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TO: 

FROM: 

SUBJECT: 

~~ 
WOHLD BANK /INTERNATIONAL FINANCE CORPORAo,ON ~ ~ 

OFFICE MEMORANDUM 
Mr. Emmerich M. Schebeck, Chief, AGRNU 

Samir Sanad Basta, Nutrition Expert ~ RNU 

Nutrition Policy Research Proposal 

DATE: May 31, 1978 

1. I fully support Mr. Wilkie's memo on this. The fundamental issue 
is not whether the topics chosen make sense or not but rather on the 
choice of country. 

2. Brazil has more ongoing nutrition research, Bank supported or 
otherwise, than any other country I know of, apart from the USA! In 
addition, our project's objectives are formulated in such a manner that 
much of Mr. Reutlinger's research objectives could be met by his continued 
participation in supervision of certain components, especially for example, 
the FIPE supported evaluation and IBGE exercises. FIPE, as you know, is 
a first class research institute and much in the above proposal could be 
and will be undertaken via FIPE. In addition, it is my own personal judg
ment that neither FIPE nor the majority of Brazilian research institutes 
really need Bank specialists to tell them what to do. 

3. Much more to the point, I feel that the services of Messrs. 
Reutlinger and Selowsky and Chernichovsky ~s a group) could be much better 
put to use in another country or region which has not been subjected to such 
an intense scrutiny as has Latin America and in particular Brazil. I do 
believe that it is both morally and technically necessary to move nutrition 
planning research into countries which need it the most, rather than the 
opposite, as is being currently contemplated. Let us move out of this 
belief that "easiest is best" or where "data exists the Bank persist&•••"· 
What about the Haiti's, the Bangladesh's, the Upper Volta's of the world? 
Also, let us make use of the group at the preparation stage of a project -
not at supervision. 

SSBasta:jm 



TO: 

FROM: 

SUBJECT: 

WCJHLD BANK/ INTERNATIONAL FINANCE CORPORA I rON 

OFFICE MEMORANDUM 
Mr , ~erich M, Schebeck 

Neil A. Wilki.e ~ 
Nutrition Policy Research Proposal 

DATE: 

1. This is in response to Mr. Reutlingerts memo of May 10 on this 
subject, the draft proposal and your request for comments , 

2. I find the proposal weak, inadequately developed and unconvincing. 
Some of my pencilled comments in the margin illustrate why. Most disturbing 
however, is the notion that the research proposal, if applied to Brazil, 
would (a) ride on the back of the existing nutrition project, and (b) 
apparently duplicate or tangle with the elaborate monitoring and evaluation 
exercise which has already begun to assess the cost-effectiveness of alter
native interventions. Except if it were to examine the nutritional impli
cations of alternative federal and/or state agricultural and food supply 
policies on a macro-economic basis, I do not see what the research would add 
to the existing project t s operational program. 

3. Even more serious in my view is the implied view that policy-oriented 
research should follow Bank involvement in program operations. Surely it is 
the opposite need that exists, i.e. for research assistance to governments in 
formulating the nutrition policy from which optimum program interventions 
would then logically be determined. In Ecuador, Bolivia or Morocco, for 
example, where there is nutrition interest and where governments are edging 
towards policy formulation as a prelude to a more sharply defined~better 
integrated program of nutrition interventions, the case for research is surely 
stronger. It is stronger still in countries where resources are limited and 
infrastructures for local interventions are crude or undeveloped, where sur
~lr · macro-scale policy adjustments might be the speediest way to effect 
nutrition change. 

4. In short, I am uneasy both about the vagueness and jargonistic approach 
of the proposal as it now stands, and about the philosophy behind the proposal. 
The next round of discussions on this, assuming that the Bank should expand its 
portfolio of nutrition research activities, could usefully focus on (a) objectives, 
(b) the question of emphasis on (macro) food policy or (micro) nutrition inter
ventions, (c) country selection criteria. 

NAWilkie; jm 
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THE ECONOMICS OF SCHISTOSOMIASIS CONTROL ACTIVITIES 

INTRODUCTION 

1. Schistosomiasis, also known as bilharziasis and snail fever, is a 
tropical parasitic infection that victimizes an estimated 250 million people 
in 71 developing countries. An additional 600-800 million people are con
tinually exposed to the risk of infection. Due to its association with 
agriculture, this infection is considered as one of the major occupational 
hazards in the rural sector of developing economies. Already ranking as one of 
the most prevalent water-related diseases, the public health and economic men
ace of schistosomiasis is spreading at an alarming rate as the habitat of the 
intermediat~ host (vector) snails is increasing with the development of water 
resources.1/ This "disease of development" is chronic and insidious, undra
matic and inconspicuous. Gradually sapping the energy of its victims (who 
almost exclusively are rural, poor, and economically and politically power
less), it causes long histories of agonizing debility which in some severe 
cases culminate in death. 

2. In order to realize the investment as well as consumption benefits 
of health care; to avert the potential damages of what is sometimes referred 
to as "the careless technology"; and to pursue the goal of redistribution of 
benefits of economic development to the lowest income groups who often lack 
basic health services, the World Bank has made significant contributions to 
the control of endemic diseases. Schistosomiasis is currently one of the 
most important health issues in Bank-financed development projects. Since 
1971, the Bank has directly addressed the schistosomiasis problem in connec
tion with 30 development projects in 18 countries. The Bank has financed the 
control of this endemic disease in 21 of the projects and has obtained assur
ances that the borrowers would undertake control in the remaining 9. The 30 
projects cover a total area of 37,774,224 ha. and a population of 13,260,300. 
The total cost of the control activities in these projects amounts to US$63,360,000 
(or 4.13% of the total cost of the 18 projects which have financial allotment for 
control purposes).1/ 

3. Due to the recent upsurge in the number of Bank-financed irrigation 
and rural development projects, the degree of the Bank's involvement in the 
control of endemic diseases in general and schistosomiasis in particular is 
likely to increase in the future. It must be pointed out, however, that 
regarding schistosomiasis control, the Bank's objective is not eradication-
which though highly desirable is still an elusive ambition particularly in 

1./ See Annex 1 - Transmission, Disease, Control and Economic Significance 
of Schistosomiasis. 

'.!:./ See Annex 2 - Schistosomiasis Control in World Bank Projects. 
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view of the limitations of the current state-of-the-art of control--but rather 
to minimize the risk of spread and transmission of the infection in the devel
opment projects it finances. 

4. Control programs are generally expensive to undertake and impose 
heavy demands on scarce health resources. This point can hardly be over
emphasized, especially in view of the fact that the per capita health budget 
in most affected developing countries is still in the order of US$1.00. The 
cost of control in World Bank projects ranges from approximately US$1.00 per 
capita per annum in Egypt to US$6.59 in the Philippines to as high as US$90 
in one health care component which includes schistosomiasis control in the 
Malagasy Republic. The limitations of the current arsenal of antischisto
somiasis techniques notwithstanding, the lack of knowledge of the optimal 
choice and application of control measures--i.e., the economic efficiency 
and optimality of control activities--partly accounts for the expensiveness 
of control programs. 

5. This study focuses on the problem of designing an economical control 
strategy for schistosomiasis. The methods of control now available--destruc
tion of the breeding areas of the snail, mollusciciding, and chemotherapy of 
infected persons--are costly and difficult to administer. Although much has 
been published on the epidemiology of the disease, little attention has been 
given to the economic feasibility or cost-effectiveness of schistosomiasis 
controi.11 Three studies have recently appeared (Jobin, 1972; Paulin!, 1974; 
and Rosenfield, 1975) which analyze the costs and efficiency of control ac
tivities; however, all of these are exploratory investigations and none 
rigorously analyzes the costs of specific control activities, the dynamics 
of intervention or the identification of optima. 

6. The present study is concerned specifically with construction of 
an optimal strategy of control using mollusciciding and chemotherapy. It 
addresses the problem of designing control programs for irrigated agricul
tural development. While earlier works have examined the relative cost
effectiveness of these two measures, the present investigation examines 
dynamically efficient strategies of control. The underlying issue is that 
with settlement of a scheme, the magnitude of the infected population, and 
hence the cost of chemotherapy will change. Meanwhile, the scale of the 
snail infested water habitat will be modified by irrigation, drainage and 
snail control activities. Thus, the problem is to select a method, or com
bination of methods of control which minimizes disease prevalence, given a 
budget and any prior commitments to equipment, facilities or infrastructure. 

1/ See Annex 3 - Schistosomiasis Transmission Models and Cost-effectiveness 
Analysis. 
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The Analytical Model 

7. The proposed model is constructed of three modules. The first 
represents the epidemiology of the disease and therefore simulates the impact 
of control activities on prevalence of infection and the magnitude of the 
human reservoir of infection. Initially, the simplest, i.e., the least data 
demanding and mathematically most tractable, epidemiological model available 
will be selected for this purpose. The second portrays the relationship 
between the cost of intervention and the important determinants of cost 
including scale of operation, timing of investments and characteristics of 
the habitat and infected population. The third module provides an explicit 
optimization framework for design of a strategy. It expresses the goal of 
minimization of the prevalence of infection and the constraints of budget 
and prior investment in programs. Operation of the model thus identifies 
the strategic program of disease control which would be cost-effective in 
controlling schistosomiasis over a well-defined time period. 

8. The model may be represented formally as follows. 

9. The Transmission Model. A number of schistosomiasis transmission 
models are reviewed in Annex 3. These models are of two broad types. All 
of the catalytic models and some of the life cycle models considered are 
suitable for the purposes of this study. Catalytic models are constructed 
on the basis of a posteriori reasoning from the shape of the frequency dis
tribution of age prevalence of infection. Life cycle models are based on 
a priori reasoning of the development of the worm in snails, humans, and in its 
two free living states. The data required to implement catalytic models--observa
tions of the age prevalence of infection--are routinely collected in control pro
grams. Hence, these models are empirically implementable. The life cycle models, 
on the other han~ are mathematically complex and require data that are rarely col
lected in the field. In terms of generating information, the catalytic models 
can only describe age prevalence of infection either in humans or snails, 
but not simultaneously in both populations, as a function of two macro param
eters, the force of infection and the force of deinfection. They have thus 
been criticized as describing only a fraction of the transmission phenomena. 
So far, only Rosenfield (1975) has succeed in using a catalytic model to 
predict transmission measured in terms of prevalence of infection (or the 
proportion of humans infected). The transmission phenomena involve three 
populations: a) humans (or the definitive hosts), b) snails (or the inter
mediate hosts) and c) the parasite (schistosomes). The life-cycle models 
attempt to capture the essential relations between these populations in the 
transmission phenomena. Correspondingly, they generate information on the 
status of the three populations as functions of initial conditions and a set 
of parameters that measure the relations between the three populations. The 
unit of account in these models is the worm pair; and hence, disease (or 
intensity of infection) is measured as a function of worm load. The unit of 
account in catalytic models is the proportion infected. The number of worm 
pairs and their distribution in humans are not accounted for in catalytic 
models. 
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10. The strategy that will be followed in this research study is to 
first adopt a simple transmission model, preferably one that has been veri
fied on field data, modify the model as necessary to suit the purposes of 
this study and use it to implement cost-effectiveness analysis. In successive 
stages of elaboration of the study other transmission models that can generate 
more information will be adopted for the same purpose. A transmission model 
that is simple, has already been verified and can be easily modified and 
used in the initial phase of this study is Rosenfield's (1975) Schistosomiasis 
Transmission Model. In successive phases of the study, modified versions of 
Holford and Hardy's (1976) model, Nassel and Hirsch's (1973) model, Lewis' 
(1975) model, and possibly also Macdonald's (1965) model are attractive can
didates for adoption •. ~./ (See Annex 3). In the remainder of this section, 
the manner in which Rosenfield's model will be modified and estimated for 
adoption in this study will be elaborated. 

11, Rosenfield (1975) developed a predictive model in which the state 
variable is prevalence of infection based on the reversible catalytic model 
of epidemiology by Muench (1959). The model is espressed as: 

yt ,.. It (1 - yt - 1) -bYt - 1 + yt - 1 (1) 

where Y = prevalence of infection (or proportion of humans infected) 
I= incidence of infection 
b = force of deinfection (or the rate at which infection is 

lost). 

To estimate I and E_, Rosenfield fitted the reversible catalytic model whose 
general solution is given by Muench as: 

a ( 1 - e - <2. + 1) t ) 
a+ b 

(2) 

where a= force of infection (or the rate at which infection is 
acquired by humans) 

Y and bare as defined above. 

!!_I Some experts in schistosomiasis transmission modeling are in agreement 
with the idea of successively improving the transmission model. In pri
vate communication with Theodore Holford, it was pointed out to us that 
his model can easily be converted to the form of Rosenfield's model. 
Joel Cohen suggested investigation of the sensitivity of results based 
on different transmission models. Furthermore, Cohen suggested that the 
macro variables Ti and T2 in the Nasell and Hirsch model could be esti
mated in regression equations where the independent variables are the 
same environmental factors used in Rosenfield's model. 
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Assuming that Y
0 

• O, she calculates the incidence rate as: 

I = y - y = 
1 0 ---a+ b 

a (3) 

Rosenfield then explains the force of infection, a, as a function 
of measurable environmental factors in a regression equation of the form 

{3 H /31p {3 2 
0 t t 

where Hu meters of accessible snail habitats 
P = numbers of infected people 
130 , 1:31 , 13 2 are constants 

(4) 

She sets.!?_ equal to its mean and only allows it to vary within one standard 
deviation for sensitivity analysis. 

12. Substituting equation (4) for a in equation (3) and then substi-
tuting for I in equation (1), Rosenfield-predicts Yt as a function of Yt - 1, 
Ht, Pt, and h. To simulate the impact of control activities, His revised as 
a function of mollusciciding and/or engineering activities, and Pis revised 
as a function of chemotherapy activities. The model is successfully verified 
on data on an irrigation project in Iran. So far, Rosenfield's model is one 
of only two transmission models to have been verified on data collected in 
the field .ii 

13. A major weakness of Rosenfield's approach to modeling transmission 
is her use of the reversible catalytic curve which gives a monotonically in
creasing prevalence of infection with age. Observed age prevalence of infec
tion peaks between ages 10 to 20 and then tends to fall to some positive 
asymptote. Better fit to such data and hence better estimates of the param
eters a and bare obtained with the two-stage catalytic model. In some 
instances, it may not be necessary to use a catalytic model. As incidence 
figures are routinely collected along with prevalence of infection, one 
could directly obtain data on I and b from su~cessive survey data. One could 
then express I as some function of H-:- and P.ft 

ii The other model is by Jobin (1972). 

!!_I Private communications with Professor Warren M. Hirsch, the Courant 
Institute, New York University. 
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14. The major strength of the model is that it explains transmission 
as a function of measurable environmental factors Hand P which are s~7rogates 
of the snail population and the production of worm eggs respectively.
Furthermore, these same variables constitute the link between the transmission 
model and the cost model for cost-effectiveness analysis. 

15. Rosenfield's model can be modified in two ways. First is the esti-
mation of the parameters.!!. and band therefore I. Second is the estimation 
of the regression equation explaining the parameter a. 

16. As stated above, better estimates of the parameters a and bare 
obtained by fitting the general solution of the two-stage catalytic model 
to age prevalence of infection. The two-stage model adequately describes the 
phenomena of peaking of age prevalence of infection initially and then de
clining to some positive asymptote. Further improvement in estimation can 
be obtained by incorporating selective host mortality according to Cohen (1973) 
and loss of immunity and immigration death rates of worms according to Lewis 
(1975). Therefore, a modified two-stage catalytic model will be used to 
estimate a and b. 

17. The regression equation explaining the force of infection parameter, 
a, will be respecified to include water contact as an independent variable. 
The existence of snail habitats, and the release of schistosome eggs only 
constitutes the necessary conditions for transmission to take place. Human 
contact with habitats of infected snails provides the sufficient condition 
for transmission of infection. Hence, the respecified regression equation 
may be expressed as: 

(5) 

where W = human water contact measured in terms of frequencey, 
duration of contact and area of skin exposed per contact. 

Where nonhuman definitive hosts are involved in transmission, another variable, 
Q, will be included to account for their contribution of schistosome eggs. 

18. Data permitting, the independent variables in equation (5) will be 
disaggregated as follows: 

H will be disaggregated by type of habitat, accessibility of 
habitat, density of infected snails 

P will be disaggregated by intensity of infection (egg output) 
W will be disaggregated by pattern of contact. 

J_/ Hence, though the snail population and the worm population are not ex
plicitly entered in the analysis as is usually done in life cycle models, 
the variables Hand P implicitly represent the two populations in the 
transmission phenomena. 
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19. In this study, only mollusciciding (chemical control of snails) and 
chemotherapy (drug treatment of infected humans) will be evaluated for cost
effectiveness. Quite obviously, the model as specified can be used for eval
uation of other control measures. For instance, other methods of snail control-
biological and engineering (alteration of habitat)--can be used to revise Hin 
equation (5). Sanitation, water supply, health education, fencing of habitats, 
and footbridges can be used to reduce W. To simulate the impact of control 
activities on transmission of infection, additional statements will be needed. 
Corresponding to mollusciciding and chemotherapy activities the following 
equations will be included: 

(6) 

and 

pt C pt - 1 + (1 - p)I\ (7) 

where h = success rate of mollusciciding, O<h<l 

Ir: success rate of chemotherapy, O<p<l 
size of habitat molluscicided 

H' = size of new habitat 
"P' = size of population treated 
p' = size of infected migrants. 

20. The transmission model that will be used in the initial phase of 
this study will thus consist of equations (1), (3), (5), (6) and (7). 

21. Estimation of the Transmission Model. The method of moments or 
the method of maximum likelihood may be used to fit the catalytic curve to 
age prevalence data in order to estimate parameters a and b. The former is 
elaborated by Muench (1959) who gives numerous examples of-using the technique 
to fit various forms of the catalytic curve. Cohen (1973) and Rosenfield (1975) 
have used Muench's approach. Hairston (1965) modified the approach so as to 
be able to fit two curves, one to lower age groups and another to higher age 
groups. The method of maximum likelihood has been used only by Lewis (1975). 
This method is somewhat laborious though perhaps more elegant. As there have 
not been any attempts to compare the relative efficiency of the two approaches 
to estimation, the simplest method--the method of moments-- will be used to 
estimate parameters~ and£• 

22. A cross-section of age prevalence of infection data from as many 
endemic localities as possible will be used to estimate a and b. Naturally, 
as the different endemic localities are likely to be at different levels of 
steady-state equilibrium (precontrol epidemiological status) the values of a 
and£ will differ from locality to locality. 
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23. To estimate equation (5), the dependant variable~ will be regressed 
on the independent variables H, P, and W from the corresponding localities. 
Hence, H, P, and Ware cross-section data as are the values of a which are 
estimated from a cross-section of age prevalence of infection data. 

