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May L, 1971

A PROGRAMMING MODEL OF THE AGRICULTURE SECTOR IN MEXICO 1/ |

John H. Duloy and Roger D. Norton

I. Introduction

The model for the agricultural sector in Mexico, CHAC 34 was first
envisioned in the framework of a multi-level planning study. Other parts
of the study are addressed to econoriy-wide and energy sector policies;
the role of CHAC ié to formalize the main aspects of micro—level.and sectoral
decision-making in agriculture. The broad theme of the overall étudy is
linkages between different levels of decision-making, but, as is usual in
the case of large scale model building exercises 2{ there is more than one

underlying purpose.

g/ This paper is a report on a large-scale, long-term research project
being carried under the joint auspicies of the Mexican Government and
the world Bank. A fuller version is forthcoming as several chapters in
a North-Holland monograph on rmlti-level planning in Mexico. As in
any large~-scale undertaking, a number of individuals have been involved;
a brief 1list of the major contributors includes Dr. Luciano Barraza of
the Secretaria de Agricultura y Ganaderia, Dr. Donald Winkelmann 9f the
Ford Foundation in liexico, Lic. Luz lMaria Bassoco of the Secretaria de
la Presidencia, Lic. Teresa Rendén of the Bancg de lMexico, and Mr. Gary
Kutcher of the World Bank. ILic. Leopoldo Solis of the Secretaria de
la Presidencia has provided generous support and encouragement; Dr. Louis
M. Goreux of the World Bank and Dr. Alan S. Manne of Stanford University
conceived the idea of the agricultural study and have provided many
helpful comments.

g/ One of CHAC's earlier manifestations was as a rain god of the Maya.

2/ CHAC alone has some 1500 equations and about 3000 activities.




Basically, the agricultural sector study has been oriented toward

(a) the Mexican government's interest in analytic tools for plaéning sectoral
policies, and (b) the World Bank's interest in the methodology of both
project appraisal techniques and general policy planning models. As a tool
for policy makers, CHAC is designed to be addressed to questions of pricing
policies, for both inputs and outputs, trade policies, employment programs,
and some categories of investment allocation. It is not particuiarly well
suited for analyzing agricultural research and extension programs, crop
insurance policies, or credit policies. It is structured so that it is

a simple matter to change factor prices, including costs of labor, capital,
water, and agricuitural chemicals, and to fix product prices at alternative
support price levels. The prices received by farmers and paid b& consuners
for tradeable commodities also may be adjusted geadily to reflect tariff,
taxation, and exchange rate policies.

Employment in agriculture is one of the major focuses of CHAC. The
model is designed to yield the monthly emplcyment patterns for farmers and
hired labor, in twenty different geographical areas, and the interregional gea-
sonal migration patterns which are associated with each set of policy assumptions.
Accompanying parametric solutions are conducted to estimate the scope for
labor-capital substitution (the first of these solutions are reported in
section IV below). The model's structure makes it possible to divide labor
absorption possibilities into three categories: those arising purely from
the technology set, those arising from changes in the product mix, with
consequent changes in relative product prices, and those arising from inter-

national trade.



The general project appraisal question to which CHAC is addressed is the

effect of additicnal information on the project decision. 1In CﬁAC, the
"projects" take the form of a package of investments in a particular locality.
The question then arises as to how much information is required about the
technology set of the particular locaiity, about the supply responses of
other localities, aboul commodity demand functions, and about the appropriate
shadow prices of sector-wide and economy-wide resources in orderlto make
"acceptable" investment decisions. The model is designed to shed some light
on these questions by embedding a set of investment choices for a particular
submodel in a framework of narrower or wider information flows. |

As a more geﬁeral methodological study, the main interests are in the
inclusion of price-responsive demand structures in iinear programming, in
different measures of factor substitution in the n product m factor case,
in aggregation procedures, and in decomposition procedures for planning

models.



II. Structure of the Model

i) Overview
CHAC is a sector-wide model in the sense that it describes total national
supply and use - production and imports, domestic demand and exports - for
the forty principal crops in MeXiCO'L{ It is a one-period model, so the
timing of investment decisions cannot be studied, but investment choices
are included in the model. On the demand side, consumer behavior is assumed
to be price elastic, and commodity prices are endogenous to the model.
On the production side it is decomposable into twenty submodels. Each sub-
model represents a geographical entity and each may be solved as an individual
model, with approﬁriate assumptions on prices. In this manner, some of the
differences between partial and general equilibrium approaches méy be explored.
Separation of sources of supply and demand, for both products and factor
inputs, is the basic rule under which the model is specified.' For each crop,
there are numerous alternative supplying activities, including imports and
production under different techniques in different locations. There are
corresponding activities for sales on the domestic and export markets.
Effectively the model contains (multiple step) supply and demand functions

for each crop, and these functions for different crops are interdependent.

}/ These forty crops represent about 95% of the value of crop production
in Mexico.
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The specification of alternative moées of supply is quite detailed, so that
in most cases there are several dozen steps in the supply functién. The
demand formulation is flexible: it pefmits arbitrarily close linear
approximation to a quadratic form, in the event of full information on

the true demand functions, but it also may be based on very limited ipfor-
mation on demand. Commodity balance equations require the clearing of markets,
with simultaneous determination of equilibrium prices and quantities.
Commodity prices are either completely endogenous (for non-traded goods)

or endogenous between import and export prices. The assumed import and
export prices may be varied in alternative solutions to reflect different
world market condi%ions and tariff policies, and sets of prices may be fixed
in order to investigate the effects of price support policies.

The incorporation of demand functions, instead of exogenous product
prices, provides a more reélistic description of aggregate market conditions
faced by farmers, and it reduces the tendency of such programming models to
seek solutions with extreme crop specialization. It also opens the door
to investigation of alternative forms of market equilibrium. Under appropriate
objective functions, the same model may simulate a sector which behaves
either as a monopolistic supplier of products or as a collection of competitive
producers. And by casting one of the two objective functions in the role of
a constraint, it is possible to explore the trade-offs and complementarities

between producers! and consumers' welfare L(

;/ These properties of the model are developed more fully in section II
(v) below.



The cropping activities in the model also constitute factor demand

activites. Factors are suppljied by a separate set of factor supbly
activities, and there are balance equations which require equilibrium

on the factor markets. The factor supply functions range from the perfectly
elastic, for those inputs for which the agriculture sector is a price taker
(e.g., chemicals, capital), to the perfectly inelastic (e.g., some categories
of land). In the former category, factor prices are exogenous to the model,
in the latter they are endogenous, and in intermediate cases they are endogenous
within limits. Iabor falls in the intermediate category. When factor prices
are exogenous, the factor is regarded as a national resource, i.e., it has
alternative uses ih other sectors or in international trade. At the other
extreme, factors in inelastic supply are purely sectoral resources which

have no economic use outside the sector in the short-run; agricultural

land and water are placed in this category.

Demands for land, labor, and water are generated monthly. All other
inputs are treated on an annual basis, including services of farm machinery
and draft animals. This is one of the instances of the model's being tailored
to specifically Mexican conditions. Virtually all farm ﬁachinery (mainly
tractors) is used in the irrigated areas of the central plateau and the
arid northern zones, and due to the nearly uniform year-round climate in
these areas, there is not a very pronounced degree of seasonality in aggregate
demand for machinery services. Hence, to simplify an alfeady canplex model,

the monthly specification has been'dropped in this case.



