 )
30 bus )
31 )
32 truck volume in ) truck
33 out ) vols.
34 Class 1 VOT )
35 2 )VOT
36 3 )
37 car PCV equivalency )
38 bus " " ) PCU
39 truck " )



LINK A - 129 - LINK A
No-Build 1979-84 Build 1979-84

0. 010. 00
0. 02 0.
0. . 03 0.
0. 04 0. 03
0. 05 54. 04

0. 06 34. 05
. 7 23. 06
.- 40. 07

%feai-40 7. 4 * 0 100. 08
:ein1--tc*r O &54 107. 4 09

4. 12 1.6 11
92. T 7 80. 12
4.3 14 92. 13
45. 15 4. 3 14
80. 45. 15

115. 17 l0U. 6
4" 5. 2 18 115. 17

1. 19 5.2 i8
7--7--037'-. 20 19

Qd 254. 21 490,'-.! 2 20
Im, 4 262. 22 86. 21

m4 7S., 23 2734. 22
-76;- 625.- 24 2 -.6 23

C V ,_36. 25 364. 6 24
b i10 83. Valu62 6 92. 25

132. 32. 27 1157. 4 26
C"-e 0. VS. 153. 6 27

3 xdO.1 29 564. 28
hA 41522. 30 3.6 29

At 114. 31 2587.6 30
Uk 3L. Fw 32 -8. 4 31.- 230. T' 33 351.2 32
V.109 Of ': 34 351. 2 33

0. 5E6 35 2. 13 34
4i n. 1, 36 0. 56 35

cQ 1. 37 0. 1 36
mov, 3. 38 EDI. 37

39 3. 38
hcar l EE 63. 2 40 3. 39

0. ad -2. 41683. 2
6a 4 412. 42 -28. 41

014 -9. 4 t 412. 42
clas -43.4 vdwvm 44 -9. 4 4

2.t1 1 *%45 -43.4 41. 9.t 44
12.4 t/M Ls 4 ; 1. 45

- .. 6 12. 4 46
94. 3.6 47

3 0.6 49 94. 48
1 77. E. 5C, 0. 6 49
-20. 4 51 177. 6 50
J-k T-w- 2 52 -20.4 51

.. 22 .; = 3 2 . 52
1 1 54 20. 2 53

l'-55ar -1. 1 1 54
icew, Pfr 2- 1 56 I-E70414552 55
t3- CA OZ. 2. 1 56

. OT 58 457
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LINK A: IQ-BUILD 1980-1999

1980 1981 1992

1777.03 2396c 74 2 ED'6 =-- .- .U. - - -

924.2 10 -- 45- - 100 117

-4-87.4 i4n ~8

1959- - 0602 34

13779. 42-

2 459. 88 36- 85 52184. 61

5U3753. 13163509. 00 255463. 61i

-3541. 71' 12736.82
13438. 26 17,4.65 10813. 0 1

:314:3.9 33D78.48 3440.96

1 43685. 11 223~'1 :36 23603. 70

.--. 4= 2 2 16177. 78
-1106. R 4 33262 01 .34416. 71

li- ii - --- 3.

I.i 497 99 3980. 86
0.00 5 1165.83

.0U

4C. . 50.89

4 6 . 2 10 7 . A .125 M'L. 7 4

- E 4. - -4 9 ... 5 1.7
426,4.1 142 .4 .,3,.5,

-.--81565. 14 80951. 56
71370. 39s .1-8-.0- e 12585. 13
6982.43

11 27 . 71 2 2 8 4..* Ci ESE.7 65
7  

0

8.-,79 .- . 6 3.

267240. 42 376211.20

S7 9 09. 6:3 526320-11 918308. 316
-200586.20- --- ----
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1983 1984 1985

4014. 82 . . .. -
3455. 4& -1-90 51--
1051. A6 1 -. 5

76949- 294:E.3
6~297i. 22 26.86:32. -z

2157849. 80 1 -1 3

4348. 10 15493.~ 6687. 9
121367. 97 15427E3- ,8175. 87

32442c . -
67319. 2 422910. 06 102176. 25

339217. C7 --236* D. 1 0

10977. 07 , ,
11:S56. 55 19 05 12257. '37
10003. 27 0298-.52

-"- -4 8 i, 235 5 2 380 .:--
2-39 15. 2:3 25524. 69

15344.57 1451 16062. 29
33918. 50 3454-35823.21

5971.67 79 - 10546. 47
1748. H, ~o ~ 3064. 23

592951 E 33 6. 9 97794 3
5'da9 -'I14860. 3,6

13717. 66 18 1 -ED 85

11'01.18 1,192.41 -
15466.5 4 2 1193. ,

9613:3.9 10240--. 73 -18 2 2
1-.6. 81 .ED 6 ED7 . 6 3

05 214707. 25 25 3 332 2 3
402259. 70 4821 72 5 J'.-!2

657083.i0
1 4 .E I i , 24 J~ - -
z .6225. 98 1:D 4.I 9554. -2

1::5~~~~~~~ 1:374 6315:7.-' U 9 15. 5:3
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1986 1987 1988

511. 4. 9 63
332.1 7 3 :-14 1 -. 42

139 464* n= *'4

10 6 42. 23 1 4, - 2. -'- 1.. 9 .

351687. 5.3- - - -

- 7 , 3 -2j0 7 9 C. 0 9 ES4 2. 2 7

54.9 -a. -~ '550.4

189225. 39 19-32. 56 1 -7-. 2

10 68 0 2.04 116065. 46
595821E. 45 575609. 42

14 4 2 9216E59 2. E6-0 18766. 51
11 14149. 62 16092. 06

-1 - 422. 49 4498. 32-4h031. 0 276E-'1 .'7 2 -. -5 626566E. S9' ''d -0

845~1'-4 20855. 09 23264. 833
3 . 41831.49 44967

11144.57 4811748. 19 12357. 07
- 33E69. 9 7 3527. 243215.71 " ,452.2

S74 .0 59 05 3:: , -..- .. ..

202.. 22417. 20 24578. A9

2145 3. -1 23021. 26
19893.CC 62 2 5 7',. 28 -_105, 4-.3

2 -4 -.-3..- -

Le- ol- - "10 6 11 - 1 J 30

92165 27 10'44419 99 ~ 1160811. 1

F - 2056343. 85 23 7809- 9
-3 -1 H3733 3 4P 7 6 1 1
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1989 1990 1991

5934. 94 4407.09 651 .4
1464. - 1529. 70 i.

4 .~1

113!:05. 33 i18388. 75 124357. 28
400416. 12 E 416731. 64 43793li 57

69. 11E948.5729 - 6'8

192675. 4:3 11339039. 01 203926. 72

120700. 44 125337. 28 131656. 96
593091. 55 61067 0. 65 641908. 29

20944. 16 23125. 09 UN43. 15
18046.74 20014. 42 21118. 52

4738. 15 4981. 60 5251. 71
30154. 23 31523. 82 33521. ,3

25682. 31 28106. 70 29510 86
48200. 97 5 1.5 3':. 2 4 54640. 15

-2970.88 13589. 27 14207.35
3687.78 3851. 82 4057.35

116- .2 ' . -: 7. 4,1 13224- -

A6751. 62 '2938 .42 30434

24595. 76 26176. 69 m 2711 84
304:39. 39 32790. 24 .449n. :

141679.23 -- 4 0 -2 5 0 156 1. 0 c

21350. 94 22599. 06 24322. WE

3 -67.7 75 :7 63:-3-:.17 ~345441. A,

-930- 2 . :! 71759S. 20 755363.3E

1270924. 33 1374876. 8 173611W
256190-S. 02 278954. 95 3005490-64

30 2 2 . 5-416i.44 .8 4 4 -911 .7,::
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1992 1993 1994

6843 327185. 48 7544. 766 8.~4:3. 3 2 --- -- 1 -7( 4.1686. 49 170 2 o. -s:--

130626. 10 137209. :9 144124. 0-
460363. 36 4'::.39 45. 27 508 . 9

7 6 6. 49 ' 85. 8 2 8462. 58
214462. 6 225582. 30 237324.52

38294. 59 45265. 7 15256. 65
674825.98 709527.57 746125.41

25595. 21 .26926. Tel # 2-8324. E-5
22295. 18 ' 23550.93 24:93. 13

5535. 90 5834. 74 6148. 86
35690. 09 38049. 61 40623. 62

31131. 1 32760. *2 34473.51
57985. 26 61600. 54 65516. 74

15021. 04 15791.99 16601. 95
4275. 34 4506. 75 4752.70

3893. 62 14596. 38 1 s5 334. 4 C
32014.70 33683. 14 35446. 36

28-9--4. 66 30388. .37 :319E36. 35.
36290. 04a 38189. 89 40199. OE

165853. 46 175513. 11 185687.23
26231. 90 28353. 03 30716. 08

364193. 82 1 3:3928. 09 404683.74
795333. 1:8 837671. 02* 2:2557.2

1567403. 24 1656472. 57 1741 5:. 23
3210308. 27 3404643. 61 5. ?10 1. 9 2
4777711.51 5061116. 13 ; 3 5330155.15
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1995 1996 1997

, 9 21 . S , ,,1 0 8734. 00

21J44 ~2152.44-2049. 9 4

151:3E4. '4 59009. 9Z67045 0 , . 5-918:-39. 65

S . :3 9809. 12
4:-. - 6 94- 027798

16027454 168347. 39 7 682.10
-8 471. 825507. 868562--- -

-2-7-4. -, 31337,.,- 32958. 1o

26330. 0E 27871.1i4 2956.9

64787 62 - , 4, 7189. 36
43439. 03 46526.84 4.

36272.-.7 -3 16.-. 8. 40147. 45
69769. 10 74397. 98 79449.7

5014.41 5293. 24

1 .109. 3' 1692 3. 115 17 7 .-3
370311. A 4374..-

33-212 352. 37062. 15
- a ::, - - a . -

49~'9 4 457 -46965. ;2623... - 44577. 63
0

2n947.
33355. ' '36:31:3. 13?3

- : E:"' E" - 4 ~ 7 t * - - . -.

42 5 219 44 4 7 I'l 5-750 . 1

-09.84 9876 -

8236 6 18 7 77 1969959 82
764249.a79 3930E24= 9

55861a0 58822 :C 67 6-s 60 5 '-36 97. 4 5
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1998 1999

1-

91 7 0. 49 11 9629.233856
2260. 05866.':. 2373. OE1601

I J L ... 1;; .:.4 Ce . ' i

91 08. 08 922. 62- -38
291427. 7652 :-07005. 1374

I 85724. 56:7 195069. 73
it1 4 3.9, C 36224 2719~

34659.1 83 36446.30163
31309.57107 33232.72244

7571 .299412 7- .0 3-
53667. 9646 57810.08 54

42231.117711 44418 . 40057
E49~7-7' 53-7 9-042.907 -9

202 69.7475 21304.06724
5908. 60 1 147 6 24.8. -804 0 5

18674.70343 19E16.5,2'4
43590.3263a 45944 .58=78D

38944.45101 40920. 650 18
49498 .927 -= ;2 19 -3 2 _ DE

- .5. . --97s. . 5. A, -1-
4239074.7 4 . 20:. 5 51

6-9 afQ 930. 5i E i 5 . c: e
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LIUK B: NO-BUILD1980-1989

1980 1981 1982

177 7. 3 2279. E64 28.
924. 10 1046. A;: 1168. 45

19599. 964 32641.85 45026. ME
39973.7 98486. 1E3 150731. 79

859. 92 1940. 07 3006. 44
13779.42 47594.91 81980.31

20459.8 E34581.92 48033.02
53753. 13 1 '' 1. 09 232712. 17

13438. 26 13806. 44 13449. 59
7421.34 10623. 17 10892.03

3143.92 3452.41 3627.37
13685. 11 21288. 99 23791. 51,

165:2. 18 17258. 86 17076. 96
21106. 45 31912. is 34684. 09

0.00 1979. 2 4008.47
0.00 530.77 1169.30

4264. 12 4859.26 5257. 9C
6067. 62 10161. 54 12070. 4:3

4264. 12 6838, 54 9266. 37
6067. 62 10692. 31 13239. 73

71370. 39 85821.00 98404. 96
6982. 43 11384. 82 14161.01

ii12676. 57 144500. 31 172781. :31
:7909. E63 .294797. 30

1 166. 57 242':57. 03 383090.22
87909.63 268153.22 -907417.32

200586. 2C 511010. 25 390507. 54
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1983 1984 1985

3284z 15 3786. 41 4288. 67
1290. 62 1412. 79 1534. 97

57067. 41 69 10:.. 20 81144. 52
193671. 70 236753. 84 279986. 23

4055. 32 5104. 03 6152. 62
111771.57 141615.96 171517. 16

61122. 72 74212. 28 87297. 14
305443. 26 37S369. 80 451503. 44

12987. 26 12560. 55 12163. 41
10216.85 9618. 82 9108. 82

3780-. 8s . 3941. 74 4103. 59
24373. 45 25116. 33 26025. 69

16768.14 16502.30 16271.99
34595.31 34735.20 35134.51

6015. 29 8023. 70 10.033. 50
1755. 09 2341. 81 2929. 61

5 06. '7 5952. 70 6295.63
12959. 03 13:337. 73 14704. 71

11622. 16 1:3S;7 6. 391 16 3 29. 17if
14714. 12 16179. 59 17634. 32

1107:3'. 07 123:339. 20 1:;61:38. 15
16201. 95 1':4 11. 40 20808. 81

200251. 09 228 030. 13 256036. 46
370954. 64 447695. 99 525081. 08

529512.09 679722. 63 E,3 1E,667EDO
773656. 15 1073567. 37 1385177.43
308168.24 175:29. 0 C. 223645. 24
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096 1967 1988

4563. 90 4839. 14 5114.
1751. 17 1-'67. 37 -18-.5,

85873.61 90621. 7 9537
297162.07 315484. 41 3147_

6157. 62 6164. 61 617~ 8
171538. 26 .172140. 30 1734209

920:31. 23 96786. H11550.0
468700. 33 4E.' 50S545. 33

15057. 0: 180 .16. 42 .- -.
11609. 74 14538. 1796:M

4511. 15 4930. 55 5360.90
2,34 8 1 . 3 4 31894. 47 36435.21

9568. 23 22946.97 263 s.6
40091. 08 4 6432.83 54403.3

10504. 37 1 1004. 33 11524.14
3027. 77 3158. 20

7 29 4 .81 8 1 5 2 . 91 .
165,8. :-:4 8659. 73 20982.7

17719. 63 19157. 33 20628.83
19608. 72 21817. 92 24310. 24

15271:3.:34 169272. 27 1 ,-,' 73 . 7 3
.4545. 44 2:-6-"- 7 -3-38 0. 75

2.2032. 46 308162.95 34-
552945. 56 584752 -1 62 139.4 4

:8 2 4 53. G28. 11 30883. 15.

1680804. 71 1962455. 52 221844
9:324 5E3. 59 3093338. 67 12792.16-7. 0
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1989 1990 1991

5389. 61

* .. 2746. 7*7

100133. 22
356256. 52 104693. 77 -02.3'. 4 6

37 248. 8- 091 12. A

61 1. 6E:
175480. 09 6182. 26 6491. 37175498E. 8 1 184273. 75

106314. 91
531736.6 1 10876. 02 116419. 82547986.61 5 7 5 4

24044. 75
2 :974.05 26847. 80

~~jci74 245:37.56 -274~

57e9:3. 14
42277.63 6117. 91 649 14512:3.51 47379. 69
29842.90
64251.68 33035.71 34687 -

69661. U7 73144. 13

12058. 29
3542.2 7 12559.8: 131,7.87

3689.71 3874.20:
1 0065. 80
23592. 90 11007.2 11557.37

25799. 59 27089.57
22124. 08
27135.17 23566.90 24745.24

29489.31 30963. 77

202080.76
3'?6 37. 0 5 216276. 14 227089.94

42424.8 44546.0 6

:1S36:2. 65
662760. 51 383754.i 42

14 16.3 17. 38
2491073. 96 1551969. 85 16 7981 -
3907891. 34 2733926.-3 9963652 7C

s4285H - 4 64:>-,.46 9. 9
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1992 1993 1994

24.56557j77 1885. 66,
2884. 1N 3028.3 3179.72

115424. 1-96- 1 12 72 255.
410667. 80 431201. 101 452761. 24

E--315. 9 4 71i56. 73 7514. 57
193487.44 203161. 8 1 13:319(

122240.82 128352. 86 134770. 50
604155. 2:3 E34363. 00! E 6E0:3 1. 15

29599. 70 31079. 68 32633. 67
27052.66 28405.301 29825.56

E6322. 17 716 21c 7521.45
49748. 67 52236. 10 54.347. 9 1

36421.87 3 8 242. 96 40155. 11
76801.33 '30641. 40 84673.47

13847.27 14539.63 1526. 6 1
4067.91 4271.31 4484. 87

12135. 24 12742.00 13379.10
28444. 05 298615 3595

--92. 51 -2.1.. 3 28 4. 711
32511. 96, 34137. 56 35844. 44

238444. 44 250366. 66 2 E28-85. 0 0
46773. 36 49112. 0, 51567. 63

423089.63 444244. 12 4 66 46.2
76024.82 79,82 .03 116 6 6 , D

1800753. 0',- 1915152. 27 2023367. 72
23 Cl 96s0. T 3 3862 3 35. -09 7 2;-9
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1995 1996 1997

7229. 94 - 7591. 44-
3338. 71 3505.5 3680 93

133E8. 72 140299. 6 147:14. 64
475399. 31 499169 27 52427. 4

7890. 30 - 8284. 8699. 06
223985. 90 ,2351.: 246944. 45

141509.02 148584. 4: 156013. 70
E,99 3 85. 2CJ 734354. 46 771072. 19

:34265.35 35978.62 777-. 5,
31316. 84 32 882. 6 34526. 81

7897 52 8292. 39 8707. 01
57590.30 60469.82 63493.31

42162. 87 44271.01 46484. 56
88907. 14 93352.50 S8020. 12

16029. 94 1 16831.44 17673.01
4709.11 494457 5191. I0

14 0 4S. 05 14750. 46 15487. 9G3
-92 7.,5 34573. 92 -6302. 62

3007 E.00 31581.90 33160. 99
37636.66 39518. 49 4 ,49.4 2

276029.25 1 289830. 7 '0-432- .2 -
54146. 02 56853. 32 5 9 6m 9 5.9:-

4 39779. 1 1 514268. C 9 5 3998 1. 50
c0075. 02 924078. 77 9702:2 7

2125 7 3.-. 6C -266-36 231 4164.84
3764912.49 39 0 932 4103500. 9c

C! 616 14 75. 6 647E657
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1998 1999

3:864. 97 0058.222

154680. 38 162414. 4

550334. 12 57850. 83

2 5 9 2 9 .6 72 . . . . . .

163814. 3 172005.10
809625. :30 85107.09

31666. 43 4649.75
36253.16 3 065. 831

9142.3 9599

66667.97 70001.37

488 0 S. 79 51249. 23

102921, 13 108067. 19

-855..- - 9484. 50
ij.51.. t'b..
5451. 39 5723. 96

-6-.817075.50
38117. 75 4036

419.0 4 36559.99

43569. 14 -H4N

31i9538.3S 3351.2

6268073 -5148

240187 968 106973'.69

,25919.67- 4406474. 49
4666.0 ..-. 7 6 - -9 21 l l(
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LINK C: NO-BUILD 1979-1999

1980 1981 1982

1783. 62 2371. 5 2959. 41
107 Q 2 1276. 5 1482. 32

Class

Car OC 14942. 79 217a. 6 31817. 04
IT 2 99 15. 6,8 74122:?- 104522. 38.

Bus OC 603. 77 -1021. 94 1414.2
TC 9512. 77 25259:.4 3E732. 6

Total OC 15546. 57 24815. 55 33231. 46
TC 39428.4 4 99382.40 141255. 03

Class 2
Car OC 10123. 21 255: 4.9 14371. 25

IT 5544. 22 10113. 27 11702. F71

Bus OC 2312. E. 1 2718.84 3000. 99
TC 1005 3.4 178 14.8 19936.49

Total. OC 12435. 83 15273. 79 17372. 24
TC 15598. 05 2792,. 10 31639. 20

Class 3
Car OC 0. 00 1718.07 3459. WD

TC 0. 00 474.42 977.42
Bu C2 ,-.. 9 4. E

Bus OC 299P. 64. 39 4130. 10
TC 4257. 79 305:3. 20 9353. 92

Total OC 299 S 94 5372. 46 7589. 49
TC 4257. 79 8527. 63 10336.. 34

Truck OC 58224. 87 75245.. 46 90305. S1
TC 5881. 66 10821.49 1:3657. 12

Total OC 89206. 20 120707. 26 148493- 34
TC 65165. 96 146659. 62 196:3S7. 69

Discounted Totals
OC 79206. 20 197951, 43 318476. 06
T 6r51To-Sl 5 . ?6 1952 4 . 35 709. 2

Grand Total . 154372. 15 39524321 675566. 27
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1983 1984 1985

35 7 29 4 !.:;. 5 . 4

-1688. 0i 93;8 0.u 5 7

397 ED- 12 47693. 7 .. 5-J 3. 77
133797. 8 163512. 94 193700.

1805 9 C 2197. 67 2509. 42
479 59544.20 71497. 89

41574. 02 49891. 38 58183. 19
1 :,17G,9 . 33 223057. 15 265198. 00

42;16 7 E 18101.- 17 20010. 37
1328-~ - .15104. C1 17204.71

.4.. 02 3570.89 3860.05

21917. 19 24180. 40 26771. 85

19500. 7:E 21672.06 23042
35200.46 39284. 42 43976 . 56

5208. 0l9 6965. 55 8729. 13:.

1479.71 1993. 84 2521. 99

4596. 25 5060. 53 5523. 19
I0497. 56 11647. 23 12808. 15

9804. 35 12026.08 1 4252. :38
11977.27 13641.07 15330. 14

105584.. 66 121040. 1 4 136571. 52
16705. 08: 20215. EDE .2425::. 80

176,46. 8C.i 204629. 6E 232877. 5C
-4-6 3 0-: 296198. 2 - 348758.51

447504.:7 582300. 7 720502.2:

5 3 9 -- .5 3 7 5 7
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1986 1987 1988

58965 -. 87 6215: .. 70 1 65328.-
2055.3 2211,:-:- 24 2 2.9

293-.7 32E 97 363 77- -:9i

8 3 7 0 3 29 7-91 , - sZII3 ,I

6. . 8 . . b.. ,. 5 . ... '-i- .- :.-: .1 . 0 3

20846. 9E 21492. 00 ,.1 2.- .,1
189:39.:32 ~ 19642. 632232

4247. 09 46102. 49 -
08:-. 96 36. 62I5 3 E-

25094=05 261022 . . -27-

8908. 68 9064. 79
2614.72 2662. 95

1455o.25 14887. .4 -5187. 8 6
15910. 6 8 16310. 64 -69. .

3J0-223O. 6" 3323 49 366.6
c1 -

2.56365. 14 2sf 7-4 8.5'29 . 8
38833.20 172 - 6144

5
74. 4 s.

1-62 c 11 44 9 . 15 411, 3.0 -

204 1 93 , 23 86 3 90 26 09 14 1
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1989 1990 1991

68504. 73 78 75265.3-
243731. 73 255033. 47 267785.1

3938.. 56 4273. 3 64 4 E,7:
111805. 99 121310. 0 9 127375. 60

72443.34 -594.6 79752. 41
355537. 72 37634.3. 56 395160. 74

22762. 6! 2 9 7.~ S2 24567., 82
2003.91 21384.55 2a453 77

5333. 91 5695. 74 58.5
38895. 92 41534- 47 4:3611. i,

2809652. 2 909. a 30548. 34
59699.02 b.91- ii 66064.97

9374.66 952. 6 10006. 10
2753.99 2799"5- 2939. 4

6i1::3.72 6259.28o 6572.24
14330. M17 146.2 15404.8

4 e'an aaja ra j. E

15488. 3.:-. 15 r, S 9 -' 165 7:. ~4
170 4 "0 .17 4 7' 0..(o . :8 18 4. 32 a- ha 4 0 ' al . I9aa : a , : .. "a a - .i

202924.53 2 ,937. 2298E4. 50
39805. 7E, 42'94E.. '4 5 09 4

318952. 7377 .8 4 :- 5 36(6:3. 6C
47 21a 7 . T 496 0 .26 52 4664.-

1245186.e86 1:3 64,-: . 29 1 47-8045. 43
17249--a a 190094 ED. 95 2- ,44. a29 a 0 .l-l ..6. a3 6 5. .. D:! 23. 6 02970156.1::: 326 - . 3 4 61. 6
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1992 1993 1994

281174. 40 2: 523. 2 4 ; -

4---J---49 - 95- -- .- --

- .- e - .- - -133744. WS' 14043. . 0 1753.;-

83740. 03 8 79 27. 03 9---- -- --3- 3-:"
-198 ' :-:- 435664. 72 457447.95

25796 .21 2 J S .. ..
23576. 4 2 ' 2 9. * :

6279.5 6535 -- 6--923.20o

45791. ~ ~ -54. ' - - .5048.41

32075. 3 3679. - 5 -
6 - 2 7 -'-:36. E, 3 76478. 46

10506. 40 11031. 72
:3086-. 4- 3240 - 340.

6900. 86 7245 S-1

17407. 2E 1 277 -- 2 99 . 50
19261. 54 20224. 6 1 2 122 5.-

41378.-. 2 6 2 .. ._4734.9 6 49716. 42 202.2

74 6 . 7a 39:33-31 -3 . -. U D. 6.5 7 4 0 9 7 . 34 90 5 7 -D 4 2 6 . 4 .--- - - -1585,, 91- 1 6 -4- - 0 - 7 7 2 3.4. ..
- 2 : .. . .21 3 .. -- . 5 4 7 A 7 7-

3810007.074
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1995 1996 1997

76 043. 7'7 1??0 2! 838. M ,~

4511. 0 4737. 4

91485. 54 96059. 2' 1 100062. 8 .

325494. 52 341769. 24 358857. 70

5454. 01 5726. 71 6013. 05

154825.84 162567. 1 170695. 43

969:39. 55 1017:.6. 53 10E6S75. 86
480320. 35 504336. 37 529553. i 9

29862.34 31355.45 32923.23
27. .-.-.. 28657. 34 30090. 20

7269. 36 7632.83 8014. 47
53009. 68 55660. 16 58443. 17

37131. 70 38988. 29 40937. 70
80302. 38 84317. 50 88533.37

12162. 47 12770. 60 13409. 1:3
3572. 97 3751. 62 3939. 20

7988. 60 8388-03. .c. 07. 4 4

13724. 67 19660. 90 20643. 95

20151. 0,.- 2115 8. 6:] 22216. 56
22297.64 23412.52 24583.14

279426.05 293397. 36 308-367. 22

54812.33 57552.95 60430.60

43364. . 455330. 31 478097. 35
637732.70 669619.34 70310T.A

18 72:3-5 E. 3:::-. 1958593. 62 2039614-.52

2 64 8 03 -. :-S4 2774120. 74 2893389. 49
4520;;D5. I 4732714 :36 4933004. 0-
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1998 1999

8809 259249z- 72~

S2 --3 . 0' 54:34. 24

105905. 95 i 11201. 25
376800.59 395640.62

- 6313. 70 6629.03
179230.26 188191.77

112219.65 117830.63
556030.85 583832. 39

34569. 39 36297. 86
31594. 71 33174. 45

8415.20 8835.96
61365.33 64433.60

42984.;59 41)1:3. 1%
92960. 04 97608. 05

1 4 079. 58 14783. 56
4136.1E 4342.97

323470.58 339644.11
63452. 1:3 66624. 73

502002.2 52710 23

2 1..5 2 8 9

3 1 .2 3129 4. -

512220 53196 AD
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LITKA: BUILD - 19 0-1999

1980 1981 1 32

477 .3:3 2336R.74 206.1
924. 10 966.45 100:!. :31

S5908. 325113. 71 3532.2. 14
10606. 16 20502.50 34576.73

645.04 1444.67 2337.90
3638.93 9607. 14 18 114. 4

16553. 87 26558. 39 37660. 04
14245. 09 30109. 65 52691. 27

10526. 9E' 9771. 03 9356. 99
1862.67 2050.35 2284.42

2303.10 :2393.85 2534.73
3416. 00 4067. 99 4934. 78

12830. 08 12164. 8 11091. 77
5278.67 6118.34 7219.20

0.00 1364.89 2800.45
. 00 . 94 - - 5-. 33

3100. 3491. 75 3985. 75
1489. 01 1939. 85 2563. 02

3100. 28 4856. 64 6786. 20
1489. 0:t 2036. 80 2798.35

62782. 56 67628. r 7:3E09. 99
2143. 91 2586.72 3158. E0

952 66. 79 111208'. ! 130143. 00

95266. 79 19S544. 73 4140S.' 1
216&3599599 : 11:3419. :30

1 43 4 251-: .5 414505. 31
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1983 1984 1985

3, Lt554 4 14 ED -2 75
1 US I 1 q 035 i0T~

t 0 S - 3- - 1 l " - .

:3344.w -t- .:. o- :.-,.,:*. a,1 :
5 .44-2 1: 441343. 6111 C

50471-.. dt49;5 . 2-0 '341 c"?
3 42 127459. 27, 128955. 6167

9 096.4-2 8 83c. 73 E,46 7. 76"I5 29Fi5., 42
2946. i' 92 15. 29 2526. 348756

270 8- 2874. 09 20 2 *-. :-:.=;57
0 U-n , 17er-: 1 02 3,- e~ . 3e E, .. 1 T-

11798.28 1171282 8490. 123509
8577.:35 1016.3 8789. 714928

4412. 89 622:3. 80 5505. 4544

i 17- -7 f 7

45'5.63 178 70 4177. 426537
3394. -9 4470. 31 4464. 966:4 1

83-37 1 . 5 1402 4' 968;. F i
5 7 1 ' ; ; 1 .. 1 -

81072. -7 0 .346. 0 CJ

10 E 1. 98 453 7 1 U I.

i52312 6s ' 17706 24 i:349R1. 2:6
1':'t :. :5 147700. 68 i 0 47Co.o :12

4 124 555 .67 C&U-4 0 - 6':'5b
t t. -3, 4 T' . 3

5a~s .. : 1 a..a~ a. aa~us74
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1986 1987 1988

5 118. 4A E3-S32 562
1267. 143:333 -:::.; i - t'398. 42

3.3 58. 32061 5E9 1. 24731 60444. 96746
a45a-. 247-9 11:769:3.=7a99 1 222fl:. _ _

.:.3.U7 ... U3sa .. i4 ~~,la 3~:~ .f~a9:::05:::7 .. 1 4.*, 9 ,--4 ..... ... ,U i

570:34. 9'1:366 6056 205 6 42.aa908aa

1451. 1t63405. 4674 12 3078. 0317

7 2.96247 9013. 577 19 10335. 1902
321. 672759 400. 459455 5021. 039731

2ha66.513322 2fla9. 3Ci0 245fl.94a998a7

98. 4371:69 11:322. 9609 12736.14:'13
1; 2933. ''t4 1197:3. 2546 E.. 55634

135 95 2 .44 . , 1 : 327 . E 9.-

1,4:9. 91 n?38 33 51 23J3 1115. 1 6227

477.760275 9:372w.99~575 599a4.419249

5443. -..a276. a5. I 3796 0306. 7aaa n

10717. 761.1 11765. :465 12321. 30P1
"1. 650305 7542. 39 6 3921. 9455 fQ

451. 461556 513. 6259 572. 4f I

144291. a.89 15:370 . 2064 1631 5. 7414

4.7. 21 3 3' 17 8.41 a.6 ,404 51 66E

4652 8 170 1131 4. 91 601278546. 14065

6707496. 91 S 737444. 321 U13:. 25. 43
44:3072. 3.-7 5247r0. 2f2 r73 . 16278

5 43 S2. 7 4 Q.215 1t: 780 7 -C



a- 154-

1989 1990 1991

5-934. ' 375 6 2F?7. 09 6517. 4445
1464-G58333 1529. 696667 - 166. 1815

64010. 34143 67580. 360. 7207.9214
138140.3'15 155566.7'- 178411. 0361

3.. .. 27,. 3..9.. . - U . .. 049... - 3 -4.7f G3

66351. 25334 72162. 15 6 7 82743. 12666

67939. 06882 7 1584. 927A 763:3. 289219 *
204491.6349 227728.9557 261154. 2123.

I.16,3. 72025 13055. 4t3465 1389S. 92'4 5
60E,1. 836299 7 271. 359467 8325.782247

2591. 23247 27:30. 48392 2'96. 862423
9733. 442524 10832.93302 12361. 34078

14275. 0035 15785. 97355 16795. 79087
15865. 27882 18104. 2924S 206:7. 1 2303

726'. 20327 7707. 929649 8212. 267768
12.59. 124254 14 16. 4 ...4-93 1"22.5318

667 . 532412 7247. 059507 77 07. 23 737
9201.451133 10752.62613 12323. 2564

13885.74069 14954. 98916 15920.0 9151
10460.57539 12168.674E.2 139 50. 73327

76567.73905 79867.4462 84373.09422
66 7 5 i 0. I2 1 9 7 80 14. 93069 1

2 37 18 2. 1,89 6 2,-55-70. 15;--* -* 303807. 054!--.

a.-.0 -11 :. --. - - -a --.-

E,130 899. 4 7 36 775001. 'c-;E. 618 -'4 .7
15 5 4 r 29. 4; 0. 7,4-,!44 1 '3 69 '7S. 26

::h2!41. 2-'169-89.j 2* 4'13,
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1992 1993 1994

6,8'43. :3 162 7 785. 48256!--. --- 754--768
1-6. . U.49 l5 U 5 -70 ,1045 58 -

76806.05992 01770 S. 59 7. E* a: 053
204926.2005 235720. 076o ,484. 4635

4526.911225 4807. 53309E, 505 U.54 8 2
95023.44442 109284.496, 5 20.5- 5

813.97 114 865777659 = a,-~:.4::

29 99 4 9. 6449 345004. 572c -3636:26 6

14785. 62493 15716. E757T' 1650 2. 63 a 9
9548. ,876682 10968. 7 a 11567. 32689

3071 6.9 2 039' 36 3422. 13.510)4
14131. 78327 161:4. 15- 17084. 10:6U9

17857. 54982 18972.96571 of1924. 8 21:3
2 36. E. 65995 27152. 69538 28651. 51299

8742.467769 9299.233322 9766. 07:8082
1862. 111607 2140.26452 2256.661294

8 91.579927 8699. 048006 - 3:3. .E, 3.. -2
14156.88208 16 2:-:'0. 3 9 2a3 17162 79618

16934.01:477 17 99:8. .3,a1 13 *9*04. 916-91
16013. 993369 18420. 6569 1~419. 4E7:3

ST 10 9. 91051 54092.51499

2 28 3 7. -. 4 9 7
348757. 8331 400951. 0302427394

1027987.033 jo 10784179. 541 -16118

951651.9-1 10 46 0.a 1 0

19 *9 3. 744. 2a 23la:9i 1 - - -~~~~~~ '2:~a 5- '74a .. ,
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1995 1996 1997

1.5-.32.-- 2- 204 9. 939'34 2152.4:36826

90185. 11724 946 8. 346 93 99418.834

26935.97~4:2 27'402.223 28777i.625

53,3;57593 556 444417 5848.823351

0 9 13. 7 7 8 1--0---.. . 1 3 3 4 5 4 . 3 3 7 7

92U-8. b i 1 1ea a.4 
'8

95488.16937 UL25.791 -0

3 12 7=;2 41 10 . 945 3 4-- --

17320.357 a'. 1'.I -o. 53 1 419035.79564

12154.35615 2 7 2- 0 . 3422.61.

59. -. 03.843 3779 .02209 3973. 91055

17973. 7259 - '9' .- --.a 719907. 5415 9-

20916. 48954 21960. 34004 23059.7
3028.08214 31685.86346 33330. 1563

-.. .' ,6 2 4 .4a; 1129:. 39

10251. 48655 10761. 77595 11290. :39?69

2370. 578768 2490.3 74119 26-.3 71787

59. 3290ea 10078. 09659 105 3. F76 15

1:025.0957 18931. 208o34 1-8 4419

19848. 315,S4 208 3. 8 21802. -730

-,03 =;.-7447 21421.538246 1 A *;9 813T

.03*-.-. ,404 108242. 4214 -
1 5:'..0 8 1..,4 ;5284 2882.59197

I 15683. Ula8-a 7

2 958 .2 '3 51400.45 16 3 6~3. 4 a

4 ,4 0 Q 517 4 466 E.4 02. 9 19 6 4:-399 38.5254

11 134.a .4 .1 I~1 1
9-. 3 jf 154 94 7E

12 2. 5 13706117. A

4 W-U . . E - * 45 94U1 - 2- .-
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1998 1999

22 60. 05-86 6 E -23 10 '--01

104388.7222 1109610.4442
302215.375 317390. 572

6 14 2 424903 E450. 993379
140165. E-62 147219.

110531.1471 116061. 4426
44238 . 2372 4 .610. 0479

2003..99934 21043.17491
14107.54378 143 9 ---- -

4179.156243 4396.311636
20959. 19124 22072.86796

24218.15558 25439.48655
35066.73502 36901. 90251

11862.89378 12456.90522
274.917562 2 8 8.380511

11115. 4E927 116-.-,7 4.2 4 54 4
2I ;84. 239 3 9 21936. 18869

22978.36305 24131.15066
-23. 1569E, 24824. 5692

4 1 '9312. 5942 12537.7627

13605.94426 14378.76061

277040. 2599 290969.8-2
514687. 0735 540715.202

1292437. 016 13223527.1~42
144147.065 C 1503545. 094
2 7 33 915. 0 1 2"S3 7 07 2. 23,6
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LINK B BUILD 179-1999

1980 1981

17- 7- 3 ,279 , 2701 d. 9C
924. 10 104.. 2 1168. 45

106066. 18958. 76

E-45. 04 33227.4

14245. 09 ~7227 ~758

-05 -6-8 10 0 0 4 997--- 1.0-2
1826 058. 30 227*9.62

2830-08 127.41695
5,787 6141. 95 7190. 84

0i.0 95.7 227i~ -L. 22-, - I C ,: * 2 -

.1, . 2,:-:, 34 .32 . 784. 83
149. I I 8 352

3 00 2.- 4779- 04 6588. 05

1409-0i 1959. 05 2591. 74

62782. 7029. 4:
2143A .9 

2688 11 337 2. 90C

1 ,--.-.-r.-95266.7A - 112837. 69125.7

23156. 658032.26 065

118423. 254954.62 4 03.65
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1983 1984 1985

'6.% 4 i42 7 K

1290. E I4 1534. 9

4 -2169 E3 3 e-333 J8 L5 3 .

4 5641. 658"5. 2' 2-0 5 0. 4

Ai j. 4' '74T 5 9 1. El
30E6 *4. 64. 9 .

24 . r, 3 3 7. 565 4. 0-7

4a2 32. 4 57 7 - 5 2 .
71- 7 10 5222. 03 48564. 51

9944. 44 9910.62 799. 07

25 l7. '2 2722. 74 203. 14

2 -77. 4100. 54 -b so
01 , ;j'i0

12821. 43 011. 1 3117.87
:411. 6.9 978- 4 1303.71

437. 7 6129. 34 4
407. 6 143. 3 . 0

4231. 471.3. 32 522 5.93
3. 9. 01 -,, ,--A C, .

U 5.O i -l'o'4 D C. I~

:36028.01 1 L147. 66 ,3l 4.9

-487. 13 5823. 17

-'4 349. 6:-; 1 097:23 2
2' 20. 4 56.6

t- - . 4 .- - l99 :9 26 c99 l-

.. 4. .- - ---J 1~. 6277 77 1724.t
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COLON URBAN DEVELOPMENT PROJECT 2/29/80

Demand Analysis and Evaluation Method
for Transport and Land Sectors

Context

1. Summary of Approach

In multi-sectoral urban projects, significant changes in the level

and location of linked economic activities will result from direct project

interventions as well as induced program impacts. In given circumstances,

projections of future locational demands for residential and employment

land cannot be readily made by extrapolating past trends. Structural

changes, such as relative accessibilities, aggregate demand, supply of

serviced land on the market, and overall location cost borne by the activity,

will affect returns to investment throughout the urban economy and particularly

in the Land and Transport sectors where locational preferences are most

directly exercised.

Within the framework of an urban development project, analytic

method is needed to identify future levels and locations of economic activity

with sufficient confidence to serve as the basis of rudimentary cost-benefit

evaluation. Any given method, especially one with an operational focus,

will be a highly simplified application of basic non principles. The

particular approach described herein is adapted from an operational tradition

of Strategic Land Use-Transportation Analyses in which some quantitative

detail is sacrificed for quickly determined strategic indicators of overall

project impact in the urban area.

The method is based upon a conurbation of manual calibration,

and manual and programal estimation. The program is written for use on a

Texas Instrument T159 hand-held programmable calculator, with use of

attached paper tape printer. Discounted time and operating cost savings are

automatically calculated for each link, year, mode, income group and (if



required) origin of trip. A complete run of a given configuration of transport

inputs takes about four hours.

The entire study takes about two calendar months (3 mm) including

Data assembly, input generation, manual calculation, programmable estimation,

manual estimation, interpretation of results and reporting.-



COLON URBAN PROJECT

JUSTIFICATION OF HIGHWAY COMPONENT: II

Summary of Results

1. The highway improvement is economically justified. From

the perspective of intercity transport alone, the investment is already

overdue, in that past "territorial" constraints on the expansion of the

highway to meet growing demand in the region and between Cristobal Port

and Panama City has resulted in near, or above, capacity levels of service

on the highway. (See IRR, FURR, and increase in C/B ratio from 1973 to

present below section E: Justification).

2. The integrated urban development project to revitalize the

Colon sub-region proposes to increase and disperse economic activity and

housing in the corridor between Manzanillo Island and the Cativa/

Sabanitas suburbs. The resulting additional metropolitan travel demand

in effect transforms the highway, which is the only transport spine in

the sub-region, from an inter-city to a metropolitan transport artery.

As such it is an indispensible component of the integrated urban development

program (see below section C: Impact).

3. Demand for the road improvements to the Boyd-Roosevelt Highway

between Cativa/Randolph Road junction and Manzanillo Island is a direct

result of the implementation of the integrated urban project, and in

particular of the employment and housing components in the Expanded Free

Zone, Porto Escondido and industrial zones (5, 6, and 7 in the attached map).

Indirectly additional travel demands will also be generated in Manzanillo

Island and Cativa-Sabanitas (Zones 1 and 8), as a result of the urban

project (see below section B: Context).

4. Reductions in the overall size, or delays in the implementation

rate of the urban project would reduce overall demand for transport on the

road, providing that both employment and housing were reduced in equal

proportions. However, if employment in the new Free Zone sites is to

develop in any event, as is currently planned, while the housing in Porto

Escondido (Zone 6) is eliminated or reduced, then travel demand on the

road would increase further, due to the increase in average consequent

commuting distance (along the Boyd-Roosevelt corridor) between jobs and

homes.

5. In the absence of both the proposed highway improvements and

new housing, residential preferences, especially for low-income households

would generate strong demands for locations in the proximity of employment

resulting in illegal squatting conditions if affordable legal options were

unavailable. The areas most likely to be affected would be the Expanded

Free Zone industrial zone and Rainbow City (zones 5, 7, and 4), where land

would be available, and to a lesser extent, Manzanillo Island (Zone 1)

where services would be available.



-2-

6. At the other extreme, implementation of the integrated urban

project, but without these road improvements, would undermine 'the effectiveness

of the urban project as a whole. The growth of travel demand on the road

would quickly create congestion and loss of efficiency to all road users.

The disbenefits to the urban project directly attributable to the absence

of the proposed road improvements, as shown in the attached memo, would

represent a significant share of overall project benefits. Disbenedits to

goods movement, which generate 10% of the trip volumes, represent 60% of the

total operating cost savings achievable on the road by 1984. Bus travelers

which amount to 50% of the trip volumes, would bear about 10% of the operating

cost savings, while car travelers (40% of the total trips) would derive 40%

of the total operating cost savings. The low- and middle-income travelers

generate 25% and 35% of the trips respectively and would incur 6% and 10% of the

respective total disbenefits.

7. In view of the above, implementation of the urban project in its

current form including the proposed road improvements would appear to

generate the minimum negative externalities for the transport sector in the

provision of essential access to linked economic activities in Gran Colon.



COLON URBAN PROJECT

JUSTIFICATION OF HIGHWAY COMPONENT: II

A. Objectives

1. Implementation of the urban project is not required to' justify
going ahead with construction of the road: as shown below, the road is
justified on the basis of regional demand. However, the road is required
to ensure the urban project realizes its objectives, particularly:

(i) the objective of stimulating improvements in key sectors such
as transport, and in the level of transport services in Colon,
to reduce travel costs and improve standards of access;

(ii) the objective of avoiding the disbenefits of $18,027 million
(present value) in additional travel expenditures on the un-
improved road (1980-1999), that would be incurred by the
Colon population were the urban project to go ahead without
the road component; and

(iii) ensure that the imminent rise in the volumes of trips along
the road caused directly by the housing and employment com-
ponents of the project are satisfactorily served, so that
bottlenecks do not arise that delay overall project imple-
mentation causing cost overruns and development imbalance.

B. Context

2. The existing two lane Boyd-Roosevelt Highway is the only access
corridor between Colon (i.e., Manzanillo Island), the main housing and
employment development areas of the urban project, the suburbs of Cativa
and Sabanitas, and Panama City (and the rest of the Metropolitan Region).
Upgrading of the highway as proposed in the urban project will be along
its existing alignment. No alternative alignment is likely to develop
in the foreseeable future.

3. The roadway widening part of the project comprises a doubling
of the existing two lane highway which extends from 800 meters east of

.the refinery junction in Cativa to- the-Randolph Rdad junction for a
distance of 6.8 kilometers. 'The one-way loop part of the project extends
from Randolph Road junction to Manzanillo Island for a distance of 2.5
kilometers inbound and a return route through Rainbotq City for a dis-
tance of about 2.8 kilometers outbound. There are about nine junctions
all of which will be at grade. Lane width will be 3.65 meters and the
existing one-way loop roads will be brought up to comparable service
levels as the main highway by means of resurfacing and geometric design
of junctions, storage lanes and slipways.
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4. On the basis of the regional demand projections made in the 1973
technical and feasibility study of Boyd-Roosevelt, the expansion of the
road from its current two lane capacity to four lanes was determined to be
economically justified from regional demand alone. On the basis of- 1973
cost estirates this produced a benefit-cost ratio in the range of 1.8.
Regional travel volumes then were estimated to be over 6,000 average daily
trips (ADT) in 1973, with projections of over 10,000 ADT by 1980.

5. Current travel volume estimates based upon survey data collected
by the Ministry of Public Works (MOP) in 1979 show current volumes along

- the road to be about 10,000-12,000 ADT, growing at an average rate of about
5% p.a. Current peak hour volumes are 1,200 passenger car units (PCU), which
prevail an average of 28 hours per week. This peak hour demand exceeds the
assumed effective capacity of the road during 25% of the travel week.

C. Impact

6. Wthout an urban project previous trends of traffic growth within
Colon, and between Colon and Panama City, suggest that demand would continue
to grow at about 5% p.a. producing 1984 ADT of 12,000 and 1990 ADT of 16,000.

7. However, in view of the dual impact of the urban project on Colon
the expected growth in traffic demand will be about 20% greater due to:

(a) the accelerated development of economic activities in Colon
resulting from the urban project; and

(b) the increased dispersion of project activities within the Colon
sub-region, whose inter-relationships will rely on effective
sub-regional transport access.

8. The economic analysis of demand for travel on the Boyd-Roosevelt
Road dcne for this project component has taken the above impacts into
account. It has been constructed upon conservative assumptions of trip
generation, trip distribution and modal split, trip assignment and travel
cost. The method distinguishes nine origin and destination zones in the
city, three income classes and three travel modes. It also distinguishes
operating costs and time costs.

9. The results of this demand analysis show a rapid increase in the
number of peak hour PCU's from about 1,350 in 1980 to 1,650 in 1981, 2,000
in 1982, 2,300 in 1983, 2,600 in 1984 and 3,900 in 1989.

D. Cost

10. The capital cost of the road component, based upon preliminary
estimates prepared by MOP, is 55,772 mi]lion (base) plus physical and price,
contin--ncies for a gross of $8,700 million.
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E. Justification

11. Assuming (conservatively) an actual capital cost of about $8.0

millia (not including price contingencies), economic evaluation of the

road i.:oject shows a benefit-cost ratio in excess of 2.25 and a net present

value f $10.03 million, not including time cost savings.

12. When time cost savings are taken into account the benefit-cost

ratio rises to 12.94, and the net present value increases to $95.50 million.

13. The first year rate of return is 110%, showing that the optimum

time for initiating investment in the road is already past, and that

further delay is not justified.

14. The internal rate of return (IRR) for the road is 39.75% not

including time cost savings. When these are included the IRR is in excess

of 100%.

15. Sensitivity tests on costs show that a 20% rise in costs reduces

IRR to 34.65%, and that a 20% fall in expected benefits reduces IRR to

32.15%.

RMSarly:bb



COLON URBAN PROJECT

ROADWAY IMPROVEMENT: ORIGIN/DESTINATION TRIP VOLUMES

1979 - 1984

8 1979 1984 9 1979 1984
POP 20000 25000 POP -
EMP 1500 2500 EMP - -

2 1979 1984 MP MP
POP - - 7 1979 1984 OR 2610 3400 OR 3025 9214
EMP 5000 5000 POP - -P

1 1979 1984 EP - 2000 DE 1290 2680 DE 745 1514
POP 75000 65000 OR 500 500 HP
EMP 8000 9500 4OR - 160
HP DE 3840 4700 MP
OR 8100 7760 DE - 2650
HP
DE 6470 8940 5 1979 1984

POP - -
EMP 500 2000

. NP
OR 40 160
MP
DE 540 2650

3 1979 1984
POP - -
EMP 3000 3500
HP COLON URBAN DEVELOPMENT PROJECTOR 

TRAVEL ZONESHP
DE 2300 3210 1 Manzanillo Island

4 1979 1984 2 Existing Free Zone

POP 5000 5000 3 Port

EMP 250 500 4 Rainbow City

MP 5 Expanded Free Zone

OR 855 1050. 6 1979 19 8 Cativa-Sabanita-Puerto Pilon
MP POP - 2500 0 9 Panama City Metropolitan Region
DE 25 67 Epp - 250DE 215 617 EMP - 250- HPPE = Morning Peak Period Destinations

NP HPOR = Morning Peak Period Origins
include only vehicle trips (2 hours)

HP



2. Introduction to the Demand Analysis

Amongst the objectives of transport sector intervention in the

Colon Urban Development project is the provision of an efficient transport

system to make linked economic activities in metropolitan Colon more

accessible to the urban population. Since the impact of the overall project

is multi-sectoral and complex it will.not be possible to represent its

derived benefit in a single measure such as a cost-benefit ratio, or

internal rate of return. The estimate of the transport components' net

worth, its benefits and costs (associated with road widening, traffic

improvements, bus and train service provision, bus fleet expansion and

vehicle maintenance) are therefore defined by the following evaluation

measures:

1. time savings to bus travellers

2. operating cost savings to bus travellers

3. time savings to car travellers

4. operating cost savings to car travellers

5. time and operating cost savings to trucks

6. time savings to train travellers

7. levels of service for the public bus system and

primary road network

8. travel expenditure share of household income

9. generalized travel share of location costs for households.

Each of the above terms is measured for nine separate geographic

areas in the metropolitan region, and with respect to its incidence in

three income classes. The areas are:
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1. Manzanillo Island (excluding the Colon Free Zone)

2. Colon Free Zone
3. Cristobal Port
4. Rainbow City
5. New Commercial Zone (Coco Solito)

6. Puerto Escondido
7. New Industrial Area (Export Processing Zone)

8. Cativa - Sabantas - Puerto Pilon Suburbs

9. Rest of the Metropolitan Region and Panama City

The three income classes are:

Average HH income per month

1. Upper income (top 2
deciles) $1800/m

2. Middle income (from
4th to 8th decile) $425/m

3. Lower income (bottom
3 deciles) $125/m

3. Method in General

The method for estimating the above evaluation measures

relies on an aggregate strategic analysis of transport and land use changes

over the project period, and on their interaction. On the basis of these

estimates are made of the generation, distribution, assignment and cost of

household and business trips, for each income class and for every zone in the

region. Travel cost forecasts serve as the basis for estimating locational

demand in general, and in particular the values of land in different parts

of the region. From these estimates, long-term implications for changes in the

land use structure of the Metropolitan Region are determined.