24. The purpose of estimating a and bis to enable the calculation of 
I, the incidence rate. It appears that incidence figures may be available 
from survey data along with prevalence and intensity figures. Where surveys 
are conducted in successive years, it will also be possible to directly cal
culate l, the force of deinfection (or the rate at which infection is lost). 
In such blissful cases it will not be necessary to fit a catalytic model to 
estimate a and b, and further estimate a as a function of H, P, and W. 
Instead, I may be regressed directly on-ii, P, and W.~./ For lack of satis
factory explanatory variables, b will be assumed to have a constant value 
at its mean. -

25. The constants hand pin equations (6) and (7) will be calculated 
on the basis of historical information from control programs. Their values 
will depend on a variety of factors: h, for instance, is likely to be in
fluenced by climatic factors, characteristics of habitat, and the residual 
effect of the molluscicide used. Constant pis likely to depend on the dis
cipline of patients in complying with the recommended dosage regimen, in
tensity of infection, and possibly also on anthropometric and cultural 
characteristics. 

26. The Cost Model. The state of the epidemiology, as portrayed in the 
transmission model described above, is controlled through changes in the size 
of habitat, H, and the size of the infected population, P. The time path of 
the two variables are expressed in equations (6) and (7). In these equations, 
Hand P change as functions of Hand Pin the current and preceding periods, 
and H' and P' in the current period. Since only mollusciciding and chemotherapy 
activities will be evaluated for cost-e£.f§7tiveness, the relevant choice vari
ables, or control variables, are it' and P.- The next logical step is then to 
estimate the recurrent and investment costs of mollusciciding and chemotherapy 
activities. 

~/ This approach is suggested to us by Warren M. Hirsch of the Courant 
Institute, New York University [private communications]. 

2./ In succeeding phases of elaboration of the study, W or the amount of water 
contact prevented could be included to evaluate the effectiveness of sani
tation, water supply, health education, etc ••• types of control programs. 
H could also be used as a control variable representing biological and/or 
engineering methods of snail control. H1 can serve as a control variable 
in conjunction with Hin evaluation of the efficacy of engineering design 
of irrigation. P1 can be a control variable where screening and treatment 
of migrants is undertaken. 
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27. The recurrent costs of intervention are expressed as a function of 
the scale of activity and characteristics of the habitat or population (for 
mollusciciding and chemotherapy, respectively). Costs of snail control are 
postulated to be influenced by PH, turbidity, temperature, rainfall, vegetation 
and velocity of flow; other characteristics of the habitat would also be 
investigated if data were available or field research indicated their impor
tance. Costs of chemotherapy are assumed to depend on the size of the popula
tion treated but also on intensity of infection, nutritional status, and ac
cessibility. The correstponding cost functions may thus be written generally 
as: 

Cmt • n.m("""Ht' ) 't' xl t' ••• ' xmt (8) 

(9) 

where m C = cost in each period of mollusciciding 
Cc= cost in each period of chemotherapy 
ir = size of habitat molluscicided 
i" • size of population treated 
X1, ••• , Xm • characteristics of habitat molluscicided 

... ' Zn• characteristics of population treated 

Functions will be estimated for four types of habitats--dry-moist, shallow 
inundated, still waters of varying extents and depths, and flowing waters; 
and for two types of infections--S. haematobium, and S. mansoni. Due to 
certain peculiarities in its transmission and control, S. japonicum will not 
be considered until sufficient experience is acquired in modeling and imple
mentation of cost-effectiveness analysis. As relatively more complete data 
is available from control projects in Puerto Rico and St. Lucia, cost
effectiveness analysis in the initial phase of this study will begin with 
S. mansoni. 

28. The investment cost of any program would depend upon the rate of 
expansion and the scale of investments. Functions of the following form 
will be estimated from engineering data and historical information: 

(10) 

and 

-c - K 
t (11) 
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where k~ = investment cost in mollusciciding 

k~ c investment cost in chemotherapy 

K~ = expansion in capacity to molluscicide 

K~ = expansion in capacity to apply chemotherapy 

~=desired capacity to molluscicide 
Kc= desired capacity to apply chemotherapy 

R111 ~ depreciated capacity to molluscicide left over 
from the previous period 

Re= depreciated capacity to apply chemotherapy left 
over from the previous period. 

A unit of capacity in this study will be defined as that combination of 
facilities, equipment and transport required to molluscicide a given size of 
habitat, or to treat a given number of infected people in a year. Capacity 
will be assumed nontransferable between control activities. A single tech
nology of delivery will be assumed for each activity. Further, the supply 
of labor for each activity will be assumed infinitely elastic and noncon
straining. Hence, there will only be a capital capacity constraint for each 
activity. These assumptions will be relaxed in successive phases of elabora
tion of the model. Accordingly, both the cost functions and the relevant 
restrictions will be respecified to reflect the modified assumptions. 

29. Thus, in addition to the above equations, statements are required 
which constrain control activity to levels for which capacity is available, 
and budgetary resources are sufficient. Existing capacity for control may be 
expressed in hectares (for mollusciciding) and persons (for chemotherapy). 
The capacity available represents initial (preprogram) capacity plus expan
sion undertaken by the model; allowances would be made for depreciation of 
capacity. In addition, the model would permit scrapping of redundant capacity 
and supplementation of the program's budget with the proceeds of sales of 
scrapped properties. The requirement for capacity is proportional (by defini
tion of .-_capacity) to level of activity. More formally, this capacity restric
tion may be expressed as: 

(12) 

and 
t 

i\ a (1 - de) tK ~ + r ; 1 ~1 - de) t - r (K; - J~)J -e~ (13) 
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where d = annual rate of depreciation 
Jm = scrapped capital in mollusciciding activity 
Jc= scrapped capital in chemotherapy activity 

m e = excess capital in mollusciciding activity 
ec = excess capital in chemotherapy activity 

Appropriate subroutines will be included in the optimization procedure to 
permit expansion in capacity, and scrapping and sale of redundant capacity. 

30. The total expenditures in any period may not exceed allocated budget 
plus proceeds of sales of scrapped capacity. The model permits transfer of 
unspent funds, U, into the following period: 

Cm+ Cc+ km+ kc - f(Jm) - f(Jm) + U B + U (14) 
t t t t t t t • t t - 1 

where 

f(Jm) = revenue from scrapped capital in mollusciciding capacity 
f(Jc) = revenue from scrapped capital in chemotherapy capacity 

U = unspent funds 
B = predetermined budget of the program. 

31. In addition, the program is formally restricted to activity levels 
no greater than the total volume of habitat and population; trivially, all 
activities must be non-negative. 

32. Estimation of the Cost Model. The recurrent cost functions will be 
econometrically estimated from cross-section data. Binary or multivalued 
dummy variables will be used (as found appropriate) to represent characteris
tics of habitat and population treated. It could also be possible to use 
dummy variables for different types of habitat and infection and thus increase 
the sample size. 

33. The investment cost functions could also be econometrically estimated 
on cross-section data. Alternatively, they could be directly calculated from 
engineering information.10/ 

34. The capacity restrictions of equations (12) and (13) are purely 
engineering data. 

m 35. Required expansions in capacity, K and 
scrapping and sale of scrapped properties will be 
to the optimization model. 

C K in each period, and 
specified as subroutines 

10/ See F.A. Holland, et. al., Introduction to Process Economics, London: 
John Wiley and Sons, Ltd., 1974, Ch. 5. 
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36. The restriction expressed in equation (14) depends on institutional 
arrangements of budgetary allocation. 

37. Data for estimating the cost need not be from the same field study 
so long as common variables are dimensioned similarly. Thus, the two models 
can be estimated from two different sets of data. It will hence, be possible 
to use the cost model in conjunction with different transmission models (in
cluding life cycle models) in successive phases of generalization. It would 
also be possible to use the cost model (without a transmission model) for 
purposes of budget preparation and other aspects of financial analysis in 
schistosomiasis control programs funded by the World Bank as well as others. 

38. The Optimization Framework for Cost-Effectiveness Analysis. In 
previous cost-effectiveness studies the procedure used has been simulation. 
Some of the obvious weaknesses of the simulation approach to cost-effectiveness 
analysis are discussed in connection with the review of studies by Rosenfield 
(1975), Jobin (1972) and Paulini (1974) in Annex 3.11/ In this study, the 
dynamic programming f ramework of optimization will be employed to investigate: 

(a) the optimal amount of each control activity given capacity and 
budget restrictions, or the least costly control activity given 
target levels of prevalence of infection; and 

(b) the optimal combination of control activities given either 
capacity and budget constraints, or target levels of performance. 

The dynamil ~rogramming approach will render both analytical and numerical 
solutions.~ Hence, it will permit a larger degree of freedom in analysis 
of the issue of cost-effectiveness as it will permit investigation of the 
sensitivity of results to a variety of forms of objective functions and 
restrictions. 

39. A sample of objective functions and their correspondingly appropria-
ate constraints is given in Section D of Annex 3. For illustrative purposes, 
a simplified formulation of the optimization problem will be sketched below. 

11/ For some general statements on simulation versus analytical solutions, 
see Howrey and Kelejian (1971). 

12/ The possibility of obtaining analytical solutions will depend entirely 
on the form of the transmission model used. Some of the models can only 
be solved numerically. With some modification, however, some of the 
mathematically simpler models can be reduced to analytical forms. 
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40. Let the objective of the control program be to minimize the preva-
lence of infection over a specified period of time, 1 < t < T. The control 
activities to be used are mollusciciding and chemotherapy. The program man
ager is interested in knowledge of the optimal combination of the two activ
ities. Such knowledge may be required for preparing or revising "a plan of 
action that will serve as basis for a budget proposal" [Paulini, 1974]. A 
correspondingly simple objective function may be formulated as: 

Min 
T 2 
l (Y - A ) ~ 

t = 1 t t 
(15) 

where At= target level of prevalence of infection 
Rt= a discounting factor expressing subjective trade-offs 

in the timing of program benefits. 

The above objective function, also called a welfare loss function, has a number 
of attractive qualities. First, it expresses the desire to minimize deviations 
from target levels of prevalence. Second, squaring the deviations penalizes 
large deviatjons disproportionately more than small deviations. To avoid 
evenhandedly penalizing below target deviations the same as above target de
viations, At may be assigned unrealistically low values so as to make it 
virtually unreachable. Third, in differentiation of the corresponding 
Lagrangian expression, the squared deviation term permits the derivation of 
feedback equations. Fourth, by virtue of the dynamic programming solution 
algorithm of solving the system of equations of .partial derivatives of the 
Lagrangian expression with respect to the state variable, the control vari
ables, and the costate variables for the last period and substituting back
wards to the initial period, it is possible to set Yr= Arin the feed-back 
equation, and hence, in~orporate the desired terminal state condition in the 
optimization problem.13/ To illustrate the last two points, a Lagrangian 
expression may be formulated and optimized for the last period as follows: 

13/ Mr. J. Duloy, Director of Development Research Center, IBRD, had sug
gested that terminal state condition be explicitly expressed in the 
optimization problem. According to the formulation of the objective 
function in equation (15), additional statement to express the desired 
value of terminal state condition is not required. For a different 
objective . function, however, additional statements may be required. 

(16) 
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oLr oLr oIT 
--=--

aii'T 
= 

ail'T oIT 

= 0 (18) 

oLr oLT oIT 
--=-- = ,:: 

0 (19) 

oi\ oIT arT 

where AlT = the costate variable corresponding to a Lagrangian 
multiplier in static optimization. 

First solving for ~lr in equation (17) and then using the result to solve 
for il'T and ~Tin equations (18), (19) and (20) will specify the choice of 
optimal values of these control activities with respect to terminal target 
AT and the value of the state variable YT - 1. The solution for HT and PT 
so obtained in effect constitutes a system of feedback equations. This is 
made possible by the quadratic formulation of the welfare loss function. 
In a linear form of the function, ¥r would have disappeared in differentiat
ing LT with respect to Yr. The same procedure--the quadratic formulation 
of the welfare loss function--permits optimization of the system through 
the period l< t < T - 1, while setting YT • Ar. Hence, an additional state
ment expressing desired terminal time condition is not needed in the dynamic 
progranuning formulation with a quadratic welfare loss function. 

41. Solving the problem as formulated above will identify the most - "' effective combination of control activities, Ht and Pt in each time period. 
The problem can be made more interesting by including capacity and budget 
restrictions in the Lagrangian expression. The solution to the new problem 
will identi_fy the cost-effective combination of control activities in each 
time period. With the possibility of the level one of the control activities 
being zero at any point in time in the optimal solution, the cost-effective 
combination of control activities may be interpreted as the cQijt-effective 
scheduling or the optimal reswitching of control activities • .!.~/ The problem 
can also be solved for .the optimal scheduling of each control activity 
separately used by excluding the other control activity from the Langrangian 
expression. 

14/ The possibility of a reswitching phenomenon occuring in the choice of 
control activities depends on the relative magnitude of Ht and Pt at 
any point within the period of analysis and also the relative effective
ness of each control activity and its associated cost. 
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Sensitivity Analysis 

42. The sensitivity of optimal results will depend on the choice of a 
transmission model, the form of the objective function and the restrictions 
imposed on the optimization problem. As briefly indicated above in the dis
cussion of the transmission model, different types of transmission models will 
be modified and used in this study. The objective is to investigate differences 
in optimal results of choice of control activity or activities. Should there 
be radical differences in results, some further investigation will be under
taken to select the transmission model that will generate the desired informa
tion. On the other hand, if the differences in results are minor, there will 
be computational and empirical implementation advantages in retaining the 
simple transmission model sketched above.15/ Having chosen the transmission 
model, sensitivity analysis of optimal results with respect to different forms 
of objective functions and restrictions will be required to identify the 
strengths and limitations of the model in generating the desired information. 
This exercise would enable the choice of policy recommendations with some 
degree of assurance. Reliability of control program policy results will be 
directly related to their degree of insensitivity to both objective function 
and the corresponding set of restrictions.16/ In other words, the exercise 
would also enable the choice of realistic control program objectives.1:1/ 

43. A third type of sensitivity analysis, completely different from 
the two mentioned above, is investigation of robustness of a chosen optimal 
set of control activities. The issue of robustness will be investigated in 
two ways: a) what are the likelihoods of a control program breakdown due to 
radical increases in input prices, physical and/or institutional bottlenecks 
in the delivery of control; subsequently, what are the epidemiological states 
resulting from the breakdown; and b) how stable are the epidemiological results 
obtained from the implementation of a chosen optimal set of control activities, 
i.e., what are the expected epidemiological states in the post-control period? 

15/ Joel Cohen, frofessor of Populations, The Rockefeller University, has 
strongly emphasized this point in his comments on the abstract of this 
research proposal as well as in recent discussions we have had with him. 

16/ Adelman, I., and F.T. Sparrow (1966), p. 291. 

17/ This issue is not to be confused with the subjectively selected set of 
target levels of prevalence of infection in the objective function pro
posed above. The choice of realistic control program objectives is 
between prevention of spread, transmission reduction, morbidity control 
and eradication [see Ansari, (ed) (1973) pp. 422-437; and Miller, (ed) 
(1972) pp. 13-15]. It is repeatedly pointed out in the literature on 
the control of schistosomiasis that a clear statement of realistic ob
jectives would curtail cynicism and enable the proper evaluation of the 
efficacy of control programs. 
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In other words, this study will consider cost-effectiveness analysis within 
the framework of the economic and epidemiological risks associated with a 
chosen control strategy. Thus, a cost-effective control strategy will be 
identified as that which renders the least sum of prevalence of infection 
over the control period plus some judiciously chosen length of post-control 
period. 

44. Phases of the Research Study and Expected Minimum Results. This 
Study will be conducted in two phases, each requiring one year of research 
work including four months of data gathering in the first phase and approx
imately five months of data gathering in the second phase. The first phase 
will focus on verification of a simple transmission model, estimation of a 
cost model of mollusciciding and chemotherapy activities, and implemtation 
of cost-effectiveness analyses of the two control activities in a dynamic 
optimization framework. Data from control programs of S. mansoni infection 
in Puerto Rico and St. Lucia will be used in the first phase. In the second 
phase of the study, control of S. haematobium and S. mansoni infections will 
be jointly considered. A more elaborate transmission model will be verified 
and implemented. Water supply will be included in the cost model of control 
activities and the optimization framework for cost-effectiveness analysis. 

45. At least two simple transmission models will be considered in the 
first phase--Rosenfield's (1975) model and Holford and Hardy's (1976) model. 
The former is a phenomenological model based on a reversible cataly.tic curve 
of age prevalence of infection. The model will be modified by using a two
stage curve instead of the reversible curve, and (data permitting) by incor
porating selective host mortality and loss of infection parameters. These 
modifications are expected to result in significantly less biased estimates 
of the parameters of the model. 18/ 

46. The Holford and Hardy model is an excellent alternative to Rosenfield's 
model. It is a partial life cycle model whose parameters, the immigration and 
death rates of the worm, can be estimated by fitting a curve through age prev
alence of infection distribution. It is capable of generating information on 
age prevalence of infection as well as intensity of infection measured as the 
mean worm burden. Rosenfield's model can predict only total prevalence of 
infection. To permit analysis of effectivenese of control activities, the 
worm immigration rate will be regressed on controllable variables such as size 
of accessible snail habitats, number of people passing eggs, the water contact 
pattern and where necessary, the nonhuman definitive hosts factor. Hence, 
this latter model will be converted to a phenomenological type as is the 
Rosenfield model. 

47. The control activities that will be considered in the first phase 
are mollusciciding and chemotherapy. Investment and recurrent cost functions 

18/ For details on development of the model's specification, see pages 2-5 
of Annex 3. 
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for those activities will be estimated econometrically. These cost functions 
will then be used in conjunction with either of the two candidate transmission 
models sketched above in a dynamic programming framework to select and analyze 
cost-effective control strategies. 

48. At minimum, the first phase will produce a detailed . qualitative and 
quantitative analysis of cost of control activities that will be useful in financial 
planning of control programs of S. mansoni infection. In addition, the study is 
expected to produce a verified transmission model and a decision model for prep
aration of cost-effective control programs. 

49. The second phase will further elaborate and generalize results ob-
tained in the first phase. A more elaborate transmission model--preferably 
a complete life-cycle model will be selected. The major parameters of the 
model selected will be statistically estimated as functions of controllable 
variables the same as in the first phase. 

SO. The control activities in the second phase will be mollusciciding, 
chemotherapy and water supply. Data permitting, engineering methods of snail 
control, selective chemotherapy or chemosuppression (i.e., reduction of the 
worm burden of infected persons without necessarily curing them), and the 
provision of latrines will also be included in the analysis of effective con
trol strategies. Investment and recurrent cost functions for the control 
activities for which data is available will be econometrically estimated. 

51. The second phase of the study will be based on data from control 
programs of S. mansoni and S. haematobium infections in Puerto Rico, St. Lucia, 
Egypt, Sudan, Tanzania and Ghana. This phase will generate a detailed quali
tative and quantitative cost analysis of mollusciciding, chemotherapy and 
water supply activities in the control of the two forms of schistosomiasis 
infection in the Caribbean Islands and Africa. Here again, the cost analysis 
irrespective of .the transmission model and the optimization framework, will 
be useful in financial planning of control programs. 