Labor l/ is divided into three classes: famrm owners plus their family

labor, hired (landless) agricultural labor, and machinery operatérs. Local
and interregional migration is permitted in the model for landless labor
and for farmers on rainfed farms; associated with each solution there is
a paFtern of seasonal employment in each locality and a pattern of inter-
regional seasonal migration. Machinery operators constitute less than five
percent of the agricultural labor force, and they do not appear to be a
binding resource in Mexican agriculture, so they are assumed to be supplied
in fixed proportion to machinery services = with infinite elasticity of
supply. The wage for machinery operators is higher than the wagé for hired
labor, and both types of wages vary among regions, in accordance.with cbserved
behavior.

In any particular month, farmers are assumed to be willing to work
for an own wage, or reservation-price, which isllower than the hired labor
wage. Thus the basic steps on the lsbor supply function are the following:
(1) using the labor of the farmer and his family, (2) hiring local landless
labor, (3) hiring surplus landless labor fram other regions, and (4) hiring
landless labor away from loﬁer-productivity employment in other regions.
The model is structured in a form that permits ready adjustment of all wages,
so that various experiments - such as measuring capital labor substitution =

may be conducted.

1/ Labor in the model is discussed more fully in section II (iv) below.



i1)

Spatial Disaggregation

conditions.

On the product supply side, each of the twenty submodels rebresents
either irrigated, rainfed, or tropical cultivation, and each covers a
particular set of counties or districts, which are not necessarily contiguous.
In the case of rainfed and tropical agriculture, the submodels are defined

on the basis of annual rainfall and altitude, which determine climatic

Cropping and investment activities are specified by submodel.

The submodels are grouped into four geographical regions, and labor constraints

are specified for each region, in order to capture the differential labor

mobility and wage rates which exist in liexico. The reglons are as follows

(see map):

(1)

(I1)

(111)

(1v)

The Northwest - an arid region of large scale irrigation along

a thousand-mile coastal strip between the Gulf of California

and the Sierra Madre Occidental, plus Baja California. Agriculture
is more extensively mechanized here than in any other region.

The North - the rest of the northern part of the dountry;
this region is also extremely arid and cultivatable only with
irrigation except for the eastern portions near the Gulf of
Mexico.

The Central Plateau - an area of mixed rainfed and irrigated
farms, concentrated along the course of the Lerma River; the
farms are generally smaller than in the North and Northwest;
twenty years ago this was the most productive region in Mexican
agriculture, but it has been surpassed by the northern regions.

The South - tropical agriculture with very few systems of water
control; due to the mountainous terrain, this region is the
most remote from the major urban markets.



While there are landless agricultural laborers who live in each region,

gaining a livelihood from part-time work on irrigated farms, the bulk of

them reside in the Central Plateau region, where there is closer access to

the major urban centers for part-time work and where small rainfed plots may
be cultivated. The dominant direction of seasonal labor migration is between
the bentral Plateau and the North and_Nortwast. There also is some movement
from the South to the Central Plateau and the northarn regions, but due to

the distances involved this is more apt to be permanent rather than seasonal
migration. To help limit the size of the model, seasonal and permanent
migration activit%es have been specified only for the directions of significant
net flow, i.e. (a) from Central Plateau to Northwest, (b) from Central Plateau
to North, and (c) from South to Central Plateau. Observed wages'for hired
labor are lowest in the South and highest in the Northwest. This reflects,

at least in part, the relative abﬁndance of labor in the tropical areas and
the Central Plateau: migration is a gradual process and disequiiibria in
regional labor markets often persist for decades.

The local constraints for each submodel - primarily the annual and
monthly bounds on land, water, and farmers - form a block in the block-
diagonal production tableau . Since the constraints in one block are
independent of all other constraints, additional submodels may be added to
the system, with appropriate modifications in the coverage of the existing
submodels. In this way, the model may be focused on the detailed choices in

one geographical area, while treating other areas in a more aggregate fashion.



s

Table 2 - Spatial Components of CHAC
' Farm Submodels
Re-"on Location }/ Type E/ Number Name
Northwest R{o Yaqui I X . Rio Yaqu:
Culiacan : ;
Rio Humaya I 2 Culmaya
San Lorenzo ;
R{o Colorado I 3 Rio Colorado
Comisicnh del Fuerte 1 L El Fuerte
3/ I 5  Residual Northwes
North N z 6 North Central
5/ o < 7 Northeast
: N i 1
Central g/ LR 8 El Bajio A 7
Plateau 1%/ 5/ SR 9 E1 Bajio B
Alto Rio Lerma : El Bajio
La Begofa . 0 Irrigated i
Lands between 1500 and 200 meters of elevation
with 600 to 800 mm. of anmual rainfall 8/ R 11 Temporal A
Lands of 1500 to 2000 meters elevation with more -
than 800 mm. of rainfall 9/ R 12 Temporal B
Lands of 1000 to 2700 meters elevation with 40O
to 600 mm. of rainfall 10/ - R 13 Temporal C
ILands of 2000 to 2700 meters elevation with 600
to 800 mm. of rainfall 11/ R i Temporal B
Lands of 500 to 1500 meters elevation with 700
to 900 mm. of rainfall 12/ R 15 Temporal Z
13/ R 16 Central Irrigate-
South }_E_i/ lands of 0 to 500 meters elevation with 900 to
1500 mm. of rainfall 1./ T W Tropical A
Lands of 0 to 500 meters elevation with more than
1500 mm. of rainfall 15/ P 18 Tropical B
Iands of 500 to 1500 meters elevation with more than
900 mm. of rainfall 1_6/ T 19 Tropical C
ars I 20 South Irrigated



Notes to table 2

1.

11.
12.

13.

15,

For irrigation submodels, the location is defined in terms of the administrative
irrigation districts of the Ministry of Water Resources (S.R.H). For rainfed
and tropical areas, altitude and rainfall define the submodels, and each
submodel's precise coverage is stated in terms of municipios (counties).

Each municipio is assigned wholly to one submodel. |

The farm types are as follbws:

i & - irrigated
IR - rainfed, large farms (ten has. or more)
SR - rainfed, small farms (less than ten has.)
R - rainfed

* P - tropical

In many of the irrigation submodels there are additional distinctions anong
farms, based primarily on efficiency in water use.

The remaining S.R.H. districts in the states of Baja California, Sonora, and
Sinaloa: Santc Domingo; Guasave; Mocorito; Colonias Yaquis; Costa de Hermosillo;
Rio Altar; Rio Altar, Pitiquito y Caborez; Rio Mayo; Guaymas.

The nine S5.R.H. districts in the states of Chihuahua, Coahuila, and Durango
(including Don Martifn, which is in both Coshuila and Nuevo Ledn)

The nine 5.R.H. districts in the states of Nuevo Ieon and Tamsulipas.

The rainfed portions of the 17 municipics in Guanjuato which are at least
partly contained in the S.R.H. districts of Alto Rio Lerma and La Begofa.

In order to evaluate a set of investment zlternatives which includes transforming
rainfed land into irrigated land, submodels 8, 9, and 10 are solved together,
known collectively as "E1 Bajio".

Mostly the states of Puebla, Guanajuatc, llidalgo, and Querétaro.

Mostly the states of Jalisco, Michoacan and Morelos.

Mostly the states of the northern part of the Central Plateau plus those
further north.

Mostly the state of México.

Mostly the states of Oaxaca, Guerrero, Nayarit and Véracruz.

The 73 irrigation districts in the states of Jalisco, Mexico, Michoacan,
Morelos, Hidalgo, Aguascalientes, Puebla, Querétaro, Tlaxcala, and Zacatecas.
Virtually all of these districts are quite small compared to those of the
North and the Northwest.

Mostly the states of Chiapas, Guerrero, and Veracruz.

Mostly the states of Tabasco, Campeche, and Yucatan.

»



Notes to table 2, cont.