Future levels of demand for transport facilities and services are

taken as a function of the future urban spatial structure and the rate of

growth of economic activity in the Colon Region. These are expressed

logically in three levels of a strategic development analysis, as shown

in the following diagram:
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Strategic Development Analysis

Inputs Feedback Outputs

Level 1: Regional growth

Investment & Investment growth

Employment Employment growth

Inputs Income growth
Population growth

ong term feedback
cComparative
rban efficiency

Level 2: Urban Land

Land Supply % Land supply Measures of land

-Inputs 'T 7Rent use demand
Consumption/Density Costs and Benefits

Service levels
Attractivity
Locat ion costs

Short Term feedback
-o Comparative

Level 3: Transport Location Costs,

Transport supplyl Trip Generation Measures of travel
Inputs Trip Distribution demands

Modal split Costs and Benefits
Trip assignment
Generalized travel cost

Each level of analysis starting with Regional growth provides the operating

assumptions upon which the next level projections are made. The analysis

is validated on the basis of existing conditions by calibrating the governing

relationships linking the supply and demand of transport and land, from

survey and field observation. These relationships then derive the projection

of future demand levels in terms of changes in supply and the behavior of

the urban economy under conditions of growth.



4. Method in Detail 4

The method is made operational in three phases:

1. Manual calibration of functional relationships governing

the changing values of transport and land demands by mode,

link, zone and income class.

2. Programmable estimation of travel benefits by mode, link,

zone of origin, and income class

3. Manual estimation of location cost changes and imputed

affect on the demand for land by income class, zones

density and rent values.

4.1 Manual Calibration of Transport Demands

The governing relationships for the transport analysis are

shown below:

Trip Generation and Distribution

(Equation 1) T P! z

(Equation 2) TP z z

Tzo = number of trips generated by an activity (residential/

employment) z for purpose o from origin zone.

Tzo = number of trips generated by an activity (employment)

of type z for purpose o to destination zone j.

Pz = Population (or number of employees) associated with

that activity

z = Propensity for each unit of activity to generate a morning

peak hour trip.

This function is used to discriminate trips by origin zone, i,

destination zone j, car users and non-car users. It is

used to generate estimates of existing conditions reflecting

known overall flows of public and private traffic.
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mzo 0 D mzo-
(Equation 3) T = j OB

Cmbij

Tmzo = Total trips per modem between zones i and j for
activity type z and figure o.

0mzo = Number of trip origins in Zone j, for mode m activity z,
purpose o

D = Number of trip destinations in zone j for activity z,
purpose o.

b
C = Cost of travel between zone i and j.

b - Elasticity of demand for travel with respect to cost.

B Normalizing factor = 1/ Oi D i/C

Trip Assignment & Costs

Given the simplified structure of the transport network in metropolitan

Colon, inter-zonal traffic is assigned directly to links. These links

acquire traffic loads which generate congestion as a function of free flow

link speeds and design capacities.

Travel costs are estimated in two parts:

1. Operating costs, measured in terms of average use, speed and distance,

characteristic vehicle cost per kilometer at link speed.

2. The cost assumed in terms of real (i.e., congested) travel time

elapsed per journey plus the (pedestrian) access time at either end of the

(vehicular) journey.

(Equation 4) G C o + C

The cost of travel is aggregated for each income class and each mode

for all trips made by households in a single origin zone to all other zones,

This measure is taken to be the generalized cost of travel for the typical

household in each origin zone. Truck trips are similarly aggregated by

employment-origin zones for all trips.
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The results of the transport analysis are fed back

into the land analysis in terms of generalized travel costs per household.

These values are then used to reestimate locational demand for land in different

zones in terms of residential densities, land rent and numbers of households

to be located in each zone.

The governing relationships for the land analysis are as follows:

4.2 Manual Calibration of Land Demands

Demand for Land

The first function determines the quantity of land consumed by

each activity 1 given the unit rent of land, r1 and the income of the

7
activity w . The relationships amongst these factors (land consumption,

rent and income) are governed by three parameters:

(a) constant coefficient, kz

(b) price elasticity of demand, p , which is negative to reflect

the reduction of land consumption that occurs with an increase

in rents.

(c) income elasticity of demand ie, which is positive to reflect the

increase in land consumption that occurs with an increase in

incomes.

The demand for land function is specified in the following form:
ie

(Equation 5) 1 = kzr . wz where:

1 = land consumed by household
group z in zone i.

2
r = rent of land per m in zone i

w = income of activity z

p = price elasticity of demand
for land

i = income elasticity of demand
for land

kz = constant scalar.
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Cost of Location

The second function, determines the total cost for an activity, z,

resulting from the selection of a location in zone i, C , as the sum of the

cost of land rent 1 - r plus the cost of building rent Sz - plus the

transport cost associated with locating in the zone A g plus the cost of

providing the zone with infrastructure services FZ .0 . The transport cost

is calculated as the weighted average of the cost of all trips made by

that activity in that zone. This cost connects the land use sub-model with

the transport sub-model. The function is specified in the following form:

(Equation 6) C 1 r + S . b + A - + F C

i i i i ii i

Where:

C Z= Cost of location for household group z at zone i.i

S1.ri = Cost of ground rent for land consumed.

S -b - Cost of building rent.i i

Where: S = amount of built space per household.

b = unit cost of space.

A gZ = Transport cost.= Gi i c

Where: A = accessibility index for HH

g = unit cost of transport

Q
<FZ.cz Cost of infrastructure for all services, Q

Where: F = standard of service.

c = unit cost of standard service.



-8-

Distribution of Activities

The third function, determines the distribution among all the

zones of each activity in terms of the total number of the activity Gz

the amount of land available for development in zone i, Li, the location

cost of the activity C , and residual attraction W . The function

is specified in the following form:
-l1

(Equation 7) G = Gz .L .W.Cz zBz

Where:

zG = total number of households

G z = total number of household group z

L = total land available in zone i.
z

W - residual attraction index for household group z in zone i.

C = location cost for household group z in zone i.

1z = elasticity of demand for location with respect to cost.
z

Bz = normalizing factor

Budget Constraint

The following constraint must be respected to ensure land

supply and located demand are in balance.

(Equation 8) G .11 = L

Cost Recovery

The cost of location function is the basis for estimating means

for cost recovery in terms of a recovery rate by cost component for each

activity, and for each location for all public capital investment projects,

as follows:
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(Equation 9)

RC = T 1 r + T2S .b + T A g + T FZ. c
i ii r 2 i i 3 i i 4

where: R = cost recovery rate (aggregate),

Ti= land tax rate

T 2= building tax rate

T 3= public transit fares and road user charges

T4= utilities user charges

In terms of this formulation, C may be thought of as the

social cost of location since not all of C may necessarily be charged to
i

the locator. Nonetheless, all of C is recovered as a result of the

locators' choice of the i h location on aggregate, though certain areas

(target groups, project sited, etc.) may be cross-subsidized in order to

ensure affordability.

The inclusion of C in the function ensures that the social
i

values created by project investments are reflected in land prices through-

out the urban market area in proportion to their impacts for each activity

group at each location, and are recovered without detriment to the benefit

share of the targetted poverty groups.

Income Generation

The demand for land function for household activities is the

basis for incorporating real income, w and not just wage income w. Income

gains and social subsidies that may have been created in different locations

in each of the cost categories as follows:

(Equation 10) 1* = K.w

rpe
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where: w z*i = (Bp - R-C*z + b + wz

where:{BP = the sum of project capital costs per household

R-C = total costs recovered per household

b z = sum of income gains resulting from operating

cost savings in each project.

W, = wage income per household.

Difference between project costs and costs recovered measures the

proportion of conferred benefit not directly recovered by tax, user charge

(etc.,) or other methods. The function shows the effect of income gains

z
changes in location and service levels. Also, the use of b ensures

that locational preferences reflect the aggregate effect of income gains

from constraints on the structure of demand, and in particular on land

prices and location priorities for development.

The income effects identified in the analysis are used to

indicate aggregate changes in the levels of household demand by income

group and location in the urban area. These indicators are viewed from

the broad employment market perspective through disaggregated demand and

income elasticities as the basis for examining consequent employment impact.

This examination requires a separate formulation of a specific income-

employment relationship that applies for a given urban system. This is not

included in the above.

4.3 Programmable Estimation

A general sketch of the method for estimating transport benefits

by means of a hand-held computer program is shown in the diagram below.

Discussion follows this diagram, step-by-step.



Figure 1

Comouting Oferatins and Time Costs of Each Alternative

rogram Steps

1 Each year Compute demand

2. Distribute demand
among 24 nour

3. or each hour Assign demand to
network to get
link volumes

4. For each link Find V/C

5. For each mode ,Find speed

6. Find operat-

ing Cost

7. Find time
cost

All links All modes

8. Hourly costs

All hours

9. Expand to
yearl tS

10. rDiscount
yearly costs

Total
Discounted

cost
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Step 1: For Each Year, Compute Demand

Demand is used for an average weekday as representative of the

whole year. Demand has two dimensions: O-D pair, and mode. Because of

population and activity growth in different locations, demand between different

O-D pairs varys in magnitude and growth. There is also a different demand for

each mode of freight and passenger transport. All modes are aggregated into:

truck (freight), auto, and bus (transit). Demand values are taken from the

results of the manual algorithm.

Step 2: Distribute Demand Throughout the Day

Demand also has a temporal and a directional dimension. Usually demand is not

predicted directly for an hour, however, it 
is predicted for the entire day and later

distributed. For each direction there is a peaking profile, which 
gives the relative

demand in each hour of the day. For convenience we may say there is a peaking profile 
of 48

hours, where the first 24 hours correspond to one direction 
(positive) and the last 24

to the other (negative) direction.

The most conmon assumption is that the daily peaking 
profile will be the same in

every year for every O-D pair. This assumption can cause significant error when the

network includes major radial and crosstown roads, each of which exhiDit different

peaking patterns. (The crosstown road has 2 peaks per rush hour while 
the radial has only
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However, in the corridor problem with which we are dealing it is probably safe to

assume each link of the same road will have the same peaking pattern. Different modes

may have different peaking profiles, however. Thus the demand at an hour h is

where Dt,h . Dt fh -
m,p m,p M (2)

f is the peaking factor for hour h and mode m, and the vector f h = 1,...,

H is called the peaking profile for mode m. Thus a peaking profile is assumed given for

each mode. It is common to not analyze all 48 hours separately but rather to select

a few representative hours, the results of which are expanded hours in the day which

have similar flows. A peaking profile for peak direction travel in San Jose, Costa Rica
is found in Attachment A.
Step 3: For Each Hour, Assign Demand to the Network to Get' Link Volumes

This can be the most complex step of the urban transportation analysis prccedure.

However, our restricted problem definition makes this problem trivial. Each O-D pair

has a unique path, covering a known set of links. To get link volumes one must

aggregate over O-D pairs and modes. Links, like hourly flows, are assumed unidirectional

and furthermore we assume a link is symmetric in its capacity. Thus the flow on link j

in hour 10 is the flow in the positive direction on link j at 10 a.m., while the flow in

hour 34 is the flow in the negative direction at 10 a.m.

To aggregate over modes (since they all share the same roadway), each mode is

given a passenger car unit (PCU) equivalency. This PCU equivalency depends not only on

vehicle size, but on vehicle performance as well; and since vehicle performance is

differentially affected by link characteristics, particularly grade, there must be a

PCU equivalency factor for each mode and link.

measured
Link volumes must be /in vehicles. For auto and truck this presents no p-oblem,

since demand is usually measured in vehicles, or if measured in passengers, a single
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occupancy factor can convert demand into vehicles. However, when bus demand is

measured in passengers, it is not so readily converted into vehicles since load factors can

vary widely throughout the day. Since bus operations are usually centrally planned, bus

volumes may be exogenously specified. In more complex networks rerouting'is also a

possibility. In the simple corridor analysis with which we are dealing, it is probably

sufficient to assume that load factors on each route at each hour will be the same year-

to-year, so that demand can be measured in vehicles in the base year and treated in

the same way as cars and trucks.

Aggregating over O-D pairs is simple summation, so that the link volumes are:

Vt,h .p m t,he 4
a m~p "M (3)

where

Vt,h = volume (in PCU's) on link a in hour h and year t
a

Dt,h . demand for mode m between O-D pair p in hour h and year t (measured in vehicles
m,p

e - PCU equivalency factor for mode m on link a

. l if link a is on the path between O-D pair p
a,p (0 otherwise

In addition we will later need modal link volumes, which are:

vt,h = Dth .6a,p (3.1)
m,a m P

Step 4: For Each Link, Calculate the Volume/Capacity Ratio (V/C)

Since the volume has been determined in Step 3, all that is needed is the link

capacities. These are given for both alternatives (no-build and build), and are the same

at every hour in every year (barring the use of reversible lanes, peak hour exclusive

lanes, etc.). Therefore, for any link, hour and year, for an alternative b (no-'>uild or

build,

(V/C) t h 9b = Vt~h Cb (4
a a a

where

C = capacity of link a in alternative b
a

(v/C)t,h,b =voltime/capacity ratio in alt~rnative b on link a at time h ia year t
a
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3 ace each alternative is analyzed identically, we shall remove the superscript b and

continue with the notation (V/C) t,h, realizing that its value pertiains to a particulara

alternative.

Step 5: For Each Mode, Find the Speed

The speed at which traffic f-lows on a link depends on the volume on the link

and its capacity. All existing models (to my knowledge) give speed as a function of

the volume/capacity ratio. Recognizing that volume and capacity affect speed not only by

their ratio, often there is a family of speed-flow (speed vs. V/C) curves for roads of

different capacities, e.g., 2-lane and 4-lane arterials.

Because of different vehicle and operating characteristics, the speeds of each

mode will be affected differently by congestion. Therefore each mode will have its own

speed-flow relations.

Therefore the speed of mode m on link a which is of type s will be

t,h [ (V/C)t,h (5)
1,a gm's a

where

~s[ *]is a particular speed-flow relation for mode m and r'&ia Eype s.

Different functional forms exist for the functions g In order to identify the

appropriate curve to be used for a particular link (given that mode is known), there

must be a pointer specific to each link indicating the correct curve. If all of

the curves have the same functional form with a different parameter( .g., minimnz

speed), the pointer may be simply the parameter and thus the functional form of the

speed-flow curve needs to be stored only once. This pointer or parameter is called s m

(It seems obvious that the speed of the bus and truck modes might be affected by

grade. However most analyses consider the peak direction only, which is cni! diezction

half the day and the other direction the other half, so that average grade on every link

is zero, and average speed is almost unaffected by grade. The same is true for operating

cost, though it is known that it costs more to travel a distance on a hilly road with
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an oaverage" grade of zero than on a flat road. Since we will usually be using

godels for speed and cost that ignore grade, the remainder of this paper shall

ignore it, too. Furthermore, ignoring grade allows both directions of a link to

be identical. This is a significant simplification, making flows to be direction

abstract, and hence allowing analysis of flows in one hour to be expanded to hours with

similar flows without regard to direction when less than 48 hours are analyzed.)

Some examples of speed-flow functions are found in Attachment A.

Step 6: For Each Mode, Determine Operating Cost

Vehicle operating cost on a link is difficult to measure, and therefore difficult

to model. It is affected by road characteristics (grade, curvature, pavement), vehicle

characteristics (weight, engine type), and operating characteristics (speed, number of

.stops). Most models give operating cost in terms of one of the operating 
characteristics

only (speed) aggregating different vehicle types (within the same mode) and averaging

over road characteristics. If pavement is uniform over the road, there is no more than

normal curvature for an urban road, and grades are not great, such approximations 
are

acceptable. Under normal urban operating conditions a study found that 
95% of the

variation in fuel consumption among British cars could be explained by speed 
alone.

Since other auto related costs are roughly proportional to fuel consumption, 
the

simple speed-operating cost relation may be sufficient 
for autos.

Operating cost is usually computed by a function of this form:

t,h
oCt,h = ::Im , d . V , (6)
m,a a

Xt,h
m,a

where

oC ma = oerazing cost for mode m on link at time in year t

e ,Pm - parameters (per hour and per Km operating cost for mode m)
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X ah- speed of mode m on link a at time h in year t

da - length of link a

Vt,h = volume of mode m on link a at time h in year t.
m,a

Since operating cost should include the labor cost of paid drivers such a function

including a term in which distance is divided by speed (which yields time) is especially

appropriate for bus and truck. Operating cost models estimated in a few cities are
documented in Attachment A.

Step 7: For Each Mode, Determine Time Cost

The time each vehicle spends on a link is the link's distance divided by the

vehicle's speed. The total passenger time is the vehicle time multiplied by

vehicle occupancy (not including paid drivers). The total time cost is this total

passenger time multiplied by the value of time.
and

Vehicle occupancy can vary not only by mode but also by link /by time of day,

particularly on buses where loads may be 80 in the peak and 20 off-peak, and may

increase steadily toward the city center. Value of time is generally taken to be fixed

for all modes and all times, and invariant over the year.

Thus the passenger wait time cost is
d

TCt,h . _ a Wh .v . Vth (8)
m,a it,h m,a m,a

m,a

where

TCt,h . time cost for mode m on link a at time h in year t
m,a

d = length of link a

Xt,h = speed of made m on link a at time h in year t
m,a-

Wh = vehicle occupancy of mode m on link a at time h
m,a

v = value of time

vt,h . volume (of vehicles) of mode m on link a at time b in year t
m,a
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Step 8: Aggregate Costs Over Modes and Links

Steps 4-7 must be repeated for every link and every mode as the flowchart

in Figure 1 indicates, aggregating costs to yield hourly costs. Thus the operating

and time costs for an hour h in year t are:

a m h
ct,h,. E 2 0C -,a

th a m h
TCt,h = TC (9)

Cther meaningful aggregations should be taken as well, such as total ccsts 
for modes, for

links, etc.

Step 9: , Aggregate Costs Over Hours, Expanding to Yearly Costs

Steps 3-8 are repeated for each hour. .To expand the predicted hourly costs to

yearly costs one needs to know the number of hours in a year that hour represents. 
These

annualization factors should insure that the daily demand (in Step 1) is properly

expanded to annual demand. Different hours may have different annualization factors

because they represent different numbers of weekday and weekend hours. Also some analyses

may want to consider peak hours only in computing benefit.

The annual costs are then:
h

0C~ t 2 oCt,h N h

TC = 2 TCt,h Nh (10)

'ttere

Nb = number of hours in a year represented by hour h.

Step 10: Discount Yearly Costs

Either annual or continuous compounding may be used to discount the yearly costs

to present values. For operating costs, these formulas are:

UC - OC (1 + D)~t (yearly compounding)

S= OC -Dt (continuous compounding) 
(11)

wte re
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OCt = discounted operating cost from year t

D = shadow discount rate

time costs are similarly discounted

Step 11: Aggregate Discounted Costs

This yields the present costs of the alternative being studied. The

difference between the present cost of the no-build alternative and that of the

build alternative is the present value of the build alternative. (When other dis-

counted costs, such as construction, maintenance, etc., are subtracted this

becomes net present value.) So the final equation for present operating costs

(and similarly for time cost) is
t _t

OC = OC (12)

The predicted costs thus obtained may be disaggregated and manipulated

in any way to afford the analyst a closer look to see the benefits accruing to

each link, or to each mode, or to find link specific benefit/cost ratios, internal

rates of return, etc.
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5. Solution Procedure

Within the above Analytic framework, the. solution procedure

provides a logical, yet simple sequence of analytic tasks. These

tasks are listed below and elaborated in detail in the following sections.

5.1 Summary of Tasks

A. Strategic Forecasts of Travel Demands

1. Review land use conditions and developmental
assumptions

2. Review test road network and bus system conditions

and changes

3. Review traffic assignments and diversions

B. Future Demand Volumes

1. Estimate future auto/truck traffic volumes

2. Estimate future bus and bus passenger traffic volumes

3. Estimate future train passenger traffic volumes

4. Develop peak hour and peak direction factors

5. Estimate future peak hour, peak direction volumes for

auto/truck, bus and bus passenger, train passengers.

C. Design Capacities

1. Develop lane capacity of auto/truck

2. DetermIne PCU equivalencies and passenger capacities

for bus and mini-bus

D. Volume/Capacity Ratios

1. Compute V/C ratio for auto/trucks and for busses

E. Level of Service and Travel Speed

1. For auto/trucks and for busses, establish a LOS - V/C

Speed table.

2. Determine LOS and travel speed, knowing V/C.
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F. Travel Time, Stops, and Idling Time

1. Develop a "model" to relate LOS, travel time' per km.,

stops per km., and idling time per km. for auto/trucks

and busses.

2. Determine on a "per kilometre" basis, travel time, stops,

idling time, and excess travel time (actual time minus

1.0 minute as derived from 60 kph base)

G. Time Costs and Vehicle Operating Costs

1. Determine value of driver's time and passengers'

time per hour.

2. Determine for auto/truck and for bus, vehicle operating

cost per km. for 60 kph base, and for additional costs

due to stops and idling time.

H. Time Savings

1. For auto/truck drivers and for bus passengers, compute

time savings during six peak hour, peak directions for

each year (1979-1999). "Savings" are based on difference

between "No Build" (Alternative 1) and "Build" (Alternative 2).

2. Compute present value of time savings.

I. Vehicle Operating Cost Savings

1. For auto/truck volumes and for bus volumes, compute

operating cost savings by link during six peak hour,

peak directions for each year (1979-1999).

"Savings" are based on "No Build" (Alternative 1) and

"Build" (Alternative 2).

2. Compute present value of vehicle operating cost savings.
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J. Project Costs

1. Determine present value of project costs.

K. Economic Evaluation

1. Determine benefit-cost (B/C) ratio, "Benefits" refer to the

sum of present values for time savings and vehicle operating

cost savings.

2. Determine net present value (NPV).

3. Determine internal rate of return.

5.2 Input Requirements

A description of input requirements and assumptions used to

calibrate the analysis to conditions in Colon in 1979 is given in the pages

that follow.

Input Requirements

For a project with A links, M modes, a benefit horizon of T years,

each of which has H hours, considering 2 alternatives.

Number
of Items Variable

A x M V ' base year vehicular demand for mode m on link am,a

M or 1 r or r demand growth rate (for mode m)

H x M or R fh or fh peaking factor (for mode m) in hour h

m
14 em PCTJ equivalency' factor for mode m

2A Ca capacity of link a under alternative b (no build or build)

2M c, operating cost model parameters for mode m

A da length of link a

H x M or X Wh or W vehicle occupancy of mode m(in hour -h)
m M

1 V value of time
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H N yearly number of travel hours of type i

D shadow discount rate

M s speed-flow curve parameter for mode m

plus a speed-flow function

eC bus fares

t terminal times
C

C non-transport location costs
nr

W disaggregate attractivity indices

L land availability

P aggregate popular growth

E aggregate employment growth
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BENEFITS ON A SINGLE LINK: SINGLE HOUR EANDED

(Input Data Format)

Site: Date:

Analyst: Page: of

Costs:

Enter Press

(Initialize) A

(initialize) B

Auto mode:

growth factor (1l.) 
R/S

PCU equivalency factor (1) 1/S

speed-flow function parameter _/S

per hour operating cost ($/hr) -/S

per km operating cost ($/hr) R/S

auto occupancy _

value of time _ _ ($/hr) _ _S

Truck mode:

growth factor (1.xx) . IR/S

PCU equivalency factor -/S

speed-flow function parameter . R/S

per hour operating cost 
R/S

per km operating cost R/S

occupancy z value of time = 0.0 R/S
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Enter Press

Bus Mode

growth factor (vehicular) (1.xx) 1-S

PCU equivalency factor R/S

speed-flow function parameter

.per hour operating cost R/S

per km operating cost 
R/S

bus occupancy x
value of time

(Initialize) C

Base year vehicular volumes (pea -hcur. peak direction)

auto volume (veh/hr) - -3S

truck volume R/ S

bus volume R/ S

Link capacities (one direction)

no build capacity (veh/hr) -/S

build capacity _/__

Link length (km) R/S

Peak hour, peak direction yearly

Axpansion factor (number of

peak hours per year) 
STO 11

First year discount factor (l.xx) 
STO 13

Discount rate (.x) STO 14

Number of years 
STO 00

First Year in Benefit Horizon - STO 06
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5.3 Regional Growth, Land and Transport Inputs for

Colon Urban Development Project

Level 1: Regional Growth Inputs

The key regional growth assumptions underlying the projection of

travel demands are described in the Project Appraisal Report and summarized

in the tables below:

Employment Growth and Change 1979-1989

Based on "basic" employment-generating project investment and

"non-basic" job-generation (assuming a multiplier of 1.8) distributed

to spatial structure of the market and available land.

Urban Project Build

Employment

Year 1979 1984 1989
Zone Basic Non-basic Basic Non-basic Basic Non-basic

1 500 7,500 500 9,000 500 11,000
2 5,000 - 5,000 - 5,000 -
3 3,000 - 3,500 - 4,000 -
4 - 250 - 500 - 1,300
5 500 - 2,000 - 3,000 -
6 - - - 250 - 500
7 - - 2,000 - 5,000 -
8 1,000 500 1,000 1,500 1,000 2,000
9 - - -

Total 10,000 8,250 14,000 11,250 18,500 14,800

Urban Project No-Build

Employment
Year 1979 1984 1989
Zone Basic Non-basic Basic Non-basic Basic Non-basic

1 500 7,500 500
2 5,000 - 5,000
3 3,000 - 3,000
4 - 250 -
5 500 - 1,000
6 - - -

7 - - -
8 1,000 500 1,000
9 - - -

Total 10,000 8,250
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Population Growth and Change 1979-1989

Based upon a full labor participation rate of .33 and an

unemployment rate (in formal sector activities) of 40%

effective 1979 and reducing ___ to 7%-10% by 1989, distri-

buted on the basis of observed existing densities and inpited

changes on future locational cost/demand for housing. Income.

classes are defined in terms of average income levels which

are taken to neither increase nor decline in real terms over

the analysis period. Population growth arising from natural

increase and net in-migration are not distinguished in the h

household totals shown below; average household size is taken

as 4.6 (existing 1979 average) throughout the period. (Households.)

Income 1979 1980 198

Class High Medium Low Total High Medium Low Total High Medium Low Total

Zone

1 2,600 8,300 4,100 15,000 2,500 8,000 2,500 13,000 2,500 8,000 2,500 13,000

4 800 200 - 1,000 800 200 - 1,000 800 200 - 1,000

6 - - - - 3,000 2,000 5,000 3,000 2,000 5,000

8 800 2,000 1,200 4,000 1,000 2,500 1,500 5,000 1,500 3,500 2,000 7,000

Total 4,200 10,500 5,300 20,000 4,300 13,700 6,000 24,000 4,800 14,700 6,500 26,000

Level 2: Urban Land Inputs

The key land assumptions underlying the projection of land demands

are summarized in the tables below:



Land Available for Residential Use

Based on surveyed land use patterns and observed net residential
densities existing for 1979, with income classes separately
estimated by zone.

INCOME CLASS

Year 1979 1984 1989
High Middle Low Total High Middle Low Total High Middle Low Total

Zone

1 78.0 300 83.0 100 12.3 30 173.3 75.0 80.0 77.5 162.5
4 48.0 600 4.0 200 0.0 52.0 48.0 4.0 52.0
6 - - - - - - - - 75.0 15.0 90.0
8 72.0 900 60.'0 300 10.8 90 142.8 90.0 75.0 13.5 178.5

Total 198.0 147.0 23.1 368.1 213.0 234.0 36.0 483.0

Disaggretated Attractivity Indices.

Based upon existing and future demand by income class in proportion to class size in each residential zone,

and a calibrated coefficient of attraction.

Income 1979 1984 1989
Class High oCH Middle o(M Low o.L High .H Middle o<.M Low ck.L High O(H Middle otM Lowi>-L
Zone
1 26 83 41 25 80 25 25 80 25
4 8 2 0 8 2 0 8 2 0
6 - - - 0 30 20 - 30 20
8 8 20 12 10 25. 15 15 35 20
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Non-transport Location Expenditure

Based upon an estimated proportion of average household income

budgeted for land, housing and utilities costs, measured in terms

of monthly household expenditures per square meter of residential

land.

1979 1984 1989

Income Class High Middle Low High Middle Low High Middle Low

Zone

1 1.80 1.10 0.83
4 0.90 0.53 -
6 - -
8 0.60 0.35 0.28

Level 3: Transport Inputs

The key transport assumptions underlying the projection of travel

demands are summarized in the tables below:

Values of Travel Time

Income Class

High Middle Low

Average HH income/month $1800 $425 $125

Average hourly income/traveler $8.72 $225 $0.73

Value of travel time rate 25% 25% 25%

VOT/minute of travel 0.036 0.009 0.003
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Trip Rate by Mode (Morning Peak Period Only)
1979

Income class High Middle Low

Mode Car Bus Walk Car Bus Walk Car Bus Walk

Zone
1 -0.6 0.2 0.2 0.2 0.3 0.3 0.1 0.3 0.3

4 0.7 0.2 0.1 0.2 0.4 0.2 - - -

6 - - - 0.2 0.4 0.2 0.1 0.3 0.3

8 0.7 0.2 0.1 0.2 0.4 0.2 0.0 0.5 0.2

9 .8 .2 - 0.2 .6 - - 1.0 -

Year 1984/1989

Income class High Middle Low

Mode Car Bus Walk Car Bus Walk Car Bus Walk

1 0.7 0.2 0.2 0.3 0.3 n.3 n.1 n.3 0.3
4 0.8 0.2 0.1 0.3 0.4 0.2 - - -

6 - - - 0.3 0.4 0.2 0.1 0.4 0.2

8 0.8 0.2 0.1 0.2 0.4 0.2 0.1 0.4 0.2
9 0.9 0.1 - 0.5 0.5 0.2 0.1 0.9 -

TRUCK TRIP RATE PER UNIT OF EMPLOYMENT

Zone Truck Trips

1 0.08
2 0.10
3 0.10
4 0.06
5 0.08
6 0.06
7 0.08
8 0.06
9

INTERZONAL LINK DISTANCES

(Based upon shortest route distances between zone centroids
along existing roads in kilometers).

1 2 3 4 5 6 7 8
1 0.67 1.40 1.00 2.40 4.80 4.40 8.20 9.60
2 1.40 0.36 1.60 3.00 5.40 5.00 8.80 10.20
3 1.00 1.60 0.54 2.20 4.60 4.20 8.00 9.40
4 2.40 3.00 2.20 0.74 2.40 2.00 5.80 7.20
5 4.80 5.40 4.60 2.40 0.66 1.60 5.40 6.80
6 4.40 5.00 4.20 2.00 1.60 1.00 4.60 6.00
7 8.20 8.80 8.00 5.80 5.40 4.60 1.20 3.00
8 9.60 10.20 9.40 7.20 6.80 6.00 3.00 1.20
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PCU EQUIVALENCY AND OCCUPANCY RATE

PCU Equivalent Occupancy

cars 1.0 1.6
busses 3.0 45.0
trucks 3.0 1.0

PEAK PERIOD EXPANSION FACTOR TO MONTHLY TOTALS

trucks 115.0
busses 92.0
cars 107.4

Expansion factors are based on the following considerations for the

purpose of estimating benefits:

Auto: Peak (2 hour) volume is 1/7 of total daily

3 peak periods @ full benefit 3.00
2 " " " 2/3 " - 1.33
1 " " " 1/3 " = 0.33
1 " " " no " 0.00

4.67
4.67 (daily) X 23 (days per month) = 115.0

Bus: Peak (2 hour) volume is 1/5 of total daily

3 peak periods @ full benefit - 3.00
2 " " 1/2 " = 1.00

4.00

4.00 (daily) X 23 (days per month) = 92.0

Truck: peak (2 hour) volume is 1/8 of total daily

3 peak periods @ full benefit = 3.00
2 " " 2/3 " = 1.33
2 " " 1/2 " = 0.67
1 " 0 = 0.00

5.00

5.00 (daily) X 23 (days per month) = 115.0



AUTOMOBILE OPERATING COST PER 1,600 KMS. (1979)

MPH KPH Gas Oil Tires Maintenance Depreciation Interest Total

10 16 49.11 2.39 1.02 7.00 45.00 36.00 140.52

15 24 51.01 2.23 1.22 8.00 41.00 28.50 131.96

20 32 45.82 1.92 1.63 8.50 36.00 22.50 116.37

25 40 43.47 1.82 2.14 8.85 34.50 19.00 109.78

30 48 41.24 1.77 2.65 9.50 32.50 16.50 104.16

35 56 43.22 1.71 3.26 9.85 30.50 15.00 103.54

40 64 43.45 1.71 3.82 10,.60 29.00 13.50 102.08

45 72 46.70 1.66 4.54 11.00 27.50 13.00 104.40

50 80 48.67 1.61 5.30 11.50 26.50 12.00 105.58

55 88 53.04 1.50 6.17 12.25 26.00 11.50 110.46

60 96 57.14 1.58 7.19 13.00 25.00 11.00 114.89

65 104 62.96 1.77 8.36 13.75 24.50 10.50 121.84
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Using linear regression a curve is determined to fit these data points,

whose equation is:

C - 0.1046-0.001256x + 0.000009512x2

where C = $ cost per km for cars
x = speed in km/hour

For busses, based upon 1977 data, the ratio of bus to auto

operating costs is given as 4.3. For trucks, based upon the same data

source, the truck to auto operating cost ratio is given as 5.6. These

values are taken as given.

ASSUMED LEVELS OF BUS FARES

Destination
Zone 1 2 3 4 '5 6 7 8 9 Total

Origin
Zone

1. .10 .10 .10 .10 .25 .20 .40 .50 1.25
2 .10 .10 .10 .15 .25 .25 .45 .50 1.25
3 .10 .10 .10 .10 .20 .20 .40 .50 1.25
4 .10 .15 .10 .10 .10 .10 .30 .35 1.15
5 .25 .25 .20 .10 .10 .10 .25 .35 1.00
6 .20 .25 .20 .10 .10 .10 .25 .30 1.05
7 .40 .45 .40 .30 .25 .25 .10 .15 .85
8 .50 .50 .50 .35 .35 .30 .15 .10 .75
9 1.25 1.25 1.25 1.15 1.00 1.05 .85 .75

ASSUMED LEVELS OF TRIP TERMINAL TIME IN MINUTES

Destination
Origin Zone 1 2 3 4 5 6 7 8 Note
Zone

Cars 4 4 4 4 4 5 4 4 5 Min.
Busses 9 9 9 9 9 15 9 9 Service Level

Cars 4 4 4 3 4 6 4 4 10. Min.
Busses 14 14 14 14 14 18 14 14 Service Level

Cars 6 6 6 6 6 8 6 6 10 Min.
Busses 18 18 18 18 18 22 18 18 Service Level

Cars 4 4 4 4 4 6 4 4 10 Min.
Busses 14 14 14 14 14 18 14 14 Service Level
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LINK CAPACITY TABLE

1 2 3 4 5 6 7 8

1 240 1,600 1,600 - - - -

2 240 - - - - - -

3 1,600 - 800 - - - -

4 1,600 - 800 1,200 1,200 800 800
5 - - - 1,200 1,200 800 800
6 - - - 1,200 1,200 800 800
7 - - - 800 800 800 800
8 - - - 800 800 800 800

REVISED OPERATING COST FOR TRUCK

At 40 km/h, car operating cost of $ 0.07.

Truck operating cost is 5.6 times higher, or $ 0.39

$0.39 1 40km = $15.59/hrs
km hr

The labor cost component is $1/hr, so the reduced OC is 14.5%.

This corresponds to $0.36/km, which is 5.2 times higher than auto.

So truck cost is [5.2 (auto cost/km) X distance + $1 time]
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6. OPERATING THE PROGRAM

6.1 BASIC USER INSTRUCTIONS FOR A T159 & PRINTER

1. To turn on the calculator, first plug in the printer and calculatzr.

DO NOT turn on calculator and printer before plugging in the printer.

To turn off the calculator, turn off both calculator and printer before

unplugging the printer.

2. Algebraic operations -- The TI59 uses logic known as Algebraic Operating

System. Algebraic operations are punched into the calculator going frcm

left to right as they would be written out. For example, to perform tne

following calculation:

8 + 3 = 2.67

you would push the following buttons:

1) 8

2) R.
3)3

4) =

Where there are a complex series of calculations, the calculator folicws

certain rules about which ones are performed first. Alternatively, ycu

can use parentheses to make the calculator perform operations in a partic-lar

order.

The order of operations performed by the T159 is:

1) Special single function keys (such as trig and log functions)

2) Powers and roots (YX and 7'Y )

3) Multiplications and divisions

4) Additions and subtractions



Example

3 + 10 - 2 x 14 - 7) = 9

This is the same as

3 + 10 -(2 * 14 .- 7) 9

If you do not wish the above interpretation to be followed you must use

parentheses, for example:

(3 + 10 -. 2) * 14 + 7 = 22

2. Special function and operation keys

A) Every key can be used in 2 ways as indicated by 1) labels on the

key and 2) gold labels above the key. To get the use of the gold label

function, push the gold key marked before pushing the desired key.

B) The INV key will give you the use of inverse functions or

operations for many of the keys. For example to compute e 2 push the

following:

4. User Labels -- User labels are names given by the programmer to

- different parts kor-rubroutines) of a pocket calculator program. By.

pushing a user label key, you are able to have the alculator .perform

a specific subroutine. The user'labels are contained inthe top row of

the T159 and consist of A,S,C,D,E, and A', B', C', D', E'.

5. Memory Structure -- The TI59 memory is divided into a section to

hold a program and a section to hold data. When the TI59 is turned on,

it contains 480 spaces for program instruction and 60 spaces for data.
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You may re-partition memory if you need more data storage, or more program

storage. Following are two commands useful in memory partitioning:

A. I E will cause the calculator to display the current

memory partition. Ordinarily the display _ll read 479.59 (program positions

go from 000 to 479 and data registers go frcm 00 to 59).

B-. X WI 0will cause the calculator to repartition memory

so that there are 1OX data registers. For example:

n E l7 would give a partition of 639.39 (or 640

program positions and 40 data registers).

6. Reading a Card -- In order to read a card the calculator must

be properly partitional in the same manner as when the card was created.

The calculator must also be told the proper pla:e to store the data on

the card. Each magnetic card has two sides (or banks). The calculator

memory can hold 4 banks (or 2 cards) worth of information.

To read a card, first push the number of the memory bank into which

this card will be read. The number will be 1, 2, 3 or 4. Usually the

proper memory bank is indicated upon the card or in programmer user instruc-

tions. As an alternative, push 0 before reading the card. Then the card

will be automatically read into the proper bank.

The second step in reading a card is to hold the yellow side up

and insert the proper end (designated by the bank number on the card)

into the card reader. Let the calculator process the card through (do

not push the card once the calculator has hold of it) and then gently

remove the card. The calculator will display the number of the memory

bank into which the card read. If there is a misread or if- you have

pushed an improper bank number, the calculator display will flash. In

this case you must start over.
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7. Listing Memory

There are two commands which allow you to list memory. there are:

A.HU

This command will print out the program memory. It is

especially useful for checking that the current program

has been properly read in. To stop the listing push

This command will print out the contents of the data registers.

To stop the listing push R/S

Notes: Occasionally the listing does not start at the proper place (i.e.

does not start at program location 000 or data register 00). To correct

*for this you press and the proper memory address. For a program,

the address would be 000, and for the data registers (under normal partitioning)

the address would be 480. The calculator may flash when given the data

register address, but this proce.dure works nontheless. Follow with the

desired list command.

8. Run Stop and Reset

These are two useful commands. Reset RST will place the program

counter at the beginning of a program which is at address 000. Thus reset

may be used when 'ou wish to start a program from the beginning.

Run/Stop may be used to stoio program execution, and it may

be used to start program execution at the current location in the program.

For example, a program may halt execution to wait for data. The user

enters the data into the display and starts execution by pressing[R/.
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9. Clears -- There are four clear commands with the T159 as follows:

[-- clears the current display only

l -- clears the current math operation

2n CE-- clears the program

2n s-- clears the data registers

10. 'Store and Recall

Press FTO and a two digit data register number to place the display

in memory. For example, ST would place a 1 in register 2.

Press RCL and a two digit data register number to recall the

contents of the data register onto the display. In the above example,

RCL El would display a 1.

11. Printer commands -- The printer attached to the T 59 has a number of

different operating modes. If none of its three buttons have been pushed,

then the printer takes all its instructions from the calculator.

If the PRINT button is pushed, the printer will print out the

.current display on the calculator.

If the TRACE button is pushed, the printer will print out each

step in the ex-cution of a program. Trace is very useful for debugging.

The AOV or advance button merely advances the paper in the printer.
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6.2 INSTRUCTIONS FOR COMPUTING BENEFITS TO ORIGIN ZONES (FIRST PROGRAM]

1. Fill in, for each mode, a matrix giving volume on each link,

by income class within each origin zone, for each mode.

(See Tabi1es 1-3)

Differentiate between volume inbound (+) and outbound (-).

2. Compute, for each link, the total volume in PCU's. This is

given by

v%--. (>V .) PCU 2 OCCUPANCY
mi m m

Note than inbound volume must be computed separately from outbound.

3. Table 4 summarizes the necessary link data. Fill in such a table,

including length, V/C in each direction, and free-flow speed.

If V/C or free-flow speed changes in the build alternative, mark

that down.

4. Fill in, for each mode (bus and car) for each zone, a table

headed "ORIGN ZONE:" (See Tables 5-10) which contains all

the data needed.

5. Fill in, for truck, a table for each origin zone (see Tables

11-16).

6. You are now ready to run the programs.

7. After turning on the printer and calculator, set the partition;

Press 9 2nd Op 17

8. Enter side 2A of program UTB -2.2(A) after entering zero (0).

9. Enter the data on one of the bus or car tables. To enter the

data, enter each number and then press the key indicated (A,

B, or C). Where no key is indicated, press R/S. Enter daza

corresponding to the no-build alternative. If you niake an

error in entering data, see Step 7.9 below. Fill in the data.

for one origin zo;:e and one mode completely.

10. Enter zero (0), and load card IB of UTB-2.2(A).

11. If desircd fix Lhe 'ut* ut ci 71 preS !z I C

(n) is the numter c' digit des-s-r aiLtr
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12. Press A and wait until costs are printed. These are the

operating and time costs for each income class, and their

sum over the income classes.

13. If there is a build alternative, enter data for it. You may

re-enter all the data (beginning with number of links, as the

values of time and model parameters don't change), or enter

only those items that change. To do the larter, see 19 below.

To do the former, do Steps 8-11. Before entering data you may

want to change the format (as in Step 12).

-. Whatever you do, be sure to enter the numbex of links, even if

it hasn't changed, by entering it and pressing STO 00, or
pressing C if card 1A is in mentory.

14. Press B and wait. The same items as listed in Step 12 will

be printed for the build alternative; so will the differences

between no build and build.

15. Now select another mode-zone pair. It is best to do all the

zones of a sin-le mode together.

16. For each mode-zone pair, repeat Staps 8-15. Note: If values

of time and modal paramete., do not change, they need not be

repeated.

Also, you may want to undo the fixed display format by

pressing INV 2nd Fix.

17. You are now ready to do the trucks. For each origin zone,

perform Steps 8-15 again, with these changes:

Use Program UTI3-2.2(B), sides 1A and 1B instead

of Program UTB-2.Z(A),

Because these arc the income classes, the run time and

output in Steps 12 and 14 will be shorter

OuCpujt Is operating cost nof. inclhding labor, labor

cost and thEiir sum.

18. FINISHED'

19. Error Recoverv

Wi L~ L L- j I:;.in ~ LVZ~ ir ?ress K,' ici

you want it to sto r n.

2. You -nav e*ntor ar!v nubcr dirctly b'/ entei6ing it and r z

STO ab, where ab bl The regi.sr ft 4)es in. This also inp>&s
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to changes for the build alternative.

3. The contents of the data registers is given in'the

Table so marked for each program.
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Figure 2

Detailed Output Table

Link 1 2. T Total -(disccunted)

2 I

A

Total 0

] - Alternative I (no build)

1. Peak hour V/C

2. Peak hour auto speed not included in row and

Alternative 2 (build) column totals

. 3. Peak hour V/C

-4. Peak hour auto speed y

Mode 1 (auto)

Alternative 1 (.no build)

5. operating cost

6. Time cost

Alternative 2 (build)

7. Operating cost

8. Time cost

Difference (benefit of build alternative)

9. Operating cost

10. Time cost

Mode 2 (truck)

Alternative 1

11. Operating Cost

12. Time cost

Alternafive 2

13. Qperating ccst
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Figure 2 (continued)

14. Time cost

Difference

15. Operating cost

16. Time cost

Mode 3 (bus )

Alternative 1

17. Operating cost

18. Time cost

Alternative 2

19. Operating cost

20. Time cost

Difference

21. Operating cost

22. Time cost

Total (all modes)

Alternative 1

.23. Operating cost

24. Time cost

Alternative 2

25. Operating cost

26. Time cost

Difference

27. Operating cost

28. Time cost
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6.3 ESTIMATED 1979 TRAVEL BENEFITS BY ORIGIN ZONE

By mode, income class and zone of origin for conditions

existing with no highway component as compared to those with the

proposed highway component.

Summary:
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Table 1:

SUMMARY GENERALIZED TRAVEL COST - YEAR: 1979

High Income Middle Income Low Income Employment Total

HR HH HH

Zone:

1. Car
Bus
Truck
Walk

2. Car
Bus
Truck
Walk

3. Car
Bus
Truck
Walk

4. Car
Bus
Truck
Walk

5. Car
Bus
Truck
Walk

6. Car
Bus
Truck
Walk

7. Car
Bus
Truck
Walk

8. Car
Bus
Truck
Walk

9. Car
Bus
Truck
Walk

Total Car
Bus

Truck
Walk

Total
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Table 2: TRIP-ORIGIN - MORNING PEAK

Year 1979

High Income Middle Income Low Income Employment Total
HK HH HH Places

Zone:

1. Car 1,560 1,660 - 3,220

Bus 520 2,490 1,230 4,240
Truck - - - 640 640

Walk 520 2,490 1,230 4,240

2. Car
Bus
Truck 500 500
Walk

3. Car
Bus
Truck 300 300
Walk

4. Car 560 40 - 600

Bus 160 80 - 240

Truck - - - 15 15

Walk 80 40 - 120

5. Car
Bus
Truck 40 40
Walk

6. Car 0 0 0 0
Bus 0 0 0 0

Truck 0 0 0 - 0
Walk 0 0 0 0

7. Car
Bus
Truck
Walk

8. Car 560 400 - 960

Bus 160 800 600 1,560
Truck - - - 90 90

Walk 80 400 240 720

9. Car +580 320 - 900

Bus +145 +480 +1,300 1,925
Truck 200 200
Walk - -

Total Car 3,260 2,420 - 5,680

Bus 985 3,850 3,130 7,965
Truck - - - 1,785 1,785

Walk 680 2,930 1,470 5,080
Total 4,925 9,200 4,600 1,785 20,510
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Table 3: TRIP DESTINATIONS - MORNING PEAK

Year: 1979

High Income Middle Income Low Income Employment Total

HH HH HH Places

Zone:

1. Car 485 1,465 - 1,950

Bus 105 2,355 1,420 3,880

Truck 640 640

Walk 30 1,780 420 2,230

2. Car 1,250 420 - 1,670

Bus 420 625 625 1,670
Truck 500 500

Walk 330 635 535 1,500

3. Car 750 250 - 1,000

Bus 250 375 375 1,000
Truck 300 300

Walk 250 375 375 1,000

4. Car 70 20 - 90

Bus 20 40 50 110

Truck 15 15

Walk 10 20 20 50

5. Car 130 70 - 200

Bus 35 100 165 300

Truck 40 40

Walk - - -

6. Car
Bus
Truck 0

Walk

7. Car
Bus
Truck 0

Walk

8. Car 420 120 - 540

Bus 120 240 300 660

Truck 90 90

Walk 60 120 120 300

9. Car 155 75 - 230

Bus 35 115 195 345

Truck 200 200

Walk - -

Total Car 3,260 2,420 - 5,680
Bus 985 3,850 3,130 7,965
Truck - - - 1,785 1,785

Walk 680 2,930 1,470 5,080

Total 4,925 9,200 4,600 1,785 20,510



- 49 -

Table 4: O-D DISTRIBUTION OF CAR TRIPS

Year: 1979
Destination Zones

Origin 1 2 3 4 5 6 7 8 9 TOTAL

Zone
1. H 283 649 400 23 39 0 0 82 74 1,560

m 1,043 288 169 14 51 0 0 40 52 1,660

L 0 0 0 0 0 0 0 0 0 0
TOTAL 1,326 937 569 37 90 0 0 112 126 3,220

2. H
M
L

TOTAL.
3. H

M
L

TOTAL
4. H 43 198 134 25 39 0 0 64 27 560

M 22 9 8 0 0 0 0 0 1 40

L 0 0 0 0 0 0 0 0 0 0

TOTAL 95 207 142 25 39 0 0 64 28 600

5. H
m
L

TOTAL
6. H

m
L

TOTAL
7. H

m
L

TOTAL
8. H 43 171 82 9 29 0 0 199 27 560

m 205 69 40 0 10 0 0 65 11 400

L 0 0 0 0 0 0 0 0 0 0

TOTAL 248 240 122 9 39 0 0 264 38 960

9. H 86 222 134 13 23 0 0 75 27 580

m 195 54 33 3 9 0 0 15 11 320

L 0 0 0 0 0 0 0 0 0 0
TOTAL 281 276 167 16 32 0 0 90 38 900

H 485 1,250 750 40 130 0 0 420 155 3,260

m 1,465 420 250 20 70 0 0 120 75 2,420

L 0 0 0 0 0 0 0 0 0 0
GRAND
TOTAL 1,950 1,670 1,000 90 200 0 0 540 230 5,680
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Table 5: O-D DISTRIBUTION OF BUS TRIPS
Year: 1979

Destination Zone
1 2 3 4 5 6 7 8 9 TOTAL

Origin
Zone

1. H 72 241 139 2 20 0 0 28 18 520

M 1,624 388 250 24 62 0 0 64 78 2,490

L 628 270 149 15 52 0 0 40 .76 1,230
TOTAL 2,324 899 538 41 134 0 0 132 172 4,240

2. H
m
L

TOTAL
3. H

m
L

TOTAL
4. H 11 61 37 8 5 0 0 31 6 160

M 44 16 8 0 0 0 0 10 2 80

L 0 0 0 0 0 0 0 0 0 0

TOTAL 55 77 45 8 5 0 0 41 8 240

5. H
M
L

TOTAL
6. H

m
L

TOTAL
7. H

m
L

TOTAL
8. H 7 52 37 0 7 0 0 44 7 160

m 393 143 70 11 26 0 0 136 21 800

L 202 95 71 15 45 0 0 136 36 600

TOTAL 602 290 178 26 78 0 0 316 64 1,560

9. H 15 66 37 3 3 0 0 17 4 145

m 294 78 47 5 12 0 0 30 14 480

L 590 260 155 20 68 0 0 124 83 1,300

TOTAL 899 404 239 28 83 0 0 171 101 1,925

TOTAL
H 105 420 250 20 35 0 0 120 35 985

M 2,355 625 375 40 100 0 0 242 115 3,850

L 1,420 625 375 50 165 0 0 300 195 3,130

GRAND
TOTAL 3,880 1,675 1,000 110 300 0 0 660 345 7,965
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Table 6 : O-D DISTRIBUTION OF TRUCK TRIPS
Year: 1979

Destination

1 2 3 4 5 6 7 8 9 TOTAL

Origin
Zone

1.
TOTAL 276 141 109 6 10 0 0 26 72 640

2.
TOTAL 147 203 66 5 5 0 0 18 56 500

3.
TOTAL 102 69 72 1 10 0 0 12 34 300

4.
TOTAL 2 1 3 0 0 0 0 7 2 15

5.
TOTAL 17 7 7 0 4 0 0 0 5 40

6.
TOTAL 0 0 0 0 0 0 0 0 0 0

7.
TOTAL 0 0 0 0 0 0 0 0 0 0

8.
TOTAL 24 23 9 0 7 0 0 17 10 90

9.
TOTAL 72 56 34 2 4 0 0 10 22 200

GRAND
TOTAL 640 300 300 15 40 0 0 90 200 1,785
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Table 7: NETWORK

Arrow points in inbound (+) direction.