52. Data for implementation of the '.first phase will be obtained from 
Puerto Rico and St. Lucia. The leading expert in Puerto Rico, Dr. W.R. Jobin, 
has offered to let us use the data he has collected for his own study of the 
history of control activities in that island and data on 41 pilot control 
projects around the world he collected for a study he had done for the Edna 
Mcconnel Clark Foundation. Dr. Jordan, Director of the Research and Control 
Department of St. Lucia, has also indicated to us that his program has the 
most detailed data than any other program and has offered to give us his 
help in anyway possible. 

53. In the second phase of the study, additional data will be collected 
from control programs in Egypt, Sudan, Tanzania and Ghana. Dr. A. Davis,' 
Chief of Schistosomiasis and other Helminthic Infections in the Division of 
Malaria and other Parasitic Diseases, WHO, has indicated to us that data on 
the WHO/Tanzania Schistosomiasis Pilot Control and Training Project, 
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Misungwi, Tanzania (1967-73) is available on magnetic tape at WHO headquarters. 
The data includes many of the .variables listed in the abstract of this research 
proposal which were sent out with requests for comments and assistance in 
identifying sources of data. Dr. Davis also indicated that data collection 
is still going on in the UNDP/WHO Lake Volta Program in Ghana (1971 - present). 
Dr. G. Wehbe of the London School of Hygiene and Tropical Medicine who is 
currently serving as consultant to the IBRD schistosomiasis control work in 
Upper Egypt has indicated that many useful data will be available from this 
project in due course. In addition, attempts will be made to obtain data 
on WHO's earlier pilot control programs in the Nile Delta area, and the 
mollusciciding campaign in the Fayoum Governorate of Egypt financed by the 
Federal Government of West Germany. Some interesting results of a large-scale 
mollusciciding trial in the Gezira irrigation scheme in Sudan have been published 
recently. One of the major participants in this campaign is being contacted 
to explore the possibilities of obtaining data on this scheme. Detailed data 
on control programs in irrigated sugar estates in Tanzania, and the Mangoky 
project in Madagascar is also being sought. 
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ITS TRANSMISSION, DISEASE, CONTROL AND ECONOMIC SIGNIFICANCE 

Introduction 

1. Schistosomiasis, also known as bilharziasis and snail fever, is 
a tropical parasitic infection that currently victimizes an estimated 250 
million people in 71 developing countries. An additional 600-800 million 
people are constantly exposed to the risk of its infection. Schistosomiasis 
is ranked as one of the major occupational hazards in the rural sector of 
developing economies. The public health and economic menance of this infec
tion is spreading very rapidly as the habitat of its intermediate host 
(vector) snails increases with the development of water resources. The 
dynamics of its transmission, aided by the limitations of the current state
of-the-art of control, has rendered schistosomizsis a major scourge of man
kind; furthermore, the extent of the problem is not retarded but, rather, 
augmented by development efforts. Not the least important among the factors 
that have contributed to the fast spread of this infection in the developing 
world is the undramatic and inconspicuous nature of the development of its 
disease syndrome. It is a chronic disease with insidious and lingering 
effects. It gradually saps the energy of its victims and causes long his
tories of agonizing debility which in some severe cases may culminate in 
death. 

Transmission of Schistosomiasisl/ 

2. Of the six known species of the parasite (schistosomes) that cause 
human schistosomiasis, only three: Schistosoma haematobium, S. mansoni and 
s. japonicum are significantly pathogenic and prevalent. S. haematobium is 
found in Africa, the Middle East, and a small focus in India. S. mansoni 
occurs in Africa, the Arabian Peninsula, northeastern and eastern South 
America and the Caribbean area. S. japonicum occurs in China, Japan, the 
Philippines, Indonesia, Laos, and Thailand. 

3. s. mansoni and S. japonicum eggs leave the human body through feces; 
S. haematobium eggs exit through urination. A mature egg which reaches water, 
within a month hatches almost immediately, releasing a number of first-stage 
larvae, miracidia. 

l./ See Jordan, P., and G. Webbe (1969); and Ansari, N., (ed.) (1973) for 
Transmission, Disease, Control and Public Health and Economic Significance 
of Schistosomiasis. Prescott, N.M., (1975) provides an excellent survey 
of the literature on the economic impact of schistosomiasis. 
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4. A miracidium has a free-swimming life span of approximately only 
one day; within that time, it must seek out and penetrate an appropriate 
snail host/vector. The most efficient vectors belong to the genera 
Biomphalaria for S. mansoni, Bulinus for S. haematobium, and Oncomelania for 
S. japonicum. 

5. Except for the vector snails in the genus Oncomelania, which are 
amphibious, the other vector snails are strictly aquatic. The amphibious 
vectors are diocious, i.e., reproduce sexually, while the aquatic vectors 
are hermaphroditic, i.e., are capable of asexual reproduction. Depending on 
environmental conditions,a vector snail may have a life span of several weeks 
to several years. 

6. After successful penetration, miracidia asexually multiply into 
hundreds of thousands of second-stage larvae, or cercariae. Within four to 
seven weeks of initial penetration, cercariae emerge from their intermediate 
host as a cloud of free-swimming, infective agents. Cercariae have life spans 
of approximately 48 hours in their free-swimming state; it is during this 
brief time that they are capable of penetrating the skin of man as well as a 
few other mammals. 

7. The role of nonhuman mammalian reservoirs in transmission is very 
important in S. japonicum. "Domestic animals--dogs, cats, cattle, water 
buffalo, pigs, horses, sheep and goats--wild mice and rats are all reservoir 
hosts •.• " (Jordan and Wehbe, 1969, p. 160). The relative efficiency of some 
of these animals, dogs and cows in particular, in transmitting the infection 
is so high that a check on their population is often warranted in a control 
program. The role of nonhuman reservoirs in the transmission of S. mansoni 
is believed to be more important in the Caribbean Islands and South America 
than in Africa. Monkeys, baboons, rodents, cattle and dogs have been found 
with natural infections in both regions; but with less frequency and lower 
prevalence of infection in Africa. Exactly how much these reservoir . 
hosts contribute to transmission of infection is not clear. Some of them are 
found to be incapable of excreting viable (hatchable) eggs. S. haematobium 
infection is rarely found in wild animals. On very rare occasions, baboons, 
monkeys, rats, the domestic pig, and the chimpanzee have been found infected 
with S. haematobium. It is generally held that these rare occurences of 
natural infection are merely incidental and have no significance in the 
transmission of the infection. 

8. Once inside the skin, cercariae develop into young worms, schisto-
somules, and migrate through the circulatory system to the lungs and from 
there to the liver where they mature and mate. Mated worms of S. mansoni 
and S. japonicum species then migrate to the veins of the bowel; S. haematobium 
couples to the bladder. Within the bowel or bladder, the worms spend the 
rest of their lives, which average three to five years. Each female worm is 
capable of producing hundreds of eggs a day throughout her mated life. A few 
of the eggs are carried in the bloodstream to the liver, lungs, and other 
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parts of the body. Some become trapped and die in the surrounding tissues 
of veins in the process of being transported. Others manage to enter the 
bowel and bladder and leave the body of the host in the feces or urine. 
Excreted eggs hatch upon reaching water within a period no longer than a 
month and thus, conunence another cycle in the perpetuation of their species. 

Schistosomal Disease 

9. Disease due to schistosomal infection is a consequence of the in-
complete excretion of eggs. The mere presence of adult worms is not known 
to cause major illness or complication in the host. Eggs that lodge in 
tissue surrounding the organ that harbors mated worms eventually die and de
compose. As the body reacts to invasion by this foreign matter, it develops 
fibrosis and granuloma. This is the principal cause of schistosomal diseasee. 
The second important cause is that portion of eggs which is carried to the 
liver, lungs, and other parts of the body. Thirdly, on rare occasions, adult 
worms may induce schistosomal complications by migrating to or lodging them
selves into the liver, lungs, the nervous system and other parts of the body. 
Migration of adult worms to such locations is induced by several factors 
including use of schistosomicidal drugs--a fact that has rendered unsupervised 
mass administration of chemotherapy still impractical. 

10. Pathologically, S. mansoni and S. japonicum share the same pattern--
except that the latter is more virulent (faster in causing morbidity and 
mortality), and is harder to treat. Both are recognized as intestinal forms 
of the disease due to the fact that the mature infectious agents dwell in the 
bowel and cause major damage to the surrounding tissues of the intestine and 
liver. During the early phase of these two infections (penetration to matura
tion in the liver), symptoms can include skin rash, diarrhea, liver enlarge
ment, and tenderness, variable fever, and sometimes lung disturbances. The 
egg-laying phase is characterized by dysentery, with frequent bloody stools, 
liver and spleen enlargement and tenderness, rectal lesions, and other serious 
complications. In the final stage (tissue reaction and repair), intestinal 
lesions, ulcerations and fistulae may develop. Concurrently, spleen and liver 
enlargement, serious diarrhea, ascites (dropsy) and other major disturbances 
may also develop. In its advanced stages, S. japonicum may cause brain com
plications which more often than not result in death. 

11. The early phase of infection with S. haematobium shares practically 
the same pattern of symptoms as the other two major forms of human schisto
somiasis. In the egg-laying phase, haematouria (blood in the urine) conunonly 
appears. In the final stages of this infection, urinary tract diseases such 
as calcified bladders, nonfunctioning kidneys, and ureteric deformity pro
gressively develop. Hence, its popular name, urinary schistosomiasis. 
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12. The onset of the symptoms of the acute stage of schistosomal infec-
tion is slow. In S. mansoni, it occurs between 3 and 12 weeks after cercerial 
penetration. In S. japonicum, the symptoms of the acute stage are observable 
between 2 and 12 weeks after infection. In S. haematobium, symptoms may not 
be visible until the eighth week after infection. The intensity, duration, 
and frequency of symptoms of the acute and subsequent stages depend on a 
number of factors but most importantly on: a) the intensity of infection (the 
worm load); b) concurrent infections; and c) nutritional status of the human 
host. However important the above factors are, they do not completely ex
plain the pathology of schistosomiasis. Schistosomal disease due to irre
parable damages to vital tissues may be sustained long after adult worms have 
been drastically reduced in number or even completely eliminated in the human 
host. Other things being equal, higher levels of egg output are associated 
with higher numbers of paired adult worms. Hence, some researchers have tried 
to associate egg output with intensity of infection and therefore, morbidity. 

13. Morbidity due to schistosomal causes is hard to define. Its symp-
toms, other than the presence of eggs in excreta, are not specific enough 
to isolate schistosomal infection as cause of morbidity. The problem is 
compounded by synergistic relations of the infection with malnutrition. 
Furthermore, egg output is a poor index of intensity of disease. Disease is 
a function of the accumulation of eggs in tissue, and the location of adult 
worms. It is plausible that as an increasing number of eggs get lodged in 
tissue surrounding the location of paired worms the passage of eggs could 
be blocked, thereby reducing the number of eggs that reach excreta. Mor
bidity control is thus an elusive objective. Whereas potential morbidity 
can be averted through the elimination of adult worms, damage done to tissue 
by decomposing eggs is virtually irreparable through drug treatment. Surgical 
removal of scars caused by decomposing eggs,and haemofilteration methods to 
remove adult worms from sensitive locations in the body such as the liver, 
have been successfully accomplished. These methods, however, are too costly 
to be implemented as control measures. 

Schistosomiasis Control 

14. There are two viable objectives of schistosomiasis control: trans
mission control and control of spread of the infection. The former objective 
aims at reducing the intensity and growth of prevalence of the infection in 
an endemic area; the latter aspires to restrict the introduction of the in
fection to a potentially endemic area. 

15. Control may be realized by disrupting the life cycle of the para-
site at one or more points through one or a combination of measures. By 
destroying adult worms through drug treatment (chemotheraphy), transmission 
as well as control of potential morbidity may be achieved. Toxic side 
effects of the currently available drugs notwithstanding, chemotherapy is 
believed to be the most effective control measure. Contamination of water 
by egg-carrying excreta may be prevented through the use of water-sealed 
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toilets. Snails may be destroyed chemically by molluscicides; biologically, 
through the introduction of competitor species, predators, or parasites; 
or by altering their habitat through engineering measures. Human contact 
with infected waters may be prevented by providing sanitary water for drink
ing, bathing, swimming and laundering. Fences and footbridges may also curtail 
the frequency of contact. Health education is an indispensable ingredient of 
any control program, for in the final analysis, the success of such activity 
depends on the active participation of the conununity being protected. 

Economic Significance of Schistosomiasis 

16. While the existence of economic losses due to sickness and cost of 
treatment is generally accepted, the lack of consistent methods of estimation 
and reliable data bases have led to widely different financial estimates, and 
hence, to some controversy over the general cost of the infection. Estimates 
range from $560 million annually for Egypt alone, according to one expert, to 
$450 million annually for the whole of Africa, and a mere $650 million for 
the world, according to another expert. One recent study could not discover 
statistically significant losses in productivity due to schistosomal infec
tion. Beyond absence from work, reduced productivity, and cost of medical 
care which most estimates have tried to include, there are economic losses 
that are hard to quantify or espress in monetary terms. There is the dis
utility of discomfort due to illness; the increase in the dependency ratio 
due to morbidity; the grief and anguish caused by death in the family or 
community; the apathetic and fatalistic attitude toward life and work caused 
by chronic illness; loss of productive resources such as domestic animals 
due to the zoonotic form of the infection; and the underutilization of poten
tially arable land due to fear of infection. These and other losses are less 
than adequately accounted for even by the most thorough estimates currently 
available. Even those estimates which deal with the direct cost of the dis
ease only understate the problem by failing to include payments made to tra
ditional doctors and healers; and studies that have attempted to measure 
the indirect costs of the disease have yet to resolve the problem of measuring 
"reduced work output due to illness" where continuous industrial employment 
is not available and/or is not the norm. 

17. There is yet another aspect of its economic significance. Schisto-
somiasis is one of the classic examples of economic development-related dis
eases. The growth in the number of water resource-related {hydroelectric and 
irrigation) projects has greatly increased the habitat of the vector snails, 
and hence the prevalence of schistosomiasis. For this reason alone, the 
Aswan Dam project in Egypt and the Volta Dam project in Ghana have been de
scribed as ecological horrors by some experts. In some projects, the emergence 
of this problem has impeded the realization of sound economic returns. An 
irrigation scheme in Rhodesia had to be abandoned due to an alarming increase 
in prevalence of schistosomiasis after ten years of construction and a cost 
of $10 million. It has thus become imperative that such external diseconomies 
as may result from water-related development efforts be taken into considera
tion in project appraisals, and appropriate control measures be implemented 
to curtail negative consequences. 
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1. The World Bank's direct involvement in schistosomiasis control 
began in late 1970 with the appointment of an Environmental Adviser in 
Projects Advisory Staff, Central Projects. It was the Environmental Adviser's 
responsibility, among other things, to review all Bank-assisted projects which 
would likely have important environmental effects, to advise on appropriate 
investigations and remedial measures, to establish appropriate links between 
the Bank and other agencies of similar environmental concerns, and to prepare 
guidelines on Environmental issues. As the work load increased, an Assistant 
to the Environmenal Adviser was appointed in early 1973. In 1975, the Offic 
of Environmental and Health Affairs (OEHA) was established within PAS/CPS and 
under the direction of the same Environmental Adviser. The staff of the Office 
was immediately increased by the addition of a chemical engineer and two health 
economists. A tropical medicine specialist was appointed in late 1976. The 
Office reviews and advises on environment- and health-related issues of the 
Bank's projects, maintains liaison with other organizations, and undertakes 
research and development of guidelines relevant to Bank operations. 

2. Due largely to the recent increase in the number of the Bank's 
agricultural and rural development projects, one of the major activities of 
the OEHA has become the control of schistosomiasis. The Bank's objective 
is not to eradicate schistosomiasis--which, though highly desirable, is still 
an elusive ambition, particularly in view of the limitations of the current 
state-of-the-art of control--but rather to eliminate the risk of spread and 
transmission of the infection in the development projects it helps finance. 

3. Since 1971, the number of Bank projects in which the schistoso
miasis problem has been addressed has grown markedly. Starting with only 
three in 1971, the number grew to eight by 1973, nineteen by 1975, and thirty 
by mid-1977. The 30 projects cover a total area of 37,774,224 hectares and 
touch the lives of some 13,260,300 people. Eighteen of these projects have 
budgets allotted to schistosomiasis control totalling $63,360,000 and consti
tutes 4.13% of the total cost of the projects. 

4. The Bank's project approach to schistosomiasis control can be roughly 
categorized into three groups. In the first group are 12 projects with spe
cific schistosomiasis control components. The second group consists of nine 
projects in which schistosomiasis control is provided as part of general health 
care services. The third group consists of nine other prpjects for which the 
borrower countries have given assurances to undertake control activities as 
warranted. 
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5. Specific schistosomiasis control components are necessitated by 
prevailing high levels of the disease in the project areas, the institutional 
and financial limitations of the borrower countries to undertake major control 
efforts, and by the likelihood of the incidence of infection frustrating the 
realization of a project's economic objectives. Thus, in Egypt, Liberia, 
Malawi, Mali, Morocco, Philippines, Syria, and Yemen Arab Republic, 12 projects 
have included specific schistosomiasis control components. Chemotherapy and 
the use of molluscicides, the two mose effective methods of control, are the 
most popular methods used. Health education, water supply, sanitation and 
engineering methods of control are included in more than half the number of 
control components. To generate successful implementation, the control 
strategies are tailored to fit local conditions and institutional arrange
ments. As a result, the design of these control components varies by country 
as well as by project. 

6. These 12 projects cover a total area of 2,239,400 hectares with a 
total population of 9,986,200. The cost of the control components of 10 of 
these projects for which data are available amounts to $53,360,000 (or 4.91% 
of the total cost of the same 10 projects). On an annual basis, allowing for 
the average of five years of disbursement of cost, the cost of the control 
components in the 10 projects is $4.87 per hectare covered and $1.07 per 
person protected. The high yearly cost per hectare of control is due to 
three projects in Egypt and two in the Philippines, which have relatively 
high population densities. The annual cost of control in the two countries 
is $6.35 per hectare but only $0.98 per person protected. Egypt and the 
Philippines alone account for 88% of the cost of control components in this 
group. This is probably only fair since the five projects in the two countries 
are in the most endemic parts of the world, and account for 91% of the project 
population in this group of projects. 

Schistosomiasis Control as Part of Health Care Services 

7. Projects in which schistosomiasis control is provided as part of 
health care services components are found in areas where schistosomiasis is 
only one in a myriad of health and environmental problems. In such instances, 
the Bank provides schistosomiasis control along with other health care needs. 
In addition to schistosomiasis control, these components can include health 
education, mother and child health care, primary health care, sanitation, 
vector control and, in some instances, nutrition. These components, once 
again, are tailored to fit local conditions, and aspire to meet health and 
environmental needs of the population they serve. 