16. Mostly part of Puebla, Chiapas, and Véracruz.
17. The 31 irrigation districts in the tropical states of Véracfuz, Chiapas,
Campeche, Yucatan, Guerrero, Oaxaca, Colima, and Nayarit.

18. The coverage of the various rainfed and tropical submodels does not fall
entirely in the Central Plateau and Tropical regions, respectively.
However, the regional designations are good approximations, and the wages

.in rainfed and tropical areas are very similar in magnitude to those of
the Central Plateau and South regions in general.



Demand functions are not specified for each submodel 34 but rather

nationally, except for a few food crops for which a separate South region
market is introduced, due to the high cost of transportation between the
tropics and other parts of Mexico. However, it is not asswmed that each
submodel can equally well supply the "national" market. OSpatial price
differential parameters'are used which reflect the differential transport
costs faced by each submodel area, based on the histérical patterns of
transportation. Thus the Northwest region farmers receive a lower farm-gate
price for vegetables than the Central Plateau farmers do, for the latter
are located closer to the major urban markets of Meiico City and Guadalajaré.
For export crops, proximity to major ports determines the 5patia1 pattern
of price differentials.

In the case of the South, the submodels there may sell maize, for example, against
a downward sloping local demand-schedule and, b& incurring a fixed transpor=-
tation charge per ton, offer any additional maize on the national market.
Similarly, the Central Plateau has the option of selling part of its output

on the South's market, provided it incurs the transportation differential 2[

}/ For two reasons: there is insufficient information on the spatial distribution
of demand, and the introduction of local demand activities would make the
model much larger.

g/ Local markets can be introcduced for areas other than the South, but as
a first approximation they have been omitted.



iii) The Production Technology Set

CHAC contains approximately 2500 cropping activities to describe
alternative techniques for producing the forty crops. Each cropping
activity defines a yield and fixed proportions of the following current
inputs: land (monthly), water (monthly, anmal), labor (monthly),
machinery services, draft animals, chemicals, purchased seeds, and short-
term institutional credit. Relations between inputs and outputs are taken
to be those which are observed (and projected) in each locale, and not
necessarily the biological or profit-maximizing optima. In principle,
possibilities for‘fmvement toward more nearly optimal input mixes could be -
represented with activities for extension services, but existing data do

not provide a basis for doing so.

The ratio of each input to output varies over the submodels for every
crop - Some localities have Sharﬁer growing seasons than others,
so the number of months of land differs; fertilization practices vary,
especially between irrigated and non-irrigated areas; and for irrigation
the amount of gross water release required at the dam depends on the length
and condition of the canals, and this too varies from afea to area. In
addition to these variations across submodels, there are éystematic variations
within many of the submodels in the input-output ratios, particularly in the

amounts of water, machinery services, and labor per unit of output }4

E/ Variations in water-output ratios occur within five of the ten irrigation
submodels, and the machinery and labor requirements per unit of output
vary within all twenty submodels.




For some of the irrigation submodels, the land is grouped into four

classes, based on efficiency of gross water use l( Observed avefage yields

differ over these land classes. Given appraximately standard practices

within a submodel area with respect to fertilization, seed and credit use,

the amounts of these inputs per unit of output also differ over land classes.
For all of the submodels, alternative degrees of mechanization have

been specified for attaining the same yields. Threeldegrees of mechanization

have been specified in CHAC: totally non-mechanized (all power operations

done with draft animals), partially mechanized, and fully mechanized (no

draft animal use). Obviously there can be many degrees of partial mechaniﬁation,

but in actuality the choices are discrete and few, e.g., the plowing is done

with either mules or tractors but not with both. To avoid overstating farmers!

short-run flexibility with respect to technique, one-degree changes of

technique are permitted but nof two~degree chaﬁges. If the farmers in the

area covered by one submodel use totally non-mechanized techniques, that

submodel contains non-mechanized and partially mechanized techniques only.

Similarly, it is assumed that fully mechanized farms may revert 1o parﬁial

mechanization but not to nﬁn;mechanization, under significant relative ﬁrice

changes.

;/ which in turn is due to terrain conditions, distance from the water source,
and state of repair of the canals. The land classes are designated by

2 é y 5
the Sueretar s de Recursou \lidraulicos.



The major advantage of mechanization, vs. use of draft animals, lies

in land savings. A crop can be harvested, and the ground prepared for a new
crop, significantly faster with tractors than with draft animals l( In

some cases, this time saving makes the difference of being able to plant

a second crop during the year. This saving is shown in the model By
requiring fewer months of land with the more mechanized techniques, e.g.,
the first month of land is represented by a coefficient of 0.3 instead of
1.0 (one hectare for ten days instead of thirty days).

Differential land (and labor) requirements also conatibute ihe
distinction between two forms of the crop in the case of alfalfa: ‘the croﬁ
may be sold green, at a lower price per ton, or left on the land longer and
sold dry, at a higher price. In the case of barley, the farmer also faces
a choice - of harvesting the entire plant and selling it as forage, or of
using substantially less labor and harvesting only the grain. As iﬁ the case
of alfalfa, there is a separate demand function for both typesgyso prices
move in the model in response to these production choices. For grain barley,
there is an additional component on the demand side, the demand for malt
grain. There is a minor amount of post-harvest on-farm processing for the
grain which is destined for malt{ but this is ignored as an approximation,

so there are two markets specified for grain barley: malt and non-malt.

l/ One might think that the same savings could be achieved by simply using
more mule teams, but, as anyone who has worked with mules knows, there
are limits to the number which one farmer can supervise.
2/ This is an over-sirplified account. In fact, the two forms of alfalfa
are contained in the same product group. See Section II (v) for a definition
of - this concept.



For cotton also CHAC contains two markets, but this arises from the joint-
product nature of the cotton crop. oseparate demand functions are speci{ied
for both cotton fibre and cotton seeds, and in the case of seeds, the price
depends partly on the volume of production of other oilseeds. Hence in the
model, the profitability.of growing cotton depends on (a) the depand schedule
for cotton fibre, (b) the demand schedule for oilseeds, (c) the production
surface for competing oilseed crops, and (d) the production surface for

cotton.




iv) Factor Supply Activities

Three classes of factors may be distinguished in CHAC: those supplied
at the level of each submodel, those supplied at the regional level, and
those supplied at the séctorawide Jevel. At the submodel level are supplied
land, water, and the lébar of farmers plus théir families. Agﬁicultural

land is not priced, for, as explained, it has no opportunity cost in the

short-run, but the dual solution of CHAC yields the value of rents which
accrue to the land. Similarly, endowments of water are not priced but the
cost of tapping the water supply and providing it to farms is charged
against the objecfive function. However, there is a price charged for the
labor of farmers and their families; farrmers may be fixed on the land in

the short-run but their presence is due to a longer-run decision which is
based in part on recognition of their opportunity cost. If it were assumed
.that farmers were willing to work for zero wages, cropping activities would
enter the optimal basis which would not enter under more realistic assumptions,
and hence all of the supply functions in the model would be biased toward
overestimation of the supply offered at a given set of product prices.

Also, unless extensive fiscal redistributional schemes are to be ccnsidered,‘
policy oriented models must, if they are to provide solutions amenable to
implementation, be based on wage assumptions not very different from actual

wages.




Factors supplied at the regional level include hired labor and chemical

inputs. There are some interregional price variations for delivered agri-
cultural chemicals which follow from the transportation costs inherent in

the spatial pattern of their production and use. Sector-wide factor supply
activities in CHAC include those for credit, seeds, draft animals, and machinery
services. A sector-wide water pricing activity has been included in order

to perform policy experiments regarding the effects of systematic sector-

wide variations in water charges.