Car
Free-flow

PCU's in PCU's out Capacity V/C in V/C out speed
Link (2 hrs) (2 hrs) (No Build/Build) (NB/B) (NB/B) Length (NB/B)

A 3.4 -
B 3.4 80/100

AB 1777 924 800/2400 1.11/.37 .58/.19 6.8 80/100
C 1784 1064 1600 .56 .33 1.5 60
D 1603 864 1600 .50 .27 2.4 60
E 891 2036 1000 .45 1.02 1.4 60
F 519 912 1600 .16 .29 1.1 60
G 463 165 800 .29 .10 2.2 60
J 108 250 1200 .05 .10 0.9 60
H 1200 0.5 60
K 1200 60



L

n
k A B C L E F G H J K

H (Same 164 221 251 621 408 - 57
M as 85 120 130 328 163 - 35
L B) (0)

m
L

H

H 90~ 128~ 271 + 1-9 132+ 38~
41 1 31 8 -8 0

L

5. Ii
H

p809/-254

+. +

j 331 302 + 211+ 169 - 82+ 29
331 322 282 76 - 40 9

I 4 0 m P)L -

H I47 455 308 222 - 134+ 23
294 287 249 54 - 33 9 C -

L

5A+0 /I+0/-408 +348/-o +0/-147
H 625/-86 -349 f3 6 2 /- 1 3  +0/-163 +81/-0 +0/-53 Lo

1434/ 0609 /-121. +1352/ +0/-466 +0/-671 +429/-0 +0/-260
L -340 f13660 -381 +0/-167

7T- 7
ND



0 L

n
k A BD E F G H J K

H (Same 43 55 61 223 155 - 12
1 M as 122 152 168 283 237 - 30

L B) 114 147 158 214 154 - 33

H

IA 1 10 1 6 6

L

H

.

L

+ +

35~ 42 74+ 58 - 37+ 7
10 10 62 16 - 8 0

L 0 0 0 - 0

5.H

L

H

L

H 140 111 68 51 - 34+ 29
650 631 552 118 - 69 20
429 393 321 98 - 63 36 0 0

T T + + H

H 122 117 77 62 37 5 0

K 433 421 369 78 47 12 EG

L 1093 1025 850 260 155 68

262 228 219 0 0 108 0
1 1083 1052 983 0 0 124 0

1522 1418 1171 0 0 218 0
L 2-86~7 +2698 2373 +440 0

ND -78 -97 - 61 -394 -155 0 53
iL 132 162 168 493 261 0 68

114 147 158 512 134 0 137



n
c k A B C E F G H J K

H (Same 98 - 108 ~ 114 - 141~ 109 ~ - 10~
L. 14 as

L B)

H7 84 297 66 - 5
M
L

H

L 46 56 - 69 171 57 10

6 6 3- - 3+ 0
L

5~ 28 24+ 7- 4+ 33+

0 M

IL

H + -+
63 56 47 23 - 9+ 7

L CL ro -

H

168 166 128+ 56 - 34 2-

230 250 200 297 173 55 36

L

230 250 200 297 173 55 36
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Table 11: YEAR; 1979

ORIGIN ZONE: 1 Input Data

MODE: Car

Values of Time ($/hr) Link: F out

9 Class 1 2.18 (A) 44 length 1.0

10 Class 2 .56 45 V/C 0.29
11 Class 3 .18 46 free-flow spd 66

47 class 1 vol 05
Mode: 48 class 2 vol

5 O.C. parameter 1  (B) 49 class 3 vol T
6 occupancy i~6
7 expansion Link: J out

factor 107.4 50 length U-9
51 V/C

0 Number of Links: 6 (C) 52 free-flow spd __.

53 class 1 vol 57
Link: A-B outbound 54 class 2 vol 35

20 length (km) 3 ). 55 class 3 vol 0

21 V/C 0.587.19
22 free-flow Link:

speed (km/h) 80/100 56 length
23 class 1 vcl 6457 V/C

24 class 2 vol 85 58 free-flow spd
25 class 3 vol 0 59 class 1 vol

60 class 2 vol ___

Link: C out 61 class 3 vol
26 length 1.5

27 V/C .33 Link:
28 free-flow spd60D 62 length
29 class 1 vol 22T 63 V/C

30 class 2 vol 12U- 64 free-flow spd

31 class 3 vol _ _65 class 1 vol
66 class 2 vol

Link: D out 67 class 3 vol

32 length 2.4

33 V/C 0.27 Link:

34 free-flow spd 6 68 length
35 class 1 vol 751 69 V/C
36 class 2 vol 130 70 free-flow spd

37 class 3 vol 0 71 class 1 vol
72 class 2 vol

Link: E out 73 class 3 vol

38 length 1.
39 V/C 1.02
40 free-flow spd 60
41 class 1 vol 621
42 class 2 vol

43 class 3 vol 0
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ORIGIN ZONE: 1 Input Data

OT E: Bus

Values of Time ($/hr) Link: F out
9 Class 1 2.18 (A) 44 length 1.

10 Class 2 45 V/C .. 9
11 Class 3 .18 46 free-flow spd 42

47 class 1 vol 155
Mode: 48 class 2 vol 237

5 O.C. parameter.4.3 (B) 49 class 3 vol 154
6 occupancy 45
7 expansion Link: J Ot

factor 92 50 length 0.9
51 V/C .10

0 Number of Links: 6 (C) 52 free-flow spd 42
53 class 1 vol T

Link: A-B out 54 class 2 vol 3W
20 length (km) 5.5 55 class 3 vol 33
21 V/C .38/.19
22 free-flow Link:

speed (km/h) 64/80 56 length
23 class 1 vol 43 57 V/C
24 class 2 vol 122 58 free-flow spd
25 class 3 vol 114 59 class 1 vol

60 class 2 vol
Link; C out 61 class 3 vol

26 length 1.5
27 V/C .33 Link:
28 free-flow spd 42 62 length
29 class 1 vol 55 63 V/C
30 class 2 vol 1- 64 -free-flow spd
31 class 3 vol 147 65 class 1 vol

66 class 2 vol
Link: D out 67 class 3 vol

32 length 2.4
33 V/C .27 Link:
34 free-flow spd 42 68 length
35 class 1 vol 61 69 V/C
36 class 2 vol 168 70 free-flow spd_
37 class 3 vol 158 71 class 1 vol

72 class 2 vol
Link: E out 73 class 3 vol

38 length 1.4
39 V/C 1.02
40 free-flow spd 42
41 class 1 vol 223
42 class 2 vol 83
43 class 3 vol 214__
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Year: 1979

Table 13:

BENEFITS TO RESIDENTS OF ORIGIN ZCN 1 output Costs

AU'IO BUS $/Month

NO BUILD

Incame class 1 -

TO

Incane class 2
cc
TC

Incane class 3

TC

Total

BUILD
Incane class 1

TC

Incare class 2

TC

Incane class 3
c74

TC

Total
OC
TC

DIFFERENCE
Incame class 1

TC

Incame class 2

Inccne class 3 4.

Total
c:. *

TO C-....
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Table 14: ORIGIN ZONE: 4 Input Data

MODE: Car

Values of Time ($/hr) Link: G in
9 Class 1 2.18 (A) 44 length 2.2

10 Class 2 .56 45 V/C . .29
11 Class 3 .1 , 46 free-flow spd 60

47 class 1 vol 133
MOde: 48 class 2 vol 8

5 O.C. parameter 1 (B) 49 class 3 vol 0
6 occupancy
7 expansion Link: I out

factor 107.4 50 length 0.9
51 V/C .10

0 Number of Links: 6 (C) 52 free-flow spd 60
53 class 1 vol 38

Link: A-B out 54 class 2 vol 0

20 length (kui) 5.5 55 class 3 vol 0
21 V/C 0.58k.19
22 free-flow Link:

speed (km/h) 80/100 56 length
23 class 1 vol 90 57 V/C
24 class 2 vol 1 58 free-flow spd
25 class 3 vol 0 59 class 1 vol

60 class 2 vol
Link: C out 61 class 3.vol

26 length 1.5
27 V/C 0.33 Link:
28 free-flow spd 6U 62 length
29 class 1 vol 128 63 v/C
30 class 2 vol T 64 free-flow spd
31 class 3 vol 0 65 class 1 vol

66 class 2 vol
Link: D in 67 class 3 vol

32 length 2.4
33 V/C -_0 Link:
34 free-flow spd 60 68 length
35 class 1 vol 271- 69 V/C
36 class 2 vol 70 free-flow spd
37 class 3 vol _ _71 class 1 vol

72 class 2 vol
Link: E out 73 class 3 vol

38 length 1.4
39 V/C . 1.02
40 free-flow spd 60
41 class 1 vol 19T9
42 class 2 vol 8
43 class 3 vol 0
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Table 15: ORIGIN ZONE: 4 Input Data

,O~T;: Bus

Values of Time ($/hr) Link: G in

9 Class 1 (A) 44 length 2.2
10 Class 2 45 V/C .- _

11 Class 3 46 free-flow spd 42
47 class 1 vol 37

Mode: 48 class 2 vol 8

5 O.C. parameter 4.3 (B) 49 class 3 vol 0

6 occupancy 45

7 expansion Link: J out

factor 92 50 length 0.9
51 V/C .10

0 Number of Links: 6 (C) 52 free-flow spd 42
53 class 1 vol 7

Link: A-B 54 class 2 vol 0

20 length (k) 5.5 55 class 3 vol 0
21 V/C .58/.19
22 free-flow Link:

speed (km/h) 64/80 56 length
23 class 1 vol 35 57 V/C
24 class 2 vol 10 58 free-flow spd
25 class 3 vol 0 59 class 1 vol _

60 class 2 vol
Link: C out 61 class 3 vol

26 length 1.5

27 V/C .33 Link:
28 free-flow spd 42 62 length

29 class 1 vol 42 63 V/C

30 class 2 vol 16 64 free-flow spd

31 class 3 vol 0 65 class 1 vol
66 class 2 vol

Link: D in 67 class 3 vol

32 length 2.4
33 V/C -5 Link:

34 free-flow spd 47 68 length

35 class 1 vol 74- 69 V/C

36 class 2 vol 62 70 free-flow. spd

37 class 3 vol 0 71 class 1 vol_
72 class 2 vol

Link: E out 73 class 3 vol_

33 length 1.4

39 V/C 1.02
40 free-flow spd
/1 class 1 vol 58
42 class 2 vol 16
43 class 3 vol _
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Table 16: BENEFITS TO RESIDENTS OF ORIGIN ZONE_ 4 Output Costs

AUIO BUS $/Month

NO BUILD

Incane class 1

Incane class 2

Incane class 3

TC

Total

BUILD
Incane class 1

TC 
:L&ss 2

Incare class 2

TC

Incane class 3

Total
0C

DIFFERENCE
Incace class 1

TiC

Incame class 2

TC

Incane class 3

Total 0C
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Table 17: ORIGIN ZONE:8 Input Data

MOrE: Car

Values of Time ($/hr) Link: G in
9 Class 1 2.1 (A) 44 length 2.2

10 Class 2 _06 45 v/C .29
11 Class 3 .18 46 free-flow spd 60

47 cass 1 vol 82
Mode: 48 class 2 vol 40

5 O.C. parameter 1 (B) 49 class 3 vol 0
6 occupancy 1.6
7 expansion Link: J out

factor 107.4 50 length .9
51 V/C .10

0 Number of Links: 6 (C) .52 free-flow spd 60
53 class 1 vol 29

Link: AB in 54 class 2 vol 9
20 length (km) 5.5 55 class 3 vol 0

21 V/C 1.11/.37
22 free-flow Lik:

speed (kin/h) 80/100 56 length
23 class 1 vol 331 57 v/C
24 class 2 vol - 331 58 free-flow spd
25 class 3 vol (0 59 class 1 vol

60 class 2 vol
Link: C in A1 class 3 vol

26 length 1.5
27 V/C .56 Link:
28 free-flow spd 60 62 length
29 class I vol 302 63 V/C

30 class 2 vol 322 64 free-flow spd
31 class 3 vol 0 65 class 1 vol

66 class 2 vol
Link: D in 67 class 3 vol

32 length 2.4
33 V/C .50 Link:

34 free-flow spd 60 68 length
35 class 1 vol 69 v/C
36 class 2 vol 22 70 free-flow spd

37 class 3 vol _ 71 class 1 vol
72 class 2 vol

Link: E out 73 class 3 vol

38 length 1.4
39 V/C 1.02
40 free-flow spd 60
/ class 1 vol 169
42 class 2 vol 76
43 class 3 vol 0
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Table 18: ORIGIN ZONTE:8 Input Data

MODE: BUS

Values of rime ($/hr) Link: G+
9 Class 1 (A) 44 length 2.2

10 Class 2 - 45 V/C .29
11 Class 3 46 free-flow spd 42

47 class 1 vol 34
Mode: 48 class 2 vol 69

5 0.C. parameter 4.3 (B) 49 class 3 vol 63
6 occupancy ___

7 expansion Link: J-
factor 92 50 length 0.9

51 V/C .10
0 Number of Links: 6 (C) 52 free-flow spd 42

53 class 1 vol 21
Link: AB+ 54 class 2 vol 20

20 length (km) 5.5 55 class 3 vol 36
21 V/C 1.11/.37
22 free-flow Link:

speed (km/h) 64/80 56 length
23 class 1 vol 14O 57 V/C
24 class 2 vol 650 58 free-flow spd
25 class 3 vol - 429 59 class 1 vol

60 class 2 vol
Link: C+ 61 class 3 vol

26 length 1.3
27 V/C _.56 Link:
28 free-flow spd 40 62 length
29 class 1 vol 111- 63 V/C
30 class 2 vol 631 64 free-fjow spd
31 class 3 vol 393 65 class 1 vol

66 class 2 vol
Link: D+ 67 class 3 vol

32 length 2.4
33 V/C .50 Link:
34 free-flow spd 42 68 length
35 class 1 vol 68 69 V/C
36 class 2 vol 552 70 free-flow spd
37 class 3 vol 321 71 class 1 vol

72 class 2 vol
Link: F- 73 class 3 vol

38 length 1.4
39 V/C 1.02
40 free-flow spd 42
41 class 1 vol 51
42 class 2 vol 118
43 class 3 vol 98
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Table 19: BENEFITS TO RESIDENTS OF ORIGIN ZONE 8 Output Costs

AUTO BUS $/Month

NO BUILD

Incame class 1

a c s 

J

Inccme class 2

BUILD
Incan~e class 1

Income class 2

TC

TotalC

Income class 1

TC

Incane class 2 -

TC

Incane class 3

TC

Ttal OC
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Table 20: BENEFITS TO RESIDENTS OF ORIGIN ZONE 9 OUTPUT COSTS

AUTO BUS $/Month

NO BUILD
Income class 1

OC
TC

Income class 2
OC
TC

Income class 3
OC
TC

Total
OC
TC

BUILD
Income class 1

OC
TC

Income class 2
OC
TC

Income class 3
OC
TC

Total
OC
TC

DIFFERENCE
Income class 1

OC
TC

Income class 2
OC
TC

Income class 3
OC
TC

Total
OC
TC
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Table 21: BEEITS TO RESIDENTS OF ORIGJI ZoN*E 9

BUS

NO BUILD

Incane class 1 * ,

Incane class 2

TC

Incane class 3 No-Build

TC Build

Total :-j:.. -
CC

BUILD
Incane class 1

Incane class 2 in

C

Incane class 3 - -
U-- -Build

W/loop

Total
oC

Differen -

DIFERENCE
Incame class 1

-C Difference
- - TC

w/loop

Incane class 2

Incane class 3

TC

Total

'IC _______OK
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Input Data

Table 22: ORIGIN ZONE: 1
MODE: Truck

Modal Parameters Link: F-
Labor cost ($/hr) (B) Length 1.0

O.C parameter V/C .29
expansion factor Free-flow speed 60

Volume 109

Number of Links.: 6 (C)

Link: AB- Link: J
Length (km) 5.5 Length 0.9
V/C .58/.19 V/C .1
Free-flow speed (km/h) 80/100 Free-flow speed 60
Volume 98 Volume 10

Link: C- Link:
Length 1.5 Length
V/C .33 V/C
Free-flow speed .60 Free-flow speed
Volume 108 Volume

Link: D- Link:

Length 2.4 Length
V/C .27 V/C
Free-flow speed 60 Free-flow speed
Volume 114 Volume

Link: E- Link:
Length 1.4 Length
V/C ,1.02 V/C
Free-flow speed 60 Free-flow speed
Volume 141 Volume
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YEAR: 1979

Input Data

Table 23: ORIGIN ZONE: 2
MODE: Truck

Modal Parameters Link: F-

Labor cost ($/hr) 1 (B) Length 1.0

O.C parameter 5.2 V/C .29
expansion factor 115 Free-flow speed 60

Volume 66
Number of Links: 6 (C)

Link: AB Link: J-

Length (km) 5.5 Length 0.9

V/C 58/.19 V/C -
Free-flow speed (km/h) 80/100 Free-flow speed 6U
Volume 74 Volume 5

Link: C- Link:
Length 1.5 Length
V/C .33 V/C
Free-flow speed 60 Free-flow speed
Volume 79 Volume

Link: D- Link:
Length 2.4 Length
V/C .27 V/C

Free-flow speed 60 Free-flow speed

Volume 84 Volume

Link: E+ Link:
Length 1.4 Length
V/C ,45 V/C
Free-flow speed 60 Free-flow speed
Volume 297 Volume
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YEAR: 1979

Input Data

Table 24: ORIGIN ZONE: 3
MODE: Truck

Modal Parameters Link: G-
Labor cost ($/hr) _(B) Length 2.2

O.C parameter V/C .10
expansion factor Free-flow speed 60

Volume 57

Number of Links: (C)

Link: AB- Link: J-

Length (km) 5.5 Length 0.9
V/C .58/.19 V/C .1
Free-flow speed (km/h) 80/100 Free-flow speed 60
Volume 46 Volume 10

Link: C- Link:
Length 1.5 Length
V/C .33 V/C -
Free-flow speed 60 Free-flow speed
Volume 56 Volume

Link: E- Link:
Length 1.4 Length
V/C 1.02 V/C
Free-flow speed Free-flow speed
Volume 69 Volume

Link: F+ Link:
Length 1.0 Length
V/C ..16 V/C
Free-flow speed 60 Free-flow speed
Volume 171 Volume -
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YEAR: 1979

Table 25: ORIGIN ZONE: 4 Input Data
MODE: TrucF

Modal Parameters Link: G+
Labor cost ($/hr) (B) Length 2.2

O.C parameter V/C .29

expansion factor Free-flow speed 60
Volume 3,

Number of Links: 5 (C)

Link: C- Link:

Length (km) 1.5 Length

V/C .33 V/C
Free-flow speed (km/h) 60 Free-flow speed

Volume 6 Volume

Link: D+ Link:
Length 2.4 Length

V/C .5 V/C -

Free-flow speed 60 Free-flow speed

Volume 3 Volume

Link: E- Link:

Length 6.4 Length

V/C 1.02 V/C

Free-flow speed 60 Free-flow speed

Volume I Volume

Link: Link:

Length Length

V/C V/C

Free-flow speed Free-flow speed

Volume Volume
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Input Data
Table 26: ORIGIN ZONE: 5

MODE:

Modal Parameters Link: G+
Labor cost ($/hr) (B) Length 2.2
OC parameter V/C .29
expansion factor Free-flow speed 60

Volume 4

Number of Links: 6 (C)

Link: AB- Link: J+
Length (km) 5.5 Length .9

V/C .58/.19 V/C .s-
Free-flow speed (km/h) 80/100 Free-flow speed 60
Volume 5 Volume 33

Link: C+ Link:
Length 1.5 Length
V/C .56 V/C
Free-flow speed 60 Free-flow speed
Volume 28 Volume

Link: D+ Link:
Length 2.4 Length
V/C .5 V/C
Free-flow speed 60 Free-flow speed
Volume 24 Volume

Link: E- Link:
Length 1.4 Length
V/C 1.02 V/C
Free-flow speed 60 Free-flow speed
Volume 7 Volume
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Input Data
Table 27: ORIGIN ZONE: 8

MODE: Truck

Modal Parameters Link: G+
Labor cost ($/hr) (B) Length 2.2

O.C parameter _V/C -2

expansion factor Free-flow speed 60
Volume 9

Number of Links: 6 (C)

Link: AB+ Link: J~
Length (km) 5.5 Length .9

V/C 1-1/ - V/C .1
Free-flow speed (km/h) 80/100 Free-flow speed 60
Volume 63 Volume 7

Link: C+ Link:
Length 1.5 Length
V/C .56 V/C '
Free-flow speed 60 Free-flow speed

Volume 56 Volume

Link: D+ Link:
Length 2.4 Length

V/C .5 V/C

Free-flow speed 60 Free-flow speed

Volume 47 Volume

Link: E- Link:
Length 1.4 Length

V/C ,1.02 V/C

Free-flow speed 60 Free-flow speed
Volume 23 Volume
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Output Costs

TRUCK COSTS FROM EACH ORIGIN ZONE

ZONE: 1 2 3

No-Build
OC * 53,796 8,991 30,263
labor 4,113 3,128 2,176

Build
OC * 54,566 9,573 30,624
labor 3,365 2,563 1,825

Difference
OC * -770 -582 -362
labor 748 565 351
total OC -22 -17 -10

ZONE: 4 5 8

No-Build
OC * 2,330 7,368 30,225
labor 155 539 21,541

Build
OC * 2,377 7,407 25,987
labor 109 501 19,909

Difference
OC * -47 -39 4,239
labor 46 38 1,632
total OC -1 -1 5,870

* Operating cost minus $1/hr labor cost.
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Projected 1984 travel benefits by mode, income class, zone of

origin for conditions assumed to prevail with no highway component as compared

to those with the proposed highway component. Summary:
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Year 1984

Table 29: SUMMARY GENERALIZED TRAVEL COST

ZONE: High Income Middle Income Low Income Employment Total
HH HH HH

1. Car
bus
truck
walk

2. Car
bus
truck
walk

3. Car
bus
truck
walk

4. Car
bus
truck
walk

5. Car
bus
truck
walk

6. Car
bus
truck
walk

7. Car
bus
truck
walk

8. Car
bus
truck
walk

9. Car
bus
truck
walk

Total: Car
bus
truck
walk

Total:
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Year 1984

Table 30: TRIP ORIGINS - MORNING PEAK HOUR

ZONE HIGH INCOME MIDDLE INCOME LOW INCOME EMPLOYMENT TOTAL
HH HH H

1. Car 1.500 1,600 250 3,350
Bus 500 2,400 750 3,650
Truck 760 760
Walk 500 1,200 375 2,075

2. Car 500

Bus
Truck
Walk

3. Car
Bus 350 350
Truck
Walk

4. Car 560 40 80 680

Bus 160 80 100 340
Trk 30 30

Walk 180 20 200

5. Car 160 160

Bus
Truck
Walk

6. Car 600 200 800

Bus 1,200 1,000 15 2,200

Truck 300 200 500

Walk

7. Car 160 160

Bus
Truck
Walk

8. Car 700 500 100 1,300
Bus 200 1,000 750 1,950

Truck 150 150

Walk 100 250 150 500

9. Car 4,112 424 380 4,916

Bus 1,303 180 2,815 4,298

TrucK 0

Walk 175 120 675 970

TOTAL Car 6,872 3,164 1,010 11,046

2,163 4,860 5,415 ,2,438
Truck 2,125 2.,125
Bus 955 1,890 1,400 2,245
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Table 31: TRIP DESTINATIONS - MORNING PEAK HOUR

Z jE 11IG11 INCOllE 'IDDLE INCOPIE LOU IUCO>WEf EMULOYMENT TOTAL
HH HR HH

1. Car 2280 1140 500 3920
Bus 760 1710 1710 4180
Truck 460 460
Walk 380 570 570 1520

2. Car 1200 600 200 2000
Bus 400 900 900 2200
Truck 500 500
Walk 200 420 310 930

3. Car 840 340 140 1320
Bus 280 630 63Q 1540
Truck 350 350
Walk 200 420 310 93Q

4. Car 195 82 20 297

Bus 55 120 150 325
Truck 30 30

Walk 30 50 50 130

5. Car 780 330 8Q 119-Q
Bus 220 480 600 13Q0
Truck 160 160
Walk 40 80 80 200

6. Car 94 42 10 146
Bus 28 60 75 163
Truck 15 15
Walk 15 10 10 35

7. Car 780 330 80 1190
Bus 220 480 600 1300
Truck 160 160
Walk 40 80 80 200

8. Car 700 300 100 1100
Bus 200 480 750 1430
Truck 150 150
Walk 50 80 100 230

9. Car
Bus
Truck
Walk

TOTAL Car 6872 3164 1010 11046
Bus 2163 4860 5415 12438
Truck 2125 2125
Valk 955 1890 1400 4245

TOTAL 9990 9914 7825 2125 29854
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Table 32: O-D DISTRIBUTION OF TRUCK TRIPS Year 1985

ORIGIN ZONES 1 2 3 4. 5 6 7 8 9 TOTAL

1. H 584 318 200 24 118 19 183 54 0 1500

m 673 336 200 19 148 16 92 116 0 1600

L 121 40 37 2 8 21 8 -32 0 250

TOTAL 1378 694 437 45 274 37 283 202 0 3350

2. H
m
L

TOTAL

3. H
m
L

TOTAL

4. H 155 89 80 36 1)2 18 44 36 0 560
m 9 7 4 4 4 1 4 7 0 40
L 27 19 2 7 7 1 10 7 0 80

TOTAL 191 115 86 47 113 20 5 50 0 6-80

5. H

L

TOTAL

6. H
m 170 103 66 28 94 9 93 38 0 600

L 65 41 35 4 27 1 18 9 0 200

TOTAL

7. .

L

TOTAL

8. H 175 94 67 15 67 15 100 167 0 700

m 132 76 23 18 42 8 56 101 0 456

L 26 22 8 3 8 2 14 17 0 100

TOTAL 333 192 98 36 117 25 170 285 0 1,256

9. H 1356 699 493 120 493 45 453 453 4,112
H 156 81 47 13 42 5 42 38 0 424
L 141 78 53 9 30 4 30 35 0 380

TOTAL 1653 858 593 142 565 54 525 526 0 4,916

TOTAL H 2280 1200 840 195 780 67 780 700 0 6842
m 1140 600 340 . 82 330 42 330 300 0 3164
L 380 200 140 20 80 10 80 100 0 1010

3800 2000 1320 297 1190 119 1190 110' 0 11,016
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Table 33: O-D DISTRIBUTION OF CAR TRIPS

0iWid T'iS I 2 3 4 5 6 7 9 F TOTAL

1. 11 193 110 67 6 49 4 54 17 0 500
981 467 477 57 187 116 88 127 0 2400

L 354 134 114 20 47 7 4 .40 0j 750

TOTAL 528 711 658 83 283 27 176 184 0 3650

2. H
M
L

TOTAL

3. H

L

TOTAL

4. H 59 27 25 8 17 8 8- 8 0 160
L j24 16 8 4 8 4 8 8 0 80
L 31 15 15 8 8 7 8 8 0 100

TOTAL 114 58 48 20 33 19 24 _4 0 340

5. H
m
L

TOTAL

6. H
m 390 230 133 37 177 28 112 93 0 1200
L 282 159 96 21 168 23 138 103 0 990

672 389 229 58[ 345 51.1250_196 0 2190

7. H
N

L

TOTAL

8. H 56 28 19 2 24 3 23 4510 200
14 252 153 99 18 90 10 44 234 000
L 160 114 67 17 671 10 110 205 0 705

TOTAL 468 295 185 37 181 23 277 1484 0 1950

9. H 457 235 169 39 130 13 130130 0 1303
63 34 23 4 18 2 18 18 0 180

L 8 73 478 338 84 310 28 310 394 0 2815

TOTAL 393 747 530 127 458 43 458 1542 0  42 9 8

TOTAfiL 11 760 400 380 55 220 28 220 1200 0 2263
110 150 630 120 480 30 480 480 0 2480

L 110 700 630 150 100 75 750 1750 0 3265
2 4 133 11450~1 ~T430 ~0b
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Table 34: O-D DISTRIBUTION OF TRUCK TRIPS Year 1984

R.(18 Tu N 1 2 3 4 5 6 7 8 9 TOTAL

1. 11I
M
L

TOTAL 354 154 14 0 28 0 760

2. H
m
L

TOTAL 167 177 71 6 26 0 33 20 0 500

3. H
m
L

TOTAL 115 68 73 6 26 6 36 20 0 350

4. H

L

TOTAL 10 10 10 0 0 0 0 0 0 30

5. H
m
L

TOTAL 31 28 23 0 138 9 14 17 0 160

6. H
m
L

TOTAL 8 7__0_ __oo 0 0 0 0 15

7. a

L

TOTAL 36 30 14 6 16 0 30 28 0 160

8. H
m
L

TOTAL 39 26 19 011 01 19 36 0 150

9. H
m
L

TOITAL

TOTAL 1i

L

760 50350 0 1607 15 160150 21TO125



Link
Origin Zone A B C D E F G H I J K TOTAL

i 79- 168-
M 80 223
L

H 35 113
m 5 11
L

H 0 10
m 6- 18-
L 3 7

H 538+ 397+
m 387+ 318
L

En

H 3687+ 3210+
M 21 19
L 470 470

HH

6 M
L

H
7 1 -

L

In H 4225+ 3607+
m 408 337+
L 470 470+

rotal 5103+ 4414

H 114- 381-
OUT m 91- 252-

L 3- 7-
I'otal 208- 640-



Link
Origin Zone A B C D E _ G H I J K TOTAL

H 22 72

1 m 132 387
L 0 0

H 9 18
2 m 10 20

L 0 0

H 00 0
3 m 8- 32-

L 12 18

H 237+ 210+
4 H 1020 960

L 940 820

H 2085 1885
5 H 125 110

L 1470 1390 H

H
6 m1

L
.

H
7 m 0 %D

L

In H 2322+ 2095+
m 1145 1070

TOTAL L 2410 2210
- - 4375 4375

In R 31- 90-
m 150 439-
L 12 18-

TOTAL 193 647



Link
Origin Zone A B C D E G H I J K TOTAL

H
M 29- 57-

1 L

H
2 m 20- 53-

L

H
3 H 20- 56-

L

H
4 m 0 0

L

H
5 m 17- 3

L

6 H 15- 30-
L

H
7 m 28- 102+

H -
8 1 103+ 84+

L
9 228+ 190+

H
m 129 227

TOTAL L 331+ 376+
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TABLE 38

YEAR 1984

'LINK ASSIGNMENTS BY MODE CAR DCUS'

ORIGIN/ZONE 1 2 3 4 5 6 7 8 9 Total Total
P ssenge sPCU

LINK
1-1 3,350 113 13,350

1-2 694 144 162 858 1,973

1-3 437 437

1-4 8_42 842

- 2-1
2-2-

*(2-5)
3-1
3-3
3-4
4-1 306 379 495 2,571 3,691
4-3 86 101 98 593 878
4-4 680 680
4-5 274 113 387

4-6 37 20 57

4-7 283 58 341

4-8 203 50 __3

*(5-2)
5-4
5-5
5-6
5-7
5-8
6-4 572 572

6-5 121 121

6-6 800 800

6-7 110 110

6-8 47 47

7-4
7-5
7-6
7-7
7-8 -3,875
8-4 629 3,246 3, 75_

8-5 117 565 682

8-6 25 54 79
8-7 170 525 695
8-8 1,300 _ 1,300

8-91T96
9-8 5,916 ,9165

9-915,916 ,
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TABLE 39

YEAR 1984

LINK ASSIGNMENTS BY MODE BUS DCUS_

ORIGIN/ZONE 1 2 3 .4 5 6 7 8 9 Total

LINK Pissengeru Total PCU

1-1 3,650 . 3,650

1-2 -- 7 - 58 389 295 747 2,200
1-3 658 658

1-4 763 763

2-1
. 2-2

*(2-5)
3-1
3-3
3-4
4-1 172 1,061 763 2,140 4,136
4-3 48 229 185 520 982

4-4 340 1 340

4-5 283 23 316 .

4-6 27 19 46

4-7 176 24 200

4-8 18424 208

*(5-2)
5-4
5-5
5-6
5-7
5-8
6-4 1,348 1,348
6-5 345 345
6-6 2,200 2,200
6-7 250 250
6-8 196 196

7-4
7-5
7-6
7-7
7-8
8-4 985 1,587 2,5721
8-5 181 458 639

8-6 23 43 66

8-7 274 458 732

8-8 1,950 1,950

8-9
9-8 4,98 4,298

9-9 4,298 4,298
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TABLE 40

YEAR 1984

'LINK ASSIGNMENTS BY MODE TRUCK DCUS_-

ORIGIN/ZONE 1 2 3 4 5 6 7 8 9 Total Total

LINK passengers PCU

701-1 7 760
1-2 154 68 10, 28 7 30 26 323
1-3 140 71 211
1-4 112 85 197
2-1 333 333
2-2 500 ___

*(2-5)
3-1 183 __

3-3 .......... 3.5
3-4 16116
4-1 20 59' 15 66 65 225

4-3 1 2 3 4 2m 4 66

4-4 30 30
4-5 43 26 6 75
4-6 26 26

4-7 28 33 36 - 9
4-8 29 20 20 69

*(5-2)________________

5-4 72 72
5-5 160 160
5-6 9 _ _ _ 91
5-7 14 14
5-8 1 17
6-4 15 15
6-5 1 _

6-6 15 15
6-7
6-8
7-4 86 86
7-5 16 16
7-6
7-7 160 160 1
7-8 28 28

8-4 84 84

8-5 11 11
8-6
8-7 19 19
8-8 150 150
8-9
9-8
9-9
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REGISTER CONTENTS: UTB-2.1(A)

YEAR'_1984
FOR CAR & BUS

ORIGIN ZONE: 1

MODE: Bus

Values of Time ($/hr) Link:

9 Class 1 2.18 (A) 44 length
10 Class 2 .56 45 V/C
11 Class 3 .18 46 free-flow spd

47 class 1 vol
Mode: 48 class 2 vol

5 O.C. parameter 4.3 (B) 49 class 3 vol

6 occupancy 45
7 expansion Link:

factor 92 50 length
51 V/C

0 Number of Links: 10 (C) .52 free-flow spd
53 class 1 vol

Link: A outbound 54 class 2 vol
20 length (km) 2.1 55 class 3 vol

21 V/C 1135/1600=0.17/0.24
22 free-flow Link:

speed (km/h) 64/80 56 length
23 class 1 vol 22 57 V/C
24 class 2 vol 132 58 free-flow spd

25 class 3 vol 0 59 class 1 vol
60 class 2 vol

Link: B outbound 61 class 3 vol
26 length
27 V/C Link:
28 free-flow spd -6& 62 length
29 class 1 vol 72 63 V/C
30 class 2 vol 387 64 free-flow spd

31 class 3 vol 0 65 class 1 vol
66 class 2 vol

Link: 67 class 3 vol

32 length -
33 V/C Link:
34 free-flow spd 68 length

35 class 1 vol 69 V/C
36 class 2 vol 70 free-flow spd
37 class 3 vol - 71 class 1 vol

72 class 2 vol
Link: 73 class 3 vol

38 length
39 V/C
40 free-flow spd
41 class 1 vol
42 class 2 vol _

43 class 3 vol
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TRIP-ORIGINS - MORNING PEAK HOUR

Zi HIG1 IICOUE MIDDLE INCOE LOW UIC-.E EMPLOYMENIT TOTAL
HH HH HH

1. Car 2250 2100 350 4725
bus 1000 3600 1500 6100
Truck 920 920
Walk 250 800 375 1425

2. Car
Bus
Truck 500 500
Walk

3. Car
Bus
Truck 400 400

Walk

4. Car 840 60 1 900
Bus 280 120 400
Truck 150 150
Walk 120 20 140

5. Car
Bus
Truck 240 240
Walk

6. Car 750 300 1050
Bus 1800 1600 3400
Truck 30 30
Walk 225 300 525

7. Car
Bus -
Truck 400 400

Walk

8. Car 735 650 300 1685
Bus 375 1400 900 2675
Truck 180 180
Walk 75 260 100 435

9. Car 5175 350 410 5935
Bus 2325 225 2420 4970
Truck
Walk 135 145 550 830

TOTAL Car 9000 3915 1385 14300
Bus 3980 7145 6420 2820 17545
Truck 2820 2820
Walk 580 1450 1325 3355

TOTAL 13560 12510 9130 2820 38020
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TRIP DESTINATIONS - MORNING PEAK HOUR

Z0hE 1IGh INCOME MIDDLE INCOME LOW IJNCOL1E TOLOYE TiTAL

HH HH HH

1. Car 2990 1035 460 4485
Bus 1380 2070 2070 5520
Truck 920 920
Walk 230 500 460 1190

2. Car 1300 600 200 2100
Bus 600 1000 900 2500
Tru.ck 500 500
Walk 100 250 200 550

3. Car 1040 360 160 1560
Bus 480 900 630 2010
Truck 400 400
Walk 80 200 160 440

4. Car 725 400 100 1225
Bus 250 575 475 1300
Truck 150 150
Walk 50 100 75 .225

5. Car 870 500 120 149G..
Bus 300 600 540 1440
Truck 240 240

- Walk 60 90 90 240

6. Car 115 80 15 210
Bus k 50 150 115 315
Truck 30 30
Walk 5 40 20 65

7. Car 1150 700 150 2000
Bus 500 1250 1150 2900
Truck 400 400
Walk 25 150 200 375

8. Car 810 240 180 1230
Bus 420 600 540 1560
Truck 180 180

Walk 30 120 120 270

9. Car
Bus
Truck
Walk

TOTAL Car 9000 3915
Bus 91385 14300
Truck 3980 7145 1420 17545
rwak 2820 2820
TAL 1580 1450 9132 --- 03355

TOTAL 13560 12510 9180 2820 380 20
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O-D DISTRIBUTION OF CAR TRIPS

ORIGIN ZONE 1 2 3 4. 5 6 7 8 9 TOTAL

1. H 873 343 280 136 201 20 281 116 0 2250
m 688 366 236 193 175 31 355 56 0 2100
L 168 73 48 24 21 4 18 -19 0 375

TOTAL L729 782 564 353 397 55 654 191 0 4725

2. H
m
L

TOTAL

3. H
m
L

TOTAL

4. H 248 146 131 129 86 9 69 23 0 840

m 11 7 7 7 7 7 7 7 0 60
L 0 0 0 0 0 0 0 0 0 0

TOTAL 259 153 138 136 93 16 76 30 0 900

5. H
m
L

TOTAL

6. H
m 140 96 42 105 159' 26 113 69 0 750
L 82 38 39 28 38 2 44 27 0 300

TOTAL 222 134 81 133 197 28. 157 96 0 1050

7. R

L

TOTAL

8.H 163 86 48 46 68 34 128 165 0 735

m . 95 78 43 61 113 9 164 87 0 650

L 74 32 24 19 24 3 43 81 0 300

TOTAL 332 196 115 126 205 46 335 333 0 1685

9. H .707 125 621 444 508 52 672 466 0 5175

1 91 53 32 39 46 77 61 21 0 350

L 136 57 49 29 37 4 45 53 0 5135

TOTAL 1934 835 702 482 601 63 778 540 5935

TOTAL H 2990 1300 1040 725 870 115 1150 810 0 9000

m 1035 600 360 400 500 80 700 240 3915
L 460 300 160 100 120 75 150 180 0 1545

4485 2200 1560 1225 1490 270 2000 1230 0 14,460_
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O-D DISTRIBUTION OF BUS TRIPS Year 1989

OR1GIN ZONE 1 2 3 4 5 6 7 8 9 TOTAL

1. H 401 169 135 60 63 11 94 67 0 1,000
m 1342 570 509 247 217 59 541 115 0 3,600

L 633 230 190 81 95 20 180 66 0 1,500

TOTAL 2376 969 834 393 375 90 815 248 0 6,100

2. H
m
L

TOTAL

3. H

L

TOTAL

4. H 93 42 34 34 27 8 25 17 0 280

m 32 16 16 16 8 8 16 8 0 120

L 0 0 0 0 0 0 0 0 0 0

TOTAL 125 58 50 50 35 16 41 25 4 0

5. H
14
L

TOTAL

6. H 0 0 0 0 0 0 0 0 0 0
m 372 229 210 201 210 73 292 239 0 1800
L . 443 238 136 158 197 30 279 93 0 1600

TOTAL 815 467 346 359 407 103 571 332 3400

7. R
m
L

TOTAL

8. H . 96 40 32 16 24 8 79 80 0 375

264 153 136 93 147 25 340 46 0 1400

L 220 93 62 51 65 17 231 61 0 900

TOTAL 580 286 230 160 236 50 650 487 0 2675

9. H 790 349 279 140 186 23 302 256 0 2325

m 64 32 29 18 18 5 41 18 0 225

L 774 339 242 169 194 48 460 194 0 2420

TOTAL 1528 720 550 32 .398 76 803 468 0 4970

TOTAL H
L
L
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O-D DISTRIBUTION OF TRUCK TRIPS Year 1989

ORIGIN ZONE 1 2 3 4. 5 6 7 8 9 TOTAL

1. H
m
L

TOTAL 381 149 120 40 86 6 75 63 0 920

2. H
m
L

TOTAL 133 14 74 35 20 7 74 14 0 500

3. H
m
L

TOTAL 149 60 97 14 21 0 44 15 0 400

4. H
m
L

TOTAL 46 24 24 16 16 0 16 8 0 150

5. H
m
L

TOTAL 71 35 27 18 48 0 27 14 0 240

6. H
H
L

TOTAL 10 10 5 0 0 0 5 0 0 30

7.11
H
L

TOTAL 92 51 34 17 30 17 121 38 0 400

8. H
m
L

TOTAL 38 28 19 119 9 0 38 28 0 180

9. H
m
L

TOTAL 20 100 60 5 8 2 10 20 0 325

TOTAL H
H
L

920 500 400 150 240 30 40 80 0 3,145
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LINK ASSIGNMENTS BY MODE CAR

I 
dG 1114 Total Total

ZO'l 1 2 3 4 5 6 7 8 9 Passengers FCU

LlIK 1-1 4725 1 4725
1-2 782 153 134 196 835 2100
1-3 564 564
1-4 1650 1650
2-1
2-2

(2-5_
3-1
3-3
3-4
4-1 312 356 528 2769 3965

4-3 138 81 115 702 1036
4-4 900 900
4-5 397 93 490

4-6 55 16 71
4-7 654 76 730
4-8 191 30 221

(5- -
5-4
5-5
-5-6
5-7
5-8
6-4 570 570
6-5 197 197
6-6 1050 1050
6-7 151 151
6-8 96 96
7-4-
7-5
7-6
7-7
7-8
8-4 769 3973 442
8-5 205 601 806
8-6 46 63 109

8-7 -_-_335 778 1113

8-8 .685 1685

8-9
9-8 15135 5135
9-9 5135 5135
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Year 1989

LINK ASSIGNMENTS BY MODE

opliGI*1 T9aI T1a

z 1 2 3 4 5 6 7 8 9 Passencgrs FCU

LINK 1-1 6100: -- 6100
1-2 969 58 467 286 1780
1-3 834 834
1-4 1927 1927 -
2-1 __

2-2
*(2-5~1-

3-1 -
3-3
3-4
4-1 183 1282 866 ?248 4579
4-3 50 1 346 230 540 1166
4-4 400 40
4-5 375 35 410
4-6 90 1 16 106
4-7 815 41 856
4-8 248 25 273

*(.5-2
5-4= :
5-5

5-7 ___ ______ ______

5-8
6-4 1987 1987
6-5 407 407
6-6 3400 3400
6-7 571 571
6-8 332 332
7-4
7-5
7-6 ___ ______

7-7
7-8____ ___ ____ _________ _

8-4 1256 3.11. 4371
8-5 236 398 634
8-6 50 76 j26
8-7 6_5_0 AM3 1453
8-8 2675 - -75

8-9
9-8 4970 4970
9-9 14970 4970
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Year 1989

LINK ASSIGNMENTS BY MODE: TRUCK

ORIGNII; Total Total

ZEoi~ 1 2 3 4 5 6 7 8 9 Passengers FCU

LINK 1- 92_ 920
1-2 149 60 24 35 10 51 329

1-3 120 74 194
1-4 270 150 420
2-1 357 __ 357
2-2 500 500

2-5
3-1 209 209
3-3 400 400
3-4 94 t94
4-1 70 106 20 143 66 405
4-3 24 27 5 34 19 109
4-4 150 150
4-5 86 20 21 16 143
4-6 6 7 ___--

4-7 75 74 44 16 209 _

4-8 63 14 15 8 __ _

5-2
5-4 157 157
5-5 240 4

.5-6 0 _ 0---
5-7 27 27
5-8 14 14

6-4 25 25

6-5
6-6 30 30
6--__7 5 5
6 -8 _ 1 9 4 1 9 4
7-4 194 94
7-5 30 30

7-6 17 17

7-7 400 400
7-8 38383

8-4 95 95
8-5 19 19
8-6 38 38
8-7 _ _ _I_ _ _ _ _ _ _ _ _ _ _ _ _ _ _

8-8 180 180

8-9
9-8
9-9
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PROGRAMMING LAND DEMAND

Al) With No highway component

A2) With highway component

Bl) With weak public transport component
BlA) Context Al
BlB) Context A2

B2) With strong public transport component
B2A) Context Al
B2B) Context A2



898
1 83 83 6889 30 229.6 .75 7875 8300 79

4
4 8 2 8 4.7 1.702 .01 105 200 .02

8 60 20 1200 16.1 59.6 .24 2520 2000 .19
48

305.8 10500 10500
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1984 - 1989 Volume Increments 1989
Links A & B

LIKA T-TNKR

1984 1989 Increment 1979 1984 1989 1984- 1979-84
Increment Increment

High Auto In 4223 5279 211.2 809 3603 4479 174.8 559.2

Out 114 139 5 254 281 489 41.6 5.4

Bus In 2322 2364 8.4 262 2095 1983 22.4 366.6

Out 31 84 10.6 78 . 90 203 22.6 2.4

Med. Auto In 418 892 94.5 625 357 667 62 53.6

Out 91 132 8.2 86 252 607 71 33.2

Bus In 1245 1361 23.2 1083 1060 977 16.6 4.6

Out 142 462 64 132 439 1211 154.4 61.4

Low Auto In 470 576 21.2 0 470 488 3.6 94

Out 3 46 8.6 0 7 108 20.2 1.4

Bus In 2410 3965 311 1522 2210 3274 212.8 137.6

Out 6 159 30.6 114 18 618 120 19.2

Truck In 342 417 15 230 387 576 37.8 31.4

Out 342 417 15 230 387 576 37.8 31,4



'] 0 V1: 1984
-101-

Car

of~li (L 1ik: E Out
c s 1 .2- (A) vnTh 1.4

class 2 V56 /C 1.15
class 3 .18 fre-flo% sc. 60

class 1 vol
Mode class 2 vol ~231

0.0, paC ' (B) class 3 vol 50
o~cc-panCy
exp si onk F Out

factor 107.4 lenr -L 1.0
V/C .27

________k: 9 free-Slow spd 60
-class 1 vol 198

Link: A Out class 2 vol 2
5lens-2..1 class 3 vol 50

V/C .2L/ -4
V/- .2.~Tnk: H Out u

spe d (hr/h) 80/100 lOr.th 05
class 1 vol .V/C

class 2 vol _re--f_ S_60
class 3 vol clasI 1 vol 8

class 2 vol 16
inr*: B Out claps 3 vol 0

len-th 3.4
v /C .96.3 in!: J Out

f re e- Jl o s ec 80/100 L'
clafss 1 vo 168 ( C
class 2 vol 223 ree-ilo $ 6j
class Vol 0 Cl7.a ss v 177

class vol 169
Lin _ C Out class 3 vol 0

,62 Li'n1 K Out
f - 60 lns C ,

class I vol 363 V/C .54
clas: 2 vol 408 frec-flox pd 60
clas , i vol 0 cla;u,'s 1 vol 89

class 2 vol 73
lin: D Out class 3 vol 0

lngt

Ir -flo spd 60
class 1 vol 402
class 2.vol 453
class 3 vol 0



- 102 - __ -

Car

- ;tT I ink: F Out
class 1 (A) v/c .4
ciass 2 v/C 1.15
cas ree-low SP 60

class 1 vol 88
Mode: class 2 vol 6

QC. p&r (B class 3 vol 0
occupancy
expansi on <: G In

ator lent2.2
~ V/C .59

ser of LiT s 9 (C) free-fo v sp d 60
class 1 vol 79

eink- A Out class 2 vol 6
-~eg) 7/2) class 3 vol 0

V/C .73/.24 H Out
fr ac-A'low! ___:_____

speed (ki/2 80/100 -5
class 1 vol 35 .5-
class 2 vol 5 . free-lo sv 6
class 3 vol 0 cla s I vol 26

class 2 vol 0
: B Out olhOS 3 vol

v/C .96/.32 1nX: J Out
.6/--.-3 _ _807/1_0 L __ .9

class 2 vol _13 ./2
class 2 vol 11 reo-loW 3 63D
cla-'s 3 vol 0 class a voI 61

Lin"-.-. C Out .class 2 vol 6
I(-In: ct cl ass3 vol

V/C .62 K Out

60 .5

clas 1 v0 ______ V/C .54
cl5 2 vol 17free-1loY spd 60

class 3 vol class 1 vol 78
clans 2 vol 6

____ clads 3 vol

C .02

class 1 vol 246
elaos Z vol 7

clcss 3 vol 0
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Crhpinon

Car

IJTi_ : E Out

class 1 (A) 1.4

class 2 V/C -. 15
free-flow sA 60
class 1 vol 0

ode class 2 vol 3
I. C.pa ( ) class 3 vol 1
occupancy 

Lr -GIexp sion ink: G In
-factor ___n_ fl2.2

V/C .59
1nuner o1 Links: 9 (C) free-flow spd 60

class 1 vol 0
in : .A Out clas s 2 vol 6

length (Ii) 21 class 3 vol T
V/ C .3/.24V/C 1--2l4link H In

speed ( n 5
class 1 vol 0 V/ .04
class 2 vol 6 free-flow sp -_07
class 3 vol 3 clas 1. Vol 0

c -ass 2 vol
LinkC: B Out cpas 3 Vol

len th 3.4
V/C .96/.32 link J Out
free-'lowi s@d81o GI I
class 1 vol 0 V/C
class 2 vol 18 free-flo s
Cdoss 3 vol 7 class J voi 0

class 2 vol 16
k C In class 3 vol 5

1.5
/ I . n : K Out

V/C 1.75

free-ilIc"I 60 L
clas, 1 vol 0 V/C
class 2 vol 20 free-2lo/ spd
classS vol b class 1 vol .

clas 2 vol 12
: -D In class 3 vol 4

lcnsLVt. 2.41rc n tO2
-i /C .02

ree-flco.' sp 60
clas; 1 vol 0
class 2.vol 12
cla ss 3 vol 4



Ycr: 1984
- 104 -

CrPgin 7rng8

Car

, -in": E Out

class 1 -- (A) 1.4
class 2 V/C --

clas 3 free-flow sP. 60
class 1 vol 96

LTod class 2 vol
0.C. pr:J-tr class 3 vol 0

occpan cy

ov/C. '.5_9 -
rf lii--1: (C) free-flow spU 60

clasc 1 vol 69
LIk. A In class 2 vol 40

~ ength 2 ~ class 3 vol 0

frv-c - 1'nk: R Out
speed (km/Ih)8L0_o, anEio i

class 1 vol 536 VIC..fL
class 2 vol 38 free-f'.oV sV C,
class 3 vol 0 clas, I vol

f>s 2 ye 1S

S B I ciaes 3 vol 0

V/ L 1. 0 J Out
frce-flow s(? 395 e rt. 1
class 1 vol 31 V/C 52
class 2 0oi o freG-ilo" s _
class 7 vol class I V0l 69

class 2 vol
Lik: __n _class 3 vol. 0

lengt 1.5
/ C 1in : K Out

class, I Vol '-37V/0,
clas 2 vol 264 free-flow spn 6
class '5 vol 0 class 1 vol

class 2 vol 9
:D In' claas 3 vol o

C nLa 2.4
-V/C 1.02

reec-Uice sp 60
class 1 vol 235
class 2 vol 215
class 3 vol 0
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OrL'in Zon(e

Bus

Link: E Out
Cass 1 (A) Ient 1.4
class 2 v/C 1.15
class 3 free-flow spa. 47

class 1 vol TD9
Mod!: class 2 vol 44

O.C. paramais r 4.3 (B) class 3 vol T4
occupancy 45

Link: F Out
lactor 92 1.0

V/C .29
kumber -of liaks: 9 (0) free-flow sp6 42

class 1 vol -
link: ._A Out class 2 vol TT-

lEn 2.1 class 3 vol 133
V/C .73/.24
frve-.fSo Link: H Out

speed (km/ "jo - lenGtn .5
class 1 vol 7 V/C
class 2 vol - . free-flow sPA 02

. -class 3 vol clais:- 1 vol 0
- class 2 vol 36

Link: B Out class 3 vol 0

/.9/.3 2 Link: J Out -

free-flovi od4Q~0 Iat_ __

class 1 vol 72 V/C 52
class 2 vol 387 free-flew _4
class 3 vol 0 class 1 vol 44

- class 2 vol 315
Lir>: C Out class 3 vol A

V/C Lin: K Out
fre-flow e 42 Icg -~ .
class 1 vol 116 .54
class 2 vol 738 free-flo' spd 42
class 3 vol 0 class I vol

class 2 vol 255
__ink:_________class 3 vol 0

C ng Qh 2.A
.49

re~ef~myspa 42
clasz 1 vol 125
class 2.vol _819

class 3 vol 0
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Bus

S1 (A)1.4
c'lass 2 V/0 1.15
class 3 free-flow spA 42

class 1 Vol 27
coe 1la s - 2 Vol 10

(B) class 3 vol 0
occuiancy
exp ansion ~ijjj_: GIn

factor lent; 2.2
V/C *.59

]umber of Lin:s: 9 (C) free-flovw spd 47
class 1 vol 27

A Out class 2 vol _
length () class 3 vol 0
V/C .7/.4,

Irke-flo: H Out.

spoed (km/h) 64/80 icnth
class 1 vol 9 V/C
class 2 vol 10 _ .2free-fcw ap) 4
class 3 vol 0 clas: 1. vol 9

class 2 vol 0
Lirk: B Out class 3 vol 0

lenr;tf _3.4
A/C 96/.32 Tin J Out_ -

free-flow smd 64/80 th
class 1 vol 18 / 2
claso 2 vol 20 frce-fl&w $pd _ 42
class 3 vol 0 class 3 yol' 22

claso 2 vol 10
Link: C Out class 3 vol .