8. The nine projects in this second group are found in Brazil, Ethiopia, 
Kenya, Malagasy Republic, Malawi and Sudan. They cover an area of 19,058,600 
hectares with a population of 1,699,100. The health care services components 
of seven of this group of projects, for which data are available, cost 
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$9.5 million (or 3.85% of the total cost of the same seven projects). On an 
annual basis, the cost of the health care services amounts to $0.10 per hectare 
and $1.19 per person. 

Assurances for Schistosomiasis Control 

9. The third category of implementation of control consists of nine 
projects for which assurances to control schistosomiasis have been obtained 
from the borrowing countries, The nature of the assurances have ranged from 
promises to study and monitor the problem to implementation of control pro
grams as warranted, Generally, there is no financial allowance made for the 
control of schistosomiasis in these projects, The only exception in this 
group of projects is Liberia--Bong County Agricultural Development Project, 
which has $0.5 million allocated for surveillance and monitoring activities. 
The agreements are for the borrowing country to undertake control where the 
infection is known to be endemic and to maintain monitoring activities where 
there are risks that the infection might spread. 

Research Trends 

10. Tropical Diseases Research. The World Health Organization (WHO) is 
currently launching a Special Progranune for Research and Training in Tropical 
Diseases. The major objective of this multifaceted program is to coordinate 
worldwide research and control of the six most important tropical diseases-
malaria, schistosomiasis, filariasis, trypanosomiasis, leishmaniasis (kala 
azar) and leprosy, The OEHA of the World Bank is collaborating with the WHO 
and other agencies in development of this program. The research objectives 
of the schistosomiasis program include development of drugs, epidemiology and 
control, including snail biology, public health and socioeconomic effects of 
the disease, immunology (including development of vaccines) and other funda
mental biological studies. Research priorities for funding will be deter
mined by Scientific Working Groups (SWGs) composed of leading scientists 
selected on a worldwide basis for their competence in the fields of disease 
and research. Research is to be performed in the most appropriate facilities 
with special preference to be given to tropical countries. The training and 
institution strengthening activities are also to be based as much as possible 
on existing institutions in tropical countries. The Special Programme, by 
pooling worldwide resources and expertise for research and training, aspires 
to accelerate the pace of progress toward the control and eventual eradica
tion of these diseases. 

11. The active participation of OEHA in this Special Programme is in 
fulfillment of its terms of reference (Administrative Circular, February 20, 
1975): to "Maintain an active liaison with the WHO and its regional organi
zations'.'. The experi.ence OEHA gains from active participation in the devel
opment and implementation of the Programme and the realization of the research 
and training objectives of the Programme will complement and significantly 
improve the eff i ciency of the World Bank's activity in the area of disease 
control. 
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12. Research on the Cost-Effectiveness of Schistosomiasis Control 
Activities. The OEHA is also charged with the responsibility to "plan and 
oversee appropriate Bank-related research in the health area", and "develop, 
test, and refine health guidelines for use of Regional Offices and Operating 
Departments analogous to the environmental guidelines". The proposed research 
study of the economics of schistosomiasis control activities is an initial 
modest attempt to fulfill these responsibilities of the Office. The major 
objectives of this research include the identification of the most cost
effective combination and scheduling of control strategies given resource 
limitations and the economic and epidemiological risks associated with 
selected optimal and efficient strategies. The analytical framework of the 
study reflects the Bank's approach and objectives in schistosomiasis control. 
The results of this study will be useful in the development of guidelines for 
schistosomiasis control. More importantly, the implementation of control 
programs--following the results obtained from qualitative as well as quanti
tative analyses of the study--would enable the Bank and other institutions 
involved in control activities to realize both significant savings and im
proved results. In an analytical optimization framework, the study would 
investigate two issues central to most control programs: a) the highest benefit 
(i.e., reduction in prevalence of infection) for given budget constraints, and 
b) the least cost delivery of control activities for given target levels of 
prevalence of infection. A side issue complementary to either one of the 
above two issues is the epidemiological and economic risks (robustness) as
sociated with a chosen optimal and efficient strategy of control. 

13. The cost of the first and second phases of this study is estimated 
at under $100,000. This amounts to less than 0.4% of the cost of control 
components in Egypt, less than 0.6% of control components in Philippines, or 
less than 0.2% of the total cost of the 10 direct schistosomiasis control 
components for which data are available. A conservatively pessimistic estimate 
of an expected 1% savings in the cost of control amounts to $287,000 from 
Egypt alone, $181,500 from Philippines, or $533,600 from the total cost of 
the 10 direct schistosomiasis control components. Irrespective of the trans
mission model and the optimization framework, use of the cost model in financial 
planning and implementation of control programs alone is likely to yield more 
than 1% savings in the cost of control programs. Thus, the cost of undertaking 
the research will in the long run constitute an insignificant fraction of the 
benefits generated by proper utilization of the results of the research. 
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1. This Annex reviews the major features of existing models of schisto-
somiasis transmission and studies of the cost-effectiveness of control activ
ities, and presents the rationale for the analytic approach being proposed. 
The Annex by no means pretends to treat exhaustively all published and un
published studies in this area of research; a number of transmission models 
and practically all of "the economic impact of schistosomiasis" studies are 
excludedJ! The selection of models for review is based entirely on their 
significance to the proposed research. Economic impact studies are excluded 
as the objective of the proposed research is restricted to cost-effectiveness 
evaluation as contrasted with assessment of the economic loss due to schisto
somiasis or economic benefits due to its control. 

B. Schistosomiasis Transmission Models 

2. There are two broad groups of schistosomiasis transmission models. 
The first group consists of models constructed on the basis of a posteriori 
reasoning. These models predict the transmission process as a function of 
two forces--the force of infection and the force of deinfection. The magni
tudes of these forces are estimated by fitting a curve, known as "a catalytic 
curve" through a distribution of age prevalence of infection [Muench, 1959]. 
The second group consists of models that attempt to expla'in the life cycle 
of the parasite on the basis of a priori reasoning. The life cycle of the 
parasite in these models is partitioned into a set of distinguishable stages. 

1./ A more exhaustive discussion of models is given by Cohen (1977). The 
major theoretical and empirical issues of mathematical modeling of 
schistosomiasis is found in Fine (1976) and Fine and Lehman (1977). 
Rosenfield (1975, pp . 15-18) gives a tabular presentation of important 
features and limitations of the most well known transmission models. 
The mathematical theory of infectious diseases is contained in an 
authoritative text by Bailey (1975). Bailey's text concentrates on 
what may be referred to as "contact diseases" and t1:eats helminthic 
infections (to which schistosomiasis belongs) rather tersely in a couple 
of pages. Control theoretic works more relevant to "contact diseases" 
than to schistosomiasis are exhaustively treated by Wickwire (1977). 
The literature on the economic impact of schistosomiasis is surveyed 
by Prescott (1975) . Mathematical models of applied ecology are reviewed 
by Conway (1977). 
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Each stage is modeled separately with appropriate links with the preceding 
stage. The two categories of models are referred to as catalytic and life 
cycle models, respectively. 

Catalytic Models 

3. Catalytic models of epidemiology may be understood by analogies to 
catalytic processes in chemistry. Among the many possible forms of catalytic 
processes the two that are relevant in describing the epidemiology of schis
tosomiasis are the "Reversible Catalytic Curve: Two-Way Reaction" model and 
the "Two-Stage Catalytic Curve: Successive Reactions" model. The former 
model describes the process of a substance A changing to substance Bat some 
rate, while B reverts to A at a rate which may be the same, but is generally 
different. In the latter model, substance A changes to substance B which in 
turn changes to substance G at rates which are generally different. 

4. Analogously, in the case of schistosomiasis transmission, if a 
population in an endemic area is: a) in a steady state, b) entirely suscepti
ble to infection, and c) exposed to a constant force of infection, a, and a 
constant force of deinfection, b, the rate of change of the proportion of the 
population at age t infected, y(t), may be expressed as: 

~ = a (1 - y) - bv dt - ::..., 

whose general solution is 

y(O) • 0 

y(t) • !. (1 - e -(a+ .Q.)t) 
a + b 

(1) 

(2) 

This equation may be fit to age prevalence data either by the method of momements 
or maximum likelihood to obtain values for parameters a and b. Contrary to 
observation in the case of schistosomiasis, equation (2) implies reversible 
loss of infection and hence, monotonically increasing prevalence with age 
for a>b, Better fit to observed age prevalence data is obtained with the 
form-Muench identified as "The Two-Stage Catalytic Curve" [Muench, 1959]. 
Assuming that loss of infection is irreversible, the population may be par
titioned into three subgroups: x(t) (proportion never infected), y(t) (pro
portion currently infected), and z(t) (proportion currently deinfected and 
not at risk of reinfection). Death and emigration occur at equal rates in 
all three. The rates of change in the proportion of the population infected 
of the three partitions may be expressed as: 



dx 
- = -ax dt 

~"" ax - bv dt - =..,, 

whose general solution is 

or 

a 

y(t) .. a - b 

x(o) = 1 

y(O) = 0 

z(O) = 0 

-at y(t) = ~te - if a• b 

(3) 

(4) 

(5) 

(6) 

(6') 
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Hairston (1965b) obtained reasonably good fits of equation (6) using age 
prevalence data from Egypt, the Philippines, and Syria. Sturrock and Webbe 
(1971) applied equation (6) to analysis of age prevalence of infection of 
eight samples of field snails. At n - 1 degrees of freedom, where n is the 
number of age groups, seven curves fitted the data satisfactorily (p>0.05). 
With n - 3 degrees of freedom to allow for the two parameters being estimated, 
four of the curves fit the data satisfactorily. 

5. Cohen (1973) modified the Two-Stage Catalytic Curve to permit 
analysis of the mortality or emigration rate, m, of individuals not infected 
and individuals deinfected, and m', the increased mortality or emigration rate 
of individuals currently infected; m' is the selective host mortality rate of 
schistosomiasis infection. The model may now be expressed as: 

dx - .. -ax - mx 
dt 

x( 0) = 1 

~ -= ax - bv - (m')y y(o) = 0 dt - =..,, 

dz 
- a .£Y - mz z ( 0) • 0 
dt 

(7) 

(8) 

(9) 

Since selective host mortality is observed in schistosomiasis infections, the 
introduction of m and m' would remove some of the bias in the estimates of 
a and b. Cohen applied his modified version of the "Two-Stage Catalytic Curve" 
to the-data obtained by Hairston's (1965b) and Sturrock and Webbe's (1971). 
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In both instances it was found that exclusion of selective host mortality 
underestimates a and overestimates b. Some bias remains due to the assumption 
of constant mortality and emigration rates over all age groups. 

6. The foregoing models assume permanent immunity. Lewis (1975) relaxes 
this assumption by introducing a constant, r, the loss of immunity rate. His 
model 

dx 
- = rz - ax 
dt 

.!!z. = ax - EY 
dt 

dz 
dt = EY - rz 

x(O) = 1 (10) 

y(O) = 0 (11) 

z (0) = 0 (12) 

? 
yields three general solutions depending on whether (a+ b + r)~4(ab + ar + br). 
Setting r • 0 reduces this model to Muench's Two-Stage Catalytic Model. These 
two models, one with r > 0 and the other with r = O, are deterministic. Lewis 
makes these models stochastic by incorporating the fact that infection becomes 
manifest when at least one male and one female worm infect a susceptible indi
vidual. Male and female worms have an equal probability of penetrating the 
individual; thus the frequency distribution of paired worms is poisson dis
tributed with a constant parameter. The general solution of the model with 
r > 0 is a function of .!!_, r, and the distinct real roots -A+ (A2 _ 4B)l/2, 

2 
where A= (a+ E.. + r) and B •(ab+ ar + br). Setting r = 0 to represent 
permanent immunity yields a general solution which is a function of two param
eters--the rate of penetration µ., and E_.]J 

7. Nasell uses a catalytic curve model to explore the implications of 
latency of infection in snails in the snail component of one version of his 
life cycle model [Nasell, 1976].1/ He partitions the snail population into 
susceptible x(t), exposed but latent u(t), shedding cercariae y(t), and re
covered z (t), with each partition having a characteristic death rate. The 
rate of conversion from one state to the next in this model is implied to be 
instantaneous. This obscures the true meaning of latency which is the delay 
or time lag between two successive states. 

]:_/ Lewis calls the general solution to the deterministic model with r = 0 
Model A, and with r > 0 Model B. He refers to the general solution to 
the stochastic model with r = 0 Model C, and with r > 0 Model D. Models 
Band D fit Hairston's S. haematobium and S. mansoni data better than 
Model A. Models C and D fit the S. japonicum data better than Models A 
and B. 

1/ See t;he fo llowi ng section for review of life cycle models. 
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8. Rosenfield (1975) is the first to employ a catalytic model to pre-
dict transmission. Using the model of equations (1) and (2), she develops the 
recursive relation: 

yt = I(l - yt) - Jry't + yt + 1 (13) 

where 

a (1 - e-(a + b)) I = 
a+ b (14) 

I is interpreted as the rate of incidence. The values of the parameter~' 
estimated from a cross-section of endemic localities are regressed on the 
environmental factors--H(meters of accessible snail habitats) and P(number 
of people passing eggs). The resulting regression equation 

(15) 

where /3 0, /3 1 , {3 2 are cons tan ts ; 

is substituted in equation (13) to predict prevalence of infection as a 
function of Hand P. The model was successfully verified on data on an 
irrigation project in Iran. The study thus converts an a posteriori static 
(steady state) model of two unexplained parameters a and b into a dynamic 
predictive model which is a function of observable environmental factors 
Hand P. 

9. An alternative recursive relation based on the same reversible 
catalytic model of equation (1) is given in Rosenfield, et. al, (1977). The 
new model with the recursive relation 

( 
a ) y - e 

t a+.£_ 

-(a + .£_) .1 t a 

+a+b (16) 

yielded identical empirical results when applied to the same data.!±./ 

!!._/ An alternative to the reversible catalytic model for use in Rosenfield's 
(1975) model has been suggested at a conference on Mathematical Models of 
Schistosomiasis, Bellagio, Italy, May 9-14, 1976. The theoretical founda-

tion of the alternative model d ( ) ( ) ( 1 ) 
EX = a yy- y - b y'y- y log vY , dt· - - 1 - · y 

where bis twice the death rate of the worm in the human host, is not 
given in the proceedings of the Conference [Fine, 1976, p. 10]. 
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10. Hairston [1962; 1965a; 1973] is the first to attempt modeling the 
life cycle of the schistosome parasite. Hairston postulates that the para
site would attain a stable population in the absence of changes in both the 
definitive and intermediate host populations, and the other important trans
mission components. A stable population means that. the net reproductive 
rate (NRR) of the parasite is equal to unity. This may be expressed as: 

Q X f X h X d X p Xi X TX C X m • 1.0 (17) 

where Q is total output of female eggs by one female, 
f is the probability that an egg will reach the feces, 
h is the probability of being able to hatch, 
d is the probability of being deposited near snails, 
p is the probability of penetrating a snail, 
i is the probability of establishing an infection in the 

snail after penetration, 
T is total cercariae produced by an infected snail, · 
C is the probability of reaching mammal, and 
m is the probability of maturing in mammal. 

Applying this approach to data from the Philippines and Egypt, Hairston ob
tained 0.6 as the estimate of the NRR of S. japonicum, and 1.9 and 2.8 as the 
estimates of NRR for S. mansoni and S. haematobium respectively. Given that 
these infections were shown to be stable in their respective endemic areas, 
the deviation of the estimated values from the expected value of NRR is at
tributed to the poor quality of the data. Quite obviously if the data were 
perfect, a value for NRR less than unity would imply a declining parasite 
population while a value greater than unity would mean a growing parasite 
population. 

11. Hairston points out that over a range of transmission rates "com
pensatory mechanisms" would be at work such as to maintain the NRR close to 
one. Hence, if a decrease in the value of one of the·.: components of NRR were 
to be effected as through a control measure, there would be a compensatory 
increase in the product of the other components to keep the parasite popula
tion in equilibrium. This equilibrium may be established at different levels 
of transmission. There would, however, be a critical minimum below which the 
parasite could not maintain its population. This failure of compensatory 
mechanisms would come about at low transmission rates where there would be 
increasing probability that single parasites which succeed in entering the 
definitive host would remain unmated. 

12. According to the life table model, a control measure need not be 
one hundred percent effective to interrupt transmission. All that would be 
necessary would be to disrupt the compensatory mechanism. "For example, if 
snail control were being attempted and the critical level of transmission 
were known in terms of miracidial survival, it would be a simple matter to 
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estimate the number of snails necessary to maintain the critical amount of 
success of miracidia. Any significantly lower number would then be known 
to represent satisfactory snail control, with the dynamics of the· parasite 
population operating in favor of the control effort'!. [Hairston, 1965a, p. 61]. 

13. Hairston, thus introduces two important concepts that recurrently 
appear in life cycle models of the schistosome parasite--the stationary state 
value of the parasite population (where NRR is equal to one) and the threshold 
value of the parasite population (where compensatory mechanisms would fail), 
The first is explicitly stated. The second is implicit in Hairston's exposi
tion of the dynamics of the parasite population. 

14. Macdonald (1965) breaks the transmission process into four stages 
and develops a dynamic nonlinear model in which the explained variable is 
the mean worm load, m. The first stage in Macdonald's model is the inoculation 
rate to which snails are subject which depends on the number of people in the 
endemic area, their mean worm load and the proportion, (a), of these which 
are fertile, the proportion of eggs passed which reach water (the "contamination 
factor"), the probability, (1 - e-0.15), which the average miracidium has of 
coming into effective contact with a snail, the density of snails per linear 
meter of bank, and the total length of habitat. In a given endemic area only 
m and a will be variables while the rest will remain constant parameters. 
Letting B represent the product of the parameters and of the probability of 
an infected snail living till cercariae develop, and p represent the prob
ability of a snail surviving through one day, the infection rate in snails is 
given by: 

Bma 
(18) 

Bma - lo~l:' p 

15. The second stage, multiplication of larvae in snails (the "snail 
factor"), depends on the number of snails; their infection rate; the mean 
daily cercarial output; and the time for which they remain infected. Letting 
A stand for the product of the "snail factor", the biological efficiency of 
cercariae in penetrating a potential hos·t and the frequency and extent of 
human contact (the "exposure factor"), the third stage, the inoculation rate 
h, to which man is subject is expressed as: 

ABma 
h =------

Bma - logep 
(19) 

16. The fourth stage, the growth of infection in man, may now be expressed 
as the difference between the inoculation rate hand rm where r is the death 
rate of the worm or what Macdonald refers to as the "longevity factor". Hence: 



dm 
-=h-rm 
dt 

ABma 
= - rm 

Bma - logep 
(20) 
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17. Macdonald indicates that an approximate value for the upper limit 
of the integral would be: 

A 

r 

and the point of inflection is pased when 

(21) 

(22) 

This point of inflection is what Macdonald calls the "breakpoint" or the 
critical worm load above which transmission would continue but below which 
the parasite would be unable to maintain its population and hence be 
eradicated .it.I 

!t_/ It appears that the existence of the "breakpoint" (which corresponds 
to the critical worm population below which compensatory mechanisms fail 
to operate according to Hairston) depends on the assumption of a poisson 
distribution of worms and their pairing process in the definitive host. 
The issues involved in this are: "the sex ratios of worm populations in 
their hosts; the efficiency of mate location within hosts; sex specific 
mortality rates of mated and of unmated worms; their tendency to monogamy 
or polygamy; and the behavior of mated worms upon death of their partners". 
Autopsy studies and egg output data indicate that worms are not randomly 
distributed but rather tend to be clumped together, i.e., they are nega
tive binomially distributed rather than poisson distributed in the human 
host. Substitution of the negative binomial distribution of worms in 
Macdonald's model tends to eliminate the "breakpoint". [Bellagio, 
pp. 13-15; and private communications with David J. Bradley of the London 
School of Hygiene and Tropical Medicine]. 
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18. To qualitatively evaluate the effects of known control measures, 
Macdonald simulated 20 years of control activity. He reports that: 

"The effect of reduced contamination to 1/15,000 of excreta 
reaching water, which represents a very high standard of 
sanitation, is virtually negligible over the entire period. 
The effects of snail control and control of exposure in the 
form of entry to water are virtually identical during most 
of the period of fall, though during the later stages control 
of exposure is somewhat more effective, resulting in a slightly 
earlier disappearance of the infection. Ultimate disappearance 
following either of these methods is delayed for over 20 years, 
throughout all of which effective measures would have to be 
carried out, and even improvement to a level approaching per
fection would only slightly reduce the time involved to 14 or 
15 years, owing to the long mean lengths of life postulated for 
the worms, three years. By contrast, the combination of sys
tematic treatment with either reduction of exposure or snail 
control produces a rapid result, the final effects of which 
are visible between four and five years after the start". 