Most of the factor supply activities are straightforward; a step function
could have been included to represent the supply of agricultural chemicals,
but it was felt that supply conditions in Mexico do not warrant it. The
labor activities and constraints constitute the most complex part of the
factor supply set. One of the major purposes of the agricultural sector
study is to measure the impact on employment patterns of various policies,
and the labor components of CHAC have been designed accordingly. Some of
the elements of the labor structure have been mentioned: monthly labor demands
are generéted within each submodel and these demands are met either with
local labor or through interregional migration. Regional wage differentials.
are incorporated, and provision is made for a reservation price for farmers'

own labor which is different than the wage for landless, or day, labor.



The number of farmers is fixed for each district, and the number of

landless laborers is given for the sector as a whole; ie, rural-urban
migration is exogenous. While farmers do migrate to cities, the number of
farms in Mexico does not change very rapidly over time, so in the short-run
the assumption that the number‘of farmers in each locality is given appears
tenable. Farmers in non-irrigated areas in Mexico often work seasonally on
irrigated farms, so this kind of labor transfer is allowed in the model,
with the exception that people leaving tropical areas are assumed to move
permanently rather than temporarily, since the distances are so great.
The reverse flow, of farmers with irripated land working on non-irrigated
farms, virtually never occurs in lMexico, so it is not an option in the
model. Iabor duration contraints are imposed to insure that, on a sector-
wide basis, the laborers in the peak period are not employed for only one
or twe months; laborers in these circumstances almost certainly would have
moved to urban areas. If, in early solutions, sector labor is exhausted
in at least the peak period, an activity for urban-rural migration, at a
higher wage, will be added.

The landless labor force is divided into four regional pools in the
model, and if one region employs all the members of its pool in a particular

month, it may draw redundant laborers fram another region.



The regional wage differentials are incorporated in the model by rmlti-

plicative factors,so that the proportional differences remain constant when
experiments are conducted with different base wage rates. The wages for day
labor tentatively are based on the official minimum salaries. Regional
averages have been calculated from the minirmum salary regulations. These
averages are, in 1968 pesos/day, 19.5, 20.5, 2,.0, and 26.0 for the South,
Central Plateau, North, and Northwest regions, respectively. In terms of the
model structure, 19.5 is the "base wage" i( It is generally agreed that
these "minimum salaries" are in fact maximum salaries. Hence alternative
solutions will be gcnducted with a base wage of 15 pesos 2/ (regional wages’
of 15 to 20 pesos, maintaining the proportionate regional differences).

The model is structured so that any ratio of the farmers' own-wage
to the day labor wage may be employed, but in the initial solutions it is
assumed that the ratio is LO%. This ratio gives an own-wage for farmers
ranging from about eight to ten pesos per day. Ten pesos/day is equivalent
to 2640 pesos/year at full employment,é/ B/ but recall that the farmers!

actual returns are much higher in many months.

1/ A wage of 19.5 pesos/day is equivalent to 51L8 pesos/year at full employment.
2/ A wage of 15 pesos/day is equivalent to 3960 pesos/year at full employment.
3/ All types of labor are regarded as available for working 26l days/year,
or 22 days/month. All months are uniformly defined to have 30.4 days.
This approach avoids the necessity of using a multiplicity of conversion
factors because calendar months have different numbers of days and the
monthly pattern of holidays is not smooth.
L/ The exchange rate is 12.5 pesos to the dollar.



In irrigation submodels which do not have a large variety of basic

farm types, the model is designed so that farmers are "supplied" on the
basis of quarterly contracts, rather than ménthly or annual contracts.
This treatment in effect allows for the incamplete mobility of farm labor
within districts which i5 observed. If both farm and day labor were supplied
monthly, the lower reservation price would imply that day labor is hired only
in the months when farmers are fully employed. In actuality, some farmers in
a district may hire day labor in months when other farﬂFrs are idle. Hence
use of monthly contracts in the model overstates labor mobility within the
district. The quarterly contract device makes it optimal to hire déy labor
in months when farmers are lesé than fully employed. For example, with a
day labor wage of 20 pesos and a farmer reservation price of 8 pesos, one-
month peaks in labor demand will be met with hired labor but two-month peaks
will be met with farmers on quarterly contracts.

Thus CHAC effectively incorporates both supply and demand functions
for labor and it determines equilibrium levels of employment and of the
average (farmer + non-farmer) wage, by month and by district. The
quantity of labor demanded is in part a function of the labor supply functions.
However, if, for the sake of illustration, it is assumed for the moment that
the monthly labor demands are given in a district, the role of the quarterly
contract assumption can be seen readily. Figure l-iilustrates the impact

of the quarterly contract assumption on labor hire pattern, given that

the farmer reservation price is less than half but more than one-third the
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day labor wage. A hypothetical seasonal pattern of labor demand is drawn

(the line AGHIJKIMNOCDPGRSTU ). Under the quarterly contract, the number
of days of labor hired is equivalent to the shaded areas, and the cross-
hatched areas show the number of "farmer-days" for which the model is charged
when farmers are in fact idle. If monthly farrer contracts were assurmed, the
amount of labor hired would be the area contained under the demand curve but
above the line FF', which measures the district's endowment of farmers.
If annual contracts were assumed, the labor hire would be all the area under
the demand curve and above line AA'; in this case, the amount of idle
farmer days for which the model is charged is the area BCDE.

Obviously the amount of labor hired in the model depends directly
on four variables: (a) the base wage, (b) the productivity of labor and
other factors in the various cropping activities, (¢) the ratio of the day
labor wage to the farmer reservation price, and (d) the length of the farmer
contract. The latter two variables are subject to various assumptions, but
they are interrelated. Whatever set of assumptions is adopted, it should
be designed to tend to offset the implicit assumption of complete farmer
mobility within a district. Ultimately, the choice of assumption sets is
a matter of calibrating the model so that it yields labor hire figures which

approximately correspond to those observed.



Unf ortunately, there exist only informal estimates of actual patterns

of labor hire. However, the following figures from two Solutions of a single
7
submodel (Rio Colorado) illustrate the impact of alternative assumptions

on the ratio of the reservation price to the wage rate.

1. Solution 5 51 2

2. 'Wage ratio L/ 615 .231
3. Total employment g/ ‘ 14,8 148Y
li. Farmer employment 3 1280 1331
5. (L)/(3) ' .884 .897
6. Stock of farmers 3/ 160) 160L
7. (W)/(6) .798  .830
8. Non-farmer man-years L/ 6.1 5.8

Apart from t@e demands for labor generated in the district-level cropping
activities, the labor rows and colwms can be considered as a separate
submatrix of the sector model. Although a detailed discussion of all components
of CHAC is beyond the scope of this paper, the labor submatrix ids discussed
at some length to provide an illustration of how one component of CHAC
is structured. The accompanying schematic taﬁleau displays the elements

of the labor submatrix.

1/ Ratio of farmer reservation price to the wage for day labor.

2/ In 10,000 man-days; including machinery operators (only about L% of the
totals i

3/ In 10,000 mand-days.

_/ Non-Tarmer employment, in thousand man-years at full employment per man.
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Row Sprol g/

508
SIN1-5IN3
SSAL
SrSAL
SrRES
SMAN
SMANE
SriAlH

S3MIGt

SrMIG

dMONCt

dAGRIq

dAGRIt

AMIGRA

The rows and columns are as follows: }/

Zurpose

Objective function

~ Measures of sectoral income

Sectoral wage accounting equations
Regional wage accounting equations
Reservation price accounting equations
Total annual labor accounting equations
Total monthly labor accounting equations
Regional monthly constraints on day labor

Monthly constraints on migration of day
labor out of region 3 (Central Plateau)

Annual constraints on migration of day
labor out of South and Center regions (r =

3,1) :
Sabmodel labor balances

Quarterly submodel constraints on the supply
of farm labor, for irrigation districts only

Monthly submodel constraints on the supply
of farm labor, for non-irrigation submodels

Annual constraints on miegration of farmers,
non-irrigation submodels inregions 3 and
i only.