V/C Lin: K Out

free-flow I c. 42 ut
class 1 vol V/C
class 2 vol 30 free-flov spd
class 3 vol 0 clas5 1 vol 9

class 2 vol
linr: D In class 3 vol 0

2.4
V/C 1.02
frCe-0lJ 5pd 4
class 1 vol 75 -
class Zvol 40
class 3 vol 0
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e * Bus

T~ Lirk: E Out

clasv I (A) I .I_
2 V/C 1.15

cla3s 6 free-fIo s, 42
class 1 vol 0
class 2 vol 8

G.L. G :Q L, (E) class 3 vol 3
occup .an cv
expan sio'rn Iink-: G In

e~ ~ 'C -,-

Tr o. :i-r z: 9 (7) Sree-floi spd 42
clas3 1 vol

)ir A Out class 2 vol 16
leng) 2kn)class 3 vol 6

V/C .73/.24
frae~-.f$ 1ink: H In

S pcu (>m/1.) 64/80 le-
class 1 vol 0~ /C .04

Cla s vol 8 . ree-tl.' 5p2  42
cas Vol 6 lac z vo 0

- ca 2 vol 112

linW: B Out ___i 3~ vol 54
B/C .ink: J Out

cacs I vo_ V/C ___52
class 2 Vol 3ree-flow v f 42
Class 2 vol -o

class 3 vol ~Aclass~ 1 vol '
class 2 vol 26

Linr k: C In class 5 vol 16
1.5

V/1.2 Cin: K Out

ropd' 42 . 5
class 1 vol 0 S C

claoE 2 vol 24
D In cl2s 3 vol 12

l1n. 2.4
- r./C 1.02

e-; Lcr s-d 42
class 1 vol ____-

class 2.vol 36
class 3 vol
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10!2 Bus

.L i.1i -: E Out_ ,-

class 1 - (A)
class 2 V/C
class 3 free-flow s 42

class 1 vol 50
Moee class 2 vol 210

0.0. parasat' (B) class 3 vol 200

occupancyexp3.~ion inrk: G In-
e xpais i o n G____In__

factor lens; 2.2
V/C -. 54

journeof Tli-nlrs: 9 (C) free--'low spa 42
class 1 vol 30

I A -n class 2 vol 140

1e2:g t UCM) .. L cls 3 vol -I0
V/C 1.5/.96

96-ir -k:_ H Out

speeU (k1m/o) 64/80 lenth
class I vol 231 / C
clss 2 vol 1120 - free-flcvi sp _ 2_
class 3 vol 940 class I Vol

class 2 vol 20
r B In class 3 vol 0

l3.4
1.5/.89 -ink: J Out

fre -Plo" o' d64/80 1 .9
class 1 vol 2 V/C
class 2 vol 160 freG-fic" eg4 43

class 3 vol 820 class 3 30
class 2 vol 140

L5nk: C In class 5 vol 100

-VIC m K Out

clUes 1 vol - V/C
cltss 2 vol 800 free-flo! spd

c01s vol 720 class 1 vol 27
- claos 2 vol 160

SD In class 3 vol 120
r;.4

1.25
&ree-fljw 5oJ 42
cla'sc 1 vol 140

cl~sZ Z.vol 630
claso 3 vol 600
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flLRTN Z'/: 1
Truck

Ma I PX9: Lip E Out
1:2) CQSt N/,') 1 (B) length 1.4

O.C. parw-Lcr 5.2 V/C 1.15
expansicn factor 115 free-f icw4 spE:c 60

*v&lum~ 158
NrrEyr of Liniks: 8 -(C)

A Out Link: F Out
. cn2jh (k- __. lE 1.0

21 V/C .73/.24 V/C 29
22 fre.-f cw, pi (i:m/h) 80/100 frec-fl zped .60

Volam 135 VOU:M 140

Link: B Out Link: H Out
length 3.4 length 1525 V/C .96/.32 V/C 05

26 free-flcw px 80/100 free-flw spced 60
volume 135 voluae . 0

Link: C Out Link: J Out
engthi. ln1cri h

V/C /- V C
fr -- ficw sp __ free-f icw S 60

178 o 43

D Out Link: K Out
lct2.4 leng .5

V/C AV/C .54
free-flo- se60 free-flow spc2d 60
vol19- volume
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0r TGINuzj: 2

lae cc'i;(://hr) .(P,) icrng Lh_____
O.C. pgu+ ci-37 V/C s. .56
expn -in f actor ____free-flicw speed. ____

31 VOlume 375
Nkrvxcr cf Lik:(C)

Link:_____ Link: _______

l1cn'-th (km _____ 1r.th ___

%/C .73/.24 _/_

fre~-fIcwq spx (hm/hi) 85/100 fre -fic/d speed
23 volie 72 43 v olume

Link:__ ____Link :_ ______
length Cn _

V/C .96Z/-32 V/C
free-flcs.q spe'ed 80/100 free-f low spec-d

27 volume 105 volum2

Li - Link:
1 C ng - Ia len g ih
V/C V/C

iree-low cedfrece-flcw spceed~~
31 Vo' 131 47 vojLzue .26

12;fl Link:-
legnlenig th ___

__/__V/C___

free-flu s:xei .7free-flaq spced
35 voli'-e 137 51 volULme 33
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Truck

Jar cot (/1) _ (B) -- ~~rdle - 1.0
C. V/C . .18

_x___siCn fctI free-fo sped. 60
ve~h2 183

s of L :: ~9 (C)

Link: A-- Ou- Link G Out
-length (k 2.1 length 2.2
V/C .73/.24 V/C. .25
free-flI 3pear F4n' 80/100 froe-flc zp't d 60
vohm- 58 volure 132

B Out Link: H Out
lencti 3.4 leng th _ 5

V/C .96/.32 .V/C .05
frk-Ee-f.low spe 80/100 re-lwsperad -60
volune 94 6

-2nl __ C Out Link: J Out
leng th _negth .9

VAC .62 V/C
f 60

126 volane . 26

E Out K Out
1.4 length .5

V/C 1.15 V/C .54
freo-flcwi sped 60 free-f Ic% spc-d 60
voluxpa 68 voluTe 36
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0RTGIN ;KrE:7

I /'I ) ___/h )(B) lcngtf
O.C. Care tr V/c ,.
expcnsi-n~ f-a'ct2r __free-flo.4 spec.

* volune
N cr of Lirks: 3 (C)

Lirn: D In L nk:
* length (mJ n length

V/C . V/C
fre-lo pcil/) (f froe-flcwi spee

.0 volu

Link: E Out. Link
lengt-i1.4 leng th
V/C 1.1 V/C
free-f 1c sIped 60 free-flow spewd

10 volume -

L G G I- Link:
lengt4 2.2 len-ig th
V/c 59 V/C
free-fLcw sdeed free-f'icw sp__
volune 10 voluvc

Lin2: _Link:
length length
V/C. /c .
free-f Lc;q snee- _d free-flc spz-d __

vol__e volume
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113I Year: 1984

i Truck

Mc'nei ParLink: E Out
La.r co-t ($/hr) (_)_-~ l(ng t~ 1.4
O.C. paran >ter _____ V/C 1.15
expxasirin ,act.,r frcc-flcow sped -60

voltLufmr 28
uzrber of Links: 9 (C)

Link: A Out Link: G In
len2th 21 length 2.2
V/C .7_3/.24 V/C .59
free-flcv Gcm/i(k1/h) 80/100 f ree-flcw spced 60
vocLU 39 volume 23

Link: B Out Link: H Out
length 3.4 leno Uh .5
V/C .96/.32 V/C .05
free-flow speed 80/100 free-flow speed '..60

53 volume- 9

link: C In Lirk- J In
length 1.5 length 9
V/C 1.25 V/C .23
free-flw- 60 free-flaw speed 60
volum 82 volume . 182

Ljnk D In Link: K Out
length 2.4 length .5
V/C -1.02 V/C .54free-flow spee6 f-f lfcl, speed 60
volume 59 volume 14
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Year: 1984

0RTCIN z: 6
Truck

Changes from Zone 5

!%_________"_ Lin~k:
Lor cost (S/hr) _ _(D) length

O.C. parameter V/C ___._

expansion actUr frcc-fla sp4pI .

NLumbcr of Links: 7 (C) Volume 7

Link: _____ __Link:

lengthi (k) _length

. V/C V/C
fLe-floa sp (km/n)___ f ree-flow speed

voznc _0 volere 0

Link: Link: H In
1en _ length
V/C V/C .o4
free-flai speed _wfree-flo sped -. _

0 volume15

Link___Link:
lngth length

V/C V/C
fre2-flw sped '. _freec-flcaq spead.
VO15 volue

Linkink:
leng th length
V/C V/C
frec-flcn spi _free-f l0 spc- d
volumr 15 volure
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Year: 1984

OTRTGfN ZC2: 7

Changes from Zone 5

iMonal Par7a2u ter Link: -_____
LaXOC COSt (Vr) (B) Iength

O.C. Fcruaetar V/c _.

- expansion factr free-fl4 zpec -
vo1upe 30-

Nanbcr of Liks: 9 (C)

Link: ___Link:

length (k_ _ length
. V/c .73/.24 V/C

free-f c:spec-ci(km/h) 80/100 free-flow sjxed
vohrn 66 voltm 14

Link: B In Link:
lengthi length___
V/C 1.5/._ V/c
free-flc;.q spee 80/100 free-flow speed-
volrnz 102 volune . _-__

Link: Link:
leng th length
V/C V/c .52
fr22-flo'w speed -free-fc k c- eed ____

VOur 86 volume 16

Link: ____ _______Link: - __________

length length
V/C V/c .25
free-flow sted free-floi spced
volme__6 volume
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Year: 1}_84

0RTGTN %CWE: 8
Mce: Truck

Changes from Zone 7

Link:
Lor cost (v/hr) _ (3) length
O.C. jaraotr V/C ,.
expansion factor free-f lcw spec

volume .26
Ntrrber of Lin:s: 9 (C)

Link: A In Link:
length (km) length

111/C 1.5/.96 V/C
free-flod spoed (km/h) 80/100 free-flow speed

114 volume 19

Link: B In Link:
length leng th
V/C 1.5/89 V/C
free-flow speed 80/100 free-flow speed -

95 volume 0

Link: Link:
length leng th
V/C V/C
frc2-flow szeed' free--f low spe:__d
vote 84 volume 11

Link Lik-
length length_
V/c V/C .54
free-flom pfree-flow sped _

_______ volume 19
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Year: 1984

BENEFITS TO RESIDENTS OF ORIGIN ZONE 1

AIO BUS

NO BU-L-)

Income olass 1

2650 -. 22 1 **6. 1

Incane class 2
UK1723.42 4317. 18
TC 7351.:37 15500. 10

Incane class 3
U.;642. 27 308. 73

124. 1
Total

S33376. 47 5 3 83. E-9
TC33983. 81 27226. 89

BUILD
Incae class 1

148 65. 12 705. 71
2 16 -:'5. 9043. 61

Income class 2

16403. 70 4033. 77
5747.25 - 12536. 17

Income class 3

u642.2 73
TC124 1: 56 13

Ttal
0C 31911. 08' 5048. 21
ITKC27506. 75 22140. 97

DIFFERENCE
Incom class 1

c 636. 67 52. 06
ric 4 it72. 913 2122. GO

Income class 2
%'k-,828. 72 28-3. 42

.1604; 12 2963. 93

Incane class 3
%.A- 00 . 00
C '0. CO 0.00

'Ibtal
C 1465.39 335. 4

TC 6477. OE. 5085. 92
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Year 1984

BENEFITS TO RESIDENTS OF ORIGIN ZONE 4

AU'IO BUS

NO BUILD

Incam-- -clas 1
9522. 10 350. U4

InccMe class 2
CC 777. 92 21i. 92
TIC 400. 14 946. 12

Income class 3
LU. 00 0. 00
TC 0. 00 0. 00

Ttal ,4
C .C 961. .96
TOC 20056. 36 7300.96

Incame class 1
U(. 9105. -1 33 .

-TC iE-54i. 7 1 5790. 64

Incame class 2
C :736. 34 196.5
C 318. 58 - 785. 08

Income class 3
0. 0 0 0. 00

TC 0. 0 - 0.- 00

Total -.Mal oc 9842. 16 532.56
TC W6860. 29 6575. 72

Inca class 1 --

TC 1 . 5 1 564. 20

Inccme class 2 41.57 5. 4.

TC 81. 56 161. 04

Incame class 3 ..1:1 0. ij0. -0
TC 0. d 0 0. CIO

Total . 29.40
TiC 3196. 07 725. 24
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Year 1984

BENEFITS TO RESIDENTS OF ORIGIN ZONE 6

AUIO BUS

NO BUl.JD

Income nlas; 1

- C . !I 0 . CIJ
Income class 2

o 1055. 03 325,44
560. 7 E, 158 . T7

Incoe class 3

402. 91 145. 912
6a. 31 211. 273

Notal

1457. 99 471. 36
629. 57 1792. 80

Income class 1

0. 00 0. 100
0. 00 0. 00

Income class 2
U02 98:. 49 302. 77

432. 34 1343.70
Incane class 3

TC 376. 57 132. 77
52. 27 167. 0*3

Ittal
c 1365. 06 435. 54

484.60 1510. 73

DIFCEEN:
Inccme class 1

Tc0 1 -30 0, 00
0. 0 -O 0. 00

Income class 2
66. 59 22. 68

Incame class 3
26. 34 13. 15

TC 16. 55 44. 20
Ttal

cC 92. 93 35. :2
144. 97 232. 07
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Year 1984

BENEFITS TO RESIDENTS OF ORIGIN ZONE 8

AUTiO BUS

NO BU310

Incane -lass 1

- -- 410 . :
Incane class 2

I t:t i 7 7. 09
1 E-3-7. :?4 - _44.2

Incane class 3
0. E. 5 1. i5
0. 0 0 14509. 9

Tbtal
42420. 63 15 .E. 1

TC .291-. C! 110462. 93
BUILD

Incane class 1
*.' f. 15 14 7 5 . 8 1

TC 1 7 13. 83 .365. "7 4
Incore class 2

64 54 . 43 E756. 39
- ._ -I *i- !5 ~I

619. 70 39. 95
Incane class 3

.cc 0. 00 5 88. CIO
0. CO 8429. 37

Total
oC 37341. 58 1 4115. 20

T 5 0 33 5 3 6 3335. 06E

DIFFEENCE
Incane class 1

2 . 162 16
TIC :3556:. :32 18:742. 96

Incane class 2
2 9. 5 4 75 0. 71

TC 70 2Cl, 24 -220 29

Incane class 3
C- 00 636. 94
i0- UU 60 E:. 63

Tbtal
oC 5079. 05 1549. 1'IC 4-- -41?3:
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Year 1984

TRUCK COSTS FROM EACH ORIGIN ZONE

Origin Zone: 1 2 3 _4

No-Build
OC * 32493. i3 7386 . 69 54476. ?5 4229. 52
labor 7034. 72 6030. 97 . 4-706. 33 554. 65

Build
OC * 77669. 73 70182. 93 51222. 2E 4229. 52
labor 571 9. 15 4485. 11 3306. 68 554. 65

Difference
OC * 4D13. 25 3677. 76 3254. 57 0. 00
labor 2.115. 35 1595. 3. 1400. 15 0. 00

Total OC 6928. 81 5273.63 .4654.72 0.0c

Origin Zone: 5 6 7 8

No-Build
oc ". '4: :5 3925. 04 48E. 0. 6E6 54610. so
labor 4394. :30 598. 01 746". 02 9364. 21

Build
OC 3567 . 86 3925. 04 44407T. 69 48762. 7
labor 35717. 03 59 8. 01 4651. 16 5377. :310

Difference
- OC * - z7 . 99 0. 00 4201. 97 5848. 03

labor -17. i 0. 00 2813. 36 3986. 31
Total OC '26 . i. 00 70. 33 .9:34. :.
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6.4 Instructions for computing benefits to a single link (Second Program)
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BSL-2. 3(A)

USER INSTRUCTIONS

Enter Press

1. Set partition. 7 2nd Op. 17

2. Enter data on Input Data Sheet into
appropriate registers. This includes
data this will probably not change
during the analysis: modal charac-
teristics, values of time, discount
rate. It also includes data-specific
to one link: modal volumes, volume
increments (or growth rate), length,
and capacity. To check that all the
data is properly stored, press 0 INV
2nd list.

3. Load program BSL-2.3(A) for liniar 0 (load sides)
growth, or program BSL-2.3(B) for 0 (load side 2)

- exponential growth. Load sides 1
and 2.

4. Initialize the accumulators of 0 STO 68
discounted costs. STO 69

5. Enter number of years for which n STO 00
costs should be computed with
volume and growth data as given.

6. Fix the display format to have 2nd Fix 2
2 decimal places

7. Computer costs for n1 years B

8. To change the incremental volumes
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SINGLE LINK COST STREAM PROGRAM

BSL 2.3(A) INPUT DATA

Link A Link B Link C

1979 1981 198111979 1981 1981 1979 1984

Register r NB NB Build NB NB Buildl NB NB

8 Auto free-flow speed 80 100
9 expansion factor 107.4

10 OC parameter 1
11 occupancy 1.6
12 Bus free-flow speed 64 80

expansion factor 92
OC parameter 4.3
occupancy 45

16 Truck free-flow speed 80 100
expansion factor 115

OC parameter 5.2
occupancy 1

20 Class 1 auto volume in 809 2175.4 757
21 " out 254 198 349
22 bus volume in 262 1086 228
23 " out 78 59.2 97
24 Class 2 auto volume in 625 538.2 609
25 " out 86 88 121
26 bus " in 1083 1107.8 1052
27 " out 132 139.2 162
28 Class 3 auto volume in 0 188 0
29 out 0 1.2 0
30 bus " in 1522 1877.2 1418
31 out 114 73.2 147
32 Truck volume in 230 270.4 250 503

" out 230 270.4 250 503
34 Class 1 value of time 2.18
35 Class 2 VOT .56
36 Class 3 VOT .18
37 Auto PCU equivalency 1
38 Bus PCU 3
39 Truck PCU 3

Yearly incremental volumes

40 Class 1 Auto yiv in 683.2 559.2 489
" out -28 5.4 10

Bus " in 412 366.6 169
out - 9.4 2.4 16

44 Class 2 Auto yiv in -43.4 -53.6 57

45 out 1 33.2 58

46 Bus " in 12.4 -4.6 69
47 out 3.6 61.4 62
48 Class 3 Auto yiv in 94 94 103
49 Auto " out 0.6 1.4 10

50 Bus " in 177.6 137.6 219

51 Bus " out -20.4 -19.2 0
52 Truck in 20.2 31.4 50.6

3 " out 20.2 31.4 50.6
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54 1 + discount rate 1.11
55* first year discount factor 1 1.2321 1.2321
56 link length (km) 3.4 3.4
57 link capacity (PCV) 1600 4800 4800 4800
68 cumulative discounted

total OC
69 cumulative discounted

total TC
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Link A Link B Link C
Supplementary Yearly 1984 1984 1984
incremental volumes for 1984 NB NB NB

40 Class 1 Auto yiv in 211.2 174.8 135
41 " out 5 41.6 70
42 Bus " in S.4 -22.4 138
43 out 10.6 22.6 23
44 Class 2 Auto yiv in 94.5 62 -39
45 " out 8.2 71 80
46 Bus " in 23.2 -16.6 32
47 " out 64 154.4 142
48 Class 3 Auto yiv in 21.2 3.6 3
49 " out 8.6 20.2 17
50 Bus " in 311 212.8 10
51 Bus " out 30.6 120 60
52 Truck " in 15 37.8 58
53 " out 15 37.8 58
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COMPUTING COSTS ON LINK A, 1981-2000

Link A No-Build

1. Load liniar growth program, BSL-2.3(A)

2. Enter data for Link A, 1981, No-Build. Store it on a magnetic card
(press 3 2nd write and load side 3; 4 2nd write & load side)

3. a. Enter 0 STO 68 STO 69
b.- Enter 3 STO 00. Press 2nd Fix 2.
c. Press B

(costs for 1981, 1982, 1983 will be printed)
(volumes will be updated to 1984)

4. a. Enter incremental volumes for the 1984-1989 interval, in
registers 40-53.

b. Enter 5 STO 00
c. Press B

(costs for 1984, 85, 86, 87, 88 will be printed)
(volumes will be updated to 1989)

5. Load exponential growth program, BSL-2.3(B), sides 1 & 2.

6. a. Enter cumulative operating costs into register 68
Enter cumulative time costs into register 69.
(these costs were the first 2 of the last 3 numbers just
printed)

b. Enter growth factor: 1.05 STO 41
c. Enter 12 STO 00
d. Press B

(Costs for 1989-2000 will be printed - takes 30 minutes)

Link A Build

7. If you have the Link A 1981 No-Build data on a card, load in
(press 0, enter side 3; press 0, enter side 4.
If not, the 1981 data may be entered manually.

8. Change the free-flow speeds (registers 8, 12, 16) and capacity
(register 57) for build.

9. Proceed with Stpes 3-6.
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DISCOUNTED COSTS ON SINGLE LINK INPUTS

BSL-2.3(A) CARD B

Register Content (Input Data)

*00 number of years 40 incremental class 1 car in )
01 counter 41 volumes oui )
02 counter 42 bus in )
03 pointer 43 out )
04 pointer 44 class 2 car )
05 pointer 45 )
06 pointer 46 bus )
07 pointer 47 )
08 car free-flow speed ) 48 class 3 car )
09 expansion factor ) 49 )
10 operating cost ) 50 bus )

parameter ) 51 )
11 occupancy ) 52 truck incremental )
12 bus ) modal volume in )
13 ) char. 53 truck incremental )
14 ) file volume out )
15 ) 54 1+ discount rate
16 truck ) 55 discount factor for first year
17 ) 56 length
.18 ) 57 capacity (for 2 hours)
19 )
20 Class 1 car volume in )
21 out )
22 bus in )
23 out )
24 Class 2 car )
25 ) car,
26 bus ) bus
27 ) vols.
28 Class 3 car )
29 )
30 bus )
31 )
32 truck volume in ) truck
33 out ) vols.
34 Class 1 VOT )
35 2 )VOT
36 3 )
37 car PCV equivalency )
38 bus " ) PCU
39 truck " " )



LINK A - 129 - LINK A
No-Build 1979-84 Build 1979-84

48R.cii- 00
. 01 0. 0

0. 02 0. C20. 0:3 0. - .2
0. 04 0. 03
0. 05 54. 04
0. 06 34. 05

0. 17 23. 06
1 .01-U ns 40. 07

S 40-407. 4 AJSJ 0 1,, 

1c 100C

4.3 14 92. 13
45. 15 4. 3 14
80. IL 45. 15

115. 17 100. 16
5. 2 8 i15. 17

1. 19 i. 2 i
20 1 19

oO 254. 21 -4?S. 2 20
6u. 11 262. 22 86. 21

edt 78., 23 2734. 22
af a 65. 2421.6 224 23

,4 86. 25 364. 6 24
-i 1 :33. VuA!26 !92. 25
t 132. 27 1157.4 26

Cl- 0/ U \28 153. E. 27
a3 C': 2. 51 2 564. 28

hA 41522. 30 3. 6 29
e.J 114. 31 25E7. 6 30

c 230. % 32 -S. 4 31
3"- 23. ThL33 351. 2 32

2. 1s 34 351. 2 33
na9.S Of U. 5E 35 2. 18 34

4i ra 13 36 6. 56 35
fcL 1. 37 0.18 36

3. 38 E.'1. 37
39 3. 3

(Jc car 4683. 2 40 3. 39
ad -28. 41i 683. 2 40

6 s Ix 412. 4- -28. 41
o 4 -9. 42

CI:S -43.4 ' v4ww 44 -9. 4 43
2- 1. 45 -43.4 44

12. 4 OWGU 46 1. 45
. l3. 4 47 12. 4 46

C 3. 6 47
0. 6 49 94. 48

177.6 50 0. 6 49
-20.4 51 177.6 50

T1'O. 2 52 -20. 4 51
. + 53 20. 2

4soilI I i501:.? j It 20.2 5:
t y r - -- . 1. 114

IAce4 foder 2,.'C 56 1.870414552 55
i 6OU fL 2. 1 56

;5 4800. 57
0: 5E I



130 -
LINK A: NO-BUILD 1980-1999

1980 1981 1992

... 2336a 74 2896 -
1 

4f- -"~ -. _
'324. 10~

3477. 47 4 -82. 30
i95 9. 6. 10664. 4n, 167e022:. 34=

859.92 0^ED 37 3202.31

- - 4598E3 52184. 61

5U453.13 16-3509. 00 255463. ED1
.- 1 .. * - I .,

4354.77 12736.82
13438. 26 1.0 74. -65 108 13. 0 1

.i4 .- ,* 1 . .I-l.

7 
4
21,. :_341

3143.92 3370 8.43 3440. 96

13 . 9 2 21 -7. 3 23.603. 70
1.. S,, ,r

16 58:2. 18 16E9 20. 2 5 16 17 7. 78

211U.45 33262.01 34416. 71

0. 00 1977. 99! 3980. 86

0.00 ui554 32 1165.8

4986-85 5470.8'
446. 1M . 951. 74

067. 62
42615 6648 3951.7

606a .. .-142 - 4 ED 137W .57

-. , -, - -S 1~56~. 14 8:7 '-- 5 1. 5-
7 137/0. 39 .1 85 . 9 -25 8 .-). -13Eg
6982.43

870 9 E - 3 --- 19 2:3- i 56 3160 30 . 02
11266.5 2845.042097. i

2005986. 20



- 131 -

1983 1984 1985

4014. 82

051. 16 - 5 1201, 50

6-,9 . I. - ,632 01 .- 5 -: -. -
.- -- ..- :. .. i -

2 17,34 9. E3'0 -355 1.2

4348. 10 5493. 35 ~
121367.9" 15427 . '8 1 - ,

6-73i 9. 3:2 4 42.47 . :U 402 -. 2.' Z- 4.087. 10

3327 5 268 9

11'856., 55 9 195.5 10 -',=! -10003. 27~~.

,5 .6 , -4. -3 23so 4 8.0 24230. 39-:-E
915. 25524.69

11 44. s - 1 16062. 29.. 44 5 _334254 ...,82.2., .33918.50 -oo-C

5971. 67 -32 0 3064.247
1748. :8 ~ 23

E---4 . : 4 .3 3
13717. 66 8 12 '!

11901. 18 4 18341.40
15466. 54 1 9-- 0;

103~402.73 6. -
13656. 89 ' -:-

1 9 0 6 9 9 .- U -D 8 2 3 , -- - --7 -'8 -- C- -
402259. 70 -- -

-73.. 7 5 . 5 1
,362251 9 1314955. 29 .9 ".31 1.57372. a c



- 132 -

1986 1987 1988

118. 4 -D- -

4 -,-4 - -~

10064. 23 344.0-032L1

-T 9 45. E11 8413. 15

t - - .11-

. ~lip, I 1 *

F, hj , 11 a- 09 E.:-7
18923,.9 62 9 3 2 5 191471. 27

1'4:.422. 3;-909 .0

14422. 9 6 1-:766. 51

1 3.49 449672. 06;

444218 12357. 07

4031 03 422. 49 4498-2.32-

1114. 57 1 . 174!3 1.257.07~

4 -4

- -Q -vo .*,, -,.-, 4

Q -i 4 p i. : s -i:-

3215 71 277
E,- -- --. 0 .5. 1 6 4.1.20267. 73 22 7 20 2 4- 5 7 - ,8' 19 -

-- 145--.-l --- 30_2-. 26

I -n : - r e - ~.- .. . -. ., -. .

94947 9661.

2 3 :3 4257E7.2154



- 133 -

1989 1990 1991

5 94 20. 0967.4
4 64. -0b -5. 70 60. 18

11 . ED .- 0 5. 3:: -' 7 :. ,a7 : : :.a4-s1 j. o 0 .J.. -2 o i a a, U . -a ,:.... - . --

400416. 1 416731. 64 543791 -~

8395. i 935
192675. 43 193939. 0 . 20392

1 U 7 0 . 4 - - 1-1..-

593091. 55 6 i0670. b5 64190. 

0 4 4. 1 ED25 ,L9 24 22. 15
13046. 74 214 211 41.. 5

4 73-8. 15 4'381 .6 U- 525- -7

12970. 8813589. 27i :.l3

:1 54. 23 3 15. 51. 5

.- I f : . i Li C - f - I

. E, i a e 1-* a , 2 8 41. 19

30439. -. ' J20 4 344095- 35

. - 1 , 4

3709. "D 33 4 9 31 4

1620. 32 2' 5 4

a257. 5 . 4544 1.

S. -.7 5.3a

414

01904. 3' 1 -D1 4 -.
0: J1l~



- 134 -

1992 1993 1994

6843. 32 71S5.4 7544.76
.6.- . 49 S... .

130626. 10 137209. 89 144124. 08.
460363. 36 483945. 27 508:'00. 89

7663. 49 '055. 8 2 8 462. 5
214462. 62 225582. 30 237324. 52

382- 4. 59 i 45265.7 152586. 65
674825. 98 709527. 57 46125. 4 i

25595. 21 26926. 07 ' 2:324. 65
22295. 18:: 23550. 93 24;93. 13

5535. 90 5834. 74 6148. 86
35690. 09 138049. 61 40623. 62

:31131. 11 . 32760. 82 34473. 51
5 79,S5. 26 61600. 54 65516. 74

S -. - -, .. -- . 4 1:

U5-1. 04 1 57 91. 9 16601. 95
-- , a a i:- .~-. ..- . --,e.. " -

4275.4 456.754752.701
I---- - ' t --1 -49ci . = _ -2 -. A '

13893. 62 14596.38 15 334. 4 C
32014. 70 33683. 14 35446. A6

28914. 66 . 30388. 37 31936. 35
36290. 04 38189. 89 4019 06

165853. 46 175513.19 1'-:5687. 23

-- 533. 8 3.67 .. J-2557.:-

15743 24' 1656.472.5 1741053=2
3210308..27 340464 3, 1 3 91 1. .92
4777711. 51 506 6z -3 53015.15



- 135 -

1995 1996 1997

9 873. 0
7921.99 .-, . . :21.52. 44---H 2 _22049-94

6 670 14. 9:3151384. 84 1 1 59009. A 91 8394 65
535009.78 562658. 16

847 0 2 02 2
249731. 5'S 262349. 76

160C74. 54 168347 . 17624.1
78441. 36 825507. 92 8685

29794 .- 313--7. :35 32958. 0

2 3. 0. 8 2781 . -,4 29526

6 47,0. 8 7 E6825. 4771936
43439. 00 46526. 84 49922.

36272.8 316 40147.
69769. 10 74397. 98

174 52.73 1836 8 5

5014.4 5293. 24 5590.73

6109.:3831 " -,6 2 . 15 7-: A

1 . dl , :41374.54

3:3562. 12 t35269. 42J46965.16
42:325. 41 ,0k t 44577. E. 466.3

196:392. 6s5 .~0 47. 0_3 219641.5

426502. 19 449447 435 4. 9
1 

-3 91. :4 3"079" ." 6 1034619. 5 

-374249.79 3:9:30624= 9 Ci 408837?. 6::--
55560 06 5. LEe. 2'-' 2 - 2. 1fl92R97. 4

PI-.



- 136 -
1998 1999

9 17 0. 69,8- 11 9629. 23366
2260. 05:66 2373.061601

175421. 0F;2 184247.0007
622656. 2156 65521119. 103 45

10303.55567 10 822. 672 33
291427.7652 307005.1374

185724.5637 1950:69. 6731
91408.3.9 ao 962224. 2719

3 465 9.83 36446. 30163
31309.57117 33232.72244

7571.299412 7-9- 7 2. 09C3, - 42
53667.9646 57810.08548

42231.11771 444 18. 40057
84977.53567 91042. 80792

20269. 7475 21304.06724
590.-01147 6243. 804085

18674.70343 19616. 5-3294
43590. 3263 45941. 5878?

38944. 45101 40920. 65018

2318 -E4. 4 5 5 iS.. 2441309. 613 1
43374.80135 47597.18721

49E3784.5G1 525318.4139
1091935.245 1153054.659

2009517. 974 2104675. 26
4239072.677 382090.551
6W:35:0. .6016765.S2



- 137 -

LIUK B: NO-BUILD1980-1989

1980 1981 1982

17771-:---.S 22 9.642781. 9
924. 10 1046. 27 1168. 45

19599. 96 32641.85 45026. 58
39973.71 98486. 13 150731. 79

859. 92 1940.07 3006. 44
13779. 42 47594. 91 S .19,0. 3.

20459.8 :3' 34581. 92 48033.02
53753. 13 146081. 09 232712. 17

13438. 26 13806. 44 13449.59
7421. 34 10623. 17 10892. 53

3143.92 3452.41 3627.37
13685. 11 21288. 99 23791.51

16582.18 17258.86 17076.96
21106.45 31912.15 34684.09

0. 00 1979. 2i'' 4008 47
0.00 530.77 1169.30

4264.12 4859.26 5257.90
6067. 62 10161. 54 12070. 43

4264. 12 6838. 54 9266. 37
6067. 62 10692. 31 13239. 7:3

71370. 39 85821.00 98404.96
6982.43 11384.82 14161. :1

S2676. 57 144500. 31 17278 1. 3i
879 09. 63 20007 CI0. 38 294797. 30

112676. 57 242357. 03 383090.22
87909. 63 2'53.22 507417.32

200536. 20 511010. 25 :9 05 07. 5.4



- 138 -

1983 1984 1985

'284= 15 3 78.. 6
1290. 62 1412. 2. 1534. 97

-'7 4 1 69108. 20 S 1144. 52
"0I 

.-.- 7

11227. 70 43 12. 24 2:7986. 14

129:37. 26 1 256:. 55 121 63. 41i
102C2. 3 961 3. I2 91 08. :f2

430c 3941.74 410. 59
2437:3. 45 25116.3 265..966E

1676.714 16502.30 16271. 99
34595. 31 34735. 20 12134. 51

6015. 29 -13. 70 10S. 82

6 7 5-952. 70 08 59
12959.03 2 '17. 73 1404 6 S

1671. 14 1619. 39 16321. 1

11073:. 07 123339. 20 136134. 15
1 5 .9 1:3411.40 20032.5

200251 . 09 24030. 1 2 4 -43

i t~ -:74 -

1601554. 64 4 99 250 8. 0:3

t2 2 I 6 . 6.
7 8E 5E. 15 1- 73 56 3 1 38517.4



- 139 -

M9u 1967 198$

56. 90 4839 14 5 4 3

I 2t C*6 -

1751 17196737 183. 57

05873. 61 90621. 7 7 135377. 19
297162. 07 315484. 41 .,.124.3

6157. 62 6164. 6.. ,., 0
-,4 -,. 172-141' 30 b .17158..26. o - 173420. 95

92031. 23 96786. 38 101550. 00
468700. 33 487624. 71 5 0:545. 33

150 57. 08 1801 E42 .21017.73
11609. 74 14538. 36 1796:.11

4511. 15 4930.55 5360.90
28481.34 . 36435.1

19568. 23 22946. 97 26:37.62
400131. 08 46432. 83 5403.3

10504. '37 1 1004. 33
3027.77 3158. 2 1524.45

7214.81 61 9 .S 9104. 69
16580. 94 18659.73 20982 .79

17719. 6Q3 19157.33 --. 83
-4 .- , --U*28.I

19608.72 C1817. 92 24310. 24

152713: . :14 19A - - :,57,37 73
24545. 44 28376. 71 33880. 75

282032. 46 308162. 95 3-3 4 29 1.-
552945. 56E 5':.4 7 52. p S ~ E. 2139 6 4

932453. 33 11:308:3, 15 ,7. 26
1680804. 71 1962455. 52 ~223984.46



- 140 -

1989 1990 1991

5389.61 
-56.2399. 77 265 97 5440. 09

- '-,s"2746.27

1001:33. 22
356256. 52 104693 0992 4

372487.8 -911i.9

E1:1. 6I
17 54E30. 09 6182. 2E. 6491.317549S. -- 3 7

106314. 91
531736.61 110876.2 116419.82

5 4 7118. 6 57538:5.9

24044. 75
21974.05 26847. 80 2~1 A ~

-453 6 25764.44
5798. 14

42277. 63 618. 1 6497. :31
4512.5 1 4 7 379. 69

29842.90
6 4251. 6S' 3335. 71 34687. 50

69661.07 7141

12058.29 12 5 :3542.27 36859.71 13 187. :7
36:9. 71 3874. 20

10 l61). 80
23592.90 11007.02 57. 7

22124.08.-.- ;.- --
27135. 17 2C-- .9'- 24745. 24

29489. 31 30963. 77

202080.76
39637. 05 -.116C7--14 22~70i9. 94

4 44546. 06

3 6 03 E52. E.5 38747
662760. 51 368754. 7l 402942. 51724 0 39. 9 C-

14 16 817. 3',-.1 9 .'-,2491073. 96- 167'816. 79
3907891.34 2733926.9 2963652. 70

42536.7_ 4 ES4*3 4 69. 49



- 141 -

1992 1993 1994

-2 4 5. 506557-7 7-S'5E.6
2884. 10 3028. 31 3179. 72

115424. 8,3 1211-" 127255. 93
410667. 80 431201. 18 452761. 24

6815.'94 156. 73 7514. 57
193487.44 203 161. 81 213319. 90

122240. 82 128352. 86 134770. 50
604155. 23 634363. 00 666081. 15

29599.70 31079. 68 32633. 67
27052. 66 2S405. 3 I 22 5. 56

6822. 17 7163.28 7521.45
49748. .5 .2236. 1 0 54847. 9 1

36421. 87 38242.96 40155.11
76801.33 8064 1. 40 84673.47

1:3847.27 14 539. E-3 15266. 61
4067.91 4271. - 4484 .7

12135.24 12742.00 13379. 10
2'-D4 44. 0 5 2n --.- 6. 25 31359.5

25982. 51 27281. 63 28645. 71
32511. 96 34137. 56 35844. 44

238444.44 -25036. 6 E. 262885 C
46773. 36 491 12. GO 51567. 63

760241. 8- 7 92~ 5 .99 -83,-'16 6..69

1800753. 0; 1915152. 27 2023367. 72
3180960 8'7 -: '65 507



- 142 -

1995 1996 1997

-- -o - *759 1. 44- , ,
3338. 71 3505. 65 :3680. 93

133618.72 140299.66 147-1. 44
475:99.3~ 499169.27 5-

789 0. 30 C.82 E4. S 1 8699. 06
223985. 9Q 235185. 19 2469 4 4. 45

14150. C- 148584. 4!., 156013. 7
699385. 20 734354. 46 771072. 19

34265. 35 35978.E2 37777.55
3 13 16. 84 :32882. 68 34526. 81

7'89 7 52 8292. 39 8707.01
57590.30 0 60469. 82 63493.31

42162.87 44271. 0 1  46484.56
88907. 14 93352. 50 98020. 1

16029. 94 16831.44 17673. 01
4709. 11 4944.57 5191. 80

14048. 05 14750. 46 15 487. WS
32927.55 34573.9 36302. 62

30078. 0 U 31581. 9U 3 31E,0. 99
37636. 66 39518. 4941494. 42

5414t6. 0:2 5 6 E!5:-. 3 2 59-695. 98

4 89 779. 14 5 14 2 E 8. 09 5:39 9 S I. 5-30?= 0 5 0 9 24 078. 77 va ,..3 ..! 97 282 7-..1-.. ~ .o _

21125 73:3. 69 2222566. 36 2314164. 84
3764912. 49 3 9 3891-9. :3 2 4103509
1 -) 8906 . 1:3 6161475. 68!:; 6, 17 ; 



- 143 -

1998 1999

3 6--- --- * 3~ .- 5 - -- 4__ _ ~ - : i

6I3649 4058. 22

154680. 3 162414. 40
550334. 12 577850.83

4. 0 190.7
259291.6727566

-638-.a -,3 172 005. 1 C
8617. 809

-666. 43 4 1649. 75

36253. 16 38065.8

91426. 347 9599.48

48808IJ. 79 5292

102 9 9 1 08067.19

- -. - 5 .E96 S484. 50

5451. 39 5

-6 62 - 3-,3.7075.50
-8, 7 754 , 40023.64

411 1. 04 a4: -'~

34819.04 36559.99
43569. 14 45747 ,

62680.0 6584.-

0 8 76.8 .0 6 97- 6 . ..9

2400812.CA 248756

4259195.67 4404- 44-
-666--0- 7,., 688'-:25U. C



- 144 -

LINK C: NO-BUILD 1979-1999

1980 1981 1982

173 62 231 - 1 2 959. 40~
1070. 82 12767 -1482. 32

Car OC 14942. 79 31817.04
TC 29915. 6- 74122. 1 104522.:

Bus OC 603. 77 10 1. 94 14 14. 42
TC 9512. 77 25259.49 36732. 5

Total OC 15546. 57 24315 5. 33231. 4E
TC 3942:. 44 99382. 40 141255. 03

Class 2
Car OC 10123.21 12554. '95 14371.25

TC 5544.22 10113. 27 11702.71

Bus OC 2312. 61 2713. 34 3000. 9
TO 10053. 84 17814.83 19936. 49

Total. OC 12435. 83 15273. 7i 17372. 24
TO 15598. 05 27921. 10 31639. 20

Class 3
Car OC 0. 00 1713, 0 7 3459. :39

TC 0. 0 CO 474. 42 977. 42

Bus OC 29-8. 94 3654. 3S 4130. 10
TC 4257. 79 805:3 2 9358. 92

Total OC 2998. 94 5372. 46 7589. 49
T 4257 7 8527. 63 .0 33E. 34

Truck OC 5S22 4. E7 75245. 46 90305. E.
TO 5881. 66 10821. 4-9 13657. 12

Total OC 120707. 200 148498. 34
TC 651155. 96 46659.62 196887. 69

Discountet Totals
OC 890.20 1 97951, 42 318476. 06
TC E5165. 'Q 9729174 357090. 20

Grand Totql . 154372. 15 39232 o 67556a6.27



- 145 -

1983 1984 1985

- 4~j, - -- -- 4 a4- 93;- 82 -2 . 5.7

133797. 88 163512. 94 193700. 12

1305. 90 2197. 67 2589.42
47971. 45 59544. 20 71497. 89

41574. 02 49891. 33 58183. 19
181769. 33 223057. 15 265198. 00

16216.76 18101. 17 20010. 37
1328:3. 28,- 15104. 01 17204. 71

3284. 02 3570. 89 3860.05
21917. 19 24180. 40 26771. 35

19500. 73 21672. 06 23870. 42
35200. 46 39284. 42 43976. 56

5-. n- E9E5. 55 8729. 1E
1479. 71 1993. 84 2521.99

4596. 25 5060. 53 5523. 19
10497. 56 11647. 23 12808. 15

9804. 35 12026. 0 14252. 3
11977.27 13641.07 15330. 14

105584 6 121040.1 4 136571.52
16i705.98 20215. 66 24253. 80

17646:3. SO 204629. 66 232877-.50

245653. 03 296198. 2' 348758. 51

447504.87 582300. 77 720502. 23
5 -3 c 6 .5-- 731824. 57 938795. 77

984214.48 131412. -*6928 WD,



- 146 -

1986 1987 1988

49370. -35 5 2 1, S.2 5466. 70
2386.69 267.82, 94

5 E~.~ 5. 'S b215~1. 70I 6 5:32,. 24
209556. :31 221123?. 24 -3242

2.933.c 74326..9 3603.77-, :j- - .- ,2 7

,...170.3 9,27. 9. . 9 10230 1. ED

61899. 60 65420.66 E-8932. 00

20846. 96 21492. O Al - , .1
18989. 32 19642. 6:3

4247. 09 4610. 24 4-72 0(
30882. 96 33618. 81 .62.-3 6 '

25094. 05 26102. 24 27099 38
49872. 23 53261. 44 5 0

8.90U. 68 9-064-.7 9219.71
2614. 72 2662. 95 270:3. 47

.5676 . 58 .532 ..- 59 5968- 5
.3 295. 6 . 6. 139 8 8.

14585. 5 14887. 34 15187. 6
15910. 6 16310. 64 16697. 36

154786. 24 170898. 35 -
30223.61 33523.4' 3 .

256365. 14 277308. 592
.38833.C 417164445 7 ~

8- 134:40 1 0:
146628.419 1 44I 1 4 03.



- 147 -

1989 1990 1991

5,1 57 5 -, -- --- 2 4 . 0 3 5.3...5_... . . 9 3 7:. . 9 5e .

68504. 78 1 :31 75265.:8
243731.73 255033. 47 1267785. 14

3938. 56 4273. 36 4487.
111805. 99 121310. 09 127375. 6-

72443.:34 75546 79752.41
355537.72 3'76343.5 395160.74

22762. I'97.9 24567. 82
2 0 0 3. 91 21384. 5 22453. 77

1333.91 5695. 74 5980.52
38895. 92 415:34.47- 4:3611.1

28096. 52 29093.66 30548. 34
59699. 82 62419.02 66064. 97

9374. 66 529. 10006. 10
2753. 99 2 7 2939. 49

6113. 72 6 2 5,S572.4
14330. 0 14671.27 15404

15488. 38 88 90 1155 7. 34
17084.07 4 18344.32

202924. 53 -1- U 6 229884. 50
39805. 76 4246.90 45094.24

318952. 77 339774 - 6 356763. 6C
472127 03 499680.26 524664.2-

1245186. 86 1364,5. 29 1478 45. 43
724969. 32 S. :Y 2067416. 1

2970156. P-3 326799 2a 3545461. 6i-



- 148 -

.992 1993 1994

7 5 4 29 7. 05

21174. 40 2- 4

4711 - 4-46.9 5 3
133 4 E31404:~1., 60 147 53 lz

8:3740. 0 8:7 0 9
414918 435664.0f 457447.95

25796 - 1 2703E. 02 2 4 .3
2357-46 - 24755. ~5 n--- 93

.. L~ -~ .. -~ - - J 
.3--:9 6279--55 65;~-3. 53 69-3 -2-45~'9 .7-- 4'3081. 34 50485.41

-2075.7 33679. 5f '5:63. 526936 2 72836. -.3 76 E47'3. 4E

10506. 4C 1103 1 - ,
3086.- -6 207 3402.83

690018=6 ,, 4 5- -1 - 6 ;..1
16175. OT 16983. !3

17407.26 1, , 7 
19261. 2022461 22.

241378.7 253447.67 2- -5
47348" 49 7 6-. 4 5_

508 974 5784 42. 3 - 3.4

22 2 4 . 1 .:2 3 25 4 IN -. :--80007.0 - i . 0 2 . 7- 4 29 7 .
::f~ffl~?4-602-2. ; 4299



- 149 -

1995 1996 1997

4511. 90 4737. 49 4974. 37

91485. 54 96059. 02 1 NISS2. 1 7

325494. 52 341769. 24 3 ..: 8 37. 7 C

5454. (31 5726. 71 6013. 05
154825. 84 162567. 1011170695. 4:3

96939. 55 10 17':6. 53 10 75. 86
4-:30320. 35 504336. 37 529553. 19

2 -. 34 31355.45 32923.23
27 -2.0 28657. 34 30090.20

7269. 36 7632. 83 8014.47
53009. 68 55660. W6 58443.17

37131.70 38988.29 40937.70
80302. 38 84317. 50 88533. 37

12162. 47 12770. 60 13409.13
3572. 97 . - 3939. 20

7988. 60 8388. 03 8807. 44
18724. 67 19660. 90 20643. 95

20151. 0 21158. 6- 22216.56
29 7.-- 23412.52 24583. 14

279426. 05 29:3397. 36 30367. 22

54:12. 33 57552.95 60430. 6,0

4:3364:3. 3 455330. 1 470097. 35
6 7 7 32. 7 C 6696 19. :-.-4 7031,0. A1

8735-- -. 1955D3. 62 2039694. 52

6 .... j. *::- *.o.. f::~ i~
26 4 8CE36. 64 2774120. 74 2893389. 49

4 5 2O'S3, 5, 47::27!4 9 3 8 . -
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1998 1999

5223.09 5484.24

105905. 95 111201.25
376800.59 395640.62

6313. 70 6629. 39

112219. 65 1 17830f.63
556030.05 583832.39

34569.39 36297. 86
31594. 71 13174. 45

8415.20 8835. 96
61365.33 64433.60

42984. 59 45133. 81
92960.04 97E608.05

14079. 58 14783. 5E
4136. 16 4342. 97

-2 4 .8 9:-' . 2
.1. - . 4 .2.5 ..

2 37.394 2443. 76 I~

323470. 5: 339644. 3.e

6342.1 66624.73 I

5-0.2 212.32

2116411. 59 2188981.80
300.2. 1 .- :4.53

5122622.W ~ I -311.37



- 151 -

LIJK A: BUILD - 1980,1999

1980 1981

924. 10 966. 45 1:0:. s1

15 90:3. 83 25113. 71 35322. 14
10606. 16 20502. 5 C 3 4 576. A-3

645.04 1444.67 2337.90
3638.93 9607. 14 18 i114. 4'

16553. 37 2 655. 39 37660. 04
14245. 09 30109.65 52691. 27

10526.WE 9771.03 9356.99
1862.:67 2050.35 2284. 42

2303. 10 2393. 85 2534. 73
3416.00 4067.99 4934. 78

12.83 0. 03 12164. 1383 11891. 77
5278.67 6118.34 7219.20

0. 00 1364.89 2800.45
0. 00 96. 94 235. 33

3100. 2:3 3491. 75 3985.75
1489. o 1 1939. 35 2563. 02

3100. 28 4856. 64 6786. 20
1489.01 2036. 80 2798. 35

62782. 56 67628.97 73809. 99

95266. 79 11120E. 8 130148. 00
23156. 68 40851. 5 C 65867. 42

95266. 79 1 95454. 91 30 108 S. 0I

2354.. 4" 6S2554 4. 8 3i 13419. 301118 43. 4 255 14: i-D414505.3



- 152 -

1983 1984 1985

3455. 46 4014. 02 4846. 3275
15U 1. i6 1. - ,U .