19. Although Macdonald's conclusions are based on computer simulations, 
with a single set of arbitrarily chosen parameter values, all except his con
clusion that "the effect of reduced contaimination ••• is virtually negligible" 
have been corroborated by a more detailed analytical model [Nasell and Hirsch, 
1973]. "It is possible that Macdonald may have been led to this conclusion 
by a fortuitous selection of parameter values upon which to base his simulation" 
[Fine, 1976, p. 18]. Another possibility is that, "this conclusion results 
from Macdonald's implicit assumption, not generally true, that the waters in 
which snails live is saturated with miracidia and that nearly all snails are 
infected" [Cohen, 1977].1/ 

20. The most elaborate analytical model of schistosomiasis is that of 
Nasell and Hirsch (1973). The model's mathematical structure has stochastic 
as well as deterministic elements. The model is algebraically complex and 
difficult to follow. Its basic assumptions and the set of eight parameters 
which characterize the transmission dynamics are, however, intuitively appealing. 
The model may be summarized as follows: 

!}__/ Macdonald died before publishing the data he used in his simulation model. 
The data is now being retrieved from his laboratory notes at the London 
School of Hygiene and Tropical Medicine, London, England. This informa
tion is likely to clarify the implicit assumptions of the model. [Private 
conununications with Dr. David J. Bradley of the London School of Hygiene 
and Tropical Medicine]. 
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where Wis the expected number of worms alive in each person, 
Xis the expected number of mated worms in all people added 

together and is expressible in terms of W, 
Y is the expected number of infected snails, 

Ti is the capacity of the snail population to deliver infection 
to a person, 

T2 is the capacity of the human population to deliver infection 
to an uninfected snail, 

N1 is the number of humans at risk, 
N2 is the number of snails, 
A1 is the rate of egg laying, 
A2 is the number of cercariae shed by an infected snail per 

unit time, 
P1 is the probability a given :cercariae will infect a given 

human, 
P2 is the probability a given egg will infect a given snail, 

µl is the death rate of schistosomes in the human host, and 
µ2 is the death rate of snails. 

21. The model demonstrates that the epidemiological situation at any 
time will depend on initial conditions and the two transmission factors. 
Eradication would result from a threshold function F(T1, T2) < O; while the 
infection would reach the asymptotic prevalence values of Q~ and Yoo in man 
and snails, respectively for F(T1, T2) ~ O, given a suficient initial worm 
load. Finally, expressing Q~ and Yoo as functions of T1 and T2 : 



Qx • Qoo (Tl, T2) 

and 

Yoo == Yoc (T
2

, T2) 

it is shown that 

T1 c3Qoc 
> 

T2 c3Qoc 

aT1 
aT2 

and 

Tl dYoo 
> 

T
2 

oYoo 
aT1 oT2 

(27) 

(28) 
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"These inequalities imply that the reduction in Qoc and Yoo accompanying a 
small decrease in T1 are larger than the respective reduction in Qoc and Yoe 
accompanying a proportionately equal decrease in T2 • Thus control is more 
efficient through T1, than through T2". This qualitative conclusion remains 
unchanged in versions of the model which a) incorporate a catalytic model 
approach to the snail component (Nasell, 1976), b) explicitiy examine the 
issues of eradication (Nasell, 1976a), and c) examine the ramifications of 
the introduction of external sources of contamination and infection (Nasell, 
1975). The conclusion that reduction of T1 is more efficient than reduction 
of T2 is similar to Macdonald's simulation result that snail control is more 
efficient than control of contamination of snail habitats. Not surprisingly, 
these conditions derive from the fact that the assumptions in both models 
are similar. 

22. Lewis (1975, 1976) models the growth of the three populations, 
humans, snails, and the parasite as immigration-death processes with the 
snail population partitioned into susceptible and infected. The analytical 
approaches and the results obtained in Lewis' models are similar to Nasell 
and Hirsch's. Lewis' models are, however, algebraically simpler and are 
based on empirically better founded assumptions than either of Macdonald's 
or Nasell and Hirsch's. For example, Lewis assumes a negative exponential 
age distribution of the human population which permits reduction in the 
parasite population due to death of infected humans. Macdonald and Nasell 
and Hirsch ignore host mortality. Lewis assumes differential mortality rate 
between infected and uninfected snails. Nasell considers differential 
mortality in one version of his model [Nasell, 1976]. Lewis provides for an 
external source of infection either through infected immigrants or animal 
reservoirs. Nasell (1975] also models external sources of infection. Lewis' 
models predict an age prevalence of infection curve similar to those observed 
in epidemiological survey data. 
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23. Lewis addresses the issue of equilibrium value of the parasite 
population (Lewis, 1975) and threshold values (Lewis, 1976). Both models 
have deterministic as well as stochastic versions. Their application to 
analysis of the impact of a continuous mollusciciding program (which would 
increase the death rate of susceptible and infected snails to 10% and 15%, 
respectively) reveals that the stochastic model closely approximates the 
results of the average of ten deterministic simulation runs. Thus proving 
that the more tractable stochastic approach is more efficient than deter
ministic simulation for modeling schistosomiasis transmission. 

23a. Among the published models, only Lee and Lewis (1976) explicitly con-
siders the two most important time delays in the life cycle of the worm--the 
time delay between miracidial penetration and the development of cercariae (t1), 
and the time delay between cercarial penetration and maturation of the worm in 
humans (t2). The first is seasonal (being short in warm months and long in 
cold months), the second is constant. Using steady-state rate constants 
from Hairston's (1965a) calculations and the nonlinear stochastic pairing 
process of Macdonald (1965), Lee and Lewis developed a combination of "rate
variable" and '~integral-variable" transmission models in which the two time 
delays are explicitly entered. 

24. The central hypothesis in Lee and Lewis' model is that knowledge 
of time delays will permit planning of efficient and optimal control strate
gies. To test their hypothesis they simulate the effectiveness of chemo
therapy and mollusciciding activities implemented at different times in 
the year in the Akisha section of the Egypt 49 project area. It appears 
that 90% effective chemotherapy in May followed by 100% effective (for two 
months) mollusciciding in June (t1 in June• 1 month, 1 month~ t1 ~ 5 months) 
or mollusciciding in July followed by chemotherapy in September give the most 
effective control. In this model, neither the threshold value nor the sta
tionary state parasite population can be analytically derived. Consequently, 
the search for the most effective control is a matter of trial and error and 
good intuition. 

25. In the life cycle models reviewed above, the mean worm load in the 
definitive host and/or prevalence of infection are computed as functions of 
the human, snail, and parasite populations. The models take into account the 
complete life cycle of the parasite. Holford and Hardy (1976), on the other 
hand, predict both the mean worm burden and age prevalence .of infection in 
a "partial" life cycle model based on two critical parameters--the innnigra
tion and death rates of worms. Their model may be sunnnarized as follows: 

P(t) c [i _ eM(O, t)J 2 (31) 

where 

to + t exp (- J,t(J 
+ 

\cx)dx) M( 0, t) - J A{t) dr (32) 
tO 

,\( t) = A [exp(-Bt) + c] (33) 

'J 

' 



where P(t) = prevalence of infection at age t, 
M(O, t) = the mean worm burden at age t, 

A= the immigration rate of the worm, and 
o = the death rate of the worm 

A, B, C > 0 
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Substituting and rearranging terms, the mean worm burden may be expressed as: 

M(O, t) = A [te-ot f(t;Y) + C' (1- e-ot)J (34) 

where 

c' = c/o 
Y = B -o 
f(t; Y) = 1 if Y -= 0 

1 - e - Yt if Y ':t-'- 0 
= -----Yt 

(35) 

Both the immigration and death rates of the worm are assumed to be poisson 
distributed. 

26. Using methods of maximum likelihood, equation (31) was fitted to 
observed age prevalence of infection distribution in order to estimate the 
parameters Y, A, c' ando. Substitution of the values of these parameters into 
equation (33) renders the value of A (t). An essential assumption of this 
model is that the immigration rate of worms declines with age of the human 
host. This may be due to reduced contact and/or due to a build up of immunity. 
The assumption adequately takes into account the observed (but not yet con
clusively explained) phenomenon of age prevalence of infection peaking up 
in young age groups and declining to a positive asymptote in older age groups ... §/ 

!!_/ Holford and Hardy's work thus proves that one need not know the complete 
life cycl e of the worm in order to estimate the two most important epid
emiological bits of information--prevalence of infection and intensity 
of infection. Furthermore, the model proves that the most important 
parameters explaining prevalence and intensity of infection can be esti
mated by a simple curve-fitting technique. The model in effect is a 
hybrid life cycle and curve-fitting technique and as such, it constitutes 
an analytica l link between the two modeling approaches. In recent 
private communications, Holford has suggested to us the idea of estimat
i ng the immigration term, A(t), in a regression equation in which the 
independent variables are Hand Pas in Rosenfield's model. 



J 
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27. So far, only three cost-effectiveness related studies of schisto-
somiasis control activities [Jobin, 1972; Paulini, 1974; and Rosenfield, 1975 
and also Rosenfield, et. al., 1977] are reported in the literature. These 
three studies are pioneering in their: a) empirical implementation of trans
mission models to predict transmission and to evaluate the effectiveness of 
control activities; b) use of simple cost functions; and c) use of simulation 
techniques to evaluate cost-effectiveness of control activities. The first 
of these studies [Jobin, 1972] is strictly a benefit cost analysis of a single 
control activity--chemotherapy. The other two are cost-effectiveness studies 
of multiple control activities--chemotherapy, mollusciciding and engineering 
methods of snail control. 

28. Jobin's study is based on a life table simulation model of schisto-
some transmission. The study is an extension of Jobin's earlier studies of 
the dynamics of snail populations, and Hairston's life table model [Jobin 
and Michelson, 1967; and Hairston, 1965a]. The data on the human population 
component of the model is taken from the World Health Organization's (WHO) 
study of the Egypt 49 Pilot Control Project [Bull. WHO, 1966, Vol. 35, No. 3]. 
The endemic area studied is within the pilot control project region. In the 
model, the human, snail and worm populations are subdivided into discrete age 
groups. Each age group is advanced monthly to the next age group after appro
priate adjustments for deaths and emigration, following the methodology of 
life table calculations. In addition, the human population is subdivided 
into epidemiologically similar units. In the summary phase of simulation of 
the model, age specific prevalence of infection, worm burden and the resultant 
economic impact of the disease are calculated. 

29. Jobin's transmission model predicted an overall prevalence of infec-
tion of 49% compared to observed prevalence of infection of 46%. In order to 
evaluate the impact of a control program of chemotherapy, a one year treatment 
program curing all males and females, ages 5-19 years (the group with the highest 
worm burden), is simulated. Overall prevalence of infection fell from 49% to 
38% and total egg output declined by 50% during the first year. Summing over 
five years beginning the first day of the one year drug treatment program, the 
benefit to cost ratio was almost 8:1.J_/ 

30. Paulini's study (1974) is based on a modified form of Macdonald's 
transmission model. This model is used to simulate the growth of the mean 
worm burden in a hypothetical community of N people. Per capita costs of 
chemotherapy and mollusciciding are estimated as: 

J_/ Economic impact of the disease is calculated as the sum of the annual 
medical cost and the annual wage lost. The cost of the one year chemo
therapy program is said to cost 40,000 Egyptian pounds. 



cl = AR_ 
N 

and 

c2 = A V 
N 

+ B 

+ B' 

(36) 

(37) 

ANNEX 3 
Page 15 

where C1 and C2 are the costs of chemotherapy and mollusciciding 
respectively, Pis the number of infected people, Vis the volume 
of water treated, A is the cost of treating one person, Bis the 
overhead cost of chemotherapy,~ is the cost of treating one unit 
of volume of water, and B' is the overhead cost of mollusciciding. 

Benefit is measured as the percent reduction in the mean worm burden. 

31. Two types of chemotherapy are considered. The first is to treat 
about 30% of the infected, always choosing the most parasitized. The program 
yields about 67% reduction in the mean worm burden after ·five years. The 
second is to treat 60-70% of the infected (once again choosing the most 
parasitized). With continued surveillance to maintain it, this program yields 
99% benefit. Mollusciciding all transmission sites at 5 to 8 week intervals 
over a period of 20 years renders 99% benefit. When the two activities are 
combined, chemotherapy needs ta concentrate on only 15-20% of the infected to 
yield a 99% benefit in five years. 

32. Using the above information, Paulini addresses the following questions: 

(a) "which of the control measures, alone or in combination, will 
give the greatest benefit in the shortest time"? and 

(b) "which of the control measures, alone or in combination, 
will cost less at the same level of benefit"? 

To answer the above questionsl Paulini distinguishes between a high prevalence 
area (40% prevalence with lOmj of water to be treated per inhabitant) and a 
low prevalence area (10% prevalence with lm3 of water to be treated per in
habitant). The relative cost-effectiveness of the three different approaches 
to control--chemotherapy, mollusciciding, and mollusciciding plus chemotherapy-
are illustrated diagramatically by first plotting the cumulative per capita 
costs against time and then plotting the cumulative per capita costs as func
tions of benefits obtained in high and low prevalence conditions. 

33. Rosenfield (1975) used her schistosomiasis transmission models/ to 
evaluate the cost-effectiveness of chemotherapy, mollusciciding, engineering, 
and combinations of the three. Using data on a control program of an irriga
tion project in Iran, she simulated the reduction in prevalence resulting from 

§_/ See section on Catalytic Models. 
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a given control activity subject to the annual budget of the program. In 
this model, the sum of all expenditures (investment plus recurrent) on a given 
activity is divided by the volume of the activity such as meters of habitat 
treated or number of infected people treated to obtain a constant average 
cost of the activity. The budget is then divided by this constant average 
cost of activity in order to determine the amount of chemotherapy, mollusci
ciding or engineering activity that could be undertaken during the budget 
year. Budgetary surpluses are used for repeated treatments within the same 
year so as to minimize the failure rate of control activities. Failure rates 
of chemotherapy and mollusciciding are assumed to be 0.25 and 0.33 per treat
ment, respectively. For instance, the budget for chemotherapy in one of the 
villages in the control area in 1967 was large enough to permit 5.7 rounds 
of treatment. For cost-effectiveness analysis, the failure rate of chemo
therapy, 0.25, is then raised to the power of 5.7 which gives a corrected 
failure rate of 0.0004 for that year. 

34. Rosenfield, et. al,(1977), use the same model to introduce a new 
concept--case-years prevented--to evaluate cost-effectiveness. Case-years 
prevented is computed as the difference of case-years of no controls and 
case-years resulting from control activities summed over the period of 
analysis. Over a period of six years of control activities and ten years 
of post-control, the combined chemotherapy-mollusciciding-engineering approach 
gives the highest number of case-years of infection prevented. Mollusciciding 
rendered the lowest number of case-years of infection prevented. 

D. Rationale for the Approach Taken 
in the Proposed Research Study 

35. The central objective of the proposed study is evaluation of the 
cost-effectiveness of schistosomiasis control activities, in particular, 
mollusciciding and chemotherapy. The proposed analytical model is composed 
of three subunits: a transmission model, a cost model, and an optimization 
framework. The transmission model provides information on the status of 
infection expressed as a function of variables .that can be changed by control 
activities. The cost model portrays the costs of control activities and 
e~presses these costs as functions of the nature and extent of control activ
ities. The optimization framework enables the use of various forms of objec
tive functions and constraints in identifying efficient strategies and produces 
analytical as well as numerical results. 

36. As is evident from the discussion of cost-effectiveness studies in 
the previous section, none of the three earlier studies is wholly satisfactory. 
The major shortcomings of these studies are found in their modeling of costs 
of control activities, and in their use of simulation procedures to examine cost
effectiveness. Simula tion procedures do not explicitly consider all possible 
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combinations of feasible control activities •. Hence, Jobin examined the benefits and 
costs of only one level of chemotherapy. Rosenfield compared the . effectiveness 
of chemotherapy, mollusciciding, engineering and combinations of the three 
activities at levels actually undertaken by the Iranian Control Project. 
Paulini selected two different levels of chemotherapy, one level of mollusci-
ciding and one combination of chemotherapy and mollusciciding. Evidence of 
the optimality of the levels and combinations of activities selected is offered 
in none of these three studies. 