;/ The labor duration censtraints are omitted from this version of the

2/

tableau.

The letter r (= 1, ..., U) is the regional index; t (= 1, ..., 12)

is the monthly index;

q (=1, «e.y L) is the quarterly index; and

d (takes on alphabetic values) is the submodsls index.



Column Symbol Purpose

SALS Sectoral wage charging activity
SALr Activities for charging regional wage differentials
IMAN Sector annual employment.counter (man-years

at full employment equivalent)

LMANt | Sector monthly employment counter

dDLt Monthly day labor supply activities in
each gubmodel
dflq, dFLt Farm labor supply activities by submodel,
quarterly in irrigation submodels, monthly
otherwise.
MDLrr't Migration activities for day labor from

region r to region r' by months (rr!' =

31, 32, 143).

MA33t Migration activities in region 3 for farmers
to the pool of day laborers.

MALLA Migration activities for region l farmers
on annual basis.

The remainder of this section constitutes a "guided tour" of the tableau,
to clarify its driving mechanisms &Z The monthly demand for labor is generated
by cropping activities in the submodels. This demand is registered in the
submodel-level labor balance equations (dMONCt). To meet the demand are a
set 6f activities supplying labor, a set of activities charging the objective
function for labor use, and a set'allowing migration of labor. Labor can

be supplied by local farmers, or by drawing upon the regional pool of
|

1/ In the tableau, a "+" signifies + 1, and a "-" signifies - 1.



landless laborers. In the rth region, the cost to the model of a unit of

farmer labor working on his own farm is kw W, where W is the base wage rate,

Ww,. is the proportional regional wage differential, and k is the ratio of the

r

farmer reservation price to the wage. For non-irrigated farms, on which the
incidence of labor demands is markedly seasénal, there are monthly constraints
on the number of farmers (dAGRIt), and for irrigated submodels, quarterly
constraints (dAGRIqQ), following the quarterly contract approach discussed
above. |

Day labor is supplied to the submodels by a set of activities (dpLt)
on a monthly contract, at a wage rate per unit of w, W drawing upon four
regional pools of day laborers, defined by the set of monthly constraints
(SrMANt). The sizes of the regional pools are given by the magnitudes Iy
on the right-hand side of the regional labor balances. The regional pools
may be augmented through use of the migration activities. There is a seasonal
movement of labor, following the seasonal demands associated with the cropping
cycle. The model distinguishes between migration of day labor and of farmers.
Migration f lows of day labor on a monthly basis are allowed from region 3
(Central) to regions 1 (NW) and 2 (North) and on an annual basis from region
i (South) to 3. Migration from, e.g., 3 to 1, increases the pool of day
laborers in 1, reduces it corresﬁondingly in 3, and is constrained both

by a monthly and an annual limit (rows S3HIGt and S3MIG).



If labor is fully enployed in one region in a given month and there

is unemployment in another region iﬁ that month,. labor will move between
the regions to seek employment. If labor is fully employed in both regions
in that month, it still will move from one region to another if its productivity
differential in the two regions exceeds the wage differential. The numbers
€ and & in the migration activities are accounting devices; they are negative
nwibers arbitrarily small in magnitude, and /€ /</&/. They insure that,
if there is surplus labor in both regions, there will be no interregional
migration, and also that landless labor will migrate out of a region before
farmers do. Except for the regional wage differentials, which partiy reflect
interregional transport costs, there is no explicit cost of migration in
the model.

As noted earlier, day iabor in the model may migrate from the Center
to either of the northern regions, or from the South to the Center. Given
the present labor surplus in the Cen?er, the latter movement will occur only
if seasonal migration northward is sufficiently strong to exhaust the Center's
pool in a least one month. In that case, movement from the South to the
Center would, by releasing constraints S3MIGt and S3MIG, permit more movement
out of the Center northward, and hence allow a double migratory movement

(at a cost of 2€ ).



Farmers on non-irrigated farms may offer themselves as day labor in

their own region or they may join the seasonal migration to other regions.
Activity MA33t permits farmers in region 3 (Center) to join the day labor

pool on a monthly basis, reflecting the existence of irrigation districts

nearby offering seascnal.employment. Activity MALLA does the same for fammers
on tropical farms in the South but on the basis of an annual commitment,
reflecting the lack of local employment opportunities and the distances involved
in travelling to other regibns. The presence of & as a cost in the objective
function in these activities insures that all landless labor will be utilized

before farmers are drawn from non-irrigated farms.



v) The Structure of Demand

The major departure in CHAC from the conventional structure of
‘sector planning models is in the formulation of demand. In most sector
planning models the problem addressed is either that of minimizing the
costs of producing a fixed bundle of output or of maximizing value added
at exogenous product prices. In CHAC, product prices are endogenous. For

a particular product, the demand function is illustrated in Figure 3.

Figure 3

Price

P

P,

Quantity

In the diagram, P, and P, refer to import and export prices respectively.
- The differsnce between these reflects the difference between effective
import and export prices, and it may be large for some bulky agricultural
products. Export and import prices are treated as fixed and exogenous,
although this assumption can readily be relaxed. Also, for convenience
of exposition, all demand functions are assumed to be linear. This

assumption also can be relaxed.



The purpose of this treatment of demand is threefold. Firstly,

it allows a model solution to correspond to a market equilibrium. The
effects of various policies, e.g. subsidizing or taxing product prices

or varying the exchange rate, etc., can then be investigated. Secondly,

it allows the model greater flexibility. For instance, substitution
between capital and labor, corresponding to different ratios of the wage
rate to the rate of interest, can occur not only directly through the
technology set or through changes in the commodity mix of output, but

also through substitution in demand due to changing relative prices of
outputs which are more or less labor or capital intensive. Thirdly, it
enables a more realistic appraisal of the benefits (and particularly of their
distribution as between producers and consumers) accruing from an increase
in agricultural output. In the not-unlikely situation of agricultural
-production for the domestic market at prices between those at import and
at export, and where domestic demand is price inelastic, then the finan-
cial return to producers as a whole from an increase in output is negative.
For consumers, the benefits are positive.

Two forms of market equilibrium are distinguished. The first, the
competitive case, involves producers acting as price takers and equating
marginal costs to the prices of products. In the second, the monopolist
case, the sector maximizes its net income by equating marginal costs to
the marginal revenues of products. For agriculture, the equilibrium ﬁrices

and quantities of the competitive case correspond more closely to reality



than do the solutions of the monopolistic case, although the demand

structures for both cases are incorporated in CHAC.
For simplicity of exposition, it is first assumed that no external
trade occurs. Import-export opportunities are introduced later. The set

of domestic demand functions is written , asswaing linearity, as
p“a+Bq.¢--o.o-¢(l)

where p is a J x 1 vector of prices
ais a J x 1 vector of constants
B is a2 J x J matrix of demand coefficients

q is a J x 1 vector of quantities

1/

Defining ¢ as a J x 1 vector of exogenously-determined marginal costs=,

the objective function for the competitive case becomes
Z =aq' [a + ¥Bq - c] o w e w m e el
which yields the equilibrium condition that

p = ¢ ---000(3)

The objective function, Z, can be decomposed into components

which correspond to consumer surplus and producer surplus:
CS=}§q'a—p:[ =-1§C]_'Bq- e s o o o()-l-)

PS =q'{p—c]=q'E1+Bq-C]. . -(5)

1/ As is evident from previous sections of this paper, the supply functions

of the model are in fact more complex than is implied by this simplified
exposition.