47125. 71 .0499. 41 49-57. 92072
54254. 34 10 1 E. 09 ;2612.0 0555

3344.84 4454. .'36 :3583. 7:383172
30075. 0: lE. 46441. 13 46343.61117

50470.55 64954.28 53441.6580-9
84329. 42 127459.27 128955. 6167

9096.42 83 8. 7 3 6-47. 769952
2546.A 2815.29 2 5 2.34E75 E

2701.86 2'74.09 2022.353557
6031.17 7371.10 6263. 366172

117 98. 28 1 J!2.2 849 T.1235 09
8577. 35 1018. :3 87:39. 71492

4412.89 6223. :30 5505.454674
431. 11 700. 94 754. 95 98

4558.63 517- 70 4177.426537
3394. 29 4470. 31 4464. 966641

8971. 52 11402. 4': 96E',=2. 8 E12 11
.3825. 40 517 1. 2- 5 529.60

8107. 2. 7 9 6. 6 5 6:3:3 : .. E-6 2:3.,3 3
3882.93 4783. 77 405. 17992

152312. 6 1 1770.6m. 24 134961. 286-9
100615. 15 1476U . 1 47050. .312

412455. 67 529094.. E- C!1251. 503 4

599443. 91 813312. 0- 3DE.4C:6. S2E:S



- 153 -

1986 1987 1988

1267. 14333:3 1T332.-7 8-1-6E,7 - 1:3-3"1: 42

... : . .:2_61 n E-391. 24731 60444. 96746
94520. 24709 107693. 7998 122208. 3852

:3676. 5930=;8 3764. 96024 3',-!48. 94 0,3E.7
50- 1.5 879 55711.66757 69. 6442

57034. 91:66 60656. 20755 429*. 90 333

772 2--24 9013.577819 10335.11902
167279 4080. 419455 5021. 039731

2166. 518022 2 309. 3 83 0,: 2450. 9499-37
7047. 2337:31 7S93. 366 8804. 513666

9829. 487069 1i322. 960- 12.86. 1401:
10298. 90654 11973.82546 13:325. 5534

5945.-025838 I386. 045! E.7. 386908
8, . 10 2o 983.5102303 115. 16227

4772. 760275 378. 997575 594. 4192.4.9

10717. 786 1 1765. 04653 12821. 8061E6
3 1 .65030; 7542. 399026 S921. 945599

45 8Q 46 15 6 -,-E-. -123. - -4 E-'-

1 44291. 8905 153701. 2064 16:3165. 7414
1665..8 53=5= 188045.:--14 211542. 9665

67 74). 9 ()6 1 730444. 9321 801230. 4623

443072. 3577 524670. 202 07-367. 587E
11i13 82 2 E e 12621 15-.134 14 j8 59:3. 0 5



-6 - 154 -

1989 1990 1991

5934. 9375 6207. C9 6517. 4445
L4 1529. 696667 - 6. 1:315

6401 0. 34143 67580. 36016 72077. 902141
138140.3815 155566.7989 1784 11 . 0861

39 23. 72739 1 4004. 567039 4259. 33 E
E".63' . 25 72 .l.,-'t :.162:". 15 7 82 43 126 0-,- -" -ESE

67939. 06:882 7 15 84. 9271 76337.28923
204491. 6349 227723. 9557 2.61 154. 2123

11683. 72025 1 3055. 48465 13898. 91)345
6081. 836299 7271. 359467 8325. 782247

2591.283247 2730. 48:E892 2896. 82423
978:3. 44 2 5 24 1 0':m:*3 2. 93302 12361. :3407

14275. 0035 1 57:35. 97355 16 '95. 7 90- 7
15865.27882 18104. 29248 20687. 1 2303

7268. 208278 7 7 07.923649 3212.267768
1259. 124254 1 416. 048493 1622. 531871

6617.532412 7247.059507 7707.823737
9201.451133 10752.62E.13 12328. 2564

33.8-5. 74 06 9 14 9 54.9 39 1 15920.-09151
10460. 57539 12168. 67462 13950. 7:-:827

76567.739305 79867.44E-24 47.42
6364. 700516 706:. 235975 !8 0 14. 93069 1

172667. 5521 .82193. 3361 1 93426. 2658
237 182. 1896 265070. 15838 303807. 0543

.62041 ,2 .41 .19847.-5 . .-,37 02';36
690899. 4736 775001. :3385 4 8641. 7
1552940. 768 1694:49. 244 183697:.
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1992 1993 1994

E-343. :3167Z5. 7185. 482561--,744i 75668
1686. 490575 1770. 815104 189 58i

76806.-05992 81770.2 3281 85897. 605
204926. 2005 235720. 0766 4 4635

4526.911225 4807.533096 5050. 54 29
95023.44442 109284.4962 115205._551

81332. 97114 86577. 765-1 84 40236
29494 6449 345004. 5727 ~-9

14785.62493 15716.87577 1-502. 6861-
- - - -,.6*-'*

548.87662 10968.53706 115 7.326E-

3071. 92489 3256.089936 342. 135104
14131.78327 16184.-15-2 17084. 18609

17857. 54982 18972. 96571 19924 .213
23680. 65995 27152.69538 28651. 512

8742.467769 9299.233322 9766.071082
---02. -1- -- - 1-44 .46

.2 .661 4.--"" --:: : .

8191.579927 8699. 04800E, 9 13 3:3- -32
14156.88208 16080.39238 71-62 1~: 8

16934.0477 17998.28133 18904. 1691
16 CI1 ;3. 99 3 E9 !':34 20. E65 69 A d? 9." 41 ,418

89109. 91051 it4 (12. 5A49 6 98601. 556129t10:-.. 5:34 5 53 10373. 10522 ~0-a - 9. ;3 3

205234. 4792 217641. 15279 228379.697
3.48,57.8331 400951.0 0 42272--- 3-3--- 4

1027987. 833 g10073479. 541
'35 16E51. 931 0 1446 7 . 479 133~2 .5-

1979E-3.7 - 21 3 5. 3 A Q --
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1995 1996 1997

2049. 939,34 2152. 436

018511724 94688. 34693 99418.893

2 . -37 4 2 274023. 2239 1 2,3 7 7 1. E.2'
- - - - . .n ,

5303. , 5569. 444417 -A - S . -' 3t 3

120989. 77: 1270b. . 4 133454. 3377

5488. 6 17 10025, 7. 91 105267. 7164

3925.7522 4U7 U 94 -0 -

-,320.3857 18 18 0. 5 3 7r- 3 190 . -9 6

12154.35615 1272 193 32.12

3596.103843 3779.-02209 3973.910551
17973. 72599 18913. 67263 19907. 54159

20 4?a16. 48954 21960. 34004 23059. 70619

301.28. 08214 31685. 86346 33330. 1568

10251. 48655 107 6.77595 1129 '. 3----,

D37 CL 5713768 2490. 374119 26 16. 371707

9 -9 -. 8 29--9 10 07 8. 09E.5-9 10 5'-33. 7 6 1 9

18025. 0957 1 . 208-3 4 1 8 8.3 44- -

-

aa ... ~ A t:J:ao I .* a 4 atat. 27ta

19846. a 2 3 A ' 3' - 7 0

20395.67 4 212 . !-!4 229 -1.El37

103332. 7404 1080t42. 42a4 11365.8.732
-5 . 03 - -1- ,04.52 4 -288 2 5 19'-

213956. -:- 3-32 1 0 . 2 41 E 1.4(]

-40Q . 5 409 489938. 5254
4 4 4 U -

-. ---- -

1216626. -: -.S -1 1

2307950. 656 2a'0i97 1- . 26a2491193
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1998 1999

2 20. 5 6 2373. 06160

104388.7222 109610. 4442

22:1.:.. 375 317390.572

6142. 424903 6450. 9
140 165. 862 147219.4759

110531.1471 1160 1. 442
4423-'1. 237 464610. 047

20038.99934 21043.17491
14107. 54378 1 4829. 03455

4179.156243 4396.311636
2 0 9 '-. 1, a124 22072. 36796

-42 18. 155.5 25439. 48655
35066.73502 36901.90251

11862. 89378 12456.90522
274.97=;62 2888. 380531 1

11115.46927 11674.24544
20884.23939 2 9 3. 886

2o~ 297.3E 24131. 15066

119312. 5942 1253.s 7627 d

13605. 94426 14378.76061

277 040. 2.99 290969. 8425

514687.0735 540715. 2802

1292437.0' 132827AW
j. ,- .. .. =--- .- --

144 1478. 15 C i5 545. U94

2733915. 101 283707.2 ,



- 158 -
LINK B BUILD 1979-1999

1980 1981 196z

-7 7 7 -: .2.7. . 64- -- ---. . 9 0-
924 1 1U-I4 . 27 11E-. 45

15 . - . 63 2 E24 3. 8

10606. 16 18958. 7E 30325.92

338. 8963. 94 16249. 94

16553. 87 25182.87 34584. 21

4245.09 27922.70 46575. 86

105 26. 10I11. 04 9971. 02

1862.6- 2058. 30 2279. 62

2303. 10 2461. 31 265.8. 5?

3416. 4083. 65 49 1. 22

.11, 0 08- 12576. 34 12629-.-59

5278. 6141.5 7190. 84

C..I I U

3100 3402.32 3784.83
o100. - , .,c..-

1489. 0I 86.36

31 0 . 4779. 04 6588. 05

I1 489 o1 1959.05 2591.74

62782.56 7r 0299. 4 - 78858.03

95266. 112837. 6 132659. 87

23156. -3 3*7 ~

95266. 196922. 36 304592. 09

156. 58032.26 10.651 .6
118423.4 254954.01'~ 411103.65



- 159 -

1983 1984 1985

1290. 62 1412. 79 1534. 97

4 1 I- 695133. 1 S
4 ZZ1 '3

45644 2 65.85. 2 9 52.44

:3064. 4041. 91 5091 65
26 1.4. : :7. 01 5 514. 07

4522. 4 57175. 59 70224. 84
71792.7 1 U5222. 0:3 1 43564. 51I

71 1 00 'I

aS 499'10. 69 27- 1 7

C-r 7-22 74 2903. 14

*II7. 4 3100.94 331 .H-I an. F19. 3- i:3

12-1 44 0 011.016 1 7.8
841 1. E5 -78-. 4 11303.

42'1 f 5 t -23 0 4 E2 .98
47' 6 .4~ 7 -fLL l

405 -1 3- =5 4'5-
'10-7.

60 . 1 *'0 i47- RR -'. --

-- 47s . . .225 ... 3

245 . 2.9 7 . -749- 63 1r52. 2
1cz1 01 Q f, _79j4 C92-9.

81 6 01:0 10 *247. 724. 0

4 . 4 Lf4  4

q7;724 fn.44 41 E5 . b0



- 160 -

1986 1987 1988

45 ~ 6390 4S39;14 5 114.
171 . 17 2 1 E,3. 5 71?~1. L196?. 37

70293. 47 755.4-. 8089 1. 65
10 , 550. 4 1:3958 , 1,

122.415. 40

5195. 02 .5,:,-, 5 :7,. 49
6- 4 54 59 0.47 72871. 89

n i 4 . ... -. , ---- ----67099. i 1

75488. 49 -86270. 14
167854.64 80840. 8 212459. 06

189115.11

12005.57. 1657. 11
3787. Of 14256. 7 5965. C1

~4803. 67

631. 23 4268.24
94499 57' 39--6.443 12 l0 3. 2E8

10696. '3

15636. 80 20838.35
1~3287.35 18203. 16 17968. 28

e' '' 15500.64

8613.67 9711-.82
17 9166. E. 1361.0

6084.87 .- . -3 7856. 63
5955 .7 -8615, 24

7204.44

14698.54 E - 17526?.4
7043.447 9977. 4

1hH~~~ ----.- --

25.90 -32 5 1 145267.77

.80345. 65 1016993. 26

4 --- --

459970. 63 02-'676115. 74
1241: 16. 2 S' 56 055.' 169 :3109. 1I

1466- 13. 01



- 161 -

1989 1990 1991

2399. 77 2615.9 a- 2

1590:39. 47 1 SO489. 4 206122. 01

5459.7 5534. 86 6 8
78961,. 1 Ed15365.47 9y .2a

917.7. 05 973. .. 10:3918.
238000. E' 265854. 9 5 303619.26

18960. 3' 21437. 6E 22812. 39
7286 . 872. 1i 9949.08

13429. 1 14 9- 8 5 16936. 14

23560. A 9 26381. 16 28073 42
20715. 43 23767. 6 6 -S.- . 2

10253. 68 1C790. 48 152.
A 17i. At .Lj I6 8 .5 92.2E

8C770. 25 9~702.53* I03:35.57
1022. 25 11979. 53 1:3667. 36

19023. 93 20499.00 21856.
11719.38 13665. 06 15589. 62

15 :!15 6. -10 17 16E4 0. 0.4 18 26 01. WE;
12776. e61 14 .349. 35 16 10 G 4

2957 7315 84 3. E,436450.2S
2821.0 318137. 03 62904.9"4

11141. 60~ 1242576. SO492. 8 9
786830. 35 898 873. 2- 1i4C!169E

191 17 .- 2 141450a . I1 2 3 E:-3 43. 85



- 162 -

1992 1993 1994

6245. 50 6557. 77-
2884. 10 3 02. 3 13179. 72

104612. 31 ii 1571. 21 i w 0 El. H0

235,823. 61 270265. 55 310231.2

6278. 39 6680. 20 7102. 87
111555. 40 127857.74 146775.18

110 :890. 70 118251. 4 2 6 0 10. 38
347379. 00 398123. 29 457006. 38

242:.4. 14 25'78:5-' 55 27541. 24
11296. 56 12854. 0S 1E4656. 09

5600. 10 5961. 85 6347. 48

19185.87 21783. 56 24786. 11

29884. 24 31820. 40 3 3SO. 72
30482. 44 34637. 64 39442. 20

12289.62 13102. '34 13962. 76
2196. 42 2514. 16 2 82. 69

11004. 03 11709. 13 12452. 13
15622. 32 17888. 45 20517. 1:3

23293. 66 24812. 07 26414. 89
17E1-. 74 20402 61 23399. 82

i94::48. 26 20 '925. 6* 2 2 -- ":3 13

19075. 00 21691. 30 24717. 45

3584 16. ;36 381809. 56 406695. 61
414755. 18 474854.5 5 445E5.-D

1451777. 06 1550098. 46 1644449. 74
-- 14-325-70,92 .1254052. 81 13011092

2584347.98 2804951. :30269 2



- 163 -

1995 1996 1997

7 22 4-- -- =91.- 44 7971.01
3338., 71 3505. 65 3680. 93

126497. 63 1329 S.1 13 18 3. 2
3 -7 .-39 798-. 90

7 540. 46 7927.56350
I 67459. 29 176150. 69 1 '35 3 30. 10

134038. 09 140916. 46 148165. 22
521391. 38 548495. 74 577129. 00

29317. 56 30989.98 32777. 63
16639. 38 17699. 77 10851.53

6754.90 715;. 69 7576.4 .
28097. 7 29990.62 32060. 03

3 0 . 3.U 4 ..+, 4. 40354. 1 1
44737. 14 47690. 40 50911. 55

14855. 86 15635. 4C 16459. 54
3286. 09 3463. 46, 3651. 89

13223.45 13915.26 14644.79
23393.65 24643.37 25969.02

28079. 30 29550. 66 31104. 33
26679. 74 28106. 83 29620. 90

234605. 15 2 480S1. 54 26249'3.3
28050. 06 29867.03 31844. 40

432795.0oo 456691.3 482a12.50
620E5o, 32 654160. 00 689505. ;G

1 7349059. 78 1820009.20 19 0 2 6 8 C. 90I
1510951. 36 1634124. 59 1751037. 27
3245857. 14 3455021.72 5376 7



- 164 -

1998 1999

3864.97 
4058-22

147038.94 
154632.
434125.13

8763. 8E 9215.11195030. 8'3 205289.6,

155802.81
607396.75 163841. 75

39414.74

2O05. 6 -.4 9

34328.548506.743 .5 
-36822.18

42713.62 -
54434. 18 4582976.

A Q 

." . *

3 f4 .3 i 3447. 4 7

12 2. 3 29812 4.

277903.2 _- 9385

.- 1- - '-,4 0 .- -

I 4I*- 1. - e -: -- "---

3400 . ':' 136362.1.1

509164. (5 53788872706 1. 7 4 7 0 . 45

1980 92. 5 20 447 .745

- ~, - "-'

18.6 2- -"1 .,. E ,:
3 5 9 8 . 4 . 24



- 165 -

LINK C - BUILD 1979-99

1980 1981 1982

007 2 1276. 57 1482.32

12133. 41 i7270. 96 23039. 54
8065.55 13944. 52 22319. 40

453.6. 72:.66 1037. 19
2545. 03 4747. 42 7861. 69

12636. 47 17993. 64 24076. 73
10610. 64 18691. 94 3018 1. :9

7953. 37 9085. 95 10519. 99
1401. 95 1S.' 2540. 43

1691.64 1922.57 2201.17
2509.66 3267.43 4274.74

9645. O1 11008.52 12721. 16
3911. 61 5159. 79 6815. 17

0. 00 1205. 50 2472. 59
0.00 84.24 204. 90

210. 51 2557.14 3018. 10
1046.61 1426.45 1955.99

2180. 51 3762.64 5490. 69
1046.61 1510. 6 2160.90

49730. 29 58647.79 58748. 32
1735. 44 2360. 13 3179. 72

74192.27 9 14 17. t-.0 1 1 '1036. 90
17:304. 30 27722. 5942P36

17 3 0 4. :3 422. 61 . 6 41 1

9~~~~2 14 .5' ,0.F 23 2-6
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1983 1984 1985

i - D

m.. -t . .ta .. j . .' 9 = =

U 5293 66..1 3.7 -'3 . 5
1219. 869458. '4

31151. 79 39141. 2f
--- ooo,. os 6E"D

1 : 196. 1 14 08. -

3 4. 49

.- I- I .5 1 .| 7 3 3:, IL 4 . 2 6.
55,0~~~ 7'8 25. --' 7:. ----

14707. :34 1683. 1
8949. :31 1 13 *96

14951. U

4fl 4 4 4

12 i9 . 11. -. -:,1 926
376. 48" 4643. 147

45.4 4. -.

I-s 4 hI 3=43-0 19

9U5 -1., 15 - 0.... - -- , *, -- "

800'. 29 02'4 .0 9E

4-, . 81431 3 6 . 9 - 0 2

--

3.4421301. 15 4;4174 4
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1986 1987 1988

49i52 4 3'629. 84
4 0 5 0. 4 2 5 2252 6 A I

2 49 4. 3 3 219. 7
3 e8-23:330 1. 51

9 1 5 5 .S 019 2 9".

12.0. 149451I.---- e 130OO6.r

16504. '3 i; S -.

t-5~~ 254... 1.. .' 4
6* 17 60 8. 37

15-382 1 . 39
10575. 44 310. 'D Q

19991. 53 2097.7 2 1943. 73
0 .4 .u s .- ,f-- .,

3: .0 2

H 04- 50q -4 2062
t C -7. 0C

734 7. 4; 1 7790 4 '35---e
eau4. 0 -- 0

1 4

- : ; .3 1-. .-4 - -



- 168 -

1989 1990 1991

5714. ~ ~ = 596. 45620.5

59794.93 63535. 194. 7 2054. 74
116951. To 131460. 33 150333. 45

3519.43 3875.35 4128. 05
54032.41 63282. 82 72386.27

63314. 36 6741 !.14 7 192. 7'
170984. 24 194743. 15 222719. 73

18483. '.9 19244. 53 20560. 27
77 5 7..4 1 8513.64 9675. 00

4532. 76 .4908. 86 5234. 26
15754. '90 17906. 30 2 039 2. 5,3

23016.6E5 24153.39 25794. 53
23612. 31 26420. 44 3 0 067. 5c-

1341.64 1463.80 1674.45

5473. 66 5670. 07 603-3. 2
6969.52 7624.1 8720.05

13697. 29 14155.23 15101. 69
8311. 16 9087. 8 10394. 50

164695. C: 1 18 1 456. 4 193854.72
15006.05 17596.22 20012.21

264723.30 2'.3717 5. 91 306733.73
217913.76 247847. 62 283194. I

9,,2361. , 10-8350 . : 1130822. 37
5:072 a.4t:. 17 5.5 75 8. T-



- 169 -

1992 1993 1994

6 5 73. 6 C.- 6902. 28 7247. 40
3897. 55 4092.43 4297.01)

72420. 63 77239. 32 8 . E2 5
172214. 63 197600.76 224474. E;

4394. 28 4674. 41 49 62. 3 E
-2941.74 95189.-1 108 143. 96

7 6ES14. 90 81913. 7:3 87149. 21
255156.. 37 29 2 789. 86 332618. 86

21966. 43 23465. 89 25037.86
11017.90 12572.14 .14252.22

5579. 5944.24 6324.30
23269. 58 26602. 16 :3017 8. 5-

27545. 61 29410. 1:3 :31362. 16
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COLON URBAN DEVELOPMENT PROJECT 2/29/80

Demand Analysis and Evaluation Method
for Transport and Land Sectors

Context

1. Summary of Approach

In multi-sectoral urban projects, significant changes in the level

and location of linked economic activities will result from direct project

interventions as well as induced program impacts. In given circumstances,

projections of future locational demands for residential and employment

land cannot be readily made by extrapolating past trends. Structural

changes, such as relative accessibilities, aggregate demand, supply of

serviced land on the market, and overall location cost borne by the activity,

will affect returns to investment throughout the urban economy and particularly

in the Land and Transport sectors where locational preferences are most

directly exercised.

Within the framework of an urban development project, analytic

method is needed to identify future levels and locations of economic activity

with sufficient confidence to serve as the basis of rudimentary cost-benefit

evaluation. Any given method, especially one with an operational focus,

will be a highly simplified application of basic non principles. The

particular approach described herein is adapted from an operational tradition

of Strategic Land Use-Transportation Analyses in which some quantitative

detail is sacrificed for quickly determined strategic indicators of overall

project impact in the urban area.

The method is based upon a conurbation of manual calibration,

and manual and programal estimation. The program is written for use on a

Texas Instrument TI59 hand-held programmable calculator, with use of

attached paper tape printer. Discounted time and operating cost savings are

automatically calculated for each link, year, mode, income group and (if



required) origin of trip. A complete run of a given configuration of transport

inputs takes about four hours.

The entire study takes about two calendar months (3 mm) including

Data assembly, input generation, manual calculation, programmable estimation,

manual estimation, interpretation of results and reporting.



COLON URBAN PROJECT

JUSTIFICATION OF HIGHWAY COMPONENT: II

Summary of Results

1. The highway improvement is economically justified. From

the perspective of intercity transport alone, the investment is already

overdUe, in that past "territorial" constraints on the expansion of the

highway to meet growing demand in the region and between Cristobal Port

and Panama City has resulted in near, or above, capacity levels of service

on the highway. (See IRR, FURR, and increase in C/B ratio from 1973 to

present below section E: Justification).

2. The integrated urban development project to revitalize the

Colon sub-region proposes to increase and disperse economic activity and
housing in the corridor between Manzanillo Island and the Cativa/

Sabanitas suburbs. The resulting additional metropolitan travel demand

in effect transforms the highway, which is the only transport spine in

the sub-region, from an inter-city to a metropolitan transport artery.

As such it is an indispensible component of the integrated urban development

program (see below section C: Impact).

3. Demand for the road improvements to the Boyd-Roosevelt Highway

between Cativa/Randolph Road junction and Manzanillo Island is a direct

result of the implementation of the integrated urban project, and in

particular of the employment and housing components in the Expanded Free

Zone, Porto Escondido and industrial zones (5, 6, and 7 in the attached map).

Indirectly additional travel demands will also be generated in Manzanillo

Island and Cativa-Sabanitas (Zones 1 and 8), as a result of the urban

project (see below section B: Context).

4. Reductions in the overall size, or delays in the implementation

rate of the urban project would reduce overall demand for transport on the

road, providing that both employment and housing were reduced in equal

proportions. However, if employment in the new Free Zone sites is to

develop in any event, as is currently planned, while the housing in Porto

Escondido (Zone 6) is eliminated or reduced, then travel demand on the

road would increase further, due to the increase in average consequent

commuting distance (along the Boyd-Roosevelt corridor) between jobs and

homes.

5. In the absence of both the proposed highway improvements and

new housing, residential preferences, especially for low-income households

would generate strong demands for locations in the proximity of employment

resulting in illegal squatting conditions if affordable legal options were

unavailable. The areas most likely to be affected would be the Expanded

Free Zone industrial zone and Rainbow City (zones 5, 7, and 4), where land

would be available, and to a lesser extent, Manzanillo Island (Zone 1)

where services would be available.
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6. At the other extreme, implementation of the integrated urban

project, but without these road improvements, would undermine 'the effectiveness

of the urban project as a whole. The growth of travel demand on the road

would quickly create congestion and loss of efficiency to all road users.

The disbenefits to the urban project directly attributable to the absence

of the proposed road improvements, as shown in the attached memo, would

represent a significant share of overall project benefits. Disbenefits to

goods movement, which generate 10% of the trip volumes, represent 60% of the

total operating cost savings achievable on the road by 1984. Bus travelers

which -amount to 50% of the trip volumes, would bear about 10% of the operating

cost savings, while car travelers (40% of the total trips) would derive 40%

of the total operating cost savings. The low- and middle-income travelers

generate 25% and 35% of the trips respectively and would incur 6% and 10% of the

respective total disbenefits.

7. In view of the above, implementation of the urban project in its

current form including the proposed road improvements would appear to

generate the minimum negative externalities for the transport sector in the

provision of essential access to linked economic activities in Gran Colon.



COLON URBAN PROJECT

JUSTIFICATION OF HIGHWAY COMPONENT: II

A. Objectives

1. Implementation of the urban project is not required to justify
going ahead with construction of the road: as shown below, the road is
justified on the basis of regional demand. However, the road is required
to ensure the urban project realizes its objectives, particularly:

(i) the objective of stimulating improvements in key sectors such
as transport, and in the level of transport services in Colon,
to reduce travel costs and improve standards of access;

(ii) the objective of avoiding the disbenefits of $18,027 million
(present value) in additional travel expenditures on the un-
improved road (1980-1999), that would be incurred by the
Colon population were the urban project to go ahead without
the road component; and

(iii) ensure that the imminent rise in the volumes of trips along
the road caused directly by the housing and employment com-
ponents of the project are satisfactorily served, so that
bottlenecks do not arise that delay overall project imple-
mentation causing cost overruns and development imbalance.

B. Context

2., The existing two lane Boyd-Roosevelt Highway is the only access
corridor between Colon (i.e., Manzanillo Island), the main housing and
employment development areas of the urban project, the suburbs of Cativa
and Sabanitas, and Panama City (and the rest of the Metropolitan Region).
Upgrading of the highway as proposed in the urban project will be along
its existing alignment. No alternative alignment is likely to develop
in the foreseeable future.

3. The roadway widening part of the project comprises a doubling
of the existing two lane highway which extends from 800 meters east of
the refinery junction in Cativa to- the-Randolph. Road jttnction for a
distance of 6.8 kilometers. The one-way loop part of the project extends
from Randolph Road junction to Manzanillo Island for a distance of 2.5
kilometers inbound and a return route through Rainbow City for a dis-
tance of about 2.8 kilometers outbound. There are about nine junctions
all of which will be at grade. Lane width will be 3.65 meters and the
existing one-way loop roads will be brought up to comparable service
levels as the main highway by means of resurfacing and geometric design
of junctions, storage lanes and slipways.
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4. On the basis of the regional demand projections made in the 1973
technical and feasibility study of Boyd-Roosevelt, the expansion of the
road from its current two lane capacity to four lanes was determined to be
economically justified from regional demand alone. On the basis of- 1973
cost estimates this produced a benefit-cost ratio in the range of 1.8.
Regiona. travel volumes then were estimated to be over 6,000 average daily
trips (ADT) in 1973, with projections of over 10,000 ADT by 1980.

5. Current travel volume estimates based upon survey data collected
by the Ministry of Public Works (MOP) in 1979 show current volumes along
the road to be about 10,000-12,000 ADT, growing at an average rate of about
5% p.a. Current peak hour volumes are 1,200 passenger car units (PCU), which
prevail an average of 28 hours per week. This peak hour demand exceeds the
assumed effective capacity of the road during 25% of the travel week.

C. Impact

6. V1thout an urban project previous trends of traffic growth within
Colon, and between Colon and Panama City, suggest that demand would continue
to grow at about 5% p.a. producing 1984 ADT of 12,000 and 1990 ADT of 16,000.

7. However, in view of the dual impact of the urban project on Colon
the expected growth in traffic demand will be about 20% greater due to:

(a) the accelerated development of economic activities in Colon
resulting from the urban project; and

(b) the increased dispersion of project activities within the Colon
sub-region, whose inter-relationships will rely on effective
sub-regional transport access.

8. The economic analysis of demand for travel on the Boyd-Roosevelt
Road done for this project component has taken the above impacts into
account. It has been constructed upon conservative assumptions of trip
generadion, trip distribution and modal split, trip assignment and travel
cost. The method distinguishes nine origin and destination zones in the
city, three income classes and three travel modes. It also distinguishes
operating costs and time costs.

9. The results of this demand analysis show a rapid increase in the
number of peak hour PCU's from about 1,350 in 1980 to 1,650 in 1981, 2,000
in 1982, 2,300 in 1983, 2,600 in 1984 and 3,900 in 1989.

D. Cost

10. The capital cost of the road component, based upon preliminary
estima-es prepared by MOP, is $5,772 miilion (base) plus physical and price
contin -*ncies for a gross of $8,700 million.
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E. Justification

11. Assuming (conservatively) an actual capital cost of about $8.0

milli3n (not including price contingencies), economic evaluation of the

road i :oject shows a benefit-cost ratio in excess of 2.25 and a net present

value of $10.03 million, not including time cost savings.

12. When time cost savings are taken into account the benefit-cost

ratio rises to 12.94, and the net present value increases to $95.50 million.

13. The first year rate of return is 110%, showing that the optimum

time for initiating investment in the road is already past, and that

further delay is not justified.

14. The internal rate of return (IRR) for the road is 39.75% not

including time cost savings. When these are included the IRR is in excess

of 100%.

15. Sensitivity tests on costs show that a 20% rise in costs reduces

IRR to 34.65%, and that a 20% fall in expected benefits reduces IRR to

32.15%.

RMSarly:bb



COLON URBAN PROJECT

ROADWAY IMPROVEMENT: ORIGIN/DESTINATION TRIP VOLUMES

1979 - 1984
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2. Introduction to the Demand Analysis

Amongst the objectives of transport sector intervention in the

Colon Urban Development project is the provision of an efficient transport

system to make linked economic activities in metropolitan Colon more

accessible to the urban population. Since the impact of the overall project

is multi-sectoral and complex it will not be possible to represent its

derived benefit in a single measure such as a cost-benefit ratio, or

internal rate of return. The estimate of the transport components' net

worth, its benefits and costs (associated with road widening, traffic

improvements, bus and train service provision, bus fleet expansion and

vehicle maintenance) are therefore defined by the following evaluation

measures:

1. time savings to bus travellers

2. operating cost savings to bus travellers

3. time savings to car travellers

4. operating cost savings to car travellers

5. time and operating cost savings to trucks

6. time savings to train travellers

7. levels of service for the public bus system and

primary road network

8. travel expenditure share of household income

9. generalized travel share of location costs for households.

Each of the above terms is measured for nine separate geographic

areas in the metropolitan region, and with respect to its incidence in

three income classes. The areas are:
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1. Manzanillo Island (excluding the Colon Free Zone)
2. Colon Free Zone
3. Cristobal Port
4. Rainbow City
5. New Commercial Zone (Coco Solito)

6. Puerto Escondido
7. New Industrial Area (Export Processing Zone)

8. Cativa - Sabantas - Puerto Pilon Suburbs.

9. Rest of the Metropolitan Region and Panama City

The three income classes are:

Average HH income per month

1. Upper income (top 2
deciles) $1800/m

2. Middle income (from
4th to 8th decile) $425/m

3. Lower income (bottom
3 deciles) $125/m

3. Method in General

The method for estimating the above evaluation measures

relies on an aggregate strategic analysis of transport and land use changes

over the project period, and on their interaction. On the basis of these

estimates are made of the generation, distribution, assignment and cost of

household and business trips, for each income class and for every zone in the

region. Travel cost forecasts serve as the basis for estimating locational

demand in general, and in particular the values of land in different parts

of the region. From these estimates, long-term implications for changes in the

land use structure of the Metropolitan Region are determined.

Future levels of demand for transport facilities and services are

taken as a function of the future urban spatial structure and the rate of

growth of economic activity in the Colon Region. These are expressed

logically in three levels of a strategic development analysis, as shown

in the following diagram:
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Strategic Development Analysis

Inputs Feedback Outputs

Level 1: Regional growth

Investment & Investment growth

Employment Employment growth

Inputs Income growth

Population growth

Iong term feedback
Comparative

ULban-efficiency

Level 2: Urban Land

Land Supply i Land supply Measures of land

Inputs ' Rent ) use demand

Consumption/Density Costs and Benefits

Service levels
Attract ivity
Location costs

Stort Term feedback
-Comparative

Level 3: Transport Location Cos-ts.

Transport supplyl Trip Generation Measures of travel
Inputs Trip Distribution demands

Mda split ) Costs and Benefits
Trip assignment
Generalized travel cost

Each level of analysis starting with Regional growth provides the operating

assumptions upon which the next level projections are made. The analysis

is validated on the basis of existing conditions by calibrating the governing

relationships linking the supply and demand of transport and land, from

survey and field observation. These relationships then derive the projection

of future demand levels in terms of changes in supply and the behavior of

the urban economy under conditions of growth.



4. Method in Detail 4

The method is made operational in three phases:

1. Manual calibration of functional relationships governing

the changing values of transport and land demands by mode,

link, zone and income class.

2. Programmable estimation of travel benefits by mode, link,

zone of origin, and income class

3. Manual estimation of location cost changes and imputed

affect on the demand for land by income class, zones

density and 'rent values.

4.1 Manual Calibration of Transport Demands

The governing relationships for the transport analysis are

shown below:

Trip Generation and Distribution

(Equation 1) T - P! z

-

(Equation 2) T PZ

Tzo = number of trips generated by an activity (residential/i

employment) z for purpose o from origin zone.

Tzo = number of trips generated by an activity (employment)

of type z for purpose o to destination zone j.

Pz = Population (or number of employees) associated with

that activity

O. = Propensity for each unit of activity to generate a morning

peak hour trip.

This function is used to discriminate trips by origin zone, i,

destination zone j, car users and non-car users. It is

used to generate estimates of existing conditions reflecting

known overall flows of public and private traffic.
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mzo 0 mzo Dmzoe
(Equation 3) T. =j O o zB

C mb
ij

T Total trips per modem between zones i and j for
1j activity type z and figure o.

Omz = Number of trip:origins in Zone j, for mode m activity z,
purpose o

D = Number of trip destinations in zone j for activity z,
purpose o.

C b Cost of travel between zone i and j.

b - Elasticity of demand for travel with respect to cost.

B = Normalizing factor = 1/ Oi D i/C

Trip Assignment & Costs

Given the simplified structure of the transport network in metropolitan

Colon, inter-zonal traffic is assigned directly to links. These links

acquire traffic loads which generate congestion as a function of free flow

link speeds and design capacities.

Travel costs are estimated in two parts:

1. Operating costs, measured in terms of average use, speed and distance,

characteristic vehicle cost per kilometer at link speed.

2. The cost assumed in terms of real (i.e., congested) travel time

elapsed per journey plus the (pedestrian) access time at either end of the

(vehicular) journey.

(Equation 4) Gc o + C 

The cost of travel is aggregated for each income class and each mode

for all trips made by households in a single origin zone to all other zones,

This measure is taken to be the generalized cost of travel for the typical

household in each origin zone. Truck trips are similarly aggregated by

employment-origin zones for all trips.
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The results of the transport analysis are fed back

into the land analysis in terms of generalized travel costs per household.

These values are then used to reestimate locational demand for land in different

zones in terms of residential densities, land rent and numbers of households

to be located in each zone.

The governing relationships for the land analysis are as follows:

4.2 Manual Calibration of Land Demands

Demand for Land

The first function determines the quantity of land consumed by

each activity lz given the unit rent of land, r1 and the income of the

activity w . The relationships amongst these factors (land consumption,

rent and income) are governed by three parameters:

(a) constant coefficient, kz

(b) price elasticity of demand, p , which is negative to reflect

the reduction of land consumption that occurs with an increase

in rents.

(c) income elasticity of demand ie, which is positive to reflect the

increase in land consumption that occurs with an increase in

incomes.

The demand for land function is specified in the following form:
ie

(Equation 5) 1 = kzr . wz where:

z
1 = land consumed by household

group z in zone i.

2
ri = rent of land per m in zone i

zw = income of activity z

p = price elasticity of demand
for land

ie = income elasticity of demand
for land

kz = constant scalar.
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Cost of Location

The second function, determines the total cost for an activity, z,

resulting from the selection of a location in zone i, C , as the sum of the

cost of land rent lz* r plus the cost of building rent S .b plus the

transport cost associated with locating in the zone A g plus the cost of

providing the zone with infrastructure services F( .Oz. The transport cost

is calculated as the weighted average of the cost of all trips made by

that activity in that zone. This cost connects the land use sub-model with

the transport sub-model. The function is specified in the following form:

(Equation 6) Cz = 1Z.r + Sz . bz + Az.gz + F .cz

Where:

C = Cost of location for household group z at zone i.i

S1.ri = Cost of ground rent for land consumed.

S -b - Cost of building rent.i i

Where: S = amount of built space per household.

b = unit cost of space.

A gz = Transport cost.- Gi i c

Where: A = accessibility index for HH

g = unit cost of transport

Q
<FZ.c = Cost of infrastructure for all services, Q

Where: F = standard of service.

c = unit cost of standard service.
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Distribution of Activities

The third function, determines the distribution among all the

zones of each activity in terms of the total number of the activity z

the amount of land available for development in zone i, Li, the location

cost of the activity C , and residual attraction W . The function

is specified in the following form:
-l1

(Equation 7) Gz = GZ. L .W .Cz B

Where:

G = total number of households

Gz = total number of household group z

L = total land available in zone i.
i

W - residual attraction index for household group z in zone i.

C = location cost for household group z in zone i.
i

1 = elasticity of demand for location with respect to cost.
z

Bz = normalizing factor

Budget Constraint

The following constraint must be respected to ensure land

supply and located demand are in balance.

z
(Equation 8) G .11 = L

Cost Recovery

The cost of location function is the basis for estimating means

for cost recovery in terms of a recovery rate by cost component for each

activity, and for each location for all public capital investment projects,

as follows:
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(Equation 9)

RC*Z T 1 r +TS.b T A .g + T FZ. c
i ir 2 i i 3 i i1 4 i i

where: R = cost recovery rate (aggregate),

T = land tax rate

T 2= building tax rate

T 3= public transit fares and road user charges

T = utilities user charges

In terms of this formulation, C may be thought of as the

social cost of location since not all of C may necessarily be charged to

the locator. Nonetheless, all of C is recovered as a result of the

locators' choice of the i th location on aggregate, though certain areas

(target groups, project sited, etc.) may be cross-subsidized in order to

ensure affordability.

The inclusion of C in the function ensures that the social

values created by project investments are reflected in land prices through-

out the urban market area in proportion to their impacts for each activity

group at each location, and are recovered without detriment to the benefit

share of the targetted poverty groups.

Income Generation

The demand for land function for household activities is the

basis for incorporating real income, w and not just wage income w. Income

gains and social subsidies that may have been created in different locations

in each of the cost categories as follows:

*r = z w*z i
(Equation 10) 1 = K. w

r~e
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where: w*Z BP - RC*z + b, + wz

where: BP = the sum of project capital costs per household

R-C = total costs recovered per household

b z = sum of income gains resulting from operating

cost savings in each project.

W, = wage income per household.

Difference between project costs and costs recovered measures the

proportion of conferred benefit not directly recovered by tax, user charge

(etc.,) or other methods. The function shows the effect of income gains

changes in location and service levels. Also, the use of b ensures

that locational preferences reflect the aggregate effect of income gains

from constraints on the structure of demand, and in particular on land

prices and location priorities for development.

The income effects identified in the analysis are used to

indicate aggregate changes in the levels of household demand by income

group and location in the urban area. These indicators are viewed from

the broad employment market perspective through disaggregated demand and

income elasticities as the basis for examining consequent employment impact.

This examination requires a separate formulation of a specific income-

employment relationship that applies for a given urban system. This is not

included in the above.

4.3 Programmable Estimation

A general sketch of the method for estimatine transport benefits

by means of a hand-held computer program is shown in the diagram below.

Discussion follows this diagram, step-by-step.



Figure 1

Comouting Oerating and Time Costs of Each Alternative

?rogram Steps

1 Each year Compute demand

2. Distribute demand

among 24 hours

3. or each hour Assign demand to
network to get
link volumes

4.. or each link Find V/C

5. For each mode , Find speed

6. Find operat-
ing Cost

7. Find time
cost

All links All modes-

8.Hourly costs

4 All hourgs (<

9. EMP-and to
yearly costs,

10. Discount
yearly costsi

(All years.

11.r Total
Discounted

cost
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Step 1: For Each Year, Compute Demand

Demand is used for an average weekday as representative of the

whole year. Demand has two dimensions: O-D pair, and mode. Because of

population and activity growth in different locations, demand between different

O-D pairs varys in magnitude and growth. There is also a different demand for

each mode of freight and passenger transport. All modes are aggregated into:

truck (freight), auto, and bus (transit). Demand values are taken from the

results of the manual algorithm.

Step 2: Distribute Demand Throughout the Day

Demand also has a temporal and a directional dimension. Usually demand is not

predicted directly for an hour, however; it is predicted for the entire day and later

distributed. For each direction there is a peaking profile, which 
gives the relative

demand in each hour of the day. For convenience we may say there is a peaking profile 
of 48

hours, where the first 24 hours correspond to one direction (positive) and the 
last 24

to the other (negative) direction.

The most common assumption is that the daily peaking profile 
will be the same in

every year for every O-D pair. This assumption can cause significant error when the

network includes major radial and crosstown roads, each of which exhibi. different

peaking patterns. (The crosstown road bas 2 peaks per rush hour while the radial has only
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However, in the corridor problem with which we are dealing it is probably safe to

assume each link of the same road will have the same peaking pattern. Different modes

may have different peaking profiles, however. Thus the demand at an hour h is

where Dt,h . Dt fh
m,p m,p m (2)

f is the peaking factor for hour h and made m, and the vector f h = 1,...,

H is called the peaking profile for mode m. Thus a peaking profile is assumed given for

each mode. It is common to not analyze all 48 hours separately but rather to select

a few representative hours, the results of which are expanded hours in the day which

have similar flows. A peaking profile for peak direction travel in San Jose, Costa Rica
is found in Attachment A.
Step 3: For Each Hour, Assign Demand to the Network to Get Link Volumes

This can be the most complex step of the urban transportation analysis precedure.

However, our restricted problem definition makes this problem trivial. Each O-D pair

has a unique path, covering a known set of links. To get link volumes one must

aggregate over O-D pairs and modes. Links, like hourly flows, are assumed unidirectional

and furthermore we assume a link is symmetric in its capacity. Thus the flow on link j

in hour 10 is the flow in the positive direction on link j at 10 a.m., while the flow in

hour 34 is the flow in the negative direction at 10 a.m.

To aggregate over modes (since they all share the same roadway), each mode is

given a passenger car unit (PCU) equivalency. This PCU equivalency depends not only on

vehicle size, but on vehicle performance as well; and since vehicle performance is

differentially affected by link characteristics, particularly grade, there must be a

PCU equivalency factor for each mode and link.

measured
Link volumes must be /in vehicles. For auto and truck this presents no r-oblem,

since demand is usually measured in vehicles, or if measured in passengers, a single
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occupancy factor can convert demand into vehicles. However, when bus demand is

measured in passengers, it is not so readily converted into vehicles since load factors can

vary widely throughout the day. Since bus operations are usually centrally planned, bus

volumes may be exogenously specified. In more complex networks rerouting is also a

possibility.. In the simple corridor analysis with which we are dealing, it is probably

sufficient to assume that load factors on each route at each hour will be. the same year-

to-year, so that demand can be measured in vehicles in the base year and treated in

the same way as cars and trucks.

Aggregating over O-D pairs is simple summation, so that the link volumes are:

t,h p m t,h e
a m,p M'a a,p (3)

where

Vt,h . volume (in PCU's) on link a in hour h and year t

Dt,h . demand for mode m between O-D Pair p in hour h and year t (measured in vehicles
m,p

e - PCU equivalency factor for mode m on link a

i1 if link a is on the path between O-D pair p
a,p (0 otherwise

In addition we will later need modal link volumes, which are:

V t,h= D t'h a,p (3.1)
m,a M p

Step 4: For Each Link, Calculate the Volume/Capacity Ratio (V/C)

Since the volume has been determined in Step 3, all that is needed is the link

capacities. These are given for both alternatives (no-build and build), and are the same

at every hour in every year (barring the use of reversible lanes, peak hour exclusive

lanes, etc.). Therefore, for any link, hour and year, for an alternative b (no-&uild or

build,

(V/C)t,h,b = Vt,h C (4)
a a a

whcre

Cb = capacity of link a in alternative b
a

(v/C)t,h,b .volume/capacity ratio in alternative b on link a at time h ia year t
a
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ce each alternative is analyzed identically, we shall remove the superscript b and

continue with the notation (V/C) t,h, realizing that its value per'ains to a particulara

alternative.

Step 5: For Each Mode, Find the Speed

The speed at which traffic flows on a link depends on the volume on the link

and its capacity. All existing models (to my knowledge) give speed as a function of

the volume/capacity ratio. Recognizing that volume and capacity affect speed not only by

their ratio, often there is a family of speed-flow (speed vs. V/C) curves for roads of

different capacities, e.g., 2-lane and 4-lane arterials.

Because of different vehicle and operating characteristics, the speeds of each

mode will be affected differently by congestion. Therefore each mode will have its own

speed-flow relations.

Therefore the speed of mode m on link a which is of type s will be

t,h 
t,a M,(

where

g [* ]is a particular speed-flow relation for mode m and read Eype s.

Different functional forms exist for the functions gm's. In order to identify the

appropriate curve to be used for a particular link (given that mode is known), there

must be a pointer specific to each link indicating the correct curve. If all of

the curves have the same functional form with a different parameter(e.g., minimr=

speed), the pointer may be simply the parameter and thus the functional form of the

speed-flow curve needs to be stored only once. This pointer or parameter is called s m

(It seems obvious that the speed of the bus and truck modes might be affected by

grade. However most analyses consider the peak direction only, which is on'e diz2ction

half the day and the other direction the other half, so that average grade on every link

is zero, and average speed is almost unaffected by grade. The same is true for operating

cost, though it is known that it costs more to travel a distance on a hilly road with
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an eaverage" grade of zero than on a flat road. Since we will usually be using

xdels for speed and cost that ignore grade, the remainder of this paper shall

ignore it, too. Furthermore, ignoring grade allows both directions 
of a link to

be identical. This is a significant simplification, making flows to be direction

abstract, and hence allowing analysis of flows in one hour to be expanded to hours with

similar flows without regard to direction when less than 48 hours are analyzed.)

Some examples of speed-flow functions are found in Attachment A.

Step 6: For Each Mode, Determine Operating Cost

Vehicle operating cost on a link is difficult to measure, and therefore 
difficult

to model. It is affected by road characteristics (grade, curvature, pavement), vehicle

characteristics (weight, engine type), and operating characteristics (speed, number of

stops). Most models give operating cost in terms of one of the operating 
characteristics

only (speed) aggregating different vehicle types (within the same mode) and 
averaging

over road characteristics. If pavement is uniform over the road, there is no more than

normal curvature for an urban road, and grades are not great, such approximations 
are

acceptable. Under normal urban operating conditions a study found that 
95% of the

variation in fuel consumption among British cars could be explained by 
speed alone.

Since other auto related costs are roughly proportional to fuel consumption, the

simple speed-operating cost relation may be sufficient for autos.

Operating cost is usually computed by a function of this form:
t,h

OC = + P m , d. V m (6)
m,a --t' a a

xt,h
m,a

where

0C = operating cost for mode m on link at time h in year t

C1,m - parameters (per hour and per Km operating cost for mode m)
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t h
a = speed of mode m on link a at time h in year t

da - length of link a

Vt'h . volume of mode m on link a at time h in year t.
M,a

Since operating cost should include the labor cost of paid drivers such a function

including a term in which distance is divided by speed (which yields time) is especially

appropriate for bus and truck. Operating cost models estimated in a few cities are
documented in Attachment A.

Step 7: For Each Mode, Determine Time Cost

The time each vehicle spends on a link is the link's distance divided by the

vehicle's speed. The total passenger time is the vehicle time multiplied by

vehicle occupancy (not including paid drivers). The total time cost is this total

passenger time multiplied by the value of time.
and

Vehicle occupancy can vary not only by mode but also by link /by time of day,

particularly on buses where loads may be 80 in the peak and 20 off-peak, and may

increase steadily toward the city center. Value of time is generally taken to be fixed

for all modes and all times, and invariant over the year.

Thus the passenger wait time cost is
d

TCt,h . d a W h . V % Vt,h (8)
m,a xt,h m,a m,a

m,a

where

TCt,h = time cost for mode m on link a at time h in year t
m,a

d = length of link a

Xt,h = speed of mode m on link a at time h in year t
m,a =

Wh vehicle occupancy of mode m on link a at time h
m,a

v = value of time

Vt,h = volu'e (of vehicles) of mode m on link a at time h in year t
m,a
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Step 8: Aggregate Costs Over Modes and Links

Steps 4-7 must be repeated for every link and every mode as the flowchart

in Figure 1 indicates, aggregating costs to yield hourly costs. Thus the operating

and time costs for an hour h in year t are:

a m th

OCt,h - a 2 OC

TCt,h - a m TC (9)

Cth.er neaningful aggregations should be taken as well, such as total ccsts for modes, for

links, etc.

Step 9: Aggregate Costs Over Hours, Expanding to Yearly Costs

Steps 3-8 are repeated for each hour. To expand the predicted hourly costs to

yearly costs one needs to know the number of hours in 
a year that hour represents. These

annualization factors should insure that the daily demand (in Step 1) is properly

expanded to annual demand. Different hours may have different annualization factors

because they represent different numbers of weekday and weekend hours. Also some analyses

may want to consider peak hours only in computing benefit.

The annual costs are then:
h

OCt = h Oct,h Nh
h

TCt = 2 TCt' Nh (10)

,where

Nh = number of hours in a year represented by hour h.

Step 10: Discount Yearly Costs

Either annual or continuous compounding may be used to discount the yearly costs

to present values. For operating costs, these formulas are:

OC - OC (1 + D) (yearly compounding)

= OC --Dt (continuous compounding) (l)

Wte r e
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Oct = discounted operating cost from year t

D = shadow discount rate

time costs are similarly discounted

Step 11: Aggregate Discounted Costs

This yields the present costs of the alternative being studied. The

difference b-etween the present cost of the no-build alternative and that of the

build alternative is the present value of the build alternative. (When other dis-

counted costs, such as construction, maintenance, etc., are subtracted this

becomes net present value.) So the final equation for present operating costs

(and similarly for time cost) is
t t

OC = C (12)

The predicted costs thus obtained may be disaggregated and manipulated

in any way to afford the analyst a closer look to see the benefits accruing to

each- link, or to each mode, or to find link specific benefit/cost ratios, internal

rates of return, etc.
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5. Solution Procedure

Within the above Analytic framework, the. solution procedure

provides a logical, yet simple sequence of analytic tasks. These

tasks are listed below and elaborated in detail in the following sections.

5.1 Summary of Tasks

A. Strategic Forecasts of Travel Demands

1. Review land use conditions and developmental
assumptions

2. Review test road network and bus system conditions

and changes

3. Review traffic assignments and diversions

B. Future Demand Volumes

1. Estimate future auto/truck traffic volumes

2. Estimate future bus and bus passenger traffic volumes

3. Estimate future train passenger traffic volumes

4. Develop peak hour and peak direction factors

5. Estimate future peak hour, peak direction volumes for

auto/truck, bus and bus passenger, train passengers.

C. Design Capacities

1. Develop lane capacity of auto/truck

2. Determine PCU equivalencies and passenger capacities

for bus and mini-bus

D. Volume/Capacity Ratios

1. Compute V/C ratio for auto/trucks and for busses

E. Level of Service and Travel Speed

1. For auto/trucks and for busses, establish a LOS - V/C

Speed table.

2. Determine LOS and travel speed, knowing V/C.
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F. Travel Time, Stops, and Idling Time

1. Develop a "model" to relate LOS, travel time per km.,

stops per km., and idling time per km. for auto/trucks

and busses.

2. Determine on a "per kilometre" basis, travel time, stops,

idling time, and excess travel time (actual time minus

1.0 minute as derived from 60 kph base)

G. Time Costs and Vehicle Operating Costs

1. Determine value of driver's time and passengers'

time per hour.

2. Determine for auto/truck and for bus, vehicle operating

cost per km. for 60 kph base, and for additional costs

due to stops and idling time.

H. Time Savings

1. For auto/truck drivers and for bus passengers, compute

time savings during six peak hour, peak directions for

each year (1979-1999). "Savings" are based on difference

between "No Build" (Alternative 1) and "Build" (Alternative 2).

2. Compute present value of time savings.

I. Vehicle Operating Cost Savings

1. For auto/truck volumes and for bus volumes, compute

operating cost savings by link during six peak hour,

peak directions for each year (1979-1999).

"Savings" are based on "No Build" (Alternative 1) and

"Build" (Alternative 2).

2. Compute present value of vehicle operating cost savings.
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J. Project Costs

1. Determine present value of project costs.

K. Economic Evaluation

1. Determine benefit-cost (B/C) ratio, "Benefits" refer to the

sum of present values for time savings and vehicle operating

cost savings.

2. Determine net present value (NPV).

3. Determine internal rate of return.

5.2 Input Requirements

A description of input requirements and assumptions used to

calibrate the analysis to conditions in Colon in 1979 is given in the pages

that follow.

Input Requirements

For a project with A links, M modes, a benefit horizon of T years,

each of which has H hours, considering 2 alternatives.