37. The most difficult task of the study is the selection of a theoreti-
cally sound and empirically implementable transmission model. In Section B 
of this annex, the most recurrently cited epidemiological models of schisto
somiasis transmission were reviewed. It is evident from the review of these 
models that the life cycle models are theoretically sound. Yet, their empiri
cal implementation is severely limited by the present lack of detailed knowl
edge of the life cycle of the schistosome parasite. Besides being mathemati
cally too complex, most of the life cycle models that are praised for their 
theoretical soundness require an exorbitant amount of data •. ~/ 

38. Catalytic models, in contrast, are mathematiclly simple and relatively 
modest in their data requirements. One only needs the distribution of age
specific prevalence to estimate the parameters of a catalytic model. The 
major objections to use of catalytic models in the study of the epidemiology 
of schistosomiasis have been that: a) they can only be applied to steady-state 
epidemiological conditions, and b) they describe only the proportion of humans 
infected and completely ignore the worm population and the snail population. 
Catalytic models are meant to explain steady-state age prevalence of infection 
conditions. Rosenfield (1975) is the only one to have used a catalytic model 
in a nonsteady-state situation, i.e., an irrigation project where environmental 
factors were variables (see equations 1, 2, 13, 14, and 15 of this annex). 
Rosenfield's use of a recursive equation (equation 13) and regression analysis 
of the impact of accessible snail habitats and the number of people passing 
eggs (equation 15), on the force of infection parameter accomplishes two 
important objectives simultaneously. First, it converts a basically static 
steady-state model to a dynamic predictive model which is a function of measure
able environmental factors Hand P. Second, it portrays cost-effectiveness 

:l_/ The only exception is the "partial" life cycle model of Holford and Hardy 
(1976). Its parameters can be estimated by fitting a curve through age
prevalence of infection data. The rest of the life cycle models require 
data on survival and reproduction of the worm in its free living state, 
in snails and in humans. Quite obviously, such information can only be 
gathered by a team composed of highly trained epidemiologists, biologists, 
a biometrician and a number of first-rate technicians. Hairston (1965a, 
p. 61) estimates that such a large team may require up to two and a half 
years to collect the required data. Hairston (1973, p. 279) gives a list 
of the data required. 
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analysis in terms of the values of Hand P and hence, the value of the force 
of infection a, which may be revised periodically as functions of the extent 
of mollusciciding, chemotherapy, and engineering activitie: 

H = H - (1 - h)H + H' t (38) 
t t - 1 t - 1 

and 

where 

P m P - <1 - p)P 
t t - 1 t 

+ P't 
1 

,..,, 
H is meters of habitat molluscicided; 
H' is meters of new habitat, ,..,, 

(39) 

Pis number of infected humans treated, 
P' is number of infected immigrants, 
h is failure rate of mollusciciding, and 
p is failure rate of chemotherapy. 

It should also be observed that this is one of the only two schistsomiasis 
transmission models that have been empirically implemented. The other is 
Jobin's life table simulation model which is partly based on arbitrary param
eters. The second objection--that catalytic models only describe prevalence 
of infection in humans--is not significant unless disease control (i.e., 
morbidity and/or mortality control) is envisaged. In the proposed research, 
control of prevalence of infection is the objective of the control program. 
Rosenfield's schistosomiasis transmission model is therefore the best candi
date for adoption in this study. It has most of the basic requirements of 
a transmission model for use in cost-effectiveness study; and as a trans
mission model it has been successfully verified on data on an irrigation 
project. 

39. Rosenfield's model will be modified in two ways. First, a search 
will be conducted for that catalytic model which gives the best statistical 
fit to data on ag~ prevalence of infection. Rosenfield used the Reversible 
Catalytic Curve to estimate parameters a and b. The Two-Stage Catalytic 
Curve, Cohen's improved Two-Stage Curve-which-includes a term for selective 
host mortality, and Lewis' Two-Stage Curve with a term for loss of immunity 
will be compared for best fit. The curve that gives the best fit will then 
be converted to the form of equation (13) to simulate growth of the prevalence 
of infection. Second, Rosenfield's regression equation will be respecified 
to include analysis of the impact of water contact, W, on the force of infec
tion: 

(40) 

where f3 O' 131 , f3 2, f3 3 are constants. 
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Where necessary, a variable, Q, for nonhuman definitive hosts involved in 
transmission will be included in like manner in the regression equation. 
Nonhuman definitive hosts are important only in S. japonicum. H, P, and W 
can be partitioned depending on available information. H can be partitioned 
according to distinguishable types of habitat, degree of accessibility and/or 
density of infected snails. P can be partitioned according to classes of 
egg output; and W according to patterns of water contact. 

40. Respecification of the regression equation has theoretical and 
empirical virtues. As the independent variables in the equation are surrogate 
variables--H for number or density of infected snails, P for egg-output, and 
)'J for success of cercarial penetration--their partition into distinguishable 
classes will sharpen analysis of the contribution of each partition to the 
force of infection. Omission of water contact in Rosenfield's study is a 
serious mis-specification of the transmission model. Hand Pare only neces
sary conditions for transmission. Given the two variables, W provides the 
sufficient condition for transmission to take place. Empirically, the use 
of these surrogate variables permits analysis of cost-effectiveness of control . 
activities. The effectiveness of snail control activities can be evaluated 
on their impact on H, and hence on the force of infection; the impact of 
chemotherapy on P, and sanitation and water supply programs on W can be 
evaluated in like manner. Partitioning of the variables is necessitated by 
the fact that different methods of mollusciciding, for instance, are required 
for different types of H, different approaches of chemotherapy for different 
characteristics of P, and likewise, different sanitation and water supply 
measures for different patterns of W. Different methods of mollusciciding 
will have different cost structures. The same is true for different approaches 
of chemotherapy, and sanitation and water supply programs. The next logical 
step is hence to estimate the appropriate cost functions corresponding to the 
different approaches of control activities. 

41. In the proposed research study, the cost-effectiveness of only the 
two most frequently applied control activities, mollusciciding and chemotherapy 
will be considered. Since the transmission model is flexible enough to per
mit evaluation of virtually all known methods of control including control 
through the engineering design of irrigation, control activities omitted in 
the initial phase of the study could be considered in subsequent phases. 

42. In this study, costs of each activity will be partitioned into 
investment and recurrent costs and modeled as flows. These costs will be 
estimated econometrically. Hence, there will be an investment cost of 
mollusciciding and a recurrent cost of mollusciciding; and similarly for 
chemotherapy. These costs will be estimated as functions of size, type, 
and characteristics (such as PH, turbidity, temperature, rainfall, vegetation 
and velocity of flow) of habitat. Other characteristics of the habitat will 
also be investigated if data are available or field research indicated their 
importance. Similarly, costs of chemotherapy will be assumed to depend on 
the size of the population treated, the intensity of infection, nutritional 
status, and accessability. In the estimation procedure, binary variables 
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will be used to characterize the qualitative aspects of both habitat mollusci
cided and infected humans treated. This study will be the first to employ 
econometric procedures to estimate cost functions for schistosomiasis control 
activities. 

43. Cost-effectiveness will be assessed in an optimization framework. 
The opitmization procedure envisaged is dynamic programming. Analytical as 
well as numerical results will be sought. Benefit of control--reduction in 
prevalence of infection will be optimized subjects to budget constraints and 
capacity restrictions. The model will be specified such that the budget for 
a given year may be increased by transferring unspent monies from previous 
years, and by adding revenues from the sale of scrapped capital. Capacity 
restrictions--available facility and equipment-- will be expressed in terms 
of size of habitat that . can be molluscicided, and number of infected people 
that can be treated in each period. Additional constraints will be included 
to characterize major institutional or physical features of the control program 
being investigated. The dynamic progrannning procedure is sufficiently flexible 
to permit analysis of various forms of objective functions subject to appro
priate constraints. 

44. The objective function in this study, reflecting the objective 
of minimizing prevalence of infection may be expressed as: 

Min 
T 

1 
t = 1 

where Y is prevalence of infection, 
Risa discounting factor expressing subjective trade-offs 

in the timing of program benefits, and 
Tis terminal time. 

To penalize larger values of prevalence of infection disproportionally more 
than smaller values, the objective function may be expressed as: 

Min 
T 
'\' ..... 

t = 1 

Where the goal of the control program is specified as being to minimize 
deviations from target levels of prevalence of infection, the objective 
function may be expressed as: 

Min 

where A i s target level of prevalence of infection. 
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Once again, s quaring the deviation will penalize larger deviations dispro
portionally more than smaller deviations. To avoid evenhandedly penalizing 
below and above target deviations, the targets may be assigned values which 
are unachievably high. Formulated as the sum of squared deviations as in 

Min 
T 
~ 

t = 1 

it permits derivation of feedback equations in the optimization of the cor
responding Lagrangian expression. Furthermore, by virtue of the dynamic 
programming solution algorithm which works backwards from terminal time 
t = T tot m 1, it is possible to set YT= AT in the feedback equation and 
solve the rest of the period of analysis accordingly. Hence there will be 
no need for additional statements to express desired terminal time state 
conditions. 

45. Conversely, one could solve for "minimum effort"; in which case 
the objective will be to minimize costs as in 

where CM is recurrent cost of mollusciciding, 
cP is recurrent cost of chemotherapy, 
KM is investment cost of mollusciciding, 
KP is investment cost of chemotherapy, and · 
V is a discounting factor 

subject to the state trajectory and capacity restrictions in each period. 
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FROM: 

SUBJECT: 
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WORLD BANK / INTERNATI ONAL FINANCE CORPORATION io 

OFFICE MEMORANDUM 
Files DATE December 

Benjamin B. King, VPD~ 

Research in South Asia 

1. I attended a meeting with Messrs. Blobel, Waide, 
Alisbah, Grawe and Wall of the South Asia Region on the 
questions raised in Mr. Wall's memo of December 15 about 
the number of research projects in India. Mr. Stern's 
earlier memo of June 2, 1977 was written because of a 
fear that if we have too high a profile it could increase 
the likelihood of attacks on the Bank for intellectual 
imperialism and the like; in fact there was one such 
attack in the press shortly after. 

2. The list of projects attached to Mr. Wall's 
memo (Attachment I), which have something to do with 
India, is a very mixed lot. They have a variety of 
different characteristics (not necessarily mutually 
exclusive): 

(a) Initiated or supported by the Region 
itself (e.g., Buffer Stocks, Agricultural 
Growth). 

(b) Generally agreed with the Indian Government 
(Capital-Labor Substitution). 

(c) Part of a multi-country comparative effort 
(ICP, Income Distribution, Irrigation 
Management, Urban Public Finance). 

(d) Largely carried out within India (Employment 
Models, Labor-Force Participation). 

(e) Primarily study in Washington of existing 
material (major, Narangwal; minor, Rural 
Employment). 

(f) Finished (Foodgrains, Ability Characteristics). 

(g) Use of a technique developed outside India 
(Programming in the Manufacturing Sector). 

Depending on its characteristics, a project should have 
more or less susceptibility to private and public 
objection in India. Subsequent lists ought to make some 
sort of distinction. 

28, 1977 
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3. It appeared to be the general consensus that 
there was a trade-off between the need to carry out research, 
and the cost of potential criticism. In several cases the 
priority attached to research projects, by the Region, was 
low. It was agreed to have an "early warning" system to 
notify the Region's Chief Economist (Mr. Waide), whenever 
any project involving research in the country, whether or 
not by Bank staff members, was being considered--well 
before any commitments are made. He would arrange for 
Regional views to be made known to the project's sponsors. 
This applies to all countries in South Asia, not just 
India. I undertook to make this known. 

Attachment 

Distribution 

South Asia Region 

Messrs. Hopper (o/a) 
Picciotto 
Blobel 
Kraske 
Waide 
Alisbah 
Clements 
Dunn 

D. Lee 
Parsons 
Franich 
Rowat 
Shibusawa 
Shields 
Tibor 

E. Williams 
Street 

CPS 

van der Tak 
Yudelman/Donaldson 
Habte/Jallade 
Gordon/Moore Mrs. 
Willoughby 
Jaycox/Churchill 

DPS 

Karaosmanoglu 
Duloy 
Stoutjesdijk 
Hughes 
Choksi (o/r) 
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Code No • 

670-26 

670-45 

670-68 

670-70 

671-02 

671-06 

671-30 

671-08 

671-15 

671-33 

671-19 

671-21 

671-34 

671-38 

670-24 

671-24 

671-25 

December 15, 1977 

3Voigt/JWall:ggb 

:p,r.m1 : 

ATrACHMENT I 

On~oing and Proposed Research Studies in India 

Ongoing Studies 

Substitution of Labor and Equipment in Civil Works · 

Labor Force Participation, Income and Unemployment 

International Comparison Project 

Urban Public Finance and Administration . 
Population Growth and Rural Poverty 

Employment Models and Projections 

Structure of Rural Employment, Income and Labor Markets 

Income Distribution in Asian Countries (A Case Study on India) 

Effects of Health and Nutrition Standards on Worker Productivit) 

Ability Characteristics as Factors of Production 

Educational Reform (A Case Study on India) 

Foodgrain Production in Asia 

Management and Organization of Irrigation Projects 

Narangwal Population and Nutrition 

Programming in the Manufacturing Sector 

Simulation of Buffer Stocks 

Commercial Bank Behavior 

Agricultural Growth Strategy and the Rural Poor 

Small Scale Enterprise Studies 

Proposed Studies 

Case Studies of Determinants of Recent Fertility Decline 
in Sri Lanka and South India 

Basic Needs in Punjab and Ker ala 

Managerial Structures on Public Sector Manufacturing 
Enterprises 



Mr. s. Burki, EPRPP December 19, 1977 

Orville F. Grimes, Jr., VPD 

"~~r£.t:!.. Project Outline: Political Econo:r:1y of Basic Needs" 

1. My quick reaction to this draft, in response to your 
request, is that the basis is established for what could 
eventually be a useful and relevant piece of rese rch. However, 
a substantial effort at confining the scope to manageable 
bounds will be required for confidence to be placed in this 
outcome. 

2. Part of the problem (a small part, I believe) is 
the use of phrases like "generative processes,• productive 
participation," and "institutional integration," the obscurity 
of whose meanings raises a question ihether they are in fact 
adequately defined in the mind of the writer. The propos 1 
should be directed to the unenlightened reader, rather than 
to the initiate. 

3. Once such concepts are clarified, the larger problem 
will emerge more sharply: overdesign and overambitiousness in 
terms of any conceivable criteria of efficient management, 
organization, and supervision, if not also in terns of resource 
requirer.tents. In the enumeration of objectives (p. 2) the 
proposal appears to strike in too m ny directions. Each of 
the topics listed could in its own right be shaped into a 
useful , though ambitious, study. To my mind, however, the 
heart of what this research aims to achieve is an analysis of 
institutional constraints on access to basic services and 
methods of mitigating these constraints--the second of the 
objectives listed. I would therefor urge greater attention 
to this topic in a revised proposal, for two reasons. Pirst, 
popular participation and management (the third objective), 
as one among several competing ways of organizing access to 
basic services, would most usefully be analyzed as part of a 
broader matrix of institutional constraints on service provi
sion, not as a separate exercise. Second, there would appear 
to be enormous difficulties in deriving practical guidance 
from anything as broad as an examination of " ••• the political 
economy of different production systems for basic needs and 
therefore questions of political conditions and choices ... 
(objective one). 

4. I feel we should thus encourage the authors to be 
more specific about the sorts of issues and concerns they feel 
most in need of research in this more narrowly defined area. 
Two additional points might be relevant in this regard. 
Given that the content and scope of the proposed country 
case studie are most hazily sk tched out, one would expect 

OFFICIAL FILE COPY 
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that much of what is now mentioned (p. 14) as the first phase, 
that of describing "specific research designs and hypotheses 
for the country case studies," would be done as part nd parcel 
of elaboration of the proposed study, not fter the research 
gets underway. In addition, the repeated assertion that 
"received or dominant model of public allocation" must be 
throm out leaves me uneasy. What are these doninant models? 
Why have they failed? Surely,-r!-we arc interested in the 
affordability of consUinption packages to meet basic needs, 
we will not wish to scrap existing distribution networks and 
set up entirely new ones, but instead to make relatively small, 
measurable improvements in the efficiency of existing systems. 
To do so, we will need to know much more about the principal 
features of such systens. 

cc: Mr. Simmons 

OFGrimes:g~ 
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Mr. M. Weiner, OED December 19, 1977 

Orville F. Grimes, Jr., VPD 

Research Pro~cts Evaluated During 1977 

/ 
Please find attached a set of memoranda 

resulting from the evaluation during 1977 of an 
additional seven research projects. A report on the 
eighth project evaluated this year ("Labor Market in 
a Rapidly Gro ing Economy," No. 670-90) will be 
available soon. 

cc: Mr. B. King (w/o attachments) 

Attachments 

OFGrimes:~ 



Identification 
Code 

670-08 

670-14 

670-44 

670-69 

670-90* 

670-99 

671-11 

671-16 

RESEARCH PROJECTS EVALUATED DURING 1977 

Project Title 

Project Appraisal and Shadow 
Prices 

Agriculture Mechanization 
Study in India 

Education Finance and Income 
Distribution 

Growth and Income Distribution 
in Brazil 

Labor Market in a Rapidly Growing 
Economy 

Economic Aspects of Household 
Fertility Behavior and Labor 
Supply in Northeast Brazil 

Public Utility Pricing and 
Investment 

Standards for Site and Services 
Projects 

*Report to be submitted soon. 

Evaluation 
Supervisor 

I.M.D. Little 

R. Picciotto 

B. de Vries 

E. B. Waide 

E.V.K. Jaycox 

E. Lerdau 

C. Willoughby 

H. van der Tak 



Mt. T. Goer ng, AGR December 15, 1977 

Orville F. Grimes, Jr., VPD 

Proposed Study of Post-Harvest Food Losses in Ban9lades~ 

1. While this topic is of considerable interest, its 
embodiment in the Greeley proposal exhibits, first of all, an 
ambiguity in objectives. Only by sacrificing thoroughness and 
dept.l<i of coverage could a study of this kind attempt to cover 
both the determinants of post-harvest foodgra i n losses and 
factors governing adoption of appropriate post-harvest tech
nologi s. A clearer choice should be made, and my preference 
is for the former. Th,_e rationale for such a choice emerges 
principally from the diversity of reactions a~ong recent 
reviewers: despite what we uknow" about the magnitude of 
prevailing losses, this issue is far from settled. 

2. Acceptance of the above premise implies that the 
research could be cast very much as the "first objective" ±s 
described (p. 13): p ••• to establish reliably the prevailing 
loss patterns. This in itself is a complex task, and the pro
ject will have made an important contribution if just this is 
established together with an understanding of the socio-economic 
relations within the post-harvest system; this achieved, there 
would then be concrete grounds for determining the direction of 
further research •• •• • " If the research does little more than 
relate losses to the socio-economic structure of rural produc
tion and distribution in zones of given physieal and socio
economic characteristics, it will have mada a valuable contri
bution. The question then arises whether a more sharply focused 
study would need resources of the magnitude proposed . It would 
not be surprising if the sponsors found they could get by with 
much less. 

3. Reforn:ul tiop along these lines would leave the 
technology issue as one among many, whose precise nature is 
unknowable at present, to be addressed at a later stage. It 
may eventually prove useful, as one illustration, to examine 
the pattern of losses against a broader matrix of post-harvest 
activities (with storage and transport explicit) and impacts 
(production/income, employment, role of women) . Since results 
from the initial study will have a significant bearing on the 
directions further work should take, options should not at this 
time be foreclosed. 
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4. Whatever the chances at present of a close association 
with BARC, a good dea l of attention needs to be given ~Ji~.tiRf 
with government. What mechanisms would be suitable fo:r6~aware-
ness of the results, and opportunities for implementati n, within 
government circles? On this matter the proposal is largely silent. 