The appropriate objective function for the monopolist case is

Y=Q'[3+Bq"(:]coo-oo-|(6)
which yields the equilibrium conditions that

a+2Bq=C..¢--ooo-I(?)

where the left-hand term is a vector of marginal revenues.

In both cases, the maximand involves a quadratic form in q.
Either case could, in principle, be handled by quadratic programming.
Problems arise in practice because non-linear programming models rapidly
approach the bounds of computer technology as the models become large.
For this reason, approximation procedures were sought in order to take
advantage of the computational efficiencies of linear programming. Two
such procedurzs have been developed: the first for the case where esti-
mates of the coefficients of B are available, and the second where less
information is to be had on the structure of demand interrelationships.

In this exposition, it is assumed, as in the case in CHAC, that
costs are accounted for in factor-supplylactivities, so that the demand
activities account only for the areas under the demand function (in the
competitive case) or the area under the marginal revenue function (in
the monopolist case). For one product, in the competitive case, this
area is

W= q'[a*-;éBc;J

which is the function sketched in Figure L together with the corresponding

demand function, assuwning only three segments in the approaximation.
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The linear pfogramming tableau corresponding to the segmented approxi=-

mation of the function W for one prodﬂct is the following:

Cropping Activities Selling Activities RHS
PBJ -cq -Cy -cy W Wy WyeeeelWp (MAX)
Commodity Balance ¥y Yo ¥3 -q] =4y =Qye--+=lp 20
Demand Constraint : 8 1 Liseseal 221

where the c; are costs associated with crop-producing activities
the y; are yields of the product
the wj are values of W corresponding to q; and

the q; are the total quantities sold at the limit of each segment

of the function u.



The main point to be noted in this formulation is that the demand function

(or the area function W) can be approximated as closely as is necessary for

the problem, with no additional rows being required in the model. This
approach is readily extended to two or more products, with one commodity
balance per product and éne convex combination constraint for the entire
set of selling activities. For instance, with the first commodity being
segmented into two parts only, gy, and qj,, and the second into three parts

Qp1s dp2s dp3s the approximation is presented in the tableau below:

Cropping Activities Selling Activities RHS
Crop 1 ~ Crop 2
€rJ ~8qq =045 (853 =G50 Wiy W3g Way Wy Woo W3 (MAX)
Commodity
Balance 1 Y11 Y12 =3y =Sy =Ry e 4P g 70
Balance 2 Vo1 Ypo -1 =Gz Q23 =3y —922 ~9p3 20
Demand Constraint 1 i i 1 i B i £ 2

where the cij are costs for the ith crop in the jth activity producing that crop
the yij are yields of the ith crop in the jth activity producing that crop

the Qi 3 define the commodity bundles of the two products and

the Wy are the values of W corresponding to the :'|.th level of the
first commodity and the.jth level of the second.
Alternatively, the monopolist case can be formulated merely by replacing
the w; -

J
values of the total revenue function R, where

in the objective function above by computing corresponding Tij

R=q [% * Bq] .




Of course, an income or profit equation or constraint could be incorporated

in a model with the competitive objective function to serve as either a counter
of, or a constraint on, producers' incomes.

In the treatment above, it was assumed that the elements of B were known
or could be estimated. frequently, this information is not available. For
CHAC, the available information consisted of crude estimates of own-price
elasticities for a number of individual commodities and of cammodity groups.
The approximation procedure developed for this situation of limited information
has the following properties l{

%) Becaﬁbe of the lack of information on the off-diagonal elements
of B, the system does not reflect a continuous range of price
interdependence amongst cammodities. Instead, it distinguishes
between commodities with prices determined independently of

2/

The latter constitute a nurber of demand groups. For example,

other commodity prices = and those with fixed relative prices.
the various vegetable oils constitute one such demand group,

in which the relative prices of soybean oil, peanut oil, sun-
flower oil, etc. are held cmstant. Again on the demand side,
the price for each commodity group is determined independently

of the prices of other commodity groups or of individual commodities.

1/ Proofs of these properties are not presented here. They are available
upon request from the authors, together with an algebraic statement of the
linear programring tableau.

g/ This, of course, applies to the demand structure only. There is inter-
dependence in product prices amongst all commodities arising from the
interdependence of marginal costs on the supply side.



ii)

iii)

iv)

v)

For any commodity group, both the consumers' surplus and
producers' gross revenue are independent of the commodity mix

in that graip. Within a group, the marginal rate of substitution
between any two products is constant and equal to the inverse

of the ratio of their prices. Again, within a group, the
derivative of the demend function with respect to the production
of a particular product in the group, holding constant the
production of all other products in the group, is equal to the
price of that product.

The system is structured such that substitution amongs£ products
within a group is constrained within pre-assigned bounds on the
cormodity mix.

The system preserves the desirable property of the linearization
of a quadratic form presented above, that the area function,

W, can be approximated to any desired degree of accuracy by
adding activities without adding additional rows.

The revenue function is similarly linearized, so that the demand
activities have coefficients in rows defining producers' profits
and incomes. These rows can be used as alternative objective
functions, implying monopolist behavior of the sector, or used
as constraints upon the social welfare maximization encompassed
by the competitive equilibriwn objective function. Simiiarly,

this last can be included as a constraint upon nonopoly behavior.



vi) Export selling activities are included as additional demand

activities for individual products, and import activities are
added as alternatives to domestic producing activities ;Z
These last will never enter the basis under.the monopolist objective

function unless the model also includes a social welfare constraint.

1/ Such activities, of course, can also be included in the "full information"
demand structure.



vi) Time and Investment Choices

CHAC is a static model. Its size virtually prohibits consideration
of simultaneous multi-period solutions, but it can be solved in sequential
multi-peried form, with appropriate inter-period linkage equations. The
work to date has been devoted entirely to the static version, since many
policy and planning choices can be explored on that basis. The methodological
and empirical problems of just the static version already have provided

a good many man=years of employment for model builders.

The model is pgsed on data for 1968, and solutions are conducted for 1971
and 197Lh, the former to test the model and the latter for actual policy
results. The three-year period between the present and the solution date
allows sufficient time for implementation of investment progr%ms formulated

_ with the assistance of CHAC. The absorptive capacity limitations which
constrain the amount of investment in any one locality in any one year cannot
be identified easily, so it was decided to solve for the final year of a
single three~-year period.

Resource endowments are projected from 1968 to the solution year, and
the demand functions are located by projection of national income growth
rates and application of income elasticities of demand for agricultural

products.




Most of the investment choices in CHAC are of the short-gestation lag

variety, such as well digging, canal lining, and land levelling, which take
less than a year. For these, the inveétment is assumed to take place
instantaneously and the resulting benefits also are assumed to commence
immediately. In the modél, one year's (annualized) costs and benefits

are entered in the objective function and income constraints. Annualized
investment costs are defined to be one year's linearized depreciation

(= amortization) and one year's interest charges against the full capital
cost. Current operating costs of a project like a well are charged through
current use activities. In the case of the three types of investmént mentioned,
the "output" of the investment activity is an additional unit of irrigated
land, an additional unit of net water availability, or an additional unit
of higher~yield irrigated land.