Number
of Items Variable

A x M V * base year vehicular demand for mode m on link a
m,a

M or 1 r or r demand growth rate (for mode m)

H x M or H f hor f h peaking factor (for mode m) in hour h
m

14 e m PCU equivalency-factor for mode m

2A Cb capacity of link a under alternative b (no build or build)

2M ,M operating cost model parameters for mode m

A da length of link a

H x M or M1 or W vehicle occupancy of mode m(in hour h)
M W

1 v value of time
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H Nh yearly number of travel hours of type hi

D shadow discount rate

M s speed-flow curve parameter for mode m

plus a speed-flow function

C bus fares

t terminal times
C

Cnr non-transport location costs

W disaggregate attractivity indices

L land availability

P aggregate popular growth

E aggregate employment growth
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BENEFITS ON A SINGLE LINK: SINGLE HOUR EMANDMED

(Input Data Format)

Site: Date:

Analyst: 
Page: of

Costs:

Enter Press

(Initialize) A

(Initialize) B

Auto mode:

growth factor (.xz) - 1.R/S

PCU equivalency factor (1) R/S

speed-flow function parameter -RS

per hour operating cost ($/hr) -IS

per km operating cost ($/hr) -/S

auto occupancy x

value of time ($/hr) _ _R/S

Truck mode:

growth factor (l.xx) " S

PCU equivalency factor R/S

speed-flow function parameter . R/S

per hour operating cost . R/S

per km operating cost RIS

occupancy x value of time = 0.0 iS
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Enter Press

Bus Mode

growth factor (vehicular) (1.xx) - 1.

PCU equivalency factor

speed-flow function parameter R/S

per hour operating cost R/S

per km operating cost 
R/S

bus occupancy R/_S
value of time

(Initialize) C

Base year vehicular volumes (Peak hour, peak direction)

auto volume (veh/hr)

truck volume R/S

bus volume -

Link capacities (one direction)

no build capacity (veh/hr) -/S

build capacity R/S

Link length (km) -Rs

Peak hour, peak direction yearly

.expansion factor (number of STO 11
peak hours per year)

First year discount factor (l.xx) 
STO 13

Discount rate (1.xz) 
STO 14

Number of years 
STO 00

First Year in Benefit Horizon 
STO 06
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5.3 Regional Growth, Land and Transport Inputs for

Colon Urban Development Project

Level 1: Regional Growth Inputs

The key regional growth assumptions underlying the projection of

travel demands are described in the Project Appraisal Report and summarized

in the tables below:

Employment Growth and Change 1979-1989

Based on "basic" employment-generating project investment and

"non-basic" job-generation (assuming a multiplier of 1.8) distributed

to spatial structure of the market and available land.

Urban Project Build

Employment
Year 1979 1984 1989

Zone Basic Non-basic Basic Non-basic Basic Non-basic

1 500 7,500 500 9,000 500 11,000
2 5,000 - 5,000 - 5,000 -
3 3,000 - 3,500 - 4,000 -
4 - 250 - 500 - 1,300

5 500 - 2,000 - 3,000 -

6 - - - 250 - 500

7 - - 2,000 - 5,000 -

8 1,000 500 1,000 1,500 1,000 2,000
9 - - -

Total 10,000 8,250 14,000 11,250 18,500 14,800

Urban Project No-Build

Employment
Year 1979 1984 1989
Zone Basic Non-basic Basic Non-basic Basic Non-basic

1 500 7,500 500
2 5,000 - 5,000
3 3,000 - 3,000
4 - 250 -
5 500 - 1,000
6 - - -

7 - - -

8 1,000 500 1,000
9 - - -

Total 10,000 8,250
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Population Growth and Change 1979-1989

Based upon a full labor participation rate of .33 and an

unemployment rate (in formal sector activities) of 40%

effective 1979 and reducing ___ to 7%-10% by 1989, distri-

buted on the basis of observed existing densities and inpdted

changes on future locational cost/demand for housing. Income

classes are defined in terms of average income levels which

are taken to neither increase nor decline in real terms over

the analysis period. Population growth arising from natural

increase and net in-migration are not distinguished in the h

household totals shown below; average household size is taken

as 4.6 (existing 1979 average) throughout the period. (Households.)

Income 1979 1980 198

Class High Medium Low Total High Medium Low Total High Medium Low Total

Zone

1 2,600 8,300 4,100 15,000 2,500 8,000 2,500 13,000 2,500 8,000 2,500 13,000

4 800 200 - 1,000 800 200 - 1,000 800 200 - 1,000

6 - - - - 3,000 2,000 5,000 .- 3,000 2,000 5,000

8 800 2,000 1,200 4,000 1,000 2,500 1,500 5,000 1,500 3,500 2,000 7,000

Total 4,200 10,500 5,300 20,000 4,300 13,700 6,000 24,000 4,800 14,700 6,500 26,000

Level 2: Urban Land Inputs

The key land assumptions underlying the projection of land demands

are summarized in the tables below:



Land Available for Residential'Use

Based on surveyed land use patterns and observed net residential
densities existing for 1979, with income classes separately
estimated by zone.

INCOME CLASS

Year 1979 1984 1989
High Middle Low Total High Middle Low Total High Middle Low Total

Zone

1 78.0 300 83.0 100 12.3 30 173.3 75.0 80.0 77.5 162.5
4 48.0 600 4.0 200 0.0 52.0 48.0 4.0 52.0
6 - - - - - - - - 75.0 15.0 90.0
8 72.0 900 60.0 300 10.8 90 142.8 90.0 75.0 13.5 178.5

Total 198.0 147.0 23.1 368.1 213.0 234.0 36.0 483.0

Disaggretated Attractivity Indices.

Based upon existing and future demand by income class in proportion to class size in each residential zone,

and a calibrated coefficient of attraction.

Income 1979 1984 1989
Class High oCH Middle 04(M Low ocL High rc-H Middle oCM Low OcL High OCH Middle t<M Low CX' L
Zone
1 26 83 41 25 80 25 25 80 25
4 8 2 0 8 2 0 8 2 0
6 - - - 0 30 20 - 30 20
8 8 20 12 10 25. 15 15 35 20
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Non-transport Location Expenditure

Based upon an estimated proportion of average household income

budgeted for land, housing and utilities costs, measured in terms

of monthly household expenditures per square meter of residential

land.

1979 1984 1989

Income Class High Middle Low High Middle Low High Middle Low

Zone

1 1.80 1.10 0.83
4 0.90 0.53 -
6 - -
8 0.60 0.35 0.28

Level 3: Transport Inputs

The key transport assumptions underlying the projection of travel

demands are summarized in the tables below:

Values of Travel Time

Income Class

High Middle Low

Average HH income/month $1800 $425 $125

Average hourly income/traveler $8.72 $225 $0.73

Value of travel time rate 25% 25% 25%

VOT/minute of travel 0.036 0.009 0.003
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Trip Rate by Mode (Morning Peak Period Only)
1979

Income class High Middle Low

Mode Car Bus Walk Car Bus Walk Car Bus Walk

Zone
1 0.6 0.2 0.2 0.2 0.3 0.3 0.1 0.3 0.3

4 0.7 0.2 0.1 0.2 0.4 0.2 - - -

6 - - - 0.2 0.4 0.2 0.1 0.3 0.3

8 0.7 0.2 0.1 0.2 0.4 0.2 0.0 0.5 0.2

9 .8 .2 - 0.2 .6 - - 1.0 -

Year 1984/1989

Income class High Middle Low

Mode Car Bus Walk Car Bus Walk Car Bus Walk

1 0.7 0.2 0.2 0.3 0.3 M.3 0.1 0.3 0.3

4 0.8 0.2 0.1 0.3 0.4 0.2 - - -

6 - - - 0.3 0.4 0.2 0.1 0.4 0.2

8 0.8 0.2 0.1 0.2 0.4 0.2 0.1 0.4 0.2

9 0.9 0.1 - 0.5 0.5 0.2 0.1 0.9 -

TRUCK TRIP RATE PER UNIT OF EMPLOYMENT

Zone Truck Trips

1 0.08
2 0.10
3 0.10
4 0.06
5 0.08
6 0.06
7 0.08
8 0.06
9

INTERZONAL LINK DISTANCES

(Based upon shortest route distances between zone centroids
along existing roads in kilometers).

1 2 3 4 5 6 7 8
1 0.67 1.40 1.00 2.40 4.80 4.40 8.20 9.60
2 1.40 0.36 1.60 3.00 5.40 5.00 8.80 10.20
3 1.00 1.60 0.54 2.20 4.60 4.20 8.00 9.40
4 2.40 3.00 2.20 0.74 2.40 2.00 5.80 7.20
5 4.80 5.40 4.60 2.40 0.66 1.60 5.40 6.80
6 4.40 5.00 4.20 2.00 1.60 1.00 4.60 6.00
7 8.20 8.80 8.00 5.80 5.40 4.60 1.20 3.00
8 9.60 10.20 9.40 7.20 6.80 6.00 3.00 1.20
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PCU EQUIVALENCY AND OCCUPANCY RATE

PCU Equivalent Occupancy

cars 1.0 1.6
busses 3.0 45.0
trucks 3.0 1.0

PEAK PERIOD EXPANSION FACTOR TO MONTHLY TOTALS

trucks 115.0
busses 92.0
cars 107.4

Expansion factors are based on the following considerations for the

purpose of.estimating benefits:

Auto: Peak (2 hour) volume is 1/7 of total daily

3 peak periods @ full benefit = 3.00
2 " " "i 2/3 " - 1.33
1 "t "t " 1/3 f = 0.33
1 " " " no " 0.00

4.67
4.67 (daily) X 23 (days per month) = 115.0

Bus: Peak (2 hour) volume is 1/5 of total daily

3 peak periods @ full benefit - 3.00
2 t t 1/2 "t M 1.00

4.00

4.00 (daily) X 23 (days per month) = 92.0

Truck: peak (2 hour) volume is 1/8 of total daily

3 peak periods @ full benefit 3.00
2 " " 2/3 " 1.33
2 " " 1/2- 0.67
1 " " 0 = 0.00

5.00

5.00 (daily) X 23 (days per month) = 115.0



AUTOMOBILE OPERATING COST PER 1,600 KMS. (1979)

MPH KPH Gas Oil Tires Maintenance Depreciation Interest Total

10 16 49.11 2.39 1.02 7.00 45.00 36.00 140.52

15 24 51.01 2.23 1.22 8.00 41.00 28.50 131.96

20 32 45.82 1.92 1.63 8.50 36.00 22.50 116.37

25 40 43.47 1.82 2.14 8.85 34.50 19.00 109.78

30 48 41.24 1.77 2.65 9.50 32.50 16.50 104.16
35 56 43.22 1.71 3.26 9.85 30.50 15.00 103.54

40 64 43.45 1.71 3.82 10,.60 29.00 13.50 102.08

45 72 46.70 1.66 4.54 11.00 27.50 13.00 104.40

50 80 48.67 1.61 5.30 11.50 26.50 12.00 105.58

55 88 53.04 1.50 6.17 12.25 26.00 11.50 110.46

60 96 57.14 1.58 7.19 13.00 25.00 11.00 114.89

65 104 62.96 1.77 8.36 13.75 24.50 10.50 121.84



Using linear regression a curve is determined to fit these data points,

whose equation is:

C - 0.1046-0.001256x + 0.000009512x2

where C = $ cost per km for cars
x = speed in km/hour

For busses, based upon 1977 data, the ratio of bus to auto

operating costs is given as 4.3. For trucks, based upon the same data

source, the truck to auto operating cost ratio is given as 5.6. These

values are taken as given.

ASSUMED LEVELS OF BUS FARES

Destination
Zone 1 2 3 4 '5 6 7 8 9 Total

Origin
Zone

1. .10 .10 .10 .10 .25 .20 .40 .50 1.25
2 .10 .10 .10 .15 .25 .25 .45 .50 1.25
3 .10 .10 .10 .10 .20 .20 .40 .50 1.25
4 .10 .15 .10 .10 .10 .10 .30 .35 1.15
5 .25 .25 .20 .10 .10 .10 .25 .35 1.00
6 .20 .25 .20 .10 .10 .10 .25 .30 1.05
7 .40 .45 .40 .30 .25 .25 .10 .15 .85
8 .50 .50 .50 .35 .35 .30 .15 .10 .75
9 1.25 1.25 1.25 1.15 1.00 1.05 .85 .75

ASSUMED LEVELS OF TRIP TERMINAL TIME IN MINUTES

Destination
Origin Zone 1 2 3 4 5 6 7 8 Note
Zone

Cars 4 4 4 4 4 5 4 4 5 Min.
Busses 9 9 9 9 9 15 9 9 Service Level

Cars 4 4 4 3 4 6 4 4 10. Min.
Busses 14 14 14 14 14 18 14 14 Service Level

Cars 6 6 6 6 6 8 6 6 10 Min.
Busses 18 18 18 18 18 22 18 18 Service Level

Cars 4 4 4 4 4 6 4 4 10 Min.
Busses 14 14 14 14 14 18 14 14 Service Level
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LINK CAPACITY TABLE

1 2 3 4 5 6 7 8

1 240 1,600 1,600 - - - -

2 240 - - - - - -

3 1,600 - 800 - - - -
4 1,600 - 800 1,200 1,200 800 800
5 - - - 1,200 1,200 800 800
6 - - - 1,200 1,200 800 800
7 - - - 800 800 800 800
8 - - - 800 800 800 800

REVISED OPERATING COST FOR TRUCK

At 40 km/h, car operating cost of $ 0.07.

Truck operating cost is 5.6 times higher, or $ 0.39

$0.39 1 X 40km $15.59/hrs
km hr

The labor cost component is $1/hr, so the reduced OC is 14.5%.

This corresponds to $0.36/km, which is 5.2 times higher than auto.

So truck cost is [5.2 (auto cost/km) X distance + $1 time]
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6. OPERATING THE PROGRAM

6.1 BASIC USER INSTRUCTIONS FOR A T159 & PRINTER

1. To turn on the calculator, first plug in the printer and calculator.

DO NOT turn on calculator and printer before plugging in the printer.

To turn off the calculator, turn off both calculator and printer before

unplugging the printer.

2. Algebraic operations -- The T159 uses logic known as Algebraic Operating

System. Algebraic operations are punched into the calculator going frcm

left to right as they would be written out. For example, to perform tne

following calculation:

8 + 3 = 2.67

you would push the following buttons:

2) -

- 3) r3

4)

Where there are a complex series of calculations, the calculator folic-.s

certain rules about which ones are performed first. Alternatively, ycu

can use parentheses to make the calculator perform operations in a partic.'lar

order.

The order of operations performed by the T159 is:

1) Special single function keys (such as trig and log functions)

2) Powers and roots (Yx and 5Y )

3) Multiplications and divisions

4) Additions and subtractions



Example

3 + 10 - 2 x 14+ 7" = 9

This is the same as

3 + 10 -(2 * 14 t- 7) = 9

If you do not wish the above interpretation to be followed you must use

parentheses, for example:

(3 + 10 - .2) * 14 + 7 = 22

2. Special function and operation keys

A) Every key can be used in 2 ways as indicated by 1) labels on the

key and 2) gold labels above the key. To get the use of the gold label

function, push the gold key marked before pushing the desired key.

B) The INV key will give you the use of inverse functions or

operations for many of the keys. For example to compute e 2 push the

following:

IV-

4. User Labels -- User labels are names given by the programmer to

- different parts or rubroutines) of a pocket calculator program. By.

pushing a user label key, you are able to have the calculator.perform

a specific subroutine. The user'labels are contained inthe top row of

the TI59 and consist of A,S,C,D,E, and A', B', C', D', E'.

5. Memory Structure -- The TI59 memory is divided into a section to

hold a program and a section to hold data. When the TI59 is turned on,

it contains 480 spaces for program instruction and 60 spaces for data.
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You may re-partition memory if you need more data storage, or more program

storage. Following are two commands useful in memory partitioning:

A. F will cause the calculator to display the current

memory partition. Ordinarily the display _ll read 479.59 (program positions

go from 000 to 479 and data registers go from 00 to 59).

B XJ7nd 7 will cause the calculator to repartition memory

so that there are 1OX data registers. For example:

IIn 7 would give a partition of 639.39 (or 640

program positions and 40 data registers).

6. Reading a Card -- In order to read a card the calculator must

be properly partitional in the same manner as when the card was created.

The calculator must also be told the proper place to store the data on

the card. Each magnetic card has two sides (or banks). The calculator

memory can hold 4 banks (or 2 cards) worth of information.

To read a card, first push the number of the memory bank into which

this card will be read. The number will be 1, 2, 3 or 4. Usually the

proper memory bank is indicated upon the card or in programmer user instruc-

tions. As an alternative, push 0 before reading the card. Then the card

will be automatically read into the proper bank.

The second step in reading a card is to hold the yellow sid6 up

and insert the proper end (designated by the bank number on the card)

into the card reader. Let the calculator process the card through (do

not push the card once the calculator has hold of it) and then gently

remove the card. The calculator will display the number of the memory

bank into which the card read. If there is a misread or if-you have

pushed an improper bank number, the calculator display will flash. In

this case you must start over.
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7. Listing Memory

There are two commands which allow you to list memory. there are:

A. [n

This command will print out the program memory. It is

especially useful for checking that the current program

has been properly read in. To stop the listing push

B.

This command will print out the contents of the data registers.

To stop the listing push R/S

Notes: Occasionally the listing does not start at the proper place (i.e.

does not start at program location 000 or data register 00). To correct

'for this you press and the proper memory address. For a program,

the address would be 000, and for the data registers (under normal partitioning)

the address would be 480. The calculator may flash when given the data

register address, but this procedure works nontheless. Follow with the

desired list command.

8. Run Stop and Reset

These are two useful commands. Reset RST will place the program

counter at the beginning of a program which is at address 000. Thus reset

may be used when vou wish to start a program from the beginning.

Run/Stop R/s may be used to stooi program execution, and it may

be used to start program execution at the current location in the program.

For example, a program may halt execution to wait for data. The user

enters the data into the display and starts execution by pressing .
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9. Clears -- There are four clear commands with the'T159 as follows:

E-- clears the current display only

L -- clears the current math operation

2nd F -- clears the program

2in -- clears the data registers

10. *Store and Recall

Press IT] and a two digit data register number to place the display

in memory. For example, W Wwould place a 1 in register 2.

Press RCL and a two digit data register number to recall the

contents of the data register onto the display. In the above example,

RCLF would display a 1.

11. Printer commands -- The printer attached to the T 59 has a number of

different operating modes. If none of its three buttons have been pushed,

then the printer takes all its instructions from the calculator.

If the PRINT button is pushed_ the printer will print out the

current display on the calculator.

If the. TRACE button is pushed, the printer will print out each

step in the exeCution of a program. Trace is very useful for debugging.

The I ADV 'or advance button merely advances the paper in the printer.
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6.2 INSTRUCTIONS FOR COMPUTING BENEFITS TO ORIGIN ZONES [FIRST PROGRAM]

1. Fill in, for each mode, a matrix giving volume on each link,

by income class within each origin zone, for each mode.

(See Tables 1-3)

Differentiate between volume inbound (+) and outbound (-).

2. Compute, for each link, the total volume in PCU's. This is

given by

V. . ( V .) c PCU I OCCUPANCY
mi m m

Note than inbound volume must be computed separately from outbound.

3. Table 4 summarizes the necessary link data. Fill in such a table,

including length, V/C in each direction, and free-flow speed.

If V/C or free-flow speed changes in the build alternative, mark

that down.

4. Fill in, for each mode (bus and car) for each zone, a table

headed "ORIGN ZONE:" (See Tables 5-10) which contains all

the data needed.

5. Fill in, for truck, a table for each origin zone (see Tables

11-16).

6. You are now ready to run the programs.

7. After turning on the printer and calculator, set the partition;

Press 9 2nd On 17 2 .

8. Enter side 2A of program UTB -2.2(A) after entering zero (0).

9. Enter the data on one of the Bus or car tacles. To enter the

data, enter each number and then press the key indicated (A,

B, or C). Where no key is indicated, press R/S. Enter daca

corresponding to the no-build alternative. If you make an

error in entering data, see Stzp .9 below. ill in the data

for one origin zoue and one mode c0MDpteLy.

10. Enter zero (0), and load care 1B of UTB-2.2(A).

11. If derired fix tch f tu f.r:. i pessi'; d r

(n) is the number oL diuits de:;ired aftcr ::e 2.a.
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12. Press A and wait until costs are printed. These are the

operating and time costs for each iaccme class, an2i their

sum over the income classes.

13. If there is a build alternative, enter data for it. You may

re-enter all the data (beginning with number of links, as the

values of time and model parameters dont change), or enter

only those items that change. To do the latter, see 19 below.

To do the former, do Steps 8-11. Before entering data you may

want to change the format (as in Step 12).

Whatever you do, be sure to enter the number of links, even if

it hasn't chanced, by entering it and pressing STO 00, or

pressing C if card 1A is in merory.

14. Press B and wait. The same items as listed in Step 12 will

be printed for the build alternative; so will the differences

between no build and build.

15. Now select another moda-zone pair. It is best to do all the

zones of a single mode together.

16. For each mode-zone pair, repeat Steps 8-15. Note: If values

of time and modal parameters do not change, they need not be

repeated.

Also, you may want to undo the fixed display format by

pressing INV 2nd Fix.

17. You are now ready to do the trucks. For each origin zone,

perforn Steps 8-15 again, with these changes:

Use Program UT1u-2.2(B), sides 1A and lB instead

of Program UTB-2.Z(A),

Because these are the income classes, the run time and

output in Steps 12 and 14 will be shorter

Output Is operat:ing cost not inclkding labor, labor

cost ind their sum.

18. FINISHED 1

19. Error Recover-

withragser a) Dy Lres, e)IV2dLic. P-ress AkSd n

you want it to stoT. Ii irn

2. You Tay ontv r any rurber ctly by entering it and ra, I

STO ab, where ab I. the -eoist r t goes in. This rlso n U s
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to changes for the build alternative.

3. The contents of the data registers is given in'the

Table so marked for each program.
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Figure 2

Detailed Output Table

Ye r 2 - T Total -(discountel)

2

A

Total [

f Alternative 1 (no build)

0 1. Peak hour V/C

2. Peak hour auto speed not included in rov and

Alternative 2 (build) column totals

3. Peak hour V/C

-4. Peak hour auto speed

Mode 1 (auto)

Alternative 1 (no build)

5. Operating cost

6. Time cost

Alternative 2 (build)

7. Operating cost

8. Time cost

Difference (benefit of build alternative)

9. Operating cost

10. Time cost

Mode 2 (truck)

Alternative 1

11. Operating Cost

12. Time cost

Alterna-ive 2

13. Ozerating ccst
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Figure 2 (continued)

14. Time cost

Diffqrence

15. Operating cost

Time cost

Mode 3 (bus)

Alternative 1

17. Operating cost

18. Time cost

Alternative 2

19. Operating cost

20. Time cost

Difference

21. Operating cost

22. Time cost

Total (all modes)

Alternative 1

.23. Operating cost

24. Time cost

Alternative 2

25. Operating cost

26. Time cost

Difference

27. Operating cost

28. Time cost
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6.3 ESTIMATED 1979 TRAVEL BENEFITS BY ORIGIN ZONE

By mode, income class and zone of origin for conditions

existing with no highway component as compared to those with the

proposed highway component.

Summary:
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Table 1:

SUMMARY GENERALIZED TRAVEL COST - YEAR: 1979

High Income Middle Income Low Income Employment Total
HH HH HH

Zone:

1. Car
Bus
Truck
Walk

2. Car
Bus
Truck
Walk

3. Car
Bus
Truck
Walk

4. Car
Bus
Truck
Walk

5. Car
Bus
Truck
Walk

6. Car
Bus
Truck
Walk

7. Car
Bus
Truck
Walk

8. Car
Bus
Truck
Walk

9. Car
Bus
Truck
Walk

Total Car
Bus
Truck
Walk

Total
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Table 2: TRIP-ORIGIN - MORNING PEAK

Year 1979

High Income Middle Income Low Income Employment Total
HH HH HH Places

Zone:

1. Car 1,560 1,660 - 3,220

Bus 520 2,490 1,230 - 4,240
Truck - - - 640 640

Walk 520 2,490 1,230 4,240

2. Car
Bus
Truck 500 500
Walk

3. Car
Bus
Truck 300 300
Walk

4. Car 560 40 - 600

Bus 160 80 - 240

Truck - - - 15 15
Walk 80 40 - 120

5. Car
Bus
Truck 40 40
Walk

6. Car 0 0 0 0
Bus 0 0 0 0
Truck 0 0 0 0
Walk 0 0 0 0

7. Car
Bus
Truck
Walk

8. Car 560 400 - 960

Bus 160 800 600 1,560
Truck - - - 90 90

Walk 80 400 240 720

9. Car +580 320 - 900

Bus +145 +480 +1,300 1,925
Truck 200 200
Walk - -

Total Car 3,260 2,420 - 5,680

Bus 985 3,850 3,130 7,965

Truck - - - 1,785 1,785

Walk 680 2,930 1,470 5,080
Total 4,925 9,200 4,600 1,785 20,510
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Table 3: TRIP DESTINATIONS - MORNING PEAK

Year: 1979

High Income Middle Income Low Income Employment Total
HH HH HH Places

Zone:

1. Car 485 1,465 - 1,950
Bus 105 2,355 1,420 3,880

Truck 640 640

Walk 30 1,780 420 2,230

2. Car 1,250 420 - 1,670

Bus 420 625 625 1,670
Truck 500 500

Walk 330 635 535 1,500

3. Car 750 250 - 1,000
Bus 250 375 375 1,000

Truck 300 300

Walk 250 375 375 1,000

4. Car 70 20 - 90

Bus 20 40 50 110

Truck 15 15

Walk 10 20 20 50

5. Car 130 70 - 200

Bus 35 100 165 300

Truck 40 40

Walk - -- -

6. Car
Bus
Truck 0
Walk

7. Car
Bus
Truck 0

Walk

8. Car 420 120 - 540

Bus 120 240 300 660

Truck 90 90

Walk 60 120 120 300

9. Car 155 75 - 230

Bus 35 115 195 345

Truck 200 200

Walk -- -

Total Car 3,260 2,420 - 5,680

Bus 985 3,850 3,130 7,965

Truck - - - 1,785 1,785
Walk 680 2,930 1,470 5,080

Total 4,925 9,200 4,600 1,785 20,510
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Table 4: O-D DISTRIBUTION OF CAR TRIPS

Year: 1979
Destination Zones

Origin 1 2 3 4 5 6 7 8 9 TOTAL

Zone
1. H 283 649 400 23 39 0 0 82 74 1,560

m 1,043 288 169 14 51 0 0 40 52 1,660

L 0 0 0 0 0 0 0 0 0 0

TOTAL 1,326 937 569 37 90 0 0 112 126 3,220

2. H
N
L

TOTAL
3. H

m
L

TOTAL
4. H 43 198 134 25 39 0 0 64 27 560

m 22 9 8 0 0 0 0 0 1 40

L 0 0 0 0 0 0 0 0 - 0 0

TOTAL 95 207 142 25 39 0 0 64 28 600

5. H
m
L

TOTAL
6. H

m
L

TOTAL
7. H

M
L

TOTAL
8. H 43 171 82 9 29 0 0 199 27 560

m 205 69 40 0 10 0 0 65 11 400

L 0 0 .0 0 0 0 0 0 0 0
TOTAL 248 240 122 9 39 0 0 264 38 960

9. H 86 222 134 13 23 0 0 75 27 580

m 195 54 33 3 9 0 0 15 11 320

L 0 0 0 0 0 0 0 0 0 0

TOTAL 281 276 167 16 32 0 0 90 38 900

H 485 1,250 750 40 130 0 0 420 155 3,260

m 1,465 420 250 20 70 0 0 120 75 2,420

L 0 0 0 0 0 0 0 0 0 0

GRAND
TOTAL 1,950 1,670 1,000 90 200 0 0 540 230 5,680
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Table 5: O-D DISTRIBUTION OF BUS TRIPS
Year: 1979

Destination Zone
1 2 3 4 5 6 7 8 - 9 TOTAL

Origin
Zone

1. H 72 241 139 2 20 0 0 28 18 520

m 1,624 388 250 24 62 0 0 64 78 2,490

L 628 270 149 15 52 0 0 40 .76 1,230

TOTAL 2,324 899 538 41 134 0 0 132 172 4,240

2. H
m
L

TOTAL
3. H

M
L

TOTAL
4. H 11 61 37 8 5 0 0 31 6 160

m 44 16 8 0 0 0 0 10 2 80
L 0 0 0 0 0 0 0 0 0 0

TOTAL 55 77 45 8 5 0 0 41 8 240

5. H
m
L

TOTAL
6. H

m
L

TOTAL
7. H

m
L

TOTAL
8. H 7 52 37 0 7 0 0 44 7 160

m 393 143 170 11 26 0 0 136 21 800

L 202 95 71 15 45 0 0 136 36 600

TOTAL 602 290 178 26 78 0 0 316 64 1,560

9. H 15 66 37 3 3 0 0 17 4 145

m 294 78 47 5 12 0 0 30 14 480

L 590 260 155 20 68 0 0 124 83 1,300

TOTAL 899 404 239 28 83 0 0 171 101 1,925

TOTAL
H 105 420 250 20 35 0 0 120 35 985

m 2,355 625 375 40 100 0 0 242 115 3,850

L 1,420 625 375 50 165 0 0 300 195 3,130

GRAND
TOTAL 3,880 1,675 1,000 110 300 0 0 660 345 7,965
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Table 6 : O-D DISTRIBUTION OF TRUCK TRIPS
Year: 1979

Destination

1 2 3 4 5 6 7 8 9 TOTAL

Origin
Zone

1.
TOTAL 276 141 109 6 10 0 0 26 72 640

2.
TOTAL 147 203 66 5 5 0 0 18 56 500

3.
TOTAL 102 69 72 1 10 0 0 12 34 300

4.
TOTAL 2 1 3 0 0 0 0 7 2 15

5.
TOTAL 17 7 7 0 4 ~0 0 0 5 40

6.
TOTAL 0 0 0 0 0 0 0 0 0 0

7.
- TOTAL 0 0 0 0 0 0 0 0 0 0

8.
TOTAL 24 23 9 0 7 0 0 17 10 90

9.
TOTAL 72 56 34 2 4 0 0 10 22 200

GRAND
TOTAL 640 300 300 15 40 0 0 90 200 1,785
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Table 7: NETWORK

Arrow points in inbound (+) direction.

Car
Free-flow

PCU's in PCU's out Capacity V/C in V/C out speed
Link (2 hrs) (2 hrs) (No Build/Build) (NB/B) (NB/B) Length (NB/B)

A 3.4
B 3.4 80/100

AB 1777 924 800/2400 1.11/.37 .58/.19 6.8 80/100
C 1784 1064 1600 .56 .33 1.5 60
D 1603 864 1600 .50 .27 2.4 60
E 891 2036 1000 .45 1.02 1.4 60
F 519 912 1600 .16 .29 1.1 60
G 463 165 800 .29 .10 2.2 60
J 108 250 1200 .05 .10 0.9 60
H 1200 0.5 60
K 1200 60



L

A B C L E F G H J K

H (Same 164 221 251 621 408 - 57
M as 85 120 130 328 163 - 35
L B) (0)

H
M

M
L

H 90 128 271 199 - 132 38

6 41 1 31 8 - 8 0

L

I +809/-254

331 302 211+ 169 - 82 29~
331 322 282 76 - 40 9

L -b w _--- --
478 455 308 222 134 23

* 294 287 249 54 33 9 ..

+809/-25 +757/ 790/-25 ' 01 1+0/-408 +348/-0 +0/-147
H 625/-86 -349 f362/-13 ) 0 1 4 6 6 +0 /-163 +81/-0 +0/-53

1434/ 1609/-121 +1352/+ +0/-671 +429/-0 +0/-260
L - 340 01366 -381 +0 /167F70 I
D __. - I-



L

n
k A B C D E F G I J K

(Same 43 55 61 223 155 - 12

M as 122 152 168 283 237 - 30

L B) 114 147 158 214 154 - 33

L

H
I. I
L

H 35 42 74+ 58 - 37+ 7-
lb. m 10 10 62 16 - 8 0

L 0 0 0 - 0

H
N
L

H
m
L

H 140 111+ 68+ 51 - 34 29
M 650 631 552 118 - 69 20
L 429 393 321 98 - 63 36 0

+ + + + +
122 117 77 62 37 5
433 421 369 78 47 12

L 1093 1025 850 260 155 68

262 228 219 0 0 108 0
H 1083 1052 983 0 0 124 0

1522 1418 1171 0 0 218 0
L +2867 +2698 -2373 +440 0

ND - 78 - 97 - 61 -394 -155 0 53

:AL 132 162 168 493 261 0 68
114 147 158 512 134 0 137



U L1

2 k A B C D E F G H J K

H (Same 98 - 108 ~ 114 ~ 141~ 109 ~ - 10

1 1 as
L B)

S74 79 84 297 + 66 -
9. M

L

H
3. M 46~ 56~ - 69~ 171+ 57- 10

L

H
6 6 3+ 1 - 3+

LL

1) H
+ + - + 33

5 28 24 7 33+
L

H

I ++ - +
63 56 47 23 - 9 7

LL go-

- 168 166 128 56 - 34 2 r-
L

I rt
H 230 250 200 297 173 55 36

L

230 250 200 297 173 55 36
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Table 11: YEAR; 1979

ORIGIN ZONE: 1 Input Data

MODE: Car

Values of Time ($/hr) Link: F out

9 Class 1 2.18 (A) 44 length 1.0

10 Class 2 .56 45 v/C 0.9

11 Class 3 .18 46 free-flow spd 60
47 class 1 vol 408

Mode: 48 class 2 vol

5 O.C. parameter 1  (B) 49 class 3 vol _

6 occupancy 1.

7 expansion Link: J out

factor 107.4 50 length U-9
51 V/C -

0 Number of Links: 6 (C) 52 free-flow spd -
53 class 1 vol 57

Link: A-B outbound 54 class 2 vol 35

20 length (km)V3 - 55 class 3 vol 0
21 V/C 0.587.19
22 free-flow Link:

speed (km/h) 80/100 56 length
23 class 1 vol 1B4 57 V/C

24 class 2 vol 85 58 free-flow spd

25 class 3 vol 0 59 class 1 vol
60 class 2 vol

Link: C out 61 class 3 vol

26 length 1.5

27 V/C .33 Link:
28 free-flow spd-M 62 length
29 class 1 vol 22T 63 V/C
30 class 2 vol 120- 64 free-flow spd

31 class 3 vol _ _65 class 1 vol
66 class 2 vol

Link: D out 67 class 3 vol

32 length 4
33 V/C 0.27 Link:
34 free-flow spd M_ 68 length
35 class 1 vol 751 69 v/c
36 class 2 vol 130 70 free-flow spd

37 class 3 vol 0 71 class 1 vol
72 class 2 vol

Link: E out 73 class 3 vol

38 length 1.
39 V/C 1.02
40 free-flow spd 60
41 class 1 vol 621
42 class 2 vol 328
43 class 3 vol 0
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ORIGIN ZONE: 1 Input Data

Bus

Values of Time ($/hr) Link: F out
9 Class 1 2.1 (A) 44 length

10 Class 2 5T 45 V/C .. 29
11 Class 3 TIW 46 free-flow spd 42

47 class 1 vol 155
Mode: 48 class 2 vol 237

5 O.C. parameter 4 .3  (B) 49 class 3 vol 154
6 occupancy 45
7 expans- ion Link: J ii

factor 92 50 length 0.9
51 V/C .10

0 Number of Links: 6 (C) 52 free-flow spd 7+2
53 class 1 vol

Link: A-B out 54 class 2 vol 3
20 length (km) 5.5 55 class 3 vol 3
21 V/C .58/.19
22 free-flow Link:

speed (km/h) 64/80 56 length
23 class 1 vol 43 57 V/C
24 class 2 vol 122 58 free-flow spd
25 class 3 vol =14 59 class 1 vol

60 class 2 vol _

Link: C out 61 class 3 vol
26 length 1.5
27 V/C .33 Link:
28 frce-flow spd 2 62 length
29 class 1 vol SS 63 V/C
30 class 2 vol 132 64 free-flow spd
31 class 3 vol I47 65 class 1 vol

66 class 2 vol
Link: D out 67 class 3 vol

32 length 2./+
33 V/C .27 Link:
34 free-flow spd 42 68 length
35 class 1 vol 61 69 V/C _

36 class 2 vol 168 70 free-flow spd
37 class 3 vol 158 - 71 class 1 vol_

72 class 2 vol
Link: E out 73 class 3 vol

38 length 1.4
39 V/C 1.02
40 free-flow spd 42
41 class 1 vol
42 class 2 vol 28
43 class 3 vol 214
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Year: 1979

Table 13:

BENEFITS TO RESIDENTS OF ORIGTN ZC 1 output Costs

AmO BUS $/Month

NO BUILD

Incane class 1

Incane class 2

Income class 3
UL;
TC

Total

BUILD
IncCme class 1

- Incaie class 2

TC

TCIncane class 3

Inccmecc~s

Total

TC

%A--

TC

Total
C
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Table 14: ORIGIN ZONE: 4 Input Data

MODE: Car

Values of Time ($/hr) Link: G in
9 Class 1 2.18 (A) 44 lengtrh 2.2

10 Class 2 .56 45 V/C . .29
11 Class 3 .18 46 free-flow spd 60

47 class 1 vol 133
Mode: 48 class 2 vcl 8

5 0.C. parameter 1 (B) 49 class 3 vol 0
6 occupancy
7 expansion Link: I out

factor 107.4 50 length 0.9
51 V/C .10

0 Number of Links: 6 (C) 52 free-flow spd 60
53 class 1 vol _38_

Link: A-B out 54 class 2 vol 0

20 length (kni) 5.5 55 class 3 vol 0
21 V/C 0.58/.19
22 free-flow Link:

speed (km/h) 80/100 56 length
23 class 1 vol 90 57 V/C
24 class 2 vol 1 58 free-flow spd
25 class 3 vol 0 59 class 1 vol

60 class 2 vol
Link: C out 61 class 3 vol

26 length 1.5
27 V/C 0.33 Link:
28 free-flow spd 6U 62 length
29 class 1 vol 128 63 V/C
30 class 2 vol TT64 free-flow spd
31 class 3 vol * 65 class 1 vol

66 class 2 vol
Link: D in 67 class 3 vol

32 length 2.4
33 V/C -D_ Link:
34 free-flow spd 60 68 length __

35 class 1 vol 271 69 V/C

36 class 2 vol 70 free-flow spd
37 class 3 vol _ _71 class 1 vol

72 class 2 vol .
Link: E out 73 class 3 vol

38 length 1.4
39 V/C . 1.02
40 free-flow spd 60
41 class 1 vol 199
42 class 2 vol
43 class 3 vol
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Table 15: ORIGIN ZONE: 4 Input Data

HO: Bus

Values of Time ($/hr) Link: G in

9 Class I (A) 44 length 2.2
10 Class 2 45 V/C .. 29
11 Class 3 46 free-flow spd 42

47 class 1 vol 37
Mode: 48 class 2 vol 8

5 O.C. parameter 4.3 (B) 49 class 3 vol 0
6 occupancy 45

7 expansion Link: J out

factor 92 50 length 0.9
51 V/C .10

0 Number of Links: 6 (C) 52 free-flow spd 42
53 class 1 vol 7

Link: A-B 54 class 2 vol 0
20 length (kn) 5.5 55 class 3 vol 0

21 V/C .58/.19
22 free-flow Link:

speed (km/h) 64/80 56 length
23 class 1 vol 35 57 V/C

24 class 2 vol 10 58 free-flow spd
25 class 3 vol 0 59 class 1 vol

60 class 2 vol
Link: C out 61 class 3 vol

26 length 1.5
27 V/C .33 Link:
28 free-flow spd 42 62 length_
29 class 1 vol 42 63 V/C

30 class 2 vol 10 64 free-flow spd

31 class 3 vol _ _65 class 1 vol
66 class 2 vol

Link: D in 67 class 3 vol

32 length 2.4
33 V/C Link:

34 free-flow spd 4 68 length
35 class 1 vol 74 69 V/C

36 class 2 vol 67_ 70 free-flow. spd

37 class 3 vol 0 71 class 1 vol_
72 class 2 vol

Link: E out 73 class 3 vol
33 length 1.4

39 V/C 1.02
40 free-flow spd 42
41 class 1 vol 58
42 class 2 vol 16
43 class 3 vol 0
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Table 16: BENEFITS TO RESIDENTS OF ORIGIN ZCE_ 4 Output Costs

AUTO BUS $/Month

NO BUILD

Income class 1

Income class 2

Income class 3

TC

Total
cTC

BUID
Income class 1

Income class 2

Income class 3

Total
IC

DIFFERENCE
Income class 1

TCa

Incane class 2

'tC

Income class 3

TC

Ttal
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Table 17: ORIGIN ZONE:8 Input Data

MODE: Car

Values of Time ($/hr) Link: G in

9 Class 1 2.18 (A) 44 lcngth 2.2

10 Class 2 ,56 45 V/C .29

11 Class 3 46 free-flow spd 60
47 class 1 vol 82

Mode: 48 class 2 vol 40

5 0.C. parameter 1 (B) 49 class 3 vol 0

6 occupancy 1.6
7 expansion Link: J out

factor 107.4 50 length .9
51 V/C .10

0 Number of Links: 6 (C) 52 free-flow spd 60
53 class 1 vol 29

Link: AB in 54 class 2 vol 9
20 length (k) 5.5 55 class 3 vol 0

21 V/C 1.11/.37
22 free-flow Link:

speed (km/h) 80/100 56 length
23 class 1 vol 331 57 v/C

24 class 2 vol ~ 331 58 free-flow spd
25 class 3 vol 0 59 class 1 vol

60 class 2 vol
Link: C in 61 class 3 vol

26 length 1.5
27 V/C .56 Link:

28 free-flow spd 60 62 length

29 class 1 vol 302 63 v/C

30 class 2 vol 322 64 free-flow spd ....
31 class 3 vol 0 65 class 1 vol

66 class 2 vol

Link: D in 67 class 3 vol

32 length 2.4

33 v/C .M Link:

34 free-flow spd 60 68 length
35 class 1 vol 21 69 V/C
36 class 2 vol T82 70 free-flow spd

37 class 3 vol ___ 71 class 1 vol
72 class 2 vol

Link: E out 73 class 3 vol

38 length 1.4
39 V/C 1.02
40 free-flow spd 60

class 1 vol 169
42 class 2 vol 76
43 class 3 vol 0
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Table 18: ORIGIN ZONE:8 Input Data

MODE: BUS

Values of rime ($/hr) Link: G+
9 Class 1 (A) 44 length 2.2

10 Class 2 45 V/C .29
11 Class 3 46 free-flow spd 42

47 class 1 vol 34
Mode: 48 class 2 vol 69

5 0.C. parameter 4.3 (B) 49 class 3 vol 63
6 occupancy __

7 expansion Link: J-
factor 92 50 length 0.9

51 V/c .10
0 Number of Links: 6 (C) 52 free-flow spd 42

53 class 1 vol 21
Link: AB+ 54 class 2 vol 20

20 -length (km) 5.5 55 class 3 vol 36
21 V/C 1.11/.37
22 free-flow Link:

speed (km/h) 64/80 56 length
23 class 1 vol IW4_ 57 V/C
24 class 2 vol 650 58 free-flow spd
25 class 3 vol - 429 59 class 1 vol

60 class 2 vol
Link: C+ 61 class 3 vol

26 length 1.5
27 V/C .56 Link:
28 free-flow spd 40 62 length
29 class 1 vol 111 63 V/C
30 class 2 vol 631 64 free-flow spd
31 class 3 vol 393 65 class 1 vol

66 class 2 vol
Link: D+ 67 class 3 vol

32 length 2.4
33 V/C .50 Link:
34 free-flow spd 42 68 length
35 class 1 vol 68 69 V/C
36 class 2 vol 552 70 free-flow spd _

37 class 3 vol 321 71 class 1 vol
72 class 2 vol

Link: F- 73 class 3 vol
38 length 1.4
39 V/C 1.02
40 free-flow spd 42
41 class 1 vol 51
42 class 2 vol 118
43 class 3 vol 98
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Table 19: BENEFITS TO RESIDENTS OF ORIGIN ZONE 8 Output Costs

AU-0 BUS $/Month

NO BUILD

Incame class 1

Inccne class 2

Incane class 3

TC

Total . .4

BUILD
Incane class 1

Incare class 2

Inccme.class 2I

Incae class 3 .2 7
OC
C

Total - 0
OC

DIFFERNC
Incate class 1

cc

'IC

Incane class 2

'IC

Incane class 3

TC

Total
0C
'IC
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Table 20: BENEFITS TO RESIDENTS OF ORIGIN ZONE 9 OUTPUT COSTS

AUT'O BUS $/Month

NO BUILD
Income class 1

Oc
TC

Income class 2
OC
TC

Income class 3
Oc
TC

Total
OC
TC

BUILD
Income class 1

OC
TC

Income class 2
OC
TC

Income class 3.
OC
TC

Total
OC
TC

DIFFERENCE
Income class 1

Oc
TC

Income class 2
OC
TC

Income class 3
OC
TC

Total
OC
TC
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Table 21: BENEFITS 'Io RESIDENTS OF ORIGIN ZONE 9

AUTO BUS

NO BUILD

Incm-e class 1 X

Incane class 2

'IC

Incane class 3 No-Build

TC Build

Total

BUED
Inccme class 1

-Incame class 2 t

Incane class 3
-q Build

"C W/loop

Total
OC
'TC

Differen -

DIF'FERENE -
Incane class 1

TC -Difference
w/loop

Incane class 2 -

TC

Inccme crass 3"

Total
0C

OK
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Input Data

Table 22: ORIGIN ZONE: 1
MODE: Truck

Modal Parameters Link: F-

Labor cost ($/hr) (B) Length 1.0

O,.C parameter V/C .29
expansion factor Free-flow speed 60

Volume 109 6

Number of Links: 6 (C)

Link: AB- Link: J
Length (km) 5.5 Length 0.9
V/C .58/.19 V/C .1
Free-flow speed (km/h) 80/100 Free-flow speed 60

Volume 98 Volume 10

Link: C- Link:
Length 1.5 Length
V/C .33 V/C
Free-flow speed .60 Free-flow speed
Volume 108 Volume

Link: D- Link:
Length 2.4 Length
V/C .2/ V/C
Free-flow speed 60 Free-flow speed

Volume 114 Volume

Link: E- Link:
Length 1.4 Length
V/C e.e2 V/C
Free-flow speed 60 Free-flow speed
Volume 141 Volume
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YEAR: 1979

Input Data

Table 23: ORIGIN ZONE: 2

MODE: Truck

Modal Parameters Link: F-
Labor cost ($/hr) 1 (B) Length 1.0
O.C parameter 5.2 V/C .2F
expansion factor 115 Free-flow speed bu

Volume 66
Number of Links: 6 (C)

Link: AB Link: J-

Length (km) 5.5 Length 0.9
V/C 58/.19 V/C .10
Free-flow speed (km/h) 80/100 Free-flow speed 65
Volume 74 Volume 5

Link: C- Link:
Length 1.5 Length
V/C .33 V/C
Free-flow speed 60 Free-flow speed
Volume 79 Volume

Link: D- Link:
Length 2.4 Length
V/C .27 V/C
Free-flow speed 60 Free-flow speed
Volume 84 Volume

Link: E+ Link:
Length 1.4 Length
V/C .4 V/C
Free-flow speed 60 Free-flow speed
Volume 9 Volume
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YEAR:;1979

Input Data

Table 24: ORIGIN ZONE: 3
MODE: Truck

Modal Parameters Link: G-
Labor cost ($/hr) (B) Length 2.2

O.C parameter V/C .10

expansion factor Free-flow speed 60
Volume 57

Number of Links: (C)

Link: AB- Link: J-

Length (km) 5.5 Length 0.9

V/C .58/.19 V/C .1
Free-flow speed (km/h) 80/100 Free-flow speed 60
Volume 46 Volume 10

Link: C- Link:
Length 1.5 Length
V/C .33 V/C -
Free-flow speed 60 Free-flow speed
Volume 56 Volume

Link: E- Link:
Length 1.4 Length
V/C 1.02 V/C
Free-flow speed 60 Free-flow speed

Volume 69 Volume

Link: F+ Link:
Length 1M0 Length
V/C .16 V/C

Free-flow speed 60 Free-flow speed
Volume 171 Volume
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Table 25: ORIGIN ZONE: 4 Input Data
MODE: Truck

Modal Parameters Link: G+
Labor cost ($/hr) (B) Length 2.2

OC parameter V/C .29

expansion factor Free-flow speed 60
Volume 3

Number of Links: 5 '(C)

Link: C- Link:

Length (km) 1.5 Length
V/C T- V/C

Free-flow speed (km/h) 60 Free-flow speed

Volume 6 Volume

Link: D+ Link:
Length 2.4 Length

V/C .5 V/C _

Free-flow speed 60 Free-flow speed
Volume 3 Volume

Link: E- Link:

Length 6.4 Length

V/C 1.02 V/C
Free-flow speed __6_0 Free-flow speed

Volume 1 Volume

Link: Link:

Length Length
V/C V/C

Free-flow speed Free-flow speed

Volume Volume



-71- YEAR; 197

Input Data
Table 26: ORIGIN ZONE: 5

MODE:

Modal Parameters Link: G+
Labor cost ($/hr) (B) Length 2.2
O.C parameter V/C .29

expansion factor Free-flow speed 60
Volume 4

Number of Links: 6 (C)

Link: AB- Link: J+
Length (km) 5.5 Length .9
V/C .58/..19 V/C .05
Free-flow speed (km/h) 80/100 Free-flow speed 6U

Volume 5 Volume 33

Link: C+ Link:
Length 1.5 Length
V/C .56 V/C -
Free-flow speed 60 Free-flow speed
Volume 28 Volume

Link: D+ Link:
Length 2.4 Length
V/C .5 V/C
Free-flow speed 60 Free-flow speed
Volume 24 Volume

Link: E- Link:
Length 1.4 Length
V/C 1.02 V/C
Free-flow speed 60 Free-flow speed
Volume 7 Volume
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Input Data
Table 27: ORIGIN ZONE: 8

MODE: Truck

Modal Parameters Link: G+
Labor cost ($/hr) (B) Length 2.2

O.C parameter _V/C -2
expansion factor Free-flow speed 5U

Volume 9

Number of Links: 6 (C)

Link: AB+ Link:

Length (km) 5.5 Length .9
V/C 1-1/-37- V/C .1
Free-flow speed (km/h) 80/100 Free-flow speed 60

Volume 63_Volume 7

Link: C+ Link:

Length 1.5 Length

V/C .56 V/C '
Free-flow speed 60 Free-flow speed

Volume 56 Volume

Link: D+ Link:

Length 2.4 Length
V/C .5 V/C
Free-flow speed 60 Free-flow speed

Volume 4 Volume

Link: E- Link:
Length 1.4 Length
V/C .1.02 V/C

Free-flow speed 60 Free-flow speed

Volume 23 Volume
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Output Costs

TRUCK COSTS FROM EACH ORIGIN ZONE

ZONE: 1 2 3

No-Build
OC * 53,796 8,991 30,263
labor 4,113 3,128 2,176

Build
OC * 54,566 9,573 30,624
labor 3,365 2,563 1,825

Difference
OC * -770 -582 -362
labor 748 565 351
total OC -22 -17 -10

ZONE: 4 5 8

No-Build
OC * 2,330 7,368 30,225
labor 155 539 21,541

Build
OC * 2,377 7,407 25,987
labor 109 501 19,909

Difference
OC.* -47 -39 4,239
labor 46 38 1,632
total OC -1 -1 5,870

* Operating cost minus $1/hr labor cost.
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Projected 1984 travel benefits by mode, income class, zone of

origin for conditions assumed to prevail with no highway component as compared

to those with the proposed highway component. Summary:
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Year 1984

Table 29: SUMMARY GENERALIZED TRAVEL COST

ZONE: High Income Middle Income Low Income Employment Total
HH HH HH

1. Car
bus
truck
walk

2. Car
bus
truck
walk

3. Car
bus
truck
walk

4. Car
bus
truck
walk

5. Car
bus
truck
walk

6. Car
bus
truck
walk

7. Car
bus
truck
walk

8. Car
bus
truck
walk

9. Car
bus
truck
walk

Total: Car
bus
truck
walk

Total:
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Year 1984

Table 30: TRIP ORIGINS - MORNING PEAK HOUR

ZONE HIGH INCOME MIDDLE INCOME LOW INCOME EMPLOYMENT TOTAL
HR H HH

1. Car 1.500 1,600 250 3,350
Bus 500 2,400 750 3,650
Truck 760 760

Walk 500 1,200 375 2,075

2. Car 500

Bus
Truck
Walk

3. Car
Bus 350350
Truck
Walk

4. Car 560 40 80 680

Bus 160 80 100 340

Truck 30 30

Walk 180 20 200

5. Car 160 160

Bus
Truck
Walk

6. Car 600 200 800

Bus 1,200 1,000 15 2,200

Truck 300 200 500

Walk

7. Car 160 160

Bus
Truck
Walk

8. Car 700 500 100 1,300

Bus 200 1,000 750 1,950

Truck 150 150

Walk 100 250 150 500

9. Car 4,112 424 380 4,916

Bus 1,303 180 2,815 4,298

TrucK
Walk 175 120 675 970

TOTAL Car 6,872 3,164 1,010 11,046

2,163 4,860 5,415 12,438
",1 9, 2,25 2,125

Bus 955 1,890 1,400 2,245
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Table 31: TRIP DESTINATIONS - MORNING PEAK HOUR