5. May I suggest that we invite Professor Greeley to give 
a seminar in the near future on the experience in Andhra Pradesh, 
lessons from which should be in hand before it is decided how the 
study may be extended elsewhere. Since the main purpose would be 
retrospective, a summary of relevant strands of the literature, 
concentrating perhaps on what the scientific literature omits 
in terms of socioeconomic considerations and vice versa, would 
also be quite useful, if one is available. Both elements would 
contribute to the second purpose of the seminar, to obtain re
actions to the program of research proposed for collaboration 
with the Bank. 

OFGrimes:tq~ 



Mr. E. Rodriguez, PAB December 14, 1977 

Benjar.iin B. King, VPD ·,rrne • P. B Ki'·11g u. 0 _ _ u !Jo • 

Cost of Research 

1. Your memo of December 9 : provides most of what we 
wanted to know in the first instance. I trust that, in 
the future, we can keep in better step with each other by 
full exchange of infonnation on the data and the methods 
we use. 

2. Let me now, however, make one point about the 
method of calculating the cost of an effective man-year 
for staff and consultants as though they were the ~ame. 
It appears to me to be wrong to attribute the cost of 
supervisory staff to consultants. They supervise the 
"effective" staff, who in turn devote part of their time 
to working with consultants; in the case of research, this 
time is already included under research. In many cases, 
this may be a very cost-effective way of using the staff's 
time, since it extends the number of effective man-years 
at comparatively low marginal cost. 

3. Thia point is illustrated in the accompanying 
table, which uses the DPS figures for FY76 in your memo 
of November 22. I have had to make some guesstimates 
about a few things; if wrong, the numbers would be changed, 
but not the principle. They are: 

(i) Effective man-years are 100 staff and 15 
consultants. 

(ii) Salaries of the ueffective" man-years arc 
two-thirds of the total professional staff 
(not an essential element). 

(iii) Bank overhead costs are distributed equally 
among staff and consultants. 

4. The critical point is that certain costs are 
not charged to consultants at all: other salaries, staff 
benefits, travel etc. Maybe this is going a little too 
far, but on the other hand attributing n equal share of 
Bank overheads may go too far the other way. 

5. In the present case, I doubt that a correction 
of this kind would make too much difference, since the 
proportions of staff to consultants may be about the same 
for research as for the total and in any case the number 
of consultants is small. But the principle is there. 

cc: Messrs. Karaosmanoglu, Vergin, Mrs. Cleave, Mrs. Hazzah (o/r) 

BBKing:gm 



"Effective" salaries 

Other prof. salaries 

Other dept. expense 

Benefits 

Overhead 
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Table of DPS Expenditure (FY76) 
($ 1 000 FY77) 

Total 
Staff Consultants 

2,573 398 

1,286 

2,992 

2,996 

9,847 398 

1,424 214 

11,271 612 

Per effective man-year 
Staff Consultants 

25.7 26.5 

12.9 

29.9 

30.0 

98.5 26.5 

14.2 14.2 

112.7 40.7 

' '• 



Mr. John Duloy, DRC December 14, 1977 

Abraham Bekele and Fredrick Golladay, CPSEH 

Research Proposal - The Economics of Schistosomiasis Control Activities 

1. Attached is a copy of the final draft of the research proposal. 
It contains most of the suggestions for amendment we received from model
builders and experts in the field. We are already in contact with 
Dr. Kendrick regarding optimal control prograDDning packages. We have also 
solicited his comments on the proposed analytical model. 

2. We would appreciate your reaction to the proposal before it is 
submitted to the research panel. Thank you for your assistance. 

cc: Dr. James A. Lee 

ABekele:br 
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Mr. B. B. King, Research Advisor 

John A. Holsen, Panel Chairman 

Report of Panel on 11 Research Support for World 
Development Report" 

( 

December 13, 1977 

1. The subject research proposal was reviewed on December 9 by a 
panel consisting of Messrs. Goering, Keesin9, Meo, Pyatt and Holsen. The 
proposal was reviewed with Ms. Hughes and Messrs. Waelbroeck, Cheetham and 
Gupta. Messrs. King, Grimes and Candler also participated. The proposed 
project requests $804,000 to finance a three-year program of research sup
port for the ~Jorld Development Report. The main components of the work 
and the approximate financing requested are: 

l. Assistance to Bank staff in develop
ment of the core model for global 
framework/ WOR studies (Waelbroeck/ 
Brussels) 

2. Support for program to prepare 
national and regional models for 
the study of the world food situa
tion (Tims/ Amsterdam) 

3. Studies of problems related to LDC 
manufactured goods' penetration of 
European markets (Waelbroeck/ Brussels) 

$291,000 

$213,000 

$300,000 

The project proposal combines the budgets for the two Brussels components 
(#1 and #3); the distribution shown above is based upon Mr. Waelbroeck's 
statements at the Panel Review. There are a number of other components 
mentioned in tha original project proposal, but these are either relatively 
minor items or are being dropped. The minor items, which were not discus§ed 
by the Panel, include funding the continuation of Mr. Waelbroeck's consult· 
ing service for EPD's commodity modeling efforts and "low budget'' studies 
by the Brussels team of shifts in the pattern of comparative advantage and 
of the elasticity of demand for manufactured exports of the LOSs. The item 
which has been dropped is the construction of a disaggregated projection 
1 ode l for LDC exports of manufactured goods. 

2. Component #1 , assistance with the core model, is essentially a con-
tract for consulting services, with the detailed work program to be determined 
as the activity progresses. Mr. Pyatt stated, and Mr. Waelbroeck agreed, 
that the approach to be taken would be considered first by Mr. P_yatt's own 
working group on the future direction of the Bank's global modeling and then 
discussed more broadly within the Bank and with the Brussels team. After 
this initial stage (lasting about six months) the work would be managed by 
EPO as part of its on-going global framework activities. The Panel was 
satisfied with these arrangements, but believes they should be clarified in 
the project proposal. Members of the Panel noted that general models, such 
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as the proposed core model, were not likely to be very helpful in explor
ing a number of the issues with which the Bank is now concerned (such as 
employment and income distribution). Ms. Hughes agreed that the core model 
would be basically concerned wtth trade and capital flows, but stressed 
the importance of continuing improvements in this aspect of the 8ank 1 s 
work. The Panel agreed to the general approach that, while the cor model 
would be kept flexible in the hope that a range of policy considerations 
might be introduced, it was expected that satellite modules and separate 
studies would prove to be the more useful way of handling most issues 
other than trade, capital flows and their interrelationships with aggregate 
growth. The Panel we corned the personal and professional qualif1cat1ons of 
Mr. Waelbroeck who would be directing this aspect of the work. 

3. The agriculture component of the project would finanr.e work which 
is already underway; this work seems certain to go forward whether or not 
Bank support is made available. Bank support would permit the studies to 
be completed somewhat earlier (1980 instead of 1981). Except for this accel
eration and the fact that the 11 residual 11 regional models would certainly 
follow the classification adopted for the WDR, it is not clear what specific 
gains to the Bank in general and the WOR work in particular would result 
from the proposed financial support. If the Bank 1 s agricultural staff were 
to give anything more than the most general sort of judgment, 1t would be 
necessary to know more about what the Amsterdam group proposed to do and 
how they would go about it. This component of the proposal appears to have 
only limited relevance to the Bank's lending program for the rural sector. 
If the Bank were to participate 1n financing this work, the Panel thought 
it would be necessary to agree upon procedures for interaction between the 
agricultural specialists at the Bank (including relevant regional staff) 
and those working on the project and to provide opportunities to review the 
progress of the study. 

4. Planning for the third component of the project -- market penetra-
tion of developing countries• manufactures in Western Europe -- is at an 
early stage. The discussion on page 12 of Annex IV was, however, supplemented 
by Mr. Waelbroeck 1s memorandum of December 9 and his comments at the Panel's 
meeting. He advised the Panel that the study would involve about $100,000 
in consultants• fees for country studies plus about 1.5 man-years annually 
of professional work in Brussels. (Total cost about $300,000.) He stressed 
the value of having this work done in Brussels, the center of EEC trade 
policy. Panel members noted that the relationship of the proposed studies 
of manufactured exports to the WDR and the global framework was somewhat 
tenuous, especially since the projections part of the proposal was now being 
dropped. Mr. Waelbroeck said the main purposes of the work would be to (1) 
inform ~lanners in developing countries of the problems in penetrating the 
luropean market and thus provide needed background for LDC policy makers and 
negotiators and (2) help deflate fears in Europe by improving understanding 
of what is involved in such imports from LDCs. It would also help in the 
design of adjustment measures. 

5. The proposed project has a general objective which goes well beyond 
those of the particular studies involved. It is "also intended to serve as 
a focus for the Bank 1 s dialogue with the academic and international agencies 
communities in Europe 11

• This link w1th European research interests 1s to be 
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welcomed. The Panel believes that Messrs. Tims and Waelbroeck, because of 
their past association with the Bank, are good choices for such a beachhead 
in Western Europe. The three components of the proposal provide a basis for 
this cooperation since they reflect the research interests of these two 
investi gators. The Panel believes that these three logically distinct co . 
ponents are included in this single research proposal mainly for thts reason. 

6. The somewhat special nature of this project proposal has made it 
particularly difficult to evaluate; we are better able to suggest questions 
than make recommendations. The Panel believes the Research Committee should 
consider whether it is appropriate to use research funds for component #1 
since the activities concerned are not really distinguishable from what might 
ordinarily be done with a department's consultants' budget. In the case of 
component #2. the work is likely to be done whether or not the Bank is involved; 
consequently a basic concern must be whether or not having the work completed 
in 1980 rather than 1981 is a sufficient basis for financing under the research 
program. In the case of component #3, the work program is at present too general 
to be evaluated; a positive decision at this time would have to be based mainly 
upon the importance of the general subject and the competence of the principal 
investigator. Even as judgments were reached regarding individual components. 
the Panel's understanding was that components #1 and #3 were to be considered 
a package for purposes of funding; it was not certain whether the work associated 
with Mr. Tims (component #2} could be considered separately. Finally9 one must 
ask whether the general considerations mentioned in paragraph 5 are sufficiently 
strong to override doubts which may exist regarding the justification of the 
individual components; the Panel was conscious of the importance attached to 
these general considerations. 

7. Assuming a positive decision is to ba made with respect to the 
basic thrust of this request. the Panel recommends that specific changes in 
project management be introduced to insure coordination with those in the Bank 
most concerned with one or another of the specific components. As now proposed, 
the project would be supervised by EPD with the help of 11 a steering committee 
that would determine, jointly with Tims and Waelbroeck, the work program on 
an annual basis, and. monitor progress.'' Component #1 is consulting support for 
EPD's global framework and the pr~sently proposed arrangement seems appropriate. 
However. the Panel believes that component #2 is in large measure an agricul
tural study and component #3 is primarily a study of LDC exports of manufactures. 
In these cases it is suggested that the working level coordination and proj~ct 
monitoring be managed by the Bank staff most closely associated with the 
particular subject matter; global framework personnel would, of course, parti
cipate and some overall coordination m1ght be desirable at a senior level. It 
is desirable to give this clear role to the subject matter specialists for at 
~east two reasons -- to maximize the two-way flow of knowledge and ideas be
tween specialists within and outside the Bank and to avoid the danger of the 
global framework developing in isolation from the Bank's own subject matter 
specialists. In the case of component #3 , the problem is one of preparing a 
work program as well as of subsequent monitoring; funding should not be made 
effective until agreement on the work program has been reached. 

JAHolsen/ ddm 

cc: Messr.s. Goering, Keesing, Meo, Pyatt 
Ms. Hughes, Mr. Cheetham 



Mr. Hollis B. Chenery 

Benjamin B. King Signed B. b. King 

The Amsterdam-Brussels Proposal 

- , 

December 13, 1977 

1. I think I should tell you in advance that it is 
my present intention to vote against this proposal. My 
reasons are ones of principle rather than substance, 
although I have some reservations on the latter score. 

2. In the first place, there is the issue of the 
use of Research funds. All departm nts of the Bank are 
being squeezed by budgetary tringency. This proposal 
looks like general upport for ongoing work in OPS (and, 
within OPS, in EPD ) and, in my opinion, there is a lot 
of truth in that. In short, it ppears that DPS is 
doing an end run around the budgetary proce s. I think 
that is wrong. 

3. If a prior management decision has already 
been made that the proposal should go through and be 
financed on an exceptional basis from Research funds, 
then thi fact should be stated. The Research Committee 
could then be informed of the precise constraints under 
which they re operating and the function they are 
supposed to be performing in commenting on this proposal. 
Otherwise, the integrity of the process i going to be 
harmed. 

cc: Mr. Karaosmanoglu 
Mr. Holsen 
Mr. Grimes 

BBKing:gm 



Mr. B. B. King, Research Adviser 

John A. Holsen 

Future Research Areas in Countr Economic Anal sis 
Back 9 Researc B get Recommen at,ons) 

December 12, 1977 

1 . This note responds to Mr. Chenery' s memorandum of November 10, in 
which he requested a review of prospective research activities in the field 
of "country analysis" and an indication .of important areas of research which 
might justify an increase in external research funds or internal staff time. 
I have discussed this topic with the suggested interviewees (except Mr. Dulay, 
who has been out of Washington) and also with other DPS staff members. I 
have not tried to adjudicate the well known differences of opinion among the 
principal interviewees, partly because there is no budget constraint in the 
present exercise and partly because I believe their main suggestions all merit 
some budgetary support. 

2. Two important projects in the country analysis area have been 
"Prototype" and 11 SAW'. There now is a general agreement with respect to 
both projects that the time has come to move from the development of analyti
cal methods to the 11 extension 11 of the results to Bank country economists. 
(A Panel of the Research Committee is currently recommending some additional 
support to complete these projects on the condition that this work include 
the preparation needed to enter the extension stage.) 

3. In the case of the SAM ·1ork, what is needed is a DPS mission sup-
port capability which would help country economists prepare SAMs or mini-
SAMs for their countries. This approach as a considerable potential for 
organizing data in a useful formal for ' new style 11 Bank economic analysis as 
well as being a useful technique for organizing the consistent data base 
that is needed for improved country modelin efforts. The aim should be to 
develop SAMs and mini-SAMs as a "production line " technique that complements 
the basic economic tables now used in country economic ork (national accounts, 
balance of payments, budget, etc.) 

4. In the case of Prototype , the proposed extension would be on a 
more modest scale. This is partly because it is now generally agreed that 
Prototype is not suitable as a production line tool; for the foreseeable 
future it will be too demanding in data requirements, in staff time and in 
computer resources. It should, however, be possible to adapt the Prototype 
approach for use on important basic economic missions; more extensive use 
may be possible when appropriate simplifications are made. Subject to the 
satisfactory conclusion of the present work program (which includes testing 
the technique on one country in addition to Korea), it is proposed that at 
least three or four "field trials" be conducted in the followinq two years. 

This round of applications of Prototype would be aimed at both useful results 
for the regional offices concerned and further refinement of the Prototype 
approach. 

5. The budgetary resources needed in the case of both SAM and Proto-
type are internal staff time rather than external funds. The requirement 
might be 3 man-years annually in the case of DPS support for SAM applica-
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tions and 2.5 man-years _annually for extension of Prototype. The gains from 
techniques such as SAM and Prototype are in the form of improved analysis 
rather than labor savings. (Their effective application will involve a con
tribution from regional country economists in addition to that from DPS sup
port staff.) To pursue the agricultural analogy, the research has been done 
and we are now ready to move to field trials (if not routine application); 
however, the higher yields will only be obtained if we are prepared to pay 
for the additional inputs the better techniques require. While one migh t 
for a while continue to su pport "field trials " from the resea rch progr am , it 
must be recognized that the introduction of SAM and Prototype will call for a 
permanent increase in DPS support for regional work (or an equivalent increase 
in regional economic staff once they have a good grasp of the t echnologi es) . 

6. Another high priority area for improving the techniques for country 
economic analysis is in the up-grading of the RMSM (11 revised minimum standard 
model"). A major effort in this direction has been postponed in part because 
we wished to see whether the next generation of production line country 
economic models would be best developed by "working down" from Prototype or 
"building up" from RMSM. With the recognition that, during the next few years, 
the Prototype approach is likely to be used mainly for a limited number of 
basic reports, we can no longer delay improvements in our "production line" 
country economic models. Prototype may be a source of ideas for the successor 
to RMSM. There are substantial complementarities with the proposed mini-SAM 
work, since the latter could result in relatively widespread improvements in 
the country data bases. There are also complementarities with the work being 
done on the global framework. (It would be desirable to add models for major 
countries to the regional: models now being used in the global framework; at 
the same time these regional models, based on mini-SAMs, are suggestive of 
how one might approach the successor to RMSM.) 

7. The idea behind the MSM and RMSM was that of a 11 minimum standard 
output 11 which could, if a more sophisticated model were not available, be 
generated by the "minimum standard model". The objective was to have models 
designed for country analysis that would also provide outputs suitable for 
intercountry comparisons and aggregation. As one moves to upgraded RMSMs, 
it would be desirable to maintain the concept of a "minimum standard output", 
but encourage a diversity in country models that reflected data availability, 
varying economic structures and differing Bank needs. It ·would probably be 
desirable to develop rather different types of models for medium-term and 
long-term analysis. It is not clear whether the requirements of the increas
ingly complex global framework will permit a single model to serve both country 
economist and global framework requirements; this question can only be 
answered as the work proceeds. As the work program would emphasize practical 
application of existing methodology rather than methodology itself, this 
effort would have to be carried out in close cooperation with both country 
economists and the DPS staff concerned with mini-SAMs. A DPS input of about 



3 man-years might be desirable. 

8. Extension of SAM and Prototype along with work on an urgraded 
RMSM appear to be the three work programs in the area of country analysis 
which might have substantial impact upon the DPS budget in FY79. (This 
assumes that the proposed Brussels-Amsterdam project would be classified 
under other headings -- e.g., global framework, agriculture and international 
trade.) A number of other activities were mentioned during the interviews, 
but are not discussed in any detail because they would be comparatively low 
budget activities. Some of them, although related to improving country 
economic models, might also be classified under headings other than 11 country 
analysis 11

• The other suggested activities included (1) work on improving 
the production function, including technological progress as well as capital 
and labor; (2) work on savings and investment decisions in the private 
sector (including role of financial intermediaries); (3) development of a 
software package to reconcile data inconsistencies; and (4) historical 
quantitative studies of country development (aimed at hypothesis testing 
rather than projecting) involving detailed work on a few countries. 

JAHolsen/ddm 

cc: Messrs. Dulay, Pyatt, Norton 
Mrs. Hughes, Mr. Cheetham 



Research Committee Members 

Orville F. Grimes, Jr., VPD 

-teetings on December 16 and December 20, 1977 

D cember 12, 1977 

This volume contains material for the eting of the 
Research Com ittee on Friday, D cember 16, 1977 at 3 p.m. in 
Room El208. With the agenda outlined below, we will no doubt 
find it necessary to reconvene on Tuesday, December 20, 1977, 
at 3 p.m. in Room Cl006. 