Investment choices of longer gestation lag are alsc represented through
annualized costs and benefits, with a discount factor applied to the delayed
benefit stream. While this treatment does violence to some aspects of
project analysis, it permits the assessment of all major forms of investment
in a locality for purposes of measuring the marginal efficiency of capital

curve discussed in section IV (ii) below.



vii) Data Sources

It is axiomatic that existing data are never as adequate as analysts
or administrators would like. Nonetheless, administrators must make decisions
continuously, and in the absence of better information they are forced to rely
on existing data. Mexice is relatively well endowed with micrleevel data
series for agriculture, and CHAC is based on this micro-level information ;
thus CHAC is only an analytic structure for assessing the same information
which is currently used far decisions. It is hoped that, by carefully drawing

some of the implications of existing data, the need for improvements in

data collection procedures will become more apparent to policy makers l(

On the production side, the basic information sources are, for irrigated
areas, the cost of production tabulations published anmually, by crop and by
district, by the Secretar{a de Recursos Hidr;ulicos (S.R.H). For non-
irrigated areas, information from the Aseguradora Nacional de Agricultura
¥y Ganader{é and the Secretaf&a de Agricultura y Ganadefgﬁ tS.A.G.) was
utilized, plus extensive field studies in the northern, central and southern
parts of the country by Lic. Iuz Maria Bassoco. Her studies also formed the
basis for the specification of alternative degrees of mechanization in both .

irrigated and non-irrigated areas.

1/ bSuch a feedback has already occurred in the case of the water input
requirements and availability by locality. Initial linear programming
solutions showed inconsistencies, and so the Secretaria de Recursos
Hidraulicos carefully revised its estimates.




Resource endowments by locality were estimated from census and S.R.H.

information by staff members of the Banco de Mexico and the Secretaf{; de

la Presidencia. Investment cost information, which probably is the most
reliable data in the models due to the use 6f relatively standard techniques
for small scale investment projects, was drawn from field studies of Sra.
Bassoco, Dr. Donald Winkelmann, and Lic. Rafael Pedrero of the Banco de
Mexico. Trade data come from standard trade statistics.

Prices are taken from time series of S.R.H. and S.A.G. Demand elasticities
were crudely estimated on the basis of meagre econometric studies for Mexico
and similar studies for other countries. Given the importance of pfice
support policies in agriculture, this is one area where CHAC may demonstrate

the value of better information.



III. Multi-level Aspects

CHAC is part of a study which is concernea with multi-level planning
and with information flows between different levels of decision-making.
Three major levels are distinguished: the individual district (submodel),
the agricultural seetor,‘and the national economy.

i) District-Sector linkages

As stated in the Introduction, a major objective in the construction of
CHAC was to address the question of how much information is required at the
district level céncerning the agricultural sector as|a whole to make
"gcceptable" district-level investment decisions. This question is of particular
relevance to the World Bank, which is primarily a lender on projects, which
in agriculture frequently take the form of a set of investments to be undertaken
within a geographical area. The El Bajgo model }{ being the most detailed
district model in CHAC, is used as the project area model.

El Baj{o can be solved in isolation frmn the rest of CHAC, assuming product
prices to be exogenous, and assuming that seasonal labor hire is unrestricted.
Solutions were obtained for different definitions of the investment choice

set and different quantities of capital. This procedure simulates the appraisal

of investment projects utilizing only district-level sources of information.

1/ Sub-models 8, 9, 10



However, it is to be expected that a major determinant of the profitability

7
of investment in E1l Bajio is Fhe investment program in other submodel districts,
]
which compete for the same domestic markets, and also compete for such sector-
wide resources as labor. These outside~district effects-can be captured by

; ” .
solving El Bajio as part of CHAC for the same sets of investment choices

in Bl Bajgo as in its solutions in isolation, but varying the investment
program for the other parts of the sector.

The information flow is not just one way from sector tﬁ district. Information
is required by sector-level policy makers concerning technology sets and resource
endownents at the.district levels. This type of information is needed, for
instance, in determining the level and allocation of public investment

funds. CHAC is a convenient means of organizing such information.

ii) Sector-llational Economy

In solutions of CHAC the prices of nation-wide resources, such as labor,
capital and foreign exchange are exogenous, as %s the rate of growth of
income per caput.- Values of these are obtained from solutions of DINAMICO,
a multi-sector dynamic macro model of lMexico constructed by A.S. Manne.
However, the information flow is not one way: parametric solutions of CHAC
can yield improved estimates of the agriculture technology vectors in DINAMICO.
Because agriculture bulks large in the llexican economy, these new vectors
can be expected to lead to changes in the solutions of DINAIMICO, and changes
in the relevant shadow prices and the growth rate of income. It is tﬁe
present intention to run several iterations of this "informal decamposition"

procedure.



iii) Decomposition

CHAC itself, being block-diagonal in the submodels, can be decomposed
into its components and solved by a number of decomposition algorithms.
In particular, a varlanbof the Dantzig-Wolfe algorithm has been developed
in which the extremal pmblen is defined to include the full set of demand
rows and activities and of rows and activities associated with factor supply.
Preliminary experiments with a simplified structure suggest that very much
more rapid convergece can be expected with this modified algorithm than

with Dantzig-Wolfe.



IV. Some Preliminary Results

At the date of writing, most of the component submodels of CHAC have
been solved, although not yet the complete system. Two series of experiments
have been conducted on the El Bajio model l/to investigate capital-labor
substitution, and to evaluate the marginal efficiency of capital function.
The main purpose of these particular experiments was to make methodological
explorations using a relatively small model before embarking oﬁ studies
utilizing the full model system in CHAC. The actual nunerical results are
therefore not interesting per se, and particularly so as the El Baj{E mode 1
is still being modified in some respects. For this reason, numerical results
are not presented.

i) Capital-Labor Substitution

A major purpose of the CHAC model system is to evaluate the labor-

" absorbing or labor-releasing characteristics of lMexican agriculture and the set
of policy instruments available to influence the level of employment in
agriculture. Labor absorption varies with changes in the scale of output

and with changes in relative factor proportions. The set of experiments
described below was directed to the latter. The sources of substitution

can be classified into those defined by the technology set, those arising from
the output mix under con;tant output prices (i.e. with a system of price
controls, or throﬁgh trade where the trade share is small) end those arising

also from substitution in demand.

1/ Submodels 8, 9, 10.



lieasures of substitution (e.g. the marginal rate of substitution, MRS,

along a capital-labor ray, or the Hicksian elasticity of substitution) are
unarbiguously defined in the textbook case of one output and two inputs.

The models in CHAC, however, distinguish many different ﬁrcducts and include

as primary factors of production many factors, such as fertilizer, which

are primary inputs for the agricultural sector but which are intermediate inputs

in an economy-wide context. For defining substitutability along an isoquant,

the problem is one of defining output constancy and constancy of these other
primary factors. The initial experiments were run with the El Bajio model only,
so that consideration of substitution in demand or through trade was precluded.
For these experiments, seven definitions corresponding to seven sets of
constraints on output and on other factors were emumerated.

To define these, let 5, be the MRS between capital and labor at some fixed
capital-labor ratio; let g be the quantity produced of the ith crop and
P; its constant price, with Q = Z‘bl q; being the gross value of production;
and let f4 be the quantity used of the jth other factor of production purchased
from outside the district at constant price PJ, with F ZF f being the total
expenditure on these factors. Throughout, a bar over a symbol indicates that
the corresponding quantity is held constant for the e?cperiments. Seven
definitions of Sy are set out in the table below. In 5 through S4, the

output mix as well as the total gross value of output is held constant,



whereas only the total gross value of output is held constant in Sh through

56’ allowing changes in the output mix. In Sl and Sh’ the expenditure

on each of the other factors of production is held constant while in S;
and 85 only the total expenditure on other factors is a constant, the mix
being unconstrained. In-S3 and S¢ the expenditure on all other factors
is to be minimized. In S, only one constraint is imposed: constancy of

T
value added l{

Table 3 Assumption Sets for the Capital-Labor
bubstitution Experiments

Sy Output Constraints Other Factor Constraints
Sq Pa; alli Pty all )
s " F=2pf

) F= SR

83 n minimize F

S), Q =Z£‘ 594 FJfJ all j

Sg . F= §;F3f5

54 " minimize F

57 W=Q ~F W=Q-F

1/ Value added in this sense is defined as the gross value of output net
of expenditures on purchases "other inputs"; that is, payments to labor
capital, including the farmers' rents which accrue to the fixed factors
of land and water.