ZOI 1iGH 1NCOUE HIDDLE INCOIE LOW IUCOME EMILOYHET TOTAL
HH HR HH

1. Car 2280 1140 500 3920

Bus 760 1710 1710 4180
Truck 460 460
Walk 380 570 570 1520

2. Car 1200 600 200 2000
Bus 400 900 900 2200
Truck 500 500
Walk 200 420 310 930

3. Car 1 840 340 140 1320

Bus 1 280 630 63Q 1540

Truck 350 350

Walk 200 420 310 93Q

4. Car 195 82 20 297

Bus 55 120 150 325
Truck 30 30

Walk 30 50 50 130

5. Car 780 330 8Q 1191
Bus 220 480 600 13Q0
Truck 160 160
Walk 40 80 80 200

6. Car 94 . 42 10 146
Bus 28 60 75 163
Truck 15 15
Walk 15 10 10 35

7. Car 780 330 80 1190
Bus 220 480 600 1300
Truck 160 160
Walk 40 80 80 200

8. Car 700 300 100 1100
Buc; 200 480 750 1430
Truck 150 150
Walk 50 80 100 230

9. Car
B us
Truck
Walk

TOTAL Car 6872 3164 1010 11046
Bus 2163 4860 5415 12438
T-rutck 2125 2125
Vailk 955 1890 1400 4245

TOTAL 9990 9914 7825 2125 29854
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Table 32: O-D DISTRI UTION OF TRUCK TRIPS Year 1985

ORIGIN ZONES 1 2 3 4. 5 6 7 8 9 TOTAL

1. H 584 318 200 24 118 19 183 54 0 1500
m 673 336 200 19 148 16 92 116 0 1600

L 121 40 37 2 - 8 21 8 -32 0 250

TOTAL 1378 694 437 45 274 37 283 202 0 3350

2. H
m
L

TOTAL

3. H
m
L

TOTAL

4. H 155 89 80 36 1.02 18 44 36 0 560
m 9 7 4 4 4 1 4 7 0 40
L 27 19 2 7 7 1 10 7 0 80

TOTAL 191 115 86 47 113 20 5 50 0 680

5. H
H
L

TOTAL

6. H
m 170 103 66 28 94 9 93 38 0 600

L 65 41 35 4 27 1 18 9 0 200

TOTAL

7. R
m
L

TOTAL

8. H 175 94 57 15 67 15 100 167 0 700

m 132 76 23 18 42 8 56 101 0 456

L 26 22 8 3 8 2 14 17 0 100

TOTAL 333 192 98 36 117 25 170 285 0 1,256

9. H 1356 699 493 120 493 45 453 453 4,112
H 156 81 47 13 42 5 42 38 0 424
L 141 78 53 9 30 4 30 35 0 380

TOTAL 1653 858 593 142 565 54 525 526 0 4,916

TOTAL H 2280 1200 840 195 780 67 780 700 0 6842
m 1140 600 340 . 82 330 42 330 300 0 3164
L 380 200 140 20 80 10 80 100 0 1010

3800 2000 1320 297 1190 119 1190 1100 0 11,016
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Table 33: O-D DISTRIBUTION OF CAR TRIPS Year 1984

Oid T>iS 1 2 3 4 5 6 7 8 9 TOTAL

1. 193 110 67 6 49 4 54 17 0 500
P 981 467 477 57 187 16 88 127 0 2400

L 354 134 114 20 47 7 4 .40 0 750

TOTAL 528 711 658 83 283 27 176 184 0 3650

2. H
m
L

TOTAL

3. H
M
L

TOTAL

4 . H_5 94.11 59 27 25 8 17 8 8- 8 0 160
24 16 8 4 8 4 8 8 0 80

L 31 15 15 8 8 7 8 8 0 100

TOTAL 114 58 48 20 33 19 24 -4 340

5. H
M

-L

TOTAL

6. H
m 390 230 133 37 177 28 112 93 0 1200
L 282 1 159 96 21 168 23 138 103 0 990

TOTAL 672 389 229 58 345 51. 250 196 0 2190

7. 1

L

TOTAL

8. H 56 28 19 2 24 3 23 45 0 200M 252 153 99 18 90 10 44 234 0 1000L 160 114 67 17 67 10110 205 0 750

TAL 468 295 185 137 181 23 17 8TOTAL 468772454 1950

9. 1457 235 169 39 130 13 130 130 0 1303
63 34 23 14 18 2 18 18 0 180

L 873 478 338 84 310 28 310 394 0 2815

TTL3 747 530 127 458 43 458 52 0 j4298

TOTAL u 760 400 380 55 220 28 20 2263
110 150 630 120 480 30 480 480 0 2480L 110 700 630 150 100 75 750 75010 3265
136 36 6 25~ 3 ~ 26

0 16 8 133 45
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Table 34: 0-D DISTRIBUTION OF TRUCK TR PS Y

O1I(i' TU2NS 1 2 3 4 U 5 1 6 7 8 9 TOTAL

1. 11

L
LM___4- 354 721

TOTAL 34 154 140 12 43 0 28 29~ 0 760

2. H
m
L

TOTAL 1167 177 71_ 6 26 0 33 20 0 500

3. H
"I
L

TOTAL 115 68 73 6 26 6 36 20 0 350

4. H

L

TOTAL 10 10 10 0 0 0 0 0 0 30-

5. H
H
L

TOTAL 31 28 23 0 38 9 14 17 0 160

6. H

TOTAL 8j 7 - -- 0 01 01111_0 i

7.11

m
L

TOTAL 36 30 14 6 16 0 30 2810 160

8. H

m
L

9. H

L

TOTALm T 6 2

500,76 5O3 50 30 j160 115.160 1150 12125



Link

Origin Zone A B C D E G H I J K TOTAL

H 79- 168-
M 80 223
L

H 35 113
R 5 11
L

H 0 10
m 6- 18-
L 3 7

H 538+ 397+
m 387+ 318
L

H 3687+ 3210+
M 21 19
L 470 470

H
6 m

L _ __0_ f
H

7 C) H

L 00

In H 4225+ 3607+
m 408 337+
L 470 470+

Eotal 5103+ 4414

H 114- 381-
OUT m 91- 252-

L 3- 7-

kotal 20O8- 640- _______________________________________



Link
Origin Zone A B C D E G H I J K TOTAL

H 22 72
1m 132 387

1 L 0 0

H 9 18
2 H 10 20

L 0 0

H -o 0
3 H 8- 32-

L 12 18

H 237+ 210+
4 H 1020 960

L 940 820 _ _ I

H 2085 1885
5 m 125 110

L 1470 1390

H
6 M

L

H
7 m

L 4

In H 2322+ 2095+
m 1145 1070

TOTAL L 2410 2210
4375 4375 

-

In H 31- 90-
m 150 439-
L 12 18-

TOTAL 193 647



Link
Origin Zone A B C D E F G H I J K TOTAL

H
m 29- 57-

1 L

H
2 m 20- 53-

L

H
3 m 20- 56-

L

H
4 m 0 0

L

H
5 i 17- 3

L

H
6 H 15- 30-

L -

H
7 m 28- 102+

L -

H -
8 103+ 84+

L
9 228+ 190+ -

H
m 129 227

TOTAL L 331+ 376+
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TABLE 38

YEAR 1984

'LINK ASSIGNYENTS BY MODE CAR DCUS_-

ORIGIN/ZONE 1 2 3 4 5 6 7 8 9 Total Total

LINK iP .ssenge sPCU

1.3,350 .113 f3,350
f--2 394 144 162 858 1,973

1-3 437 437

1-4 842 842

- 2-1
2-2

*(2-5)
3-1
3-3
3-4
4-1 306 379 495 2,571 3,6_91
4-3 86 101 98 593 878
4-4 680 680
4-5 274 113 387-

4-6 37 20 57

4-7 283 58 341

4-8 203 50 253

*(5-2)
5-4

-5-5
5-6
5-7
5-8
6-4 572 572

6-5 121 121

6-6 800 800

6-7 110 110

6-8 47 __

7-4
7-5
7-6
7-7
7-8
8-4 629 ,4 3,875

8-5 117 565 682 1
8-6 25 54 79

8-7 170 525 695

8-8 1,300 1,300
8-9
9-8 - 5,916 5,916 _

9-9 5,916 5,916
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TABLE 39

YEAR 1984

'LINK ASSIGNMENTS BY MODE BUS DCUS_-

ORIGIN/ZONE 1 2 3 4 5 6 7 8 9 Total

LINK Passengeru Total PCU

.1- 1 3,650 - . 3,650
1-2 iT 58 389 295 747 -2,200

1-3 658 658
1-4 763 763
2-1

. 2-2
*(2-5)

3-1
3-3
3-4
4-1 172 1,061 763 2,140 4,136

4-3 48 229 185 5201 982

4-4 340 1 340

4-5 2323 1 316 .
4-6 27 19 46

4-7 -- = ....4.. 200
4-8 184 24 208

*(5-2)
5-4

-5-5
5-6
5-7
5-8
6-4 1,348 1,3481
6-5 345 345

6-6 2,200 2,200
6-7 25025
6-8 196 196

7-4
7-5
7-6
7-7
7-8
8-4 985, 1,587 2,572
8-5 181 458 639

8-6 23 43 66

8-7 274 458 732

8-8 1,950 1,950

8-9
9-8 4,2984,9

9-9 E Hi4,298 14 ,29-8
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TABLE 40

YEAR 1984

LINK ASSIGNMENTS BY MODE TRUCK DCUS_

ORIGIN/ZONE 1 2 3 4 5 6 7 8 9 Total Total

LINK pass e rs PCU
760 760

1-2 154 - 6b8 10, 28 7 30 26 323
1-3 140 71 _21f1

1-4 112 85 197
2-1 333 333
2-2 500 ___

*(2-5)
3-1 183
3-3 35 AU

3-4 161 6
4-1 2_0 _ 6 1 63 225
4-3 10 23 14 2366
4-4 30 3

4-5 43 26 6 75

4-6 26 2-6
4-7 28 33 36 97

4-8 29 20 20 69
*(5-2)

5-4 72 72
5-5 160 160
5-6 - 9
5-7 14 141
5-8 17 171
6-4 15 15 1
6-5
6-6 15 15
6-7
6-8
7-4 86 86
7-5 16 16 _

7-6 _ __
7-7 160 160 _

7-8 28 281
8-4 84 84
8-5 11 11
8-6
8-7 19_19
8-8 1_150 _

8-9
9-8
9-9
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REGISTER CONTENTS: UTB-2.1(A)

YEAR; 1984
FOR CAR & BUS

ORIGIN ZONE: 1

MODE: Bus

Values of Time ($/hr) Link:
9 Class 1 2.18 (A) 44 length
10 Class 2 .56 45 V/C
11 Class 3 .18 46 free-flow spd

47 class 1 vol
Mode: 48 class 2 vol

5 O.C. parameter 4.3 (B) 49 class 3 vol
6 occupancy 45
7 expansion Link:

factor 92 50 length
51 V/C

0 Number of Links: 10 (C) 52 free-flow spd
53 class 1 vol

Link: A outbound 54 class 2 vol
20 length (km) 2.1 55 class 3 vol
21 V/C 1135/1600=0.17/0.24
22 free-flow Link:

speed (km/h) 64/80 56 length
23 class 1 vol 22 57 V/c
24 class 2 vol T2 58 free-flow spd
25 class 3 vol 59 class 1 vol

60 class 2 vol
Link: B outbound 61 class 3 vol

26 length
27 V/C Link:
28 free-flow spd _6a/&) 62 length
29 class 1 vol 7? 63 v/C
30 class 2 vol 387 64 free-flow spd
31 class 3 vol 0 65 class 1 vol

66 class 2 vol
Link: 67 class 3 vol

32 length
33 V/C Link:
34 free-flow spd 68 length
35 class 1 vol 69 V/C
36 class 2 vol 70 free-flow spd_

37 class 3 vol 71 class 1 vol
72 class 2 vol

Link: 73 class 3 vol

38 length
39 V/C
40 free-flow spd
41 class 1 vol
42 class 2 vol
43 class 3 vol
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TRIP-ORIGINS - MORNING PEAK HOUR

zo0 11IGH1 14COUE MiDDLE iNCu LOW LUCQ>E EMPLOYzJEN'T TOTAL
HH HH HH

1. Car 2250 2100 350 4725
Bus 1000 3600 1500 6100
Truck 920 920
Walk 250 800 375 1425

2. Car
Bus

Truck 500 500
Walk

3. Car
Bus
Truck 400 400

Walk

4. Car 840 60 900
Bus 280 120 400
Truck 150 150
Walk 120 20 140

5. Car
Bus
Truck 240 240
Walk

6. Car 750 300 1050
Bus* 1800 1600 3400
Truck 30 30
Walk 225 300 525

7. Car
Bus
Truck 400 400

Walk

8. Car 735 650 300 1685
Bus 375 1400 900 2675
Truck 180 180
Walk 75 260 100 435

9. Car 5175 350 410 5935
Bus 2325 225 2420 4970
Truck
Walk 135 145 550 830

TOTAL Car 9000 3915 1385 14300
Bus 3980 7145 6420 2820 17545
Truck 2820 2820
Wa1L 580 1450 1325 3355

TOTAL 13560 12510 9130 2820 38020
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TRIP DESTINATIONS - MORNING PEAK HOUR

IGliG INCOM4 MIDDLE INCOME LOW CCOIE E LCYMEPT TOTAL
HH HH HH

1. Car 2990 1035 460 4485
Bus 1380 2070 2070 5520
Truck 920 920
Walk 230 500 460 1190

2. Car 1300 600 200 2100
Bus 600 1000 900 2500
Tru.ck 500 500
Walk 100 250 200 550

3. Car 1040 360 160 1560

Bus 480 900 630 2010
Truck 400 400
Walk 80 200 160 440

4. Car 725 400 100 1225
Bus 250 575 475 1300
Truck 150 150
Walk 50 100 75 225

5. Car 870 500 120 1490Q.
Bus 300 600 540 1440
Truck 240 240
Walk 60 90 90 240

6. Car 115 80 15 210
Bus 50 150 115 315
Truck 30 30
Wall, 40 20 65

7. Car 1150 700 150 2000
Bus 500 1250 1150 2900
Truck 400 400
Walk 25 150 200 375

8. Car 810 240 180 1230
Bus 420 600 540 1560

Truck 180 180

Walk 30 120 120 270

9. Car
Bus
Truck
Walk

TOTAL C 9000 3915 1385 14300
Truck 3980 7145 1420 17545
Walk 2820 2820

1580 4 225 -3355

TOTAL 13560 12510 9180 2820 38020



- - Year 1*P
O-D DISTRIBUTION OF CAR TRIPS

ORIGIN ZONE 1 2 3 4. 5 6 7 8 9 TOTAL

1. H 873 343 280 136 201 20 281 116 0 2250
m 688 366 236 193 175 31 355 56 0 2100
L 168 73 48 24 21 4 18 *19 0 375

TOTAL .729 782 564 353 397 55 654 191 0 4725

2. H
m
L

TOTAL

3. H
m
L

TOTAL

4. H 248 146 131 129 86 9 69 23 0 840
m 11 7 7 7 7 7 7 7 0 60

L 0 0 0 0 0 0 0 0 0 0

TOTAL 259 153 138 136 93 16 76 30 0 900

5. H
H
L

TOTAL

6. H
m 140 96 42 105 159' 26 113 69 0 750

L 82 38 39 28 38 2 44 27 0 300

TOTAL 222 134 81 133 197 28- 157 96 0 1050

7. K
H
L

TOTAL

8. H 163 86 48 46 68 34 128 165 0 735

m 95 78 43 61 113 9 164 87 0 650

L 74 32 24 19 24 3 43 81 0 300

TOTAL 332 196 115 126 205 46 335 333 0 1685

9. H 707 125 621 444 508 52 672 466 0 5175
m 91 53 32 39 46 77 61 21 0 350
L 136 57 49 29 37 4 45 53 0 5135

TOTAL 1934 835 702 482 601 63 778 540 5935

TOTAL H 2990 1300 1040 725 870 115 1150 810 0 9000

M 1035 600 360 400 500 80 700 240 3915

L 460 300 160 100 120 75 150 180 0 1545

4485 2200 1560 1225 1490 270 2000 1230 0 4,460-
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O-D DISTRIBUTION OF BUS TRIPS Year 1989

ORIGIN ZONE 1 2 3 4. 5 6 7 8 9 TOTAL

1. H 401 169 135 60 63 11 94 67 0 1,000
M 1342 570 509 247 217 59 541 115 0 3,603

L 633 230 190 81 95 20 180 66 0 1,500

TOTAL 376 969 834 393 375 90 815 248 0 6,100

2. H
m
L

TOTAL

3. H
m
L

TOTAL

4. H 93 42 34 34 27 8 25 17 0 280

m 32 16 16 16 8 8 16 8 0 120

L 0 0 0 0 0 0 0 0 0 0

TOTAL 125 58 50 50 35 16 41 25 4 0

5. H

L

TOTAL

6.1H 0 0 0 0 0 0 0 0 0 0
m 372 229 210 201 210 73 292 239 0 1800

L 443 238 136 158 197 30 279 93 0 1600

TOTAL 815 467 346 359 407 103 571 332 3400

7. H
H
L

TOTAL

8. H 96 40 32 16 24 8 79 80 0 375

'm 264 153 136 93 147 25 340 246 -0 1400

L 220 93 62 51 .65 17 231 F61 0 900

TOTAL 580 286 230 160 236 50 650 487 0 2675

9. H - 790 349 279 140 186 23 302 256 0 2325

m 64 32 29 18 18 5 41 18 0 225

L 774 339 242 169 194 48 460 194 0 2420

TOTAL 1528 720 550 32 .398 76 803 468 -0 4970

TOTAL H
H
L

- .M -
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O-D DISTRIBUTION OF TRUCK TRIPS Year 1989

ORIGIN ZONE 1 2 3 4. 5 6 7 8 9 TOTAL

1. H
m
L

TOTAL 381 149 120 40 86 6 75 63 0 920

2. H
m
L

TOTAL 133 14 74 35 20 7 74 14 0 500

3. H
m
L

TOTAL 149 60 97 14 21 0 44 15 0 400

4. H
m
L

TOTAL 46 24 24 16 16 0 16 8 0 150

5. H

L

TOTAL 71 35 27 18 48 0 27 14 0 240

6. H
m
L

TOTAL 10 10 5 0 0 0 5 0 0 30

7. R

L

TOTAL 92 51 34 17 30 17 121 38 0 400

8. H
m
L -

TOTAL 38 .23 19 10 19 0 38 28 0 180

9. H

L

TOTAL 20 100 60 5 8 2 10 20 0 325

TOTAL H
H
L

920 500 400 150 240 30 400 180 0 3,145
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LINK ASSIGNMENTS BY MODE CAR

T GIN Tofal Total
ZOiiE 1 2 3 4 5 6 7 8 9 Passongers FCU

LINK 1-1 4725 - 4775
1-2 782 153 134 196 835 2100
1-3 _64 564 _

1-4 1650 1650
2-1

A2-2

(2-5)
3-1
3-3
3-4
4-1 312 356 528 2769 3965
4-3 138 81 115 702 1036
4-4 900 900
4-5 397 93 490
4-6 55 16 71
4-7 654 76 730
4-8 191 30 221

5-4
5-5
-5-6
5-7
5-8
6--4 570 570

6-5 197 197

6-6 050 1050

6-7 151 151

6-S 96 96

7-4
7-5
7-6\
7-7
7-8
8-4 769 3973 44
8-5 601_ 806
8-6 46 63 109

8-7 335 778 1113

8-8 1685 1685

8-9 
115]- -39-8 5135 53

9-9 53 53
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Year 1989

LINK ASSIGNMENTS BY MODE

OiGITotal Toal
1 2 3 4 5 6 7 8 9 Passerigcrs FCU

LRIK 1-1 6100 6100
1-2 969 58 467 286 1780
1-3 834 834
1-4 1927 1927 '_
2-1
2-2

3-1
3-3
3-4
4-1 183 1282 866 224d 4579
4-3 50 346_230 54Q 1166
4-4 400 4Q0
4-5 375 35 410
4-6 90 16 106
4-7 815 41 856
4-8 248 25 . 273

*(5-2
5-4
5-5

5-7-

5-8
6-4 f 1987 1987
6-5 _ 407 407
6-6 3400 3400
6-7 571 571
6-8 332 332
7-4
7-5___ ______________ _

7-6___
7-7 J_
7-8
8-4 1256 3115 4171
8-5 -_ H236 398 634
8-6 50 76 12,6
8-7 5 803 1453 
8-8 2675 2675
8-9
9-8 4970 4970

9-9 4970 4970
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Year 1989

LINK ASSIGNMENTS BY MODE: TRUCK

ORrGI Total Total

zol~ 1 2 3 4 5 6 7 8 9 Passengers FCU

LINK 1-1 920 __9j_ 920
1-2 149 60 24 35 10 51 329

1-3 120 .74, 194
1-4 270 150 420
2-1 357_37

. 2-2 00 500

2-5 
03-1 209 209

3-3 400 406
3-4 94 094
4-1 70 106 20 143 66 405

4-3 24 27 5 34 19 109

4-4 150 150
4-5 86 20 21 16 | 143

4-6 6 7 -11
4-7 75 74 44 16 __2409
4-8 63 14 15 8 1.
5-2
5-4 157 157
5-5 240 24Q
.5-6 0 0

5-7 27 27

5-8 14 14

6-4 25 25

6-5
6-6 30 30

6--7 5 5

6-8
7-4 194 , _194

7-5 30 30

7-6 17 17

7-7 400 400

7-8 38 - 38

8-4 95 95
8-5 19 19
8-6 38 38

8-7
8-8 180 180
8-9 _

9-89__* ______ ___ __________
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PROGRAMMING LAND DEMAND

Al) With No highway component

A2) With highway component

Bi) With weak public transport component
BlA) Context Al

BlB) Context A2

B2) With strong public transport component
B2A) Context Al
B2B) Context A2



898
1 83 83 6889 30 229.6 .75 7875 8300 79

4
4 8 2 8 4.7 1.702 .01 105 200 .02

8 60 20 1200 16.1 59.6 .24 2520 2000 .19

305.8 10500 10500
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1984 - 1989 Volume Increments 1989
Links A & B

LINK A T.TNK R

1984 1989 Increment 1979 1984 1989 1984-a9 1979-84
Increient Increment

High Auto In 4223 5279 211.2 809 3603 4479 174.8 559.2

Out 114 139 5 254 281 489 41.6 5.4

Bus In 2322 2364 8.4 262 2095 1983 22.4 366.6

Out 31 84 10.6 78 90 203 22.6 2.4

Med. Auto In 418 892 94.5 625 357 667 62 53.6

Out 91 132 8.2 86 252 607 71 33.2

Bus In 1245 1361 23.2 1083 1060 977 16.6 4.6 C

Out 142 462 64 132 439 1211 154.4 61.4

Low Auto In 470 576 21.2 0 470 488 3.6 94

Out 3 46 8.6 0 7 108 20.2 1.4

Bus In 2410 3965 311 1522 2210 3274 212.8 137.6

Out 6 159 30.6 114 18 618 120 19.2

Truck In 342 417 15 230 387 576 37.8 31.4

Out 342 417 15 230 387 576 37.8 31,4



Y e : 1984
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Car

_ink: E Out
class 1 2.18 (A) eng)Th 1.4
c'asz 2 .56 V/C - .15
clas 3 .18 free-flow sr. 60

class 1 vol 284
MOde: class 2 vo _

O.C7 P a aTT (B) class 3 vol 50
occuapancy
exp&nsion .ink: F Out

factor 107.4 len .1.0
V/C '.27

Nunjr of Li'k: (C) free-flow spd 60
class 1 vol 198

Link: A Out class 2 vol 7f
lenth (f) 7 . class 3 vol 50
V/C 74.
Lrtc- -f I ink: H Out_-

spood (km/) 80/100 l enth
class 1 vol V/C .Q5
class 2 vol . ree--floI sp
class 3 vol clas Ivo1 8

class 2 vol 16
Liil: B Out claps 3 vol 0

V/C .96 32i n: J Out -
free-flow srI 80/100
clas s I vol 168
class 2 vol 223 free-lo ' 60
clarss 3 vol 0 clasS 3 vol 17

class 2 vol 169
Link: C Out class 3 vol 0

V _.6 LiK K Out

fe-l e 60 lCn I", r
clPass 1 vol' 363 V/u .54
c!ass 2 vol 408 free--flow spa 60
class 1 vol 0 cla",s 1 vol 89

class 2 vol 73
LJin:' D Out cla Ss 3 vol

- n/C t

irae-flo1 spd 60
class 1 vol 402
cl as 2 .vol 453
class 3 vol 0
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or~n tonec:

.1IiiTIem. zz... ...ik: F Out
class 1 (A) 4:.
ciass 2 V/C 1.15
class 3 free-flow s r 60

-- class 1 vol 88
YiWe: class 2 vol 6

O.C. par .'c (B) class 3 vol 0
occuiapancy
expansion Lik: G In

factor lei-th 2.2
V/C .59

- of 9 (C) free-flow spcl 60
class 1 vol 79

n A Out class 2 vol 6
leng-h (km) 2.1 class 3 vol 0
V/C .73L.24
fr C.C-f a Link: H Out

speed (kmt/in) 80/100 leGth - .5
class 1 vol 35_/C
class 2 vol 5 . ree-flo. sp- 60
class 3 vol 0 claess I vol 26

-- class 2 vol 0
B Out class 3 vol 0

lCng f. 3.4
r/C' .96/.32 in%: J Out

re-lws'A80/100 lenth -9

class I vC e o
class 2 vol 11f re -f 60
cla2s 3 vol 0 class a Vol 61

- class 2 vol 6
C Out class 3 vol

Iength L
V/C .62 _ * K Out

60 Ig t .5
c>.ss 1 ol C4
class 2 o freE-flo spd 60
class 23 Vol class 1 vol 78

class 2 vol 6
.iD In - class 3 vol

l 2.4
. r/C 1.02
re-fic':/' sd 60

clas: 1 vol 246
cla;s 2 vol 17
Cl2s 3 vol 0
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A!7_Car

LInk: E Out

class 1 (A) 14
class 2 / L -1

class 3 free-flow sp_. 60
class 1 Vol 0

ode - class 2 vol 3

O.C. (B) class 3 vol 1
occUpLncy
expnan sion Link: G In

Thctor length
V/C .59

jlumber of Links: 9 (C) free-flow spd 60
class 1 vol 0

Linl. A Out _class 2 vol 6

length (Ci) class 3 vol _

V/C .73.74
frec-flof 1ink H In

speced (km/) 0 lerNh .5
class 1 vol 0 V/C -04
class 2 vol 6 .0free-flow sp 60
-class . Vol clas 1 vol 0

-cas3 o class 2 vo
Li k: B Out class 3 vol

lcnsth 3.4 -
V/C .96/.32 Link: J Out
free.--flo'; scd80/100 9iG71n I
class 1 vol 0 V/C I2
class 2 vol 18 free-sloW 6
class 3 vol 7 class I vol Q

class 2 vol 16
_ik:_C In class 3 vol 5

1civgth 1.5
V/C 1.23T ii K Out
fre-.lo' Bpa 60 le
cl-aS I vol - /C.
class 2 vol 20 free--low spci
class '3 vol class 1 vol 0

- . class 2 vol 12
ik:-D In ______ clasz 3 vol 4

lonsLVt. 24
-V/c 2

fref>7' s 60
class 1 vol 0
class 2 vol 12
class 3 vol 4



-Yer: 1984
- - 104-

Car

I inl : E Out
c as 1() )th 1.4

class 2 V/C 1.15
cla3G 3 free-flow p 60

class 1 vol 9~6~
10 C class 2 vol

0.0. pa (?) class 3 vol 0
0) C CU CY
ex p asio k G__ a

factor eG 2
~V/c .59 -

Nusnr ofLims. (C) 60ee-flov spU 60
class 1 vol 69

A In class 2 vol 40

leng h class a vol 0
V/C .5L9

r f rk H Out
spe ed (14.m/)..Q n

class 1 v 536 CL
class 2 vol 387 free- ' s> 6Q
-class 3 vol 0 cla vol 9

T clac 3 vol 0

V/C Li_. 'I. J Out
frce-flow z > 395

class 1 vol 318 V/C
class 2 V.1 o fre(-:l"- q
class 3 vol class I vo 01

class 2 vol
Lill: C In ClQN 3 V0 0

- C 1.5 1inl: K Out
=T- IT/5

class 1 vol' ~3T' V/c
class 2 vol 264 free-flo v 6D0
class ' vol ___ class I vol

clazs 2 vol 9
Li.: D In _ clazS 3 vol a

Cen r, 2.4
V/C 1.02
fre e-f sp 60
class 1 vol 235
class 3 vol 215
class 3 vol __ 0
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JA. OE Bus

-a ' Pir\ -Iink: E Out
ier~t$ -1.4class 1 (A) - 14

class 2 V/0I.15
class 3 reC-flow spa 47

class 1 vol 1f9
ode: class 2 vol ~4Z3

O.C. par.m 4 (B) class 3 vol 174
occu pancy 45
exPansi n Lirik: F Out -

iactor 92 eng.1.0
V/C .29

rer of Links: 9 (C) free-flow sp' 42
class 1 vol

A Out class 2 vol 2
i ngT (cm) 2.1 class 3 vol 133
V/C .73/.24
free- f1 o- Iink: H Out

speed (ki/h lenGth- .5
class 1 vol ./05
class 2 vo- ree- o. sp 02
class 3 vol class I vol 0

- clrss 2 vol 36
Lrn2: B Out class 3 vol 0

/32 ink: J Out
fr Ivio /c d 64/80 _a__th

c'L -a s 1 vol 72 v/C 52
class 2 vol 387 4ree-2lcW 4
class 3 vol 0 clas' 44

class 2 vol 3
Ciri: C Out class 3 vol
langth1.5

/Lini: K Out

-- 42. .5
class 1 vo V/ .54
class 2 vol 738 free-flc,/ scd 42.
clasS 3 vol 0 class vc 5

- class 2 vol 255
1in1: D Out class 3 vol 0

1n; t2.4
v/C .49

ac-fle/ spa 42
class 3 vol 125-
class 2.vol 819
class 3 vol 0



Y 1984
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Bus

ZJ iL iJ jjj ________

class 1 (A)
class 2 V/C 1.15
class 3 froe-flow sp 42

class 1 vol 27
o_ _class 2 vol 10

C. Cl() class 3 vol 0
ocuano'_y__

expansion i T: G In
factor Ienc;ti: 2.2

VC .59
Ilrnuber Of Ti-nIs: 9 (C) free--l ow sp6 4T

class 1 vol 27
linK: .A Out class 2 vol

length () class 3 vol 0

Ir e- flo: link: H Out.
speed (ki/h) 64/80 lc cth

class 1 vol 9 /C
c-ass 2 vol 10 . frse-ficW 4
class 3 vol 0 clas: I vol 9

class 2 vol 0
Mrns: B Out c0hss 3 vol
len;t:1 _34
V/C .96/.32 j Out
free-flow sJ-/80 04 .9
clad's I vol 18 .5
claso 2 vol 20 rce-:Mo' epd 42
class 3 vol 0 clhss v 22

class 2 vol 10
Link: C Out clZss 3 vol 0
lengt 1 5

V/C n: K Out
frce-fl~o S 42 .5

clazsz 1 vol 49 V/C --
class 2 vol 30 free-floV sd a4
clazs 3 vol 0 clas5 I vol 9

cl -V 2 vol 0
iJ': D In class 3 vol 0

Sng 2.4
V/C 1.02
rce-ilo9 SFL' .- 42.-

claos 1 vol 75
class Z.vol 40

ca i vol 0



Yrerr: 1984
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2 Bus

lu ink: E Out
clans I (A)

c ss 2 V/C 1.15
class 5 -free-flo'N s. 42

class 1 vol 0
__:_ class 2 vol _

CC. pae t (B) class 3 vol 3
o ccupan cv

L, si.o : ISink: G In
ac tor e _.

/C .59
r of Tinis: 9 (C) f1ree-floV spd 4

class 1 vol 0
'A Out class 2 vol 16

lcngth (.) class 3 vol 6
V/C .73/.24

r e e - Mink- H In

speed (m/,) 64/80 lenth -.
class 1 vol 0 V/C .04
class 2 vol ~~~8 .2free-4 w s +2

s vo! 6 clsCss 1 vol 0
-- cla:Cs 2 vol 112

n.: B Out clasS 3 vol

v/ x .inl: J OutV/C ~~,j6L.32_________

ClasS j l V/C _ 2
class 2 vol 42
class 3 vol cVoass ol, 0

class 2 vol 26
_ik:_C In -class 3 vol 16

t 1.5
v /C K Out

Tr Q a- flo V,' 0a ?4k_42 .5-
class 1 vol _ T/ .V/4
class 2 vol 36 free-flo/ sp A2

class ' vol 20 class 1 vol -
clasas 2 vol 24

in.: D In clLw 3 vol 12
long th2.4

V/C 1.02
frae-fl spk 42

clas 1 vol 0_--
class 2 vol 36
class 3 vol __



Y 1984
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~af; Bus

.l* _ r;. fvIiik: E Out
class 1 (A) lnt>h
c :ass 2 -/C 15
class 3 froc-flo s a 42

class 1 vol 50
Yoe e class 2 vol 210

0 a. parJ 7 (1) .. class 3 vol 200
occupancy
expansion __nk:_G In

factor _len;t 2.2
V/C -. 54

u of in : 9 (C) free-.ilow spd 42
class 1 vol 30

A In Class 2 vol 140
eng r k) 2 class 3 vol D6

V/C 1.5/.96
reCe-floi H Out -

speeC' (:in/h)64/80 1en;th -
class 1 vol _23 c
cla.ss 2 vol 1120 free-flow sj 2
class 3 vol 940 class 1 vol 0

class 2 vol 20
rin.: B In class 3 vol 0

1~gi 3.4
V/C 1.5/.89 L nk: J Out -

free-flow c-d 64/80 ,ivt .9
clads 1 vol 2 V/C
class 2 vol 6 freG--flo t 7 - 43

class 3 vol 820 class 1 voF 30
class 2 vol 140

L nk: C In class 3 vol 100

1gt . )ink: K OutS/ C.
Ire -c -pl4 1 L6 n -5

cl.cs 1 vol .1- V/C
c1t .e 2 vol 800 free-flov, spd
clas 3 vol 720 claSs 1 vol 27

cla-3 2 vol
D In clazs 3 vol 120

r 1

:L^r ee -fo A 42 -
clasz 1 vcl 140
c.as s 2 vol 630
clcus 3 vol 6
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RTfGIN ZC)9: 1

Truck

. Pammari:. Link: E Out
/i : cost (Q/ir) 1 (B) length 1.4

0.C. paraner r 5.2 V/C . 1.15
expanzion factz*r 115 free-f loiw s pz. 60*

. VOlum 158
Crr of Liriks: 8 (C)

Link: A Out Link: F Out
. lenrII Tk) length 1.0

21 V/C 73/.24 V/C 29
22 free-f lcw spe 0 (m/h) 80/100 free-flcw spead .60

Volumae 135 volurra 140

Link: B Out Link: H Out
length 3.4 length 15

25 V/C .96/.32 V/C .05
6free-fic; pee 80/100 free-flca specd 60

volmc 1-35 volume . 0

Link: C Out Link: J Out
length -. _leng th
V/C .42-- V/C
f r c -rf 1 spc. a' 60- mfree-f 1c- spcd6
vc 2 178 VolUMe - 43

LiAnk D Out Link: K Out
-. 2.4 length .5

V/C 4 - V/C .54
free-fl3ca; s-a-e 60 free-flcw spc d 60
volure 190 volmum
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QRTIm w(Js: 2

19'JL Prr' rs Linruk:
La-or cQoLt7(S/hr) __ (B) -leng'ch____

O.C. piaraFmzter 37 V/C s. .56
ansin C-ctor fre-fwq smd.

31 velumie 375
t~n~x~ of T~-~'(C)

Link: Link:
length (km) _____ng~ith____

V/C .73/.24 v/:
free-focW Epcd (km/h) 85/100 fru-flcra sped

23 volum 72 43 volurm7

Linki: ____________ Link :
llngth eng
V/C .96.32 V/C
free-f la, speed 80/100 free-flow spe-d

27 voumc1 105 volum2

1eng th ____lengW 
____

V/C V/C
free-flhw s3eed free-f lcw spxcd

31 volu-, 131 47 volure .- 26

L~~h~~ _______ ____ Link: _ _ __ _ _ _ _ _ _

lengthlength
V/_ V/C

frea-flic spee, _d free-flaq speed
35 voluize 137 51 volurre 33
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QRTGIN ZX
di: Truck

Lor co; (7/br ) ._ _ (13) cUng di 1.0
0.C. paraLer V/C ,. .18
cxpansin facr _ free-flow spec4 60

volume183'
IrL: of Liks: 9 (C)

Link: A Out Link: G Out
leng th (kru 2.1 length 2.2
V/C .73/.24 V/C .25
free-fl, 1 eed (k-mln) 80/100 free-flcw spe ed. 60
voum~ 58 vol 132

Link: B Out Link: H Out
length 3.4 length .5
V/C .96/.32 V/C .05free-fl!M7 s Pad 80/100 free-flow speod. 60
volunma_ 94 Volum " 6

Link:C Out Link: J Out
leng th .length .9

/'.62 V/C
fr e-ficyw zeed 6 free-fl.- sixped. 60
vol-ana 126 volune . - 26_

E Out Link: K Out
1.4 length .5

V/C 1.15 V/C .54
free-floa s 60 free-flcw sp1eed 60
volu~e 68 volume 36



- 112 -
1984

QRTGI ZrUE:4

C U_/hr) (IC3) length.
O.C. parar-ter V/C ,.
expansic- fact r free-fow sp--.,

velume -
tu&>er of Lins: 3 (C)

Link: D In Link:
lernth (ka2) length

V/C V/C
free-flkw speed (60h) d freo-flow speed

vl volum

Lin: E Out. Liik
leng-t. 1.4 length_

. V/C -. u- V/C
free-flow speed 60 free-f1cw speed

vlome 10 vclume -__~__-

Link: G In Link:
lengtA 2.2 length
V/C 59 V/C
free-f low speed do free-flow spced
volure 10 volu .!o

Link: _Link:

length length-
V/c v/C .
free-flow speed free-flow spzed _

volume volume



113 Year: 1984

0RTGIN ZCNE: 5
Truck

Link: E Out
laor cos (S/hr) _ (D) ~lerig t 1.4
O.C. parargter V/C '. 1.15
expansion Eactor free-f low spec,. -60

avolurr 28
Nkir!xer of Likr s: 9 (C)

Link: A Out Link: G In
length (mi) 2.1 length 2.2
V/C .73/.24 V/C .59
free-flow creed (km/^h)80/10O_ free-flcw speed 60
voluzn 39 volume 23

Link: B Out Link: H Out
length 3.4 leng lh .5
V/C .96/.32 V/C .05
free-flJw spDeed 80/100 free-flow speed -60
volum 53 volume- 9

Link: C In Link: J In
length 1.5 leng th 9
V/C 1.25' V/C .23free-flow speed -60 free-flow speed 60vol.me 82 volumTe . 182

. D In Link: K Out
lenjth 2.4 length .5
V/C 1.02 V/C .54
free-f lcw s e- 60 free-flw speed 60
voum-e 59 volumTe 14
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Year: 1984

OFRTGIN ZrLE 6
Ik~:Truck

Changes from Zone 5

Lc c- s (/hr ) _ _(1) leng th _

O.C. parameter V/C _.
expansion factor free-flow sr-ee.

Nuvbcr of Liks: 7 (C) 7

Link: Link:
length (km) length
V/c V/c
fcee-flw speed (km/h)_free-fLlw s ed
volume 0 volume 0

Link: _._ ____Link: H In
lengt _length_

V/c V/c .04
free-flow speed free-flw speed ____

0 volune 15

Link___Link:
length _length

V/C V/C
free-flow speid free-f low spd ___

vo uxme 15 volunze

Link
lengtn ___ length ___

V/C V/C
free-flow spee_ free-flow speed
volu:te 15 volune
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Year: 1984

0F TCIN zCNE : 7

Changes from Zone 5

Mora Para:ny r Lisnk:-
La!cr cost (Q/Ihr) (B) lengt
O.C. arter ___V/C ,.
expansion actr free-flaq spec, .

vclume 30-
N Xrber of Li-ks: 9 (C)

Link: Link:
length (klo lngth
V/C .73/.24 V/C
free-f1kw sPeed d:-/n) 80/100 free-.fIow speed
volumne 66 volum 14

Link: B In Link:
lenajth leng th__
V/C L.5/.9 V/C
free-fla,7 speed 80/100 free-flow speed
volnmc 102 volume . _-__

Link: Link-
length length_
V/C V/C .52
free-flow~ sre froe-fkcw speced___

VO.Une 86 volume 16

___________ ~Link: _ _ _ _ _ _ _ _ _

length length
V/C _ V/C .23
free-flcw sned free-fla4 speed
volizn__ 66 volume 198
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Year:_ p84

ORIGTN 2C.2:8
Truck

Changes from Zone 7

Ez:1 IPrcLink:
L.7r cost m/hr) (') length
O.C. Pararmner V/C ,.
expansicn acutr free-flcw s:pced -__

.volume 26
Nun>er of Lin'-s: 9 (C)

Lirk: A In Link:
length (mz) length__
V/C 1.5/.96 V/c
free-flow speed (kn/h) 80/100 free-flow speed
volinme 114 volum= 2_ ~

Link: B In Link:
length leng th
V/C 1.5/.89 V/C
free-flow sp cMd 80/100 free-flow speed

.95 volume 0

Link: _Link:

le ngt ___ leng th
v/C V/C .
re-f low sreed '~ sfree--flow spe____d

volumE 84 volume 11

Link: Lan:_ _ _ _

lengt length
V/C V/C .54
free--flow steed free-flow spced
volume 65 volume 9
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Year: 1984

BENEFITS TO RESIDENTS OF ORIGIN ZONE 1

AUID BUS

NO BU.:nD

Income clas 1

2-'L 2 1 i165. 6.O

Inccne class 2
17232. 42 4317. 18

IC 72351. :37 15500. Ho
Incone class 3

642. 27 308. 73
124. 18 561. 18

Total
33376.47 -533.

3 $1 27226. 89

B=rm
Income class 1

14:86. 2 705.71
Tyr.2 16 35. 03 - 9043. E. 1

Income class 2
UK 16403. 7 403j.77

Tr.5747. 25 12536. 1 7
Incame class 3

S642.27 305. 73
124. 1 :8 561. 18

Atal
c31911. 08 5048.21

; 27506. 75 22140. 97

DIFFERENCE
Income class 1

636.67 52. A6
- 4872. 93 2122. 00

Income class 2
%.4-82S. 72 2 8. 4 2

C .16fl4; 12 2963. 9:3

Income class 3 -

%. OCi1 0. CI0
Tc 0.00 0. 00

Motal
i 465. 39 33 5. 42

ITXC6477. OE, 5085.92
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Year 1984

BENEFITS TO RESIDENTS OF ORIGIN ZONE 4

AUtO BUS

NO BUILD

Incame -clasp 1
952. 10 3 5 0. 4

Incane class 2

TC 4flf. 14 94E.. 12

c; 0.l00 -3 00
TC 0. 00 0.00

Total 1030 0. 02 56 1. 6:
Tc 05 .:E6 7300. 96

Incarm class 1
QL10,S 33 1.. 11

TC 654 i. 575 490 . 6 4

Incare class 2
3 

7 3E.. :34 196. 45

C 318. 5 8 -785. 0:

Income class 3
cc 0. 00 0. 00
TO U. 00 0 .0 0

Total S. --

C 16860. 29 6575. 72

DIFFFEMICE
Incame class 1 1. 9-,

Ti 31 4.51 564. 20

Income class 2 1 .
41. 5-7 15. 8-.

'C ,.4 161. l4

Income class 3 '
TO 0. 00 Co.

Total -do .-
oc 5 . ; - 4-
Tc E96. 07 725. 24
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Year 1984

BENEFITS TO RESIDENTS OF ORIGIN ZONE 6

AUTO BUS

NO BUtJD

Incamt .-lasF 1

1, UU -. 0-
F. ori a. 0c

Incane class 2

1055. 08 325..44
560. 76 158 .37

Incane class 3

42. 91 145. -D
.8. 81 2. :"3

Tbtal
1457. 99 471. 36
629. 57 1792. SO

Incmae class 1

0. 00' 0. F 0
a. 0.00 0. CIO

Incom class 2

09 C . 49 302. 77
432. 34 1343. 70

Incane class 3
z7. 5 132. 7 7
52. 27 167. 03

7tal
1365. 06 435. 54

TC 4.84. 60 1510. 73

DIFFENCE
Incare class 1

kl. 130 - . i0'
'IC C. .. 0. 00

Income class 2
66. 59 22. 68

128. 4 71 23 3
Incane class 3

TC -4 13. 15
16. 55 4,1. 20

Total
cC 92. 93 :35. 32

14'. 97 2 32. CI
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Year 1984

BENEFITS TO RESIDENTS OF ORIGIN ZONE 8

AUTO BUS

NO BUID

Income class 1

OR6.6 1637. '37
*C 7' 7 2 . 7 ,441. 7 C

Inccme class 2
C 18663. 96 70.0

TC 15639. 94 - 5 07.,,-

Incame class 3
(X 0. Oo 6519. 95

'I' Ou 14509. T9
Total

420. 6:35
'C 92917. 09 5 110462. 93

IncMe class 1
* 417. 15 1475. 81

41713. =3 - 25365. 74
Income class 2

16454..43 .756. 39
769 C1 29f35 39. 'D5

Incame class 3
Au 0. C1 10:3. C"

C. C) 8429. :37
Total

2C 533.5- 141 ' 15.20
5033. 5363:335. 0E6

DIFFEPENcE
Incane class 1

-%A- 2 --6 9. 5 1 2.6TA. 1.62. 16
35563.32 18742. 96

Income class 2 -
%Q-2 20 9. 5 475.7

'IC 7020. 24 5C3 0 4 71

Inccme class 3

WC 6" .66. 94

Total 0 , 6080. 6
Total

C -7* 1549. 1
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Year 1984
TRUCK COSTS FROM EACH ORIGIN ZONE

Origin Zone: 1 2 3 4

No-Build
oC Bu03 69 54476. :.'5 4229. 52
labor 7134 72 60.80. 4706. 3 55-. E5

Build
OC * 77669.78 70182.93 51222.28 4229.5Z
labor 5719. 15 4485. 11 3306.68 554.65

Difference-
OC * 3 1 :2. 25 3677. 76 3254 57 0. 00
labor 2115. SE 1595. 86 1400. 15 - 0. 00

Total OC 9 2 .1 5273. 63 4654. 72 0.00

Origin Zone: 5 6 7 8

No-Build
3425.. . .04 4860.. 16 A4. -

labor 4394. 30 598. 11 7464. 02 9:364.21

Build
OC :5671 E6 3925. 04 44407.69 48762.7
labor .3577. 0:3 59. 01 . 465~i 16 5377.-3

Difference
- I 1 - 9 .. 00 4201. '7 5848. 133

labor ' .7 0. 00 281.3. : S e8. 9I?
Total OC . 26 C . 00 715. 83 94 .9
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6.4 Instructions for computing benefits to a single link (Second Program)
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BSL-2.3(A)

USER INSTRUCTIONS

Enter Press

1. Set partition. 7 2nd Op. 17

2. Enter data on Input Data Sheet into
appropriate registers. This includes
data this will probably not change
during the analysis: modal charac-
teristics, values of time, discount
rate. It also includes data-specific
to one link: modal volumes, volume
increments (or growth rate), length,
and capacity. To check that all the
data is properly stored, press 0 INV
2nd list.

3. Load program BSL-2.3(A) for liniar 0 (load sides)
growth, or program BSL-2.3(B) for 0 (load side 2)
exponential growth. Load sides 1
and 2.

4. Initialize the accumulators of 0 STO 68
discounted costs. STO 69

5. Enter number of years for which n STO 00
costs should be computed with
volume and growth data as given.

6. Fix the display format to have 2nd Fix 2
2 decimal places

7. Computer costs for n1 years B

8. To change the incremental volumes
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SINGLE LINK COST STREAM PROGRAM

BSL 2.3(A) INPUT DATA

Link A Link B Link C

1979 1981 198111979 1981 1981 1979 1984

Register I NB NB Build NB NB Buildl NB NB

8 Auto free-flow speed 80 100
9 expansion factor 107.4

10 OC parameter 1
11 occupancy 1.6
12 Bus free-flow speed 64 80

expansion factor 92
OC parameter 4.3
occupancy 45

16 Truck free-flow speed 80 100
expansion factor 115
OC parameter 5.2
occupancy 1

20 Class 1 auto volume in 809 2175.4 757
21 " out 254 198 349

22 bus volume in 262 1086 228
23 " out 78 59.2 97
24 Class 2 auto volume in 625 538.2 609
25 " out 86 88 121
26 bus " in 1083 1107.8 1052
27 out 132 139.2 162
28 Class 3 auto volume in 0 188 0
29 . out 0 1.2 0
30 bus " in 1522 1877.2 1418
31 " out 114 73.2 147
32 Truck volume in 230 270.4 250 503

" out 230 270.4 250 503

34 Class 1 value of time 2.18
35 Class 2 VOT .56
36 Class 3 VOT .18
37 Auto PCU equivalency 1
38 Bus PCU " 3
39 Truck PCU " 3

Yearly incremental volumes

40 Class 1 Auto yiv in 683.2 559.2 489
" out -28 5.4 10

Bus " in 412 366.6 169

out - 9.4 2.4 16
44 Class 2 Auto yiv in -43.4 -53.6 57

45 " out 1 33.2 58
46 Bus " in 12.4 -4.6 69

47 " out 3.6 61.4 62

48 Class 3 Auto yiv in 94 94 103
49 Auto " out 0.6 1.4 10

50 Bus " in 177.6 137.6 219

51 Bus " out -20.4 -19.2 0
52 Truck " in 20.2 31.4 50.6
53 " out 20.2 31.4 50.6
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54 1 + discount rate 1.11
55* first year discount factor 1 1.2321 1.2321
56 link length (km) 3.4 3.4
57 link capacity (PCV) 1600 4800 4800 4800
68 cumulative discounted

total OC
69 cumulative discounted

total TC
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Link A Link B Link C
Supplementary Yearly 1984 1984 1984
incremental volumes for 1984 NB NB NB

40 Class 1 Auto yiv in 211.2 174.8 135
41 " out 5 4 1.6 70
42 Bus " in 3.4 -22.4 138
43 " out 10.6 22.6 23
44 Class 2 Auto yiv in 94.5 62 -39
45 " out 8.2 71 80
46 Bus " in 23.2 -16.6 32
47 " out 64 154.4 142
48 Class 3 Auto yiv in 21.2 3.6 3
49 " out 8.6 20.2 17
50 Bus " in 311 212.8 10
51 Bus " out 30.6 120 60
52 Truck " in 15 37.8 58
53 " out 15 37.8 58
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COMPUTING COSTS ON LINK A, 1981-2000

Link A No-Build

1. Load liniar growth program, BSL-2.3(A)

2. Enter data for Link A, 1981, No-Build. Store it on a magnetic card
(press 3 2nd write and load side 3; 4 2nd write & load side)

3. a. Enter 0 STO 68 STO 69
b. Enter 3 STO 00. Press 2nd Fix 2.
c. Press B

(costs for 1981, 1982, 1983 will be printed)
(volumes will be updated to 1984)

4. a. Enter incremental volumes for the 1984-1989 interval, in
registers 40-53.

b. Enter 5 STO 00
c. Press B

(costs for 1984, 85, 86, 87, 88 will be printed)
(volumes will be updated to 1989)

5. Load exponential growth program, BSL-2.3(B), sides 1 & 2.

6. a. Enter cumulative operating costs into register 68
Enter cumulative time costs into register 69.
(these costs were the first 2 of the last 3 numbers just
printed)

b. Enter growth factor: 1.05 STO 41
c. Enter 12 STO 00
d. Press B

(Costs for 1989-2000 will be printed - takes 30 minutes)

Link A Build

7. If you have the Link A 1981 No-Build data on a card, load in
(press 0, enter side 3; press 0, enter side 4.
If not, the 1981 data may be entered manually.

8. Change the free-flow speeds (registers 8, 12, 16) and capacity
(register 57) for build.

9. Proceed with Stpes 3-6.
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DISCOUNTED COSTS ON SINGLE LINK INPUTS

BSL-2.3(A) CARD B

Register Content (Input Data)

*00 number of years 40 incremental class 1 car in )
01 counter 41 volumes oui )
02 counter 42 bus in )
03 pointer 43 out )
04 pointer 44 class 2 car )
05 pointer 45 )
06 pointer 46 bus )
07 pointer 47 )
08 car free-flow speed ) 48 class 3 car )
09 expansion factor ) 49 )
10 operating cost ) 50 bus )

parameter ) 51 )
11 occupancy ) 52 truck incremental )
12 bus ) modal volume in )
13 ) char. 53 truck incremental )
14 ) file volume out )
15 ) 54 1+ discount rate
16 truck ) 55 discount factor for first year
17 ) 56 length

.18 ) 57 capacity (for 2 hours)
19 )
20 Class 1 car volume in )
21 out )
22 bus in )
23 out )
24 Class 2 car )
25 ) car,
26 bus ) bus
27 ) vols.
28 Class 3 car )
29 )
30 bus )
31 )
32 truck volume in ) truck
33 out ) vols.
34 Class 1 VOT )
35 2 )VOT
36 3 )
37 car PCV equivalency )
38 bus " ) PCU
39 truck " )



LINK A - 129 - LINK A
No-Build 1979-84 Build 1979-84

. 01 0. 00
0. 02 0. 0
0. 0:3 0. - 12
0. 04 0. 03
0. 05 54. 04
0., 06 34. 05
U. 17 23. 06

o.- Via -&V 40. 07
.fa " -407. 4 4J 09 10 0. 0,

feli .-.ic* 0 s 107. 4 09

14. 1 1. 10
92. is 80. 12
4.3 14 92. 13

64 45. 15 4. 3 14
80. 45. 15

115. 17 100. 16
+Y1k 5. 21 115. 17

1. 19 5.2 1
ci, i~~E- 20 1. 19

w4 254. 21 4'908. 2 20
e.s 0 262. 22 86. 21

a78., 23 2734. 22. 625. 4 1.6
24 234

c a ; 86. 25 364.6 24
1 8i:1522. \f i it626 92. 25

t 132. yo/2 7 1157. 4 26

C0.1 C. 1 153. 6 27
3 4 0. JPW 29 564. 2

Wo 4152. 30 3.. 6 29
is I 1 4. 31 2587. 6 30

*_I I30 F% 32 -8 1
0*230 1 33 351. 2 32

I. 1: 34 351. 2 33
a 0. 56 35 2. 18 34
41wnIIc_ 36 0. 56 35

1. 37 0. i 36
3. 38 1. 37

------ :nRk 39 3. 38
car 6 a 83. 2 40 3. 39

d4 -2.. 41 683.2 40
iks x 412. 42 -28. 41

cu' '. 4 43 412. 42
clss -43:. 4 44 -9. 4 43

1.. ru445 -43. 4 44
12. 4 LI 46 1. 45

--.6 47 12.4 46
class 94 . A 4.8 3. 6 47

1 0. 4-9 94. 48
177. 6 5 C- 0. 6 49
-20.4 51 177.6 50

4vv " 52 -20. 4 51
.- I *1- 53 20. 2 52

1. 11 54 20. 2 53
to O r --- 1. 55 1. 11 54

AWL c 2. 1 5 5, 1. 370414552 55
1601. W,.. 2. 1 56

UR F! -e58 E 4800. 5 7
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LINK A: NO-BUILD 1980-1999

1980 1981 1992

2336. - 4 2896 "0
7 . WE-U U100,S S

- 24. 10

44787 47 48982-0
19 5 9 9. 9, ., 6 4b- -- - 1 67022. 34

: .., , 4 n0

859. 92 52446 3E-3441. 27

I i ..,- ....
11 779 A2

2 ~ ~ ~ o 0m 4 . 63 ; 3 5 2 !:,4. 6
53753. 13 163-9-400 25546. 61

... 54 .7 2 1 31 . 8 2E

A *~s, Ass,1692116.5.

14. -44 a0. 113. 1

7425440.
3143.923 7 0. IS23440.96

13685. 11 2 21 1 3E 2 b.03.10-

1155 8 2. 181-2 .2 E 77 i
1-., ,n

-4-62.0 134416.7 1
-11-..4

9 7 3980. 86
0.0 55.3 116E.5. E,3

4986-855470.8*

424121370. :313A 125735. 744- -:~4:

6067. 6C

l- . -6964.84 9451. 75
4264. 2 -424.46 13737.57

81565 1. 885C5

14 .2 E3 4. -8 16 76. ,0

112676.57 ,12 :3 . 56 3 -.6203. 02-

11272 7 5a 43. 69 542097. 15
87909. 6 3 5262C 11 91spoo. 36
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1983 1984 1985

401 . 2 .,46 33-3455. 4E-.u s
1051. 16.5 1201. 5C

76 49 12 i 9 i 4* 3-- . :3 -....

-1 . 8, ,. . .- 2 - - 6 3 2 n 0 35 - - -:

4 3 4. U0 15427S. 0 6
121:367. 97 1:8817~5. 87

- .=4~
6731-3. 4 2910. 1 102176.

3392. 5.2-3 6 87. IC

10977.07 -- -
11856. 55 9 ~95= 0
.. L J003. 2, - -9S. --

-- a=.=..-.

3535.2 3804.32F4

15344. 57 33 25 4435 23. 21
33918. 50 -50

597. 67 2- 0305946. 4

4 ra

a 748. 83 304 23
6386. 79 ... 9

5 51 . .''. 3-.--3 17 6460 --. 12=!.E

11490314 , a 72 8341.4011 01 18 17 9 2. 4. 1 21 93 0,'
15466.54 19.

Uowlac.-f ,.-. .--

10 4 0 . a
96 33 97 14 75 . 80a . 2 13a

-3 56 89 16878.6-3Goc o

1 -0 99 -5 48 : 1. 725 a *.-.,- .-. 0

657083. 0 e,_
51648. 70U 115732. 79255'1---.5-1a

.. i -J ! U : r . :.-- . 6 .. 9 -:-: .- 5 :.-
13 18 7 . 1 7137 IT. --
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1986 1987 1988

126774 - --5 1

91i a 4.: 1 U ' 4

A 

.2.-7.. E 3- .- C t 2,4 '

04642. 62 1 2. r4

.~~ i~4 ' '

- 4262.149 449. 32

j4-' 0' .1

144. '4 i-7~ '-74 16092. -7

C4 1:,; .'4 447

411. 2.

-, 41.1 4 44967. 46E- -. 5 -* -

PI 7 - - . -

44 14 -1 E, -0 2

sin 71 -v~

43 l- 3 10494. 1'2

UC -z -W

2-- 22417. 6 . 2 897j5.4
u 

.
2 8

-E, 5 -2% 95
C, -7 c = 1 3 . 9 40 4 'DE 7.E

-1I Q

9- 7a: -C .5&

21' ' 1 "t 5 0

-12 5T 7 S 7. 1T 7j
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1989 1990 1991

5934. 94 6207. (9 6517. 44
4164.f. -0-6. 70 it o6. 1 3

'4 4
4 I

11 3 05. 33 11 3: ;I . -24357 2*3.
400416. 12 41 6731. 64 4379 1-57

6895. 11 E 94. 53 7299. 68
192675. 43 193939. 203926. 72

120700. 44 125337. 2; 131656. 96
593091.55 610670. 65 641908. 29

-0944.,16 23125.09 2439.15

8046. 74 2 00 14. 42 2 118.52

4738. 15 4981. 60 5251.71
0154.23 3152 3. 3- -

25682. 3 28106. 70 2'95 80. 8 6
48200. 97 51538. 24 54E-.40. 15

12970.88 13589. 27 14207. 35
367. ,3 .5 1 .3 4057.35

obo ~1 5S 7 o . 41. ---22- -

11624. 83 4I9i34. 49
.- 6, 7 . .-, 2 89o ,8 ,2304--4. 08

24595.76 26176.69 27511-84
"0439.3 9 3 290. 34492.3

-t16 7 9 . 2 -2:1 0 5 E i 9."- "' -
21350. 94 22599.0- 24322.5

-:93082oC.86O I . -7 5 -S. 2:-0 755-3--

7024. 33 .374876.-8 473 61.
2561903-02 2-.--nE 5;4 95, .00;4-DE. +

3832827.35 4164461. 82 0479116. -!
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1992 1993 1994

6843. 32 7185. 4 7544. 76
1686V49- 1770. .82

130626. 10 137209. :9 144124. 08
460363. 36 48:3945. 2 7 508800. 89

7668.. 4 8055.82 8462. 58
:i 4462.. 2. 2 s5-;:3 . :3 2373D24.52

13 :. 29 4. 59 1 45265. 7 152586. 65
674825. 98 -A709527. 57 746125. 41

25595 21 26926. 07 28324., 65
22295.18 t 23550.93 24893. 13

5535. 90 5834.74 6148. 86
35690. 09 38049. 61 40623. 62

31131.11 2 32760. 82 134473. 51
57985. 26 61600. 54 65516.74

15021. 04 15791. 99 16601.95
4275.34 4506.75 4752.70

13893.62 14596.38 15334.40
32014. 70 33683.14 35446. 3b

-9. 6. 30388.37 319:36. -3
36290. 14 38189. 89 40199. 06

165853. 46 175513. 19 185687. 23
26231. 90 28353. 03 30716. 08

364193. 82 383928. 09 404683. 74

1567403. 24 1656472. 57 174105.: 23
3210308. 27 340 4 4:3 c 63589101-92
4777711. 51 =061116. 18 --M 155. 15
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1995 1996 199-

8 S-,--, 2152. 44

151384. 84 59009. 1, 167014. 9,
53.0-9. 4S 5 6 -2., .6 59189'. 65

... 7. 933S .2 60. 98 9 12

249731. 58 262849. 76~

160274.54 168347. 3 176824.10
784741. 3t. 825507.92 88569.52

29794. 00 31337.35 3-9'a8 0

26330.08 27871.14 29526.95

6478.87 6825. 47189
43439. 03 46526. 84 49922.75

36272. 87 38162. 82 40147.45
E-9769. 10 7 43'97. 98 79-44->.70

17452. 73 18346. 27 19845
5014. 41 5293. 24 -507

1 . 17777. 59
I-t-2-.-a

37311. 01 24 . ' 41374.54

; ... 33 6 ..2 W02 .. 42 46965 -642]25. 444577. 63. -. --

1 219471. 20

33355. 9636313. - 7

426502. 9 449427. -
9:3 019 1. E',4 66f79, 10:3461 9.05

S - - 6 ~- 7

-- 5610- . O : 2 - ES. 7---
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1998 1999

9170. 6989 11 9629. 233856
2260. 05.8i668 ,A 0 1-60

175421.00!-: 134247.0007
622656. 215 E 655219. 1345

10303.55567 10822. 6.23.E-.
291427. 7652 307005. 1.374

185724.5637 195069. 6731
9 1 4083. 92CO3 962224. 2719

34659.8183 36446.30163
31309.57107 33232.72244

7571.299412 7972.098942
53667. 9646 57S10. 0'543

42231.11r71 44418.40057
84977.53567 91042. '0792

20269. 7475-3 21304.06724
5908. 60 1147 6243. 804085

18674.70343 19616.529 4
43590. 3263 45941.58789

38944.45101 40920.6MOVE-
49498. 92745 52190. 39193

231884.4556 244909. 6901
43374.80135 47597,. 18721

4 9 87 84. 5 --S1 5 2 5 3 1;-. 4 19
1091935.245 1153054.659

a -
20$9517.'-374 2- 47- 64239072. 617 4382090. 5 5 1
6;aT8590. 65 6.36765.8211
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LIUK B: NO-BUILD1980-1989

1980 1981 1982

1777. -8 2279. 64 2781. 90
924. 10 S46. 27 163. 45

19599. 96 32641.85 45026. 58
39973.71 98486. D3 150731. 79

859.92 1940. 07 3006.44
13779. 42 47594. 91 8 19 80. 3-

20459. 88 34581. 92 48033. 02
5 3 753. 13146081. 09 232712. 17

13438. 26 13806. 44 13449. 59
7421.34 10623.17 10892. 5:3

3143.92 3452.41 3627.37
13685. 11 21288. 99 23791.51

16582. 18 17258. 86 .17076. 96
21106.45 31912. 15 34684. 09

0.00 1979 .pI 4008.47
0.00 530. 77 1169.30

4264.12 4859.26 5257.90
6067. 62 10161. 54 12070. 43

4264.12 6838.54 9266.37
i- '.62 10692.31 13239.73

71370.39 85821.00 98404.96
6982. 43 11384. 82 1 4051. a!

112676. 7 144500. 31 172781. 31
.87909. 63 . 200070. 38 294797.30

112676. 57 2 42:57. 0:3 383090.22
87909. 63 268153. 22 507417. 32

2005:36. 20 511010. 25 0507. 54
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1983 1984 1985

R4. 15 37E:6. 41 4288. 67
1290. 62 1412. 79 1534. 97

57067. 41 6910. 20 J1144. 52
193671. 70 236753. 84 2799E6. 28

4055. 32 5104. 08 6152. 62
111771.57 141615.96 171517. 16

61122.72 74212.28 E7297.14
305443. 26 378369.80 451503. 44

12987. 26 12560. 55 12163.41
10 216. '5 961E . ':2 9310,'-:. -2

3780.88 3941.74 4108.59
24378.45 25116. 3:3 26025.69

16768. 14 16502. 30 16271. 99
:34595. 31 34735. 20 35134. 51

6015. 29 :3023. 70 10033. 50
1755.09 2341. 'r:1 2929.61

5606. 87 5952. 70 6295. 68
12959. 03 13837 78 14704. 7 1

11622. 16 13976. 39 16329. 17
14714. 12 16179. 59 17634. 32

110733. 07 123339. 20 136138. 15
16201.95 18411.40 20808. 31

200251. 09 2 2030. 13 25 E. 6. 4;
370954. 64 447695. 99 525081. 08

529512.9 679722. 63 831667. :30
778656. 15 1073567.37 1385177.43

1308168. 24 1753290. uI0 2 2 1 5 24
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93 1967 1988

4563. 90 4839. 14 114 -
1751. 17 1967. 37 2183.5

.i. r . 1. I eI -- !7- 1

85873. 61 9062.1. 77
297162. 07 315484. 41 :335124

6157.62 6164.61 617280
171538. 26 172140. 30 173420. 9

9031. 2:3 96786.38 1-c5 5. 0c
468700U. :3: 487624. 71 808545. 33

15057. 0: 18016. 42 017.73
11609. 74 14538. 17968.6

4511. 15 4930.55 5360 9c
28481. 34 31894. 47 435. 21

19568. 23 22946. 97 . '-,, ...-,
40091. 0 46S432. 83 5643.62

10504. S7 11004.:3:3 5243158. 20]130 27. 77 3327.45

4- -. 91c904. 6
16580. 94 1 8659. 7:3 20982.79

17719. 6D 19157.c33 20628 -19608.72 21817.92 .31.4

152713.34 1 92,2..7, 1 5 . ,:-.

24454 886. .- ' 3388. 75

282032.46 308162.95 .,.- .-,4 5 1
552945.56 584752. 8 621139. 64

98245:3.80 1130883.15 1275942.69
1680804. 71 1962455. 52 2239-
2663258. 59 3093338.67 3507 927.
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1989 1990 1991

5389. A -
2399. 77 -5664. ;5-594 0

100133.22
356256.52 1 109928. 46

372487. 0 -911

6181. 686
175480.40961. 14

106314.91
531736. 61 110376. 02 116419 . 8

54796.0575385. 94

24044. 75
21974. 05 26847. 80 81 -1924537.5 25764.4.4

5798.. 14
42277. 63 451:1., 59 6497.3~

47379.69
29842.90
E.425 1. 68 33035.71 34687. 50

691.07 73144. 13

12058.29 1 .E'3542.27 72689.71 17.7

10065.80 1107.
23592. 90 - i1557. 37

22124. 08 2 6
271-35;.i7 2474.5.2-,4

29489.1 30963.77

202080.76 21261
39637. 05 4 227089. 94

44546.06S

360362. 65 3 66. 9':

1 4 6 
1 . 0 3 5 1 6 'D., ;: 2491073. 96 2733926.9. 16986.7

3907891. 34 29 6 3E.52. 7 C
* 4643469. 49
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1992 1993 1994

---E245.,5 6 5 -7; 7- 68 G5. E-66
2884. 10 3028. :3 3179. 72

115424. 813 121196. 121 127255. 91
410667. 80 431201. 118 452761. 24

6815. 94 7156. 73 7514. 57
193487. 44 203161. Gi 213:319. 90

122240. 82 128352. 86 134770. 50
604155.23 634363.00 666081. 15

29599.70 :3. 079.68 32633. -
27052. 66 23405. 30 29825. 56

6822. 17 7163. 2 7521. 45
49748. 67 52236. 10 54847. 91

36421.8 7 3 242. 9 6 40155. 11
76301. 33 80641. 4T 84673. 47

13847. 27 14539. 63 15266. 61
4067. 91 4271. 31 4484. 37

12135.24 12742.00 13379. 10
23444. 05 2966. 25 3 1359.57

25982. 51 272.: 63 23645. 71
32511. 96 34137.56 35844. 44

238444. 44 250366. 66 262855. 00
46773. 3. 49112. 03 51567. 63

423089. 63 444244. 2 466456.32
760241. 89 798253. 9 838166. 69

1800753. 03 19 15 2 202 367.7
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1995 1996 1997

. 7591. 44 -

3 3 3 . 7 3505. E..65~-

13 3 72 40299- 147314. 64
4,3 99. 31 499169 524127. 74

7890. 30 690. 6
2 0 '4 235185. 92 --. -. -

1415:09. 02 148584. 4 8 156013,, 70
699:3E5. 20 7:34:354. 4 77 1072. 19

3425. 3 597 8. 62 37777.55
I i. 34 3s2 8 2_'. 6 1 34526. 1

7897; 5 C292. ' 8707. 0I
57590. :3:i 60469. 82 63493. 31

42162. 87 4 0 1 4484. 5 5
88907. 14 93352.50 918020. 12

16029.94 16831. 17673. 01
4709. 1 1 4944 5191. 

1404E. 05 1 475- 0. 15437.9
-3292 7% 55 34 7 .9 0p - ^-.61.

3 iC71 . ID0 3 1581 9A ,31 60. -9

.95.441494. 4

~~~~i ~ 330 3037.
976099 ~C 7g in9 . 7 nooo

,..~~ ... 4. S.. -. - -. . 2,.. .4.

427 7.4 14 9 426Y. t9 5399;81. 50
800.- O 9 24 0 T'. 77 903.7

39 6 242:. *D -4 34
5 4 2 49 ;39:.. 1241 43 4 1
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1998 1999

R, .Z- i*,8 11

3 E.'- 5 4058. 22
3~864.97

154680. 3: 162414. 40
550334. 12 5 . 9 3

990.719134.0 272256.267'
259291.67

-6314.38 172005. 10

:. 5 0107. 09

39666. 43 41-49.75
36253.16 38065.83

.9 .-, 999. 4 I::9142.37 7000137

66667 97 01. 3

41708. 795
43569 108067. 19

- 1-.8 5.~

18556. 66 19484.50
5451.9 4 423 6

16262.380075. 50

38415.7 40023. 64

3489.74 343.1 45747.60

319538. 36 335515.27

6268073 65814.82

566'~980.57593.6
10 l:,79 E. S 1069736. 6'9,

2400812.0J. 248275.,
4259195. 67 4406474.4

6660007. 7 688925U.10
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LINK C: NO-BUILD 1979-1999

1980 1981 1982

1783. 62 2:-.71.5 29 59. 4
107Q. 82 1482. 32

Clas

Car OC 14942. 79 - - 31317. 04
TC, 29915. 68 _ 7 4 2 104522. :38

Bus OC 603.77 414. 4
TC 9512. 77 2 .367.6

Total OC 15546. 57 24~5. 33231. 46
TC 3942'. 44 99332. 40 141255. i

Class 2
Car OC 10123. 211 12554. 95 14371.25

TC 5544.22 10113.27 11702. 71

Bus OC 2: 12. 61 2718. 84 3000.99
TC 10053. 84 17814.83 19936. 49

Total.OC 12435. 83 15273. 79 17372. 24
TC 15598. 05 27928. 10 31639. 20

Class 3
Car OC . 00 1718. 07 3459.39

TC 0.00 474.42 42

Bus OC 2'98. 94 *3654. 3- 4130. 0
TC 4257. 79 8053.20 9358.92

Total OC 4 .-... . ..7 ,5 8 . 9
TC 4257. 79 8527,, E:3 10 3:36. ::.!4

Truck OC 5E224. 87 75245. 46 903 05. 1
TC 5881. 66 10821. 49 13657. 12

Total OC 89206,20 120707. 2 148498, 34
TC E65 16 5. ' 6 14 66 59. -S 9:3,7. 6

Discountel Totals
OC 39206. 20 197951 Q 318476= 06
TC E5165. '6 19729 74 357090. 21

Grand Total . 154372. 15 :: 675566.27
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1983 1984 1985

3547. 29 4135. 1 L. .
4688. 97 -93:'2 2099-

39768. 12 47E,93. 7 55593. 77
133797.88 163512. 94 1-33700. 12

1805. 9 2197. 67 2589. 42
4797145 59544.20 71497-

41574. 02 49891. 38 :813. 19
181769. 33 223057. 15 2 651 98. 00

16216. 76 18101. 17 20010.37
3 2 8* - 15104.01 17204.71

3284. 02 3570. 89 3860.05

1917. 19 24180.40 26771.85

19500. 78 21672. 06 23870. 42
35200. 46 39284.42 43976. 56

520'3 09 6965. 55 8729. 18
1479. 71 1993. 84 2521. 99

4596. 25 5060. 53 5523. 19
10497. 56 11647. 23 12808. 15

9804.35 -.12026. 08 14252. 38
I 

1977.27 13641.07 153:33. 1-4

105584.66 121040.14 13657 i.52
16705. 98 20215. 66 2425: 80

17646.0 204629. 6 6 232877. 50

245653. 03 29619.8. 29 348758.51

447504.87 582300=77 720502. 23
5- -7~ 5; - 731824.57 938795 77

984214. 46 1314125. 34 1659298. 0U
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1986 1987 1988

.-' i 5 . -, .- 546. 

58965. 87 621 51. 70 -.-. 4
.209556.:31 221 i28.24 222'~

2933. 74 3268. 97 -0.7,
33170. :32 9 7 ,, 102:301. T

-61899. 60 E-5420. 66 -: 9: . , C
292726. 63 31:3926. 04 .. 3~ -3 .

20846.96 21492.00 222
18989.3:-2 19 64 2. 6:.:D 20223. 27

4247. 09 4610. 24 49-.
30882. 96 33618. a 3625 .36

25094. 05 26102. 24 2 7 9.
49872.23 53261.44 64

8 130 -. 6E. 9064. 7E.9 9 7
2614. 72 2662.952784

5 6 76. 5 E 5822.5 59 6-8- 5
13295. 95 13647. 03 ~38.S

145S5. A5 14887.3:~4 5187. 86
15910.68 1631U.64 ~ -3-

154786. 4 1 70898.3 069 ..4
3022:3.6 33234 36664. 63.

256365. 14 27T308. 50- 6 S
38 - 33.. Ci 4 17021. - 444574. 49

1146628. 1 4 7 4 9C z 1

200 4193.92 231623902600. 3a~ E;1
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1989 1990 1991

571'4. 57 09215620 O

68504. 7 E 71 &E1. 31 75265. 38
243731. 7:- 25033.47 267785. 14

3938. 56 4273. 36 4487 .0
111805.99 121:310. 0 127375.60

72443. 34 75954. 68 79752.41
355537.72 376343.56 395160.74

22762. 6 23'397.92 2456.7. 82
20803. 91 21384.55 22453. 77

5333.91 5695.74 5980. 52
:38895. 92 41534. 47 43611. 19

28096.52299. 30548. 34
5 9 -99. 82 62?19 U 66064. 97

9374. 66 9529. 62 10006. i0
2753. 99 2799. 51 2939. 49

6113.72 E6.2 59. 2'3 6'-72.24
1433G. 07 467 1.27- 15404. 8K

154.0 3', 15788. 90 .- , , .4
17084.07 17470.78 18344.32

202924. 53 2 * . 7.E2 229884.50
39805. 76 42946.90 45094.24

318952. 77 0339 774. 85 :: 5 67(63. 60
472127. :3 4996E0. 26 5246. 27

.4''4 -,~"

1245186.86 13 .. ': 5 2 A 7-0 45. 43
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1992 1993 1994

- - - ---. 4

79028. 65 62980. 08 -- - -2'
281174. 40 2-3233 -23099 .7

4711. 3 - -9 6 -55 94 3
133744. 3b 140431. 6 C17.5. 1 E

8 3 7 4 0 . 0 3 ,8 o 7 9 2 7 7 3 2 3 2 3 .
414.4t= - o- , ' ' -

414918. - 435664 3a 457447.95

25796. 21 2-7t086.0a2 -:34 --40 .

6279.55 - -93 932
45 79 1. 75 4 -L3 8- 1 . 3 4 5 0 4 :35 4

32075. 76 33679.57 35363.52
6'9368.22 728 6 .6:57 - , E3 46

10506.1 
' 11583. 31306. 46 3240. 79 34 02.8

690M 86 7245.00. Q.

1 2-. - - - 19 191. 5U

24-378.7 253447. 61 2161,0.05
47348. 96 49716 40 -- - . 2

374601. 03 3933:31 7 41 .. -
-508 7. - 578442. 36 6073014 4,::

1d - i r . 1 -- - ..
1 -8 5 1 2 1~ - -4 8 2 2 2

-"0007"- 4060252- 79 429E;7.
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1995 1996 1997

601.-~ -~ 7- 9,Fi 58 89 7

4511. 90 4737. 4 9 4974. 37

9 1485. 54 96059. 82 10 0862. S
3259=4.52 0341769. 24 .35 8 857. 7o C

5454.01 5726.71 6013.05
154825. 84 162567. 1 3 170695. 4:3

9-- 39. 5 5 101786. 53 106875.86
480320.35 504336. 3:7 529 553. 19

29862.34 31355.45 32923.23
27292. 71 28657. 34 30090. 20

726. 36 7632.83 8014.47
53009. &E, 55660. 16 58443. 17

-7131. 0 38988.29 40937. 70
8 0 30 2. 38 84317. 50 88533. 37

12162. 47 12770. 60 1 3 409.13
,797:. 3939. 20

7988. 6 0 8388. 03 8807. 44
18724. 67 19660.,9(o 20643. 95

20 151. 08 2 115 8. 6:3 22216. 56
22297. 64 23412.52 24583.14

279426. (05 29 3:3*7,. :36 :3 0,.0 6 7. 2 2
54812. 3j 57552. 95 60430. 60

433648,. 3I 455330.81 478097. 35
E377:.2.6. -9 4 703100 31

2 .6 4 -3- .-- - 27742. 72 33 9.

4 5 2CIDS Fri:2 47:3,2714 :3 9 38--
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1998 1999

~S S-O 9.:5 949 72

105'i905. 95 190. 25
376800. 59 395640.62

7 -C .2 1 11.7

112219. 65 7806
556030. 85 583882. 3'

34569. 39 36297. 86
31594.71 33174.45

8 "' - -O 8 . .
61365.33 64433.60

42984. 59 45133. 81
92960.04 97608.05

14:079. 58 14783.5 E
4136. 1i- 4342.97

9-47.8 9710.2
.,1 E 76. -4 .- . .- 5

25812.30 27102.92

323470. WE: 339644. A

.-2.- . 2 1 - . - -.2 10.-.. 2: -

216 4 1. 5-J . C2188981 b::.'- 80i
i O O ,"--J- . -- 'I

3 0 21. 1
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LIN A: BUID - 190-1999

1980 1981 - -

-1777-33 2336. 74 2896. 10
924. 10 966. 45 1 008. 8 i

15 590 S. 83 25113. 7 1 35322. 1 4
10606. 16 20502. 50 34576. 78

645. 04 1444. 67 2337. 90
3638. 93 9607. 14 181 14. 4 -

16553. 87 26558. 39 37660. 04
14245. 09 30109. 65 52691. 27

10526. 9E 9 7 7 1. 03 9356. 99
1862.67 2050. 35 2284.42

2303. 10 2393.85 2534. 78
3416. 00 4067. 99 4934. 78

12830. 08 12164. 88 11891. 77
5278. 67 6118. 34 7219. 20

0. 00 1364. 89 2800. 45
0.00 96.94 235.33

3100.28 3491. 75 3985. 75
1489. 01 1939. 85 2563. 02

3100. 28 4856.64 6786. 20
1489. 01 2036.80 2798.35

62782. 56 67628. 97 73809. 99
2143. 91 2586. 72 3158. 60

95266. 79 111210. :3 13014,. 00
23156. 68 40851. 5.0 65867. 42

95266. 79 195454. 97 30 1086. cl 1
23156. 68 59959. 03 11i3419. 3 0

118423. 47 255414. 80 414505. 3
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1983 1984 1985

3455. 4tS 4014. 82 4846. 327
1051. 16 i093.5I i20 1. 50

47125 71 6 0;499. 41 4 ~57. '2072
JT ... j . * .L - - - - --- . . ..54C25 4. 34 - 81018. 0 9 8 2 E12. C05 -

.3344. 84 4454. 3.;:. 73; 0 72
30075. 08 4644 s 34:361117

50470. 55 4 4 44
34329. 42 127459. 27, 128955. 6167

9096. 42 2 9. 5 6. 769952
9 0 9 E.C .-. 4. 2-SS3S 7 -L

2546. V 2 L 5. 29 - 4 7!=

2J701. 86 2C 7 4.-09 20eL 22.3 5 3 5 57

6031. 17 7371. 10 62F3. E,6172

11798. C2 11712. 82 8490. 1235:09
8577. 35 10186. 39 8789. 714928

4412. 89 6223. 80 5505. 454674
431. i1 700. 94 754. 5529 5

455::.63 5178. 70 4177. 426937
3.4. t9 4470. 31 4464. 96.6641

97i 1.52 11402.49 92. 881
5. 45 *171. 25 S .I ;E0 1

152 1. C 1770-4 4961. 2--9 . .
10 7 2'. 15 147600. 1 I47050. 3 12

412455. 67 529094. 69 0
9 988. 2 8133i 964C:6. 32Jt
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1986 1987 1988

511- 4 5390. 6325 .5662. 7:35
i267. 143333 ::9.,:3667 - 1393. 42

5335,. 732 E 5 . 24731 60444. 9746
94520. 4 79 10769. 7-3 2220S. 3 'S52

367E. 75 9 3 C58 3_76 4. 9 60 24 34. S4186 7
50:871 .597 557I.6, -757 6 3. G9. 4 S42

570 34.9136 0E.E20"C5 64293.5913
145:391 .:3351 163405. 4674 1:'307:8. 0:317

7722.9E 247 9013. 577S' 19 10:335. 1902
3251. E. '2T759 4080.459455 5021. 0:39731

216E.6. 5 18'.222 CIS4. 38:3 OC' 245 0. 9 499 87
7047. 2:3:37ED1 7:393. 366 8804.513666

9 i SS9.4270 11 322.909 12786.1401:8
1029. 90654 119 73. 8 2546 13:825. 55:34

5945. 025:33 636. 0i4 895 6827. 3 8 69 0
3. 510283 93. 510230 3 11 5. 16 22 7

4 7 '2.76E.0 275 537.R.9r947 575 59-94-.419'2451
544:8. 129276 6558. G:88796 ,7?06. 73 -4

10717. 78611 11765. 0 4i E5 1:821. 8 06 E 16
6:311. 650305 7542. 39902 . E-921. 945599

6.6649. 7 0 369 69956. 99144 7326:. f:67
4518 0. 461556 513. 62209 57 17. 43.5E.32

144291. 8905 15 071. 2064 1: 15. 7414
1665:2.:535 188045. :314 211542. 9665

670749. 916 i 7.37444 9321 4.:0123-3. 4623
4 4 3072. -n'7 524670. 202 E07367. 5G373

t, 1 124 I 141:1E593. 8.
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1989 1990 1991

59:4. 9375 6207. 09 6517. 4445
L-4 64.-CL5333 1529. 696667 4606. 1815

64010. 34143 67580.36016 72077.90214
138 140. 3815 155566. 799 1734 11. 0861

3928. 727391 4004.567039 4 2 59.387
66351. 25334 72162. 15678 82743. 1E666

67939. 06882 71584. 92 7 9 76337. 28923
204491. 6349 227728. 9557 261154. 212G

11683.72025 13055.48465 1*-:. 92845
6081. 836299 7271. 359467 '3325. 782124r,

2591.283247 2730. 488892 289E. 2423
-- 783.442524 10832.93302 12361. 3407S

14275.0035 15785.97355 16795. 790:7
15865.27882 18104. 29248 206'87. 12303

7268.200278 .707. 929649 '3212.26E,7 76&S
1259.124254 1416. 048493 1622. 531871

6617.532412 7247.059507 7707.23737
9201. 451133 10752. 62613 12321. 2564

13885. 74069 14954. 98916 15920. 09151
10460.57539 12168.67462 13950.78827

7656.7.73'305 7 9':: E.7. 44 6 24 84373.09422

6:364. 700516 706!3. 235975 E30 14. 93069 1

172667.5521 182193. 336 193426. 2658
-1 9 265070. 1 ,r 15E83Q I3:07. 0548

862041. 294 I 919847.9055 375137. 0286
69C899. 47:3 775001. 338 E61841. 7. 2
1552940. 76E3 1694849. 244 1836970. 826
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1992 1993 1994

..4 i3 : ,.. _7 2 5._8 . 4 5 , _7544- 7571&~'4

,06 054---'544-'. 5 -~

16'6.t 49 05 75 1770.8315104 1 I..~;~

76,06. 05992 -- 17 7 0. 2 3: 597 3605
204926.2005 235720. 076 2~~7. ~6053

.4847743

4526. 911225 4807. 533096 500 -
9'5023. 44442 109284. 496-2 115205.1551

:31332. 97114 6577. 765-.0. i
2 99949. 6449 345004. 5727 -3: ~. 136

14785. 62493 15 7 16. ' 75 165092. 63619
9548. 876632 10968. 53706 115 6 3 2:9

3 07 1. -32 4,E39 3 2 56. 0:3993- 3 413 1 4 ~2 -~ .~
14 3.7827*64. 15:8:32 17084. 1860:13

17 35 7. 5 4 93S2 189 72. 2D EI 9 .E.21
23600.65995 27152. 69538 118651. 51299

186. 111607 2140.26452 2 . . 6- - -

::Ic~1C&- ''.- - -

14156. 88208 16280. 39233 17162. 796 1

169:34. 0477 1799 2 8 3 - 189-4.916'1
16-.0 1:3. 99:133 69 18420. 656 194 96917 !E-odio. .06.. iow1941.9- 45743

3.-10 . 1.1.5i . ... 94,92 9 -G301. 5 .612
91U:, 5345.531 10373.0. 2 C 1 ..-. 6 .-,n-

20524~.-~44792 2176.41. 527' 223:379. 6967
483400951.002 42272- - 4

S- 7479.54
935165 1. 9)11 -0 4I4 6 7Q 47 2' 6 1.S

~-EJA:1123 1 211



- 156 -

1995 1996 1997

7921. Q;94524 833092 7 3 . 3:

1-52. 6 2 04 9. 4 3. 44252.4 3

19 a. 3 7oat -4..a~ ~

-02 9 99418 89304

I- .J-*S . ,4 274 02. 2239.. 2.- 7- - 6 ,5 -

5303. 5591 55=4 44417 5848.823351
1203. 9 8 9. 0; -27,67. 4 133454.3377

9.5483',3. ., 931 100 7 . 7913 105267. 7164
-58 ,6 3 -. 5 . 3C-- .. _g

381925.7 22 4010SO 0. 4 3 4--2-5.- 796

17320.8 7 .18 -. - 0. 5 3 7
17aC -. ' C. . - - - - -

12154.35615 12772. 1i 9083 13422. 61.a

3 96. 103843 3779.. 02 -.- 3973. 910551

17973. 72599 18913.672 1 f907. 5415

2aa19 1 E-39 4 21960. 34004 23059. 70619

30128.08214 31685.86346 -3330. 1ENa

1 2 5 1. 48655 10761. 77595 1 396,

2370 578768 2490.37419 261 6. 371787

-l - - --a a .- . 1

94 C 5 9 . E-3 2: 9t 10078. 0965 10 f5 3 ':-:, 6

1:0 2 5-9 57 18 93 1. 2 O1 8 3. 441 5

- -. , 'a, . 73ra9

19,3 S4:. 31564 210 3 .- 'S 7 - 5,

". 7447 1421.524 249 9 - - ,

203a.4 
35 b.a 4-1

1 () 3 13 012. A Q 4 08 42.23 1 35.713

2395-6.2300 251400.454 -3,88 -0 :

444017. 5474 4-640 919

111324 1 12619 . 154 9a. 7 IS-
Il =a9 137061. 16

-266 6 5: 1- .33 9 .E--" 6 4 1 - 3

2- 7~..J 9 . 5. 0- 6 2591.5
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1998 1999

9 17 0. 6 989 1 9 '6 2' -. :1'~-'

2260. 058663 2373. 06160 1

10433. 7222 109610. 4442
302215.3752 317390.572

E-142. 424903 E40 987

140165. 362 147219. 4759

110531.1471 11E,06E1 . 4426

442381.2372 464610. 0479

20033.99934 21043.17491
14107.54378 14'29.03455

4179.156243 4396. 311636
20959.19124 22072.86796

24218.15558 25439.48655
35066.73502 36901. 90251

11862.89376 12456.90522
2748. 9175E2 288 .380511

11115. 46927 116-74.24544
20884. 23939 2 19 3 6. 1 3

22978.36305 24131.1506E
2-3633. 15696 24824. 56'92

119312.5942 125337.7627
13605. 94426 14378.76061

277040. 2599. 290969. 3425
514687. 0735 540715. 28.n

1292437. 016 1328527. 4
1441478.065 C 1508545.094
2 733915. 081 2837072.236
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LINK B BUILD 1979-1999

1980 1981 1964

17 7 3" 2279 . 7'--, 90

924. 10 1 U+'C4. 2 F 1168.45

15908-. 2380-6-3ea
10606. 86 18958.76 30325.92

645. 04 1373.25 .2173 41

16553.87 2102.0 3-4584.21
1424.. 9 272.7 46575. 86

14243.94 .24. 9

-- 1 1 5 U- -

105269. 0 -.04 971.02
. ., C058.30 -9. 62

2303. 10 -461.31 658.57
3416. UU08365 4911.22

5*2 7 6? -14 1 . 95 7190.84

0. 0 0 1376E. 7 2 280.2

.0 95. 70 227.23

. o 3402. 32 3784.83

1489.0118332645

3 100. 2 4779. 04 6588. 05
1489. 1959. 05 591. 74

62782.6 70299. 43 78858. 03
9 -- 3372. 901

2356 &3 387.89 i593.35

95266. 196922.36 304592.0

12 3 6. 6 58032. 26 106511. 56
1142~4 254954. 62 4 1 1103. 65
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1983 1984 1985

.3786. 41 428. 67
1290. 62 L 412.79 1534.97

42168. 33 53133. 68 65 133. i

45644. 12 65885. 02 92050. 44

3064. 16 4041. 91 5091. 65
2614:. 9 39337. 01 56514. 07

42 957175.-9 70 22 4.
71792. 105222.03 148564.51

9944. 44 9910. 62 9799. 07
2507. :: 2722. 74 2903. 14

277. 04 :3100. 54 3318.8 0
903. 04 7065. 73 8400. 58

128 1,4813011. 16 13117.8 87
4181.6 9788. 48 11303. 71

4376. 77 6129. 34 96. 05

407. 35 649. 38 967. 09

4231. 25 4718. 32 45 6. 12
3015.01 3837.75 4 . 12

8608. 01 10847.66 1234. 91
3422.3 , 4487.1:3 983.17

S9 8 84 9. 6'3 109 7 32. 2 388452. 69 58012 6562.63
4226.99 5230.12 b.6.

19114. R7 179884.09 206399.85
15511. 7 124777. 76 172254 03

41 010. 6 536505.82 658994. 09

170749. 4 252944. 41 355168. 80
1704.44 739450. 24 1014162. 9



- 160 -

1986 1987 1988

4 .6. 9 A 5 38.
---. - 48 39; 1 443

175i. 17 1967.3728:5

122015.40'

1, 5. 4 290. 47 5,3-7'. 4

E.0. 7

7549-3. 49'7 862 . 1

- C - *, . 0--, - 1

51- . 2 - -,-1-,9115. 115 9

2 5. E.5 . 1 i

12005. 79 14256. 715965. 01
4480:3. 7

3631.23 1396.44284

15 ES6 82 3. 1 20:3:3. 35
132873? 5 17968.28-~ ~

._i~e . --... .. .. . .~ -.. - - -

16 4. 54 82121:8.8

608:4.873 6961.6 ?8561.64

5955.97 7204.44'365.2

,1 628. 29

7043.47 8423.21t 9970

7837.4- 42- 8.09

9.. .. A

2 4697.73 248 - 124.1 694.718

196 7. 87 2 . 32 .2 25i332. 49

780345. 30 0j 1 E-99 . 2 E

4599 70. ES3 567055 1 -,1 6 5.7

6240 341 . 7 2 !E . -, 1 11 , : 1 -9 C
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1989 1990 1991

5: 39. 61 E . 45 =;
2399. 77 - 2615. 2- -746- . 7

S. 6i 3 0 - -91788. 59 98--21. 22
159 0 39. 47 1830489. 48 206122.01

5459. 72 5534. 8E 5896.
78961. 1 85365. 47 9749.25

91767. 05 97323 44 ..- 98 0-
23800- 65| o- 265854. 9, 1303619. 26

18960. 3:S 21437. 68 ,22812.39
7286. 2 8782. 1 9 U.08

4599. 82 4943. 48 5261.04
13429. 17 14985.55 16936. 14

23560. 19 26:3:81. 16 -80342
20715. 43 23767. 66 26885. 2

10253. 6:3 10796. 4:8 1151 29
A -7 14 11685. 53 1926

8770. 25 97.02. 53 1 57102021. 25 11979. 53 163

19023-93 20499.00 2 -89 8
1119. 3:o 13665. 06 15589 62

15;:156. 10 171640. 04 182601. WS,12776. 61 14849. 35 16810. 84

,.1. .07 31137. 03 362904. 94

1131341. 60 1242576. - - - : 3 2 4
1918171. 96 2141450. 1 2 -3 :,S
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1992 1993 1994

6245. 50 65.7
2:384. 10 3 028.,:31 3179 72~

104612. 31 111571. 11 890 1
235823. 61 1170265. 55 310231. 21

627:8. 39 6680. 20 7102. 87
111555. 40 127857. 74 146775. 18

110890. 70 118251. 4126010. 8,
34737. 00 398123. 29 457006.3

24284. 14 25858. 55 27541. 24
1129 6. 5 . 12854. 08 -E 14656. 09

5600. 10 5961. 35 6347. 4!
19185. 87 21783. 56 24786. 1.1

29 8 84. 24 3 18 20. 40 33 3.8 -S. 72
30482. 44 34637. 64 39442. 20

12289. 6 2 13102.94 13962. 76
2196. 42 2514. Q6 2882. 693

11004.03 11709. 13 12452. 13
15622. 32 17888. 45 20517. 13

23293. 66 24812. 07 26414. 89
17818. 74 20402. 6 23399. 82

1 94348. 2 6 206925. 69 220381. 13
19075. 00 21691. 30 24717. 45

.35841 6 . . . Eiu . .E! .... - - - - - . 6
1417. 1 44854. 3,5 544459. 74

1451777. 06 15 5 D0 S98. 4 E 1644449. 74



- 163 -

1995 1996 1997

7 2-'9. -9 7591. 4 4 7971.0 1
333:. 71 3505. 65 3680., 93

126497. 63 132938. 91 139:33 0. 2
353932. 09 372345.06 391798.90

7540. 46 7927. 55 8335. 02
167 459. 29 176150. 69 185330. lt0

134038. 09 140916. 46 14'8165. 22
521391.3, 548495.74 577129.00

29317. 56 30939.93 32777.63
16639. 3: 17699. 77 18051.53

6754. 90 7152. 69 7576. 49
28097. 76 . 29990.62 32060.03

36072. 46 38142.67 40354. 11
44737, 14 47690. 40 50911. 55

14855. 86 15635. 40 16459. 54
3286. 09 3463. 46 3651. 89

13223.45 13915.26 14644.79
23393. 65 24643. 37 25969. 02

28079.30 29550.66 31104.33
26679. 74 28106.83 29620.90,

234605. 15 24808.1. 54 262498.83
28050.06 29867.03 31844.40

432795. 00 456691. 32 482122. 50
620858.32 654160.00 E895 05. :6

734905. 7in 1 8:2 08 97. 20 1 9026',0. 90
1510951.36 1634124. 5 1751087. 27
3245857. 14 345502- 79 3653768. 17



- 164 -

1998 1999

3864 -7 871,3. C!4
4058- 22

147038. 9 4
154632 94
4341295

8763.86
195030. 89 2 - 3

A 
-

1 4 -

5639414.75

34686. 15
20105.64 3709

21474. 74

84 2 7.54 6.8506. 74
34328.5436322.18

42713.62
54434. 1* S -'22i- 66

58296. 9:3

17330.4 ' 1 8 0. 4E
3852.30 40650.42

1543 .85 16224.2 9
2737.6328872. 95

32744. 34 34473 122 8 .9 32934 . 7

2 .77903.2' 93853400 1. 2 3636.1

506.0 5 3788 8. 9

19804,92. 45 2557 48 26 9 0.4 8 - 3 "



- 165 -

LINK C - BUILD 1,979-99

1980 1981 1982

j. .': :7 o. 1 48-2 3F

' 3i 7,4 9654
.065. 55 13944. 52 22319. 40

45:3. 06 727. . 1037. 1r

2545. 0: 4747. 7861. 

12636. 47 7998. 4. 73
'i E6 10. 6.4 18E69 1. 94 301:31. 09

795453. 3i 9 -D.9 10 519. '39

1401. 95 1392. 36 2540. 43

1691. 64 1922 57 2201. 17
2509. 66 3267. 43 4274. 74

9645. O1 1 100:- 52 12721. 16
3911. 61 5159.79 E . 5. 17

0. 00 1205. 504 2472. 59
0. 00 84. 24 204. 90

21:0. Z1 2557. 14 :3018. 10
1046. 6 1 1426. 45 1955. 99

28 0. 51 3 7 62. 6 4 5 49 0. 69

1046. 6 1SIU, 6 2160. 90

.4 9- 77 3 0.68 32

4973*:s. 29 - 647. (7ts; 684...:

1735. 44 2360. 1 :379. 72

192'. 27 9141 . 0 1 , . 0
17304 . J7 .4 .

1715 . 50 '29 -;1 764 5 17
94 .5 83.08331.



- 166 -

1983 1984 1985

, 688. -3 ... .- 82 ... 5-

296.6.77. 64- 4 555. ::f34028. 8 49945. 7097.

1385~. 1 G .76. 62 2.- 16 . .
12199. 8 E 180 8. 60 -

25857a3

3ii51. 79 39141. 26472.6
46228. -: 158103 1. 9

ba

1 1 - 4 21 ' .6- 2 -

8949.81~~C 1 -1 . -4E,19 10

,:.i . O i .. 3. -,.-i - e-.t2

3545.81 411 . ,.: .3

736. 72 8. 1 E3 7

3046 88,421993 532089

14707.234 1568 12 - 1 4 77

62948.5 894893. 96 -:2-8-6".8~'

, 0 1. 4 4 8 2 9-4-.- .-- i -5 8 9 . fl4

C665 1...7'--7 E:2:-5600 1 0 C!- - - ,

-3.'- a 2 . : ,-

,- i

3442103.1. s5 4j.4. I



- 167 -

1986 1987 1988

lts49058. 42 729 34

55 . . -, 4 E -190 5 C3. " 2 5 1 -5 4 9-6 0 7 2 S I-

2494. 23 t.

1 54 725. 8 4
.8:.3 0 . 5

.. 9. 2" -- .57 554
112 51.0. 73 1 '-00. 75 149451. 5

- -- - .i.q
16 5 04. -3- - - 4 i .-. - -... I - _ . I-

6204. 65 0R. 75 7. 49

34 87. 1 5 "t g4169. 4
10575. 44 i 13 872S.

.2 3 0S477 3;
1 E7E0. 09 , .. 21086. 25

-7'744-7:. 63 674..

4 4. -I p c 0 C- -
5280. 56 .J.- ." 3 2.

1242. 1,n41:3242.1

1195'0. 5 4 4. 4 '655.
3 Of 5 -D . 14 E .. 3

20293 34 24334.24

-" 
-

7 5. 15 41

0 -I



- 168 -

1989 1990 1991

3 . 5 5C4'j

5'794. 93 6353. 7 67C54. 74
116951. 1 314150333.

*Z4..32. 4.. 6 -2:. 9~ 7.- - - -3 5 C- -.

S3"14. 36 6741.71982. -
170984. 24 194743.15 222719.

1:34:3 89 1-9244 2 05 6z E 0
7857. 41 :51 . 9675. 13.

15754. 90 1790 6. E" 2092 :

23016. 65 24153.39 2 574.52
23612. 31 26420. 44 f30 0:67. 58

62.. ,:-35. 1 i .
1341. 64 1463. 30 1674. 45

47. 5670. 07 6039. t
6969. 52 7624. 01 A 72. 0

536.. 2 4... 2 15101. 69
3 16 90E7.n 1 10394. 5c

16 E46 95. 01 1:1456.14 1 93:354 .72
15 006-. l 5-'1 2 0 2

.9 10835 -7 CZ i.

.. . : .i * -:'
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1992 1993 1994

7. 409. 4 4

7 24 20. 6 3 73239. 3 _23218. E, 3
2 7 6 0 0 . 4 . -

439 2 G 4674. 41 4962. 
C2941.74 9- I. 108143. 96

E6814. 9 0 819- f3 3749. 21
255156. :37 2927-1 6 33261 8. 86

2 19S ,6. 43 2'-!4 E.5. 39 C; 03 C-D
11017. 90 12572.4 14252. 22

57 1:3 5944. 24 4 30
2 .- 22. -. 58 2 6 6 02. 16 3 0 17 S. 58

27545. 61 29410. 13 31362. E.
34287. 4: 39174. 30 44430. 80

9670. 94 10'3 13. 45 i a'972.
291-:. 61 . 1 2501. 6

6429. 62 6:39. 74 7261. 41
9990. 6 11465. 2 13025. :36

1610 C. 57 -7 15 3. L 9: in3 .
11909. 57 1:3667. 45 15527. 2

20709'0. 25 221 . 7:' 235937.
0 .- ; 261042. 24 7531. 19

37551.3 465 3328.7
S-- s '- - '-

444 . 1364493. E; 1.4 74."t -It S II'
7, :n C:z1ti4 -



- 170 -

1995 1996 1997

7990. 25 6309. 7-7
76.9. 77 4737. 49 4974. 3
4511.90

91126. 73 -595S. 42
86539. 52 250437. 62 264776. 07

237030.60
---:D l 6- -- --. -- -_ * _ _

5222. 16 120461. 85 127243.25
114107.16

96622. 2E 101741.49
91761.68 37 0'.;99. 47 3-9201 . 32

351137.76

28162.65 .-- 2 9 86S.9 3
26553. 22 165:34. 7:3 17866. 73
15335. 31

7071. 86 7477.1
6687.83 34554. 15 37 0 0. 37

32265. 67
35234.51 37346. 04

33241. 05 51088. 87 54937. 11
47600.38

12155.49 12794 .5
11548. 53 2785. 99 2942. :31
2639.44

8043.26 8464. 96
7642.37 14516.33 15337.99

13746. 91
20198. 75 21259. 47

19190. 90 17302. 31 1S2I0. 30

264985.67 280032.12
250029. 68 34093. 23 36742. 56

31699. 36

417041. 19 441179VI2
:394223.31 4 7:*338: 3. :39 5-1979.29

446824. 44

1611804. 39 168S'12. 69
1532348. 71 12 2 G8 2 2 121118 4 1.
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1998 1999

2-3" C1-1 . 25 9 249. 72
5223. 05 5484. 24

101044. G6 106:396. 71:D
2ER01.36. 3:3 296620. 66

6085. 40 F;.403. 1S
1:344911 0n0 142249. 7 G

107130. 26 1-12799. 88
414627. -33 438870.42

31674. 78 33582.92
19350. 14 21006. 75

7904. 31 8354. 23
39844.75 42912.41

39.7..0. .193 .14
59194. 89 63919. 16

13466.98 14174.33

29 75 235. 06 315300. 67

-4-

3962.1 2561955 40;

315831.4 7t25-:,7.5

13 32 '3 72 4 J 11 1.E

:3 15~ SO1 2 1 1 2 R1