For each definition 5, an "isoquant" is traced out by successive

solutions of the linear programming model under varying capital-labor price
ratios, where the "quant" held constant is defined by the constraint set for
Sk shown in the table. The objective function in each of these experiments
is net farmers! profits,-over and above their own wages, evaluated at exogenous
prices ;[ |

Complementarity between other factors and labor or capital is the basic
reason why seven alternative definitions of Sk are set out; othgrwise
there would be only two definitions, covering fixed and variable output mix.
were the arguments of the production function independent of each other,
substitutability between capital and labor would be properly measured by
holding other inputs, as well as output, constant. However, there do exist
complementarities between the two primary factors and these other factars,
e.g., between labor and fertilizer and between capital and tractor operating
expenses. Given the complementarity, holding other factors Eanstant leads

to an understatement of the degree of subsitution between capital and labor.

l/ It is comvenient to express the linear program in each case as minimization
of total wages and payments to capital (and, in the case of S, and 56
expenditures on other factors), subject to the constraints sel out in
table



Hence the following orderings should be expected in substitutability as

measured by the different Sk:'
83‘&823-51

S ' > 35 > Sh

Sp » Sg -
Sh = Sl
S5 2 5,
S 2 S3

Prior to the experiments, a base solution was obtained to produce
values for all thg variables entering the constraint sets; these therefore
are values corresponding to a feasible solution }{ For the constraint set
corresponding to each S5y, the interest rates actually used are 12, 18, 20,
and 2l percent, and the wage rates are taken as 19.5, 14.5, and 9.5 pesos
_ per day. These values give twelve solutions corresponding to points on an
isoquant as defined above.

So far, results have been obtained on 33, S¢ and 87. These results
are preliminary in the sense that the model is still undergoing some modi-

fication. However, some conclusions from these results are worth noting.

1/ The values of the constraints used in the experiments were, in fact,
only 95 percent of the values obtained from the base solution. This
was done to eliminate the chance of an infeasible problem due to round-
off errors. T



Both S3 and S¢ yield "iso-qents”of a form illustrated in Figure 5.

That is,
Fi gure 5

QN

w = 19.5

Capital ﬁ; 14.5
P

\\\\2‘:59.5

Labor

the sets of results for the samerange of interest rates but for different

wage rates fall on different curves. For both again, there is very little
charge in the level of employment with the cost of capital doubling from

. 12 to 2l percent at the high wage rate, 19.5 pesos per day, but more flexibility
in the amount of labor used as a function of the cost of capital when the

wage rate is low. OSecondly, there are éubstantially greater changes in
capital-laborlratios in 5S¢ than in 55. That is, in spite of the wide range

of choice in the technology set in the model 1{ a large component of the

flexibility of factor use lies in variation of the output mix. Thirdly,

the results for 57 all lie on the same curve, the shape of which is graphed

/ :
1/ El Bajio contains 58l cropping activities for 1 crops, plus a number of
investment activities.



in Figure 6 . The measure 87 has therefore a certain aesthetic appeal.

Figure 6

capital

labor

while these results are sketchy and tentative, it is interesting to
extrapolate some of the implications which would follow if they wefe confirmed
in later experiments. The lack of substitutability in 83, especilally at
higher wage rates, and the differences between Sg and Sy suggest that
variations in the output mix will be important if agriculture is to absorb
| significant quantitites of labor. KEither changes in the aggregate consumption
mix, with corresponding changes in relative prices of commodities,or changes
in the trade mix, would be required. Typically agricultural planning is
based on long-term projections of domestic demands for each commodity,
assuming fixed relative prices. Also most governmenis are hesitan£ to consider
radical changes in the pattern of importation and domestic production for
foods. Both of these practices may have to be revised if the employment

absorption potential of agriculture is to be realized.



ii) The Marginal Efficiency of Capital

The relationship between the quantity of capital employed in the model
and its marginal value product can be studied in two ways. The first is
to constrain the availabilitly of capital to the model and to vary the constraint,
measuring the marginal product of capital by its shadow price. The second
is to use primal solutions only, by including a capital-supply activity in
the model with the interest rate varying over the experiments. Both approaches
are computational devices only, and both involve unacceptable behavioral
" assurptions }( In the experirments conducted on the El1 Bajio model, the
second was chosen, for the reason that it was easier to define ex ante
a meaningful range of rates of interest than a meaningful range of quantities
of capital. The interest rates and wage rates used in the experiments were
12, 16, 20 and 24 percent and 9.5, 14.5 and 19.5 pesos per day, with the
. objective function being farmers' profits.

The results obtained are illustrated in Figure 7 , with, of course,

Figure 7
Marginal Efficiency of Capital in an Agricultural Project District
Marginal
Rate of
Return on
Investment

Investment

}/ In the first case, the supply of capital is assurmed to be infinitely
inelastic beyond the cmstraint, and in the second, it is assumed to
be available in infinitely elastic supply at a given rate of interest



=8 =

separate curves for each value of the wage rate. For each wage rate,
the rate of return on investment monotonically decreases with the volume

of investment. The position of the curves depends on two effects: the

output effect and the substitution effect. At high marginal rates of
return on investment, the substitution effects dominate; for a given
return to investment, increases in the wage rate result in greater use
of capital and less employment (movements from points A to B to 0

However, at lower rates of return but high wages, the negative effect

upon output of wage increases dominates the substitution effect, so that
less capital is used as wages increase (movement from F to E). This
kind of reversal is caused by an asymmetric production surface, a
schematic version of which is projected on to capital-labor space in
Figure 8, where the vertical components of the segments M and N
correspond to lines DE and EF in Figure 7. Segments M and N constitute
the locus of tangencies to isoquants Q;, Q, and Q3 as the price line is
rotated.

Further experiments are planned to investigate the impact on the
marginal efficiency of capital schedule of alternative Iassmmtions on

demand and on supply response in other areas.







V. Concluding Remarks

Obviously the sector study of agriculture has been a fairly major
undertaking, involving coordination of different agencies and the input
of about seven man-years of economists' time. Computing -and data processing
expenses have not reached their peak, but probably they will sum to several
tens of thousands of dollars. The extent of the undertaking is one reason
why emphasis is being placed on methodological lessons, including aggregation
possibilities, so that future studies can benefit from this experience.
From the World Bank's viewpoint, this study will not have been very useful
if the final recormendation is to build equally large models of agriculture
for all other developing countries!

Since the study progressed in an exploratory, ad hoc manner, retrospect
provides a couple of useful rules of thumb about such undertakings. It
is clear that large-scale models have significantly increased utility if
they are designed to be easily expandable and compressable to serve different
purposes, as the submodels in CHAC can be rearranged, aggregated, or expanded.
By the same token, the computational and interpretive tasks are simplified
if the individual components can be solved, de-bugged, and modified one
by one before the entire structure is put to the test. In the course of
testing each component, sensitivity analyses can be run to assist in answering

some micro-level policy questions.
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