Not all the material pertaining to each agenda item 
can be provided at this time. In particular, review panel 
memoranda on many of the submission will be distributed to 
you as soon as they are available. 

The agenda for these eetings is: 

Proposals 

l. Research Support for World Development R port 
2. Short-Cut thodology - International Co parisons 
3. Small Enterprise Financing: Role of Informal 

Credit Market 
4. Capital Market Imperfections and Economic 

Development 
5. Key Institutions and Expansion of Manufactured 

Export 
6. Industry nd Regional Effects of Increased Imports 

of Manufactured Goods from Developing Countries 
7. Projections on the Extent o Food Deficits of 

Target Groups Under Alternative Policy Program 
8. Labor Migration and Manpo er in the Middle East 

and North Africa 
9. Case Studies of Determinants of Recent Fertility 

Decline in Sri L nka and South India 

Regue ts for Supplemental Funding 

1. "Labor Force Participation, Inco e, and Unemployment" 
(670-45) 

2. "Prototype odela for Country Analysis" (670-86) 
3. "Social Accounts and Development Models" (671-27) 
4. "Linkage of Commodity and Country Models" (671-28) 
5. "Narangwal Population and Nutrition" (671-38) 
6. 11 Textbook Availability and Educational Ou lity" 

(671-60) 
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It is likely that proposals one, three, seven, and 
eight in the above list, plus the supplementary requests, will 
be considered on Friday, December 16. 

The papers for the meetingsare in the following sections: 

i) Budget Information - tables showing budgetary positions 
for FY78 and FY79, and the proposals to be considered 
at these meetings 

ii) Proposals - the research proposals, panel recommenda
tions where available, and related documents 

iii) Supplementary Requests - requests for additional 
funding under existing research projects 

iv) Forthcomin9_!roposals 

v) Completion Reports 

Distribution 

Messrs. Chenery, Balassa, de Vries, Dubey, Holsen, Jaycox, 
B. King, Lerdau, Little, Picciotto, van der Tak, 
Vergin, Waide 
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Orville F. Grimes, Jr., VPD 

Panel to Review Research Proposal 

1. A p n 1 consisting of M ssrs. B. B. King 
(Chairman), F. Colaco, J. £delman, C. Lluch, and 
G. Tidricr has b en e tablished to review th attached 
research pro os 1 on ednesday, December l at 3 •• in 
Room A520. 

Proposal 

Short-Cut M thodology -
International Com arisons 

R 

R • • cPheeters 

2. As is customary, the panel should s ek an wers 
to questions like (a) Are the i sues rai ed by the 
proposed r se rch of interest to the Bank? and (b) I 
the study so designed a to deal m aningfully with these 
issues? To ai in considering the quality nd rolevance 
of the proposed re earch, panel ember may find u eful 
the attach d guidelines for preparation of research 
propo 1. 

ndations of the panel should b 
sent to me as soon as ossible after the meeting. 
3. The r co 

Attachments 

Distribution: 

Messrs. B. King, Colaco, Edelman, Lluch, Tidrick, Kamarck 

cc : Mrs. Hughes, Messrs. Cheetham, 1cPheeters, A. Schwartz, 
s. Ahmad, Mrs. Sachse 

OFGriroes,~ 
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Mr. Hollis B. Chenery, Vice President, Develop ant 
Polic;y 

H. O. van der Tak, Director, Projects Advisory Staf.f 

December 9, 1977 

Major Research Budg t N eds in PoEulation 1 Health and Nutrition 

In accordance w1 th your morandum of Nov ber 10, 1977, Mr. 
stoutjesdijk and I held a panel meeting on the research needs in the 
above reas as perceiv d by both producers and users. The meeting vas 
attended b;y Messrs. Berg, sta, Bekel, Chemichovsky, H. Jones, Lucas, 
T. King, Lethem and Schebeck; several other knovl dgeable p ople wre 
un.:f'ortunatel;y not in town. My' general conclusions a;y be summarized 
as follows, 

1. There appears to be general agre ant that gre ter efforts 
hould be m de to exploit the research possibilities, and research com

ponents, in the Bank's population, health and nutrition projects or 
component3 included 1n oth r projects. 

2. The main constraint on research in thee rea is eta.ff to 
generate and direct studies rather than a shortage of funds. 

3. A priority area is research on the cos t effectiveness of 
alternative deliv r:, echanisma in the sector concerned. 

4. There are large biomedical/nutritional research needs which 
I ruled out from consideration for the purpose ot.' this inquiry (but cf. 
tho Bank's role with regard to the tropical diseases research program, 
etc.). 

S. With regard to population, the Population Department staff 
sees no ne d at this time for expanded research nd augg sts that we 
await the results or Cannen Hiro's international review group on research 
and popul tion development which are eJl:Pected to be av ilable next summer. 
Tim Iring di agrees with this view and argues for more population research, 
as suggested by the Berelson Panel, but his 1.mmediate proposals do not 
suggest a.ny increase be;yond the current level of some two to three staff 
man-years (plus appropriate xternal funding). The jor need appears 
to be for identification of re sonabl;y specific research ne ds. 

6. With regard to health, which is likely to become a rapidly 
expanding rea of Bank operations, two broad research the es have been 
identified as the socio/economic causes and ef'f'ects of health problems, 
in particular communicable diseases, and the cost effective mode of inter
vention, including delivery of services. Preparation or some more specific 
proposals is well advanced. The scale env1 aged for the immediate future 
1s one staff man-year and up to 200,000. 
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7. Substantial work has been done on the preparation of a 
nutrition research program. Its main focus would be on what are the 
nutritional, health and functional pertonnance results ot goverm nt 
food and related health programs (institutional t eding, consumer sub• 
sidies, nutrition education, fortification and home tood production) 
and what are the nutritional effects of agrl.cul ture and other govern-
ment polici s and regulatory ctions? It is proposed to carry out these 
studies prl.marl.l.y in the context of on-going or revolving Bank nutrition 
projects, and to be funded largely through :Bank loans. In addition, it 
is proposed to support analyses of extsting data or pulling together of 
diverse sets of data to leam more about the effects of providing, for 
example, 70 - 85 or 100% of recommended nutrition standards, for dif'ferent 
periods nd at different ages. This would help in formulating cost 
effective nutrition programs. The sponsors of the research program 
suggest that the minimum of three .full-time professional staff wuld be 
necessary as well as $1$0,000 per annum for the next tvo years. I would 
think that a useful start for m9 could be made with, say, one staff 
man-year and $150,000. 

8. My tentative general conclusion is that at this tim it 
should be possible to accommodate the identified research needs in popu
lation, health and nutrition largely within the existing staff resources 
ot the Development Economics Department, a s1sted by the DRO and the CPS 
units concerned. A full-ti.me coordinator £or health and nutrition re
search would be useful to generate a progr and proposals, act as a 
focal point and get things started. Would it be possible to find him/her 
within DPS? 'l'he associated demands for extern&l. research funds would 
not unduly strain the research budget for m9. If the research programs 
develop we might think for F!'80 and beyond in terms ot 5-1 man-years 
and $500,000 for population, health and nutrition combined. 

9. I attach various informal memoranda prepared in connection 
with t.b.ia inquiry. 

Attachments 0 
HGvanderTak1 J.tb I 

cc and cleared w1 tlu Mr. Stoutjesdijk 
cc I M ssrs. Avramov1c 

Duloy 
Xanags.ratnam 
B3rg 
Lee 
T. King 
B.B. Xing/Orimes 



Mr. Attila Karaosmanoglu 

Benjamin B. King 

~n rio 1987 

December 5, 1977 

1. Operation Shrinkback" is virtually c pleted. 
The Bank is now not much mor than half its size ten years 
earlier. Thi has been accomplished by attrition; the 
spinning off of so e consulting subsidiaries !f; the moral 
and financial support (for a limit-d tim ) of some inde
pendent con ultants; and a number of goldplated handshake. 

Regional Offices 

2. Once it w s realized that economic reports hardly 
served any purpose any longer and that practi ully nobody 
read them excoot revi were of the published ones, the job 
was devolved to the countries th selves, as a condition 
of borrowing. As istance in pr paration of r port is 
given as n eded: in most case, limited to one or two 
staff members; in a few, to a larger te • Th gain in 
self-esteem and self-understanding among memb r countries 
from having the re ponsibility of reporting to the Board 
and to other donors appears to be considerable. 

3. Each Regional Office h s an conomic consulting 
advis r deputed on a rot ting basi from the relev nt 
Division in th R&D staff (see below) . Thi division is 
respo sible or recommending to ember countries consultants 
fro whom they y wi h advice on such matters a taxes, 
t riffs, .gricultural pricing, model-building, surveys, etc. 
Thus the main function of Regional Offic s, from an economic 
point of view, is to give limited assist nee in economic 
reporting, to co nt on the v lidity of r ports ubmitted 
and to facilitate advice in proble areas ands ecialized 
subjects (including project naly is) . 

4. The Bank Group now makes very fe lo ns and credits 
for traditional infrastructure roject. In addition to tho 
Regional Offices, the Chairman of the Loan Committee has a 
central infrastructure staff, which. can be called on to 
revie sector 1 policy and program, wh nev r there appears 

!/ Thee are profit centers, selling service to th Bank 
and outside in competition. The first xperiroent as 
with oftware (CAD); if this i successful, a DRC 
division will be spun off. 
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to be a problem1 he also has centr l advisers on procurem nt 
etc. When a loan or credit for an infr a tructure s etor is 
made, a part o.f the annual funds set aside for the country 
in que tion is segregated and llocated to that sector, 
conditional on whatever remedial steps appear to be in 
order. The thrust of project lending is in integrated 
rural and urban programs; Projects Departments now have 
two nain divisions, rural and urban. 

R&D Sta.ff 

5. Some of the greatest economies were ohtained by 
collapsing CPS and DPS into a Research and Development 
Staff. Si.nee several departments (Industry, E. w. 'l'., 
Transport) have been r placed by the all centr 1 regional 
staff, insofar as heavy infrastructure is concerned, and 
since population and tourism pi:ojects have be n discontinued, 
the main function of R&D in respect of regional programs is 
to support general country analysis and the preparation of 
urban and rural projects and programs. 

6. Before describing how this is done, it is as well 
to mention on element of the R&D taff, less directly con
nected. This is the ?rld nc.veloenent Department, which is 
concerned with annual a velopment report preparation. It 
also has divisions for industry and trade, commodities nd 
world mod lling (current application). 

7. A separate Statistics Department ha been created 
with four divisions. Data bank: centrally maintained country 
statistics (for regional use in country-recognizable form) 1/; 
external debt, stntistical tnethods. 

8. Though the Development Research Center has much 
the same role as it did earlier (tool-hu!lding, quantitative 
analysis), it now consi ts of four divisions: to for 
applied analysis (one for project/sector analysis: one for 
analysis of policy instrument at the macro lave!) and two 
research units (one to be spun off). 

9. The other department de ling with the regions is 
the Regional Service Department (RD). The functions of 
the latter are: 

(i) Central supervision of onitoring and evaluation 
(setting up systemsi liaison with countries on 
these; collection- of results; arranging for 
analysis and dissemination). 

{ii) Collection, evaluation and dissemination of 
~~rative expe~~~- It had fina1ly dawned 

~/ These are now published in a loose-leaf service . 
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on th Bank that it nev r sy te atically took 
a vantag of at it could l arn fr 1:h 
v ri ty of ex rience in th f! ld. Th 
division re onsible brie mi ions, rrang s 
for c mpilation of xperience on differ nt sub
jects and arrange frequent int rnational con
ferences. l/ Thi ctivity r 1 ced the EDI, 
hich wa gr dually phased out, the final thre 

ye rs' cour s being de¥oted to training of 
institute anag rs. 

(iii) Con ultancy rvice. A contr l ervice for 
providing countri s ith infor ation on dviser 
on av riety of ubjects (s e para. l). 

(iv) Human resources (eduction, population nd 
health). 

(v) Urban support unit (including employment nd 
environmental i sues). 

{vi) Rural support unit. 

10. In ddition, there is p eial task force av ilabl 
for any .p cial initiative attached to the front office. It 
ha a small perm nent staff and dra ad hoc on other 
depart.Jnents. ~ ---

l/ Ranging ov r a fairly wide ar a, including public 
dministration. 

BBKing:gm 



Mr. E. Rodriguez, PAB 

Benjamin B. King, VPD 

Cost of Research 

Dec mber 1, 1977 

Your memo of November 22nd tells us how you calcul ted 
the DPS co fficient of expenditure per profes ional an-year. 
As a way of calcul ting co ts of research in DPS, I have no 
quarrel with it except for refinement hich are hardly worth 
it in a rough-and-ready exerci e of this kind. 1/ How v r, 
there is much missing data which I would like to h veto 
understand exactly how you rrived at the figures on p ge 22 
of the 5/16/77 p per on th FY78 budget. We are no coming to 
the final tages of our report and it i rather important that 
we have this information quicklf. All that follow is concerned 
with FY77 ex cnditure. 

DPS 

(i) What was the expense component er effective MY for 
FY77 in FY77 $? 

(ii) Ho many effective man-years were there in DPS -

(a) in total 
(b) spent on RPO research 
(c) spent on Non-RPO research 

(iii) What was the contribution of DPS to joint research (Bank 
staff) and in-house reso rch. Presum ly these should 
be the product of (i) and (ii) band c respectively. 

CPS 

(i) What w re the respective contributions to joint and 
in-house research? 

(ii) now ore they c lculated (percentages of budget, same 
method as DPS or what?) 

1/ For ex . ple, it is rong to attribute a share of consult nt fees 
and contractual services to RPO research, since this i already 
paid for out of th se rch Budget. 
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Regions and YP's 

Ci) Same as (i) for CPS. 

(ii) s as (ii) for CPS. 

(iii) As regard YP's, is it po sible to identify wh r 
wer, at 1 ast in broad jurisdiction (CPS, D n, 
if no finer i tinction po sible. 

Consultant 

(i) Non-RPO consultant man-y ars are estimated t 10. 
Ho was thi done? Wh tis the divi ion b tween 
CPS and DPS? 

they 
Regions), 

(ii) Presumably there wa no additional cost for the . 
consultants, since they ar sub umed under the xpense 
co ponent per effeotiv an-yearn. Right or wrong? 

cc: Me srs. Chenery, Karaosmanoglu, Vergin, Grimes 
-1r • Cleave 

DBICi ng ltr 



Messrs. H. van der Tak, A. Berg, H. Jones, 
and J. Wall/Charles Taylor 

Orville F. Grimes, Jr., VPD 

December 1, 1977 

Progress Review of Narangwal Research Project, Monday, December 5 

1. In addition to the materials already distributed, you 
may find pertinent the attached record of issues discussed and 
understandings reached at the time this research project was 
presented to the Research Committee. A subsequent progress 
report (December 22, 1976) is also included. 

2. Among the questions which may arise at the meeting, 
the following are suggested as of sufficient interest to form 
a tentative outline for discussion: 

a. What is the extent of progress in addressing the broad 
policy questions described, when the study was approved, 
as amenable to analysis? What further steps are pro
posed in forthcoming work to advance the study toward 
operationally useful results? 

b. Would modifications be desirable in the way supervision 
is exercised and work organized? 

c. In what form(s) will the final report and other results 
be disseminated to audiences in the Bank, in India, and 
in the wider development community? 

3. As mentioned earlier, we will meet at 2:15 p.rn. in 
Room E 1026 on Monday, December 5, for an hour at the most. 

Attachments 

cc (w/att.): Messrs. Baldwin (o/r), T. King, Faruqee, 
Chernichovsky, B. King 

O Grim : tqr ff)/-
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Orville F. Grimes, Jr., VPD 

Panel to Review Research Proposal 

1. A panel consisting of Messrs. H. Vergin (Chairman), 
R. Headworth, G. Hyde, and C. Taylor* has been established to 
review the attached research proposal on Thursday, December 8 
at 2:30 p.m. in Room D860. 

Proposal 

Small Enterprise Financing: Role 
of Informal Credit Markets 

Staff 
Responsible 

V. V. Bhatt 

2. As is customary, the panel hould seek answers to 
questions like (a) Are the issues raised by the proposed 
research of interest to the Bank? and (b) Is the study so 
designed as to deal meaningfully with these issues? To aid 
in considering the quality and relevance of the proposed 
research, panel members may find useful the attached guide
lines for preparation of research proposals. 

3. The recommendations of the panel should be sent to 
me as soon as possible after the meeting. 

* Or other staff member from India Division. 

Attachments 

Distribution : 

Messrs. Vergin, Headworth, Hyde, C. Taylor, B. King 

cc : Messrs. Stoutjesdijk, Bhatt, Nankani 
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Distribution: 
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Mr. Purviz N. Damry ,, SEC 

ttila Raraosmanoglu, VPD 

Date of a~~ Discussion ~f Research Program 

Novet r 30. 1977 

As we discussed yesterday, I see some merit in postponing 
the card discussion of the Annual Report on Research to make 
the repor:t of the Advisory Panel on Income Distribution and 
Employment (RAPIDE} available to the Executive Directors 
before the discussion take place. As an indep ndent body, 
RAPIDE cannot be held to a strict de&d1ine. Panel members 
are of course fully aware of the established timetable for 
Boa.rd discussion of the Annual Report on nese roh in mid
February, nd will make every effort to produce their own 
report for circulation to the Board about four weeks earlier. 
Ho ever, based on the latest information at our disposal, we 
should realistically anticipate that Board circulation of the 
.RAPIDE report may well not occur until late January, with a 
fair chance of its occurring somewhat later. We shall have 
a better feel for the timing of the repo.rt after the Panel 
meeting -scheduled for December 13. In the present circumstances, 
we feel it advisable to request a two-week postponemen of the 
Board research date, from February 14 to February 28, 1978. 

AKaraosmanoglu/OFGrim~s:nf 

cc : Messrs. Chenery 
B. King 
Grimes 



Those Listed Below November 30, 1977 

Orville F. Grimes, Jr., VPD 

Panel to Review Research Proposal 

1. A panel consisting of Messrs. J. Holsen (Chairman), T. 
Goering, D. Keesing, P. Meo and G. Pyatt ha been established 
to review the attached research proposal on Wednesday, 
December 7 at 3:00 p.m. in Room A-907. 

Proposal 

Research Support for World 
Development Report 

Staff Responsible 

R. Cheetham/J. Waelbroeck, 
w. Tims 

2. To aid in considering the quality and relevance of the 
proposed research, panel members may find useful the attached 
guidelines for preparation of research proposals. 

3. The recommendations of the panel should be sent to me as 
soon as possible after the meeting. 

Attachments 

OFGrimes:nf 

Distribution: 

Messrs. Holsen*, Goering, Keesing, Meo, Pyatt, S. Gupta, B. King 

(*without proposal; distributed earlier) 

cc: (for information) 
Messrs. Chenery 

Karaosroanoglu 
Duloy (o/r) 
Avramovic 

Mrs. Hughes 
Messrs. Cheetham, D. c. Rao 
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Those Listed Below November 29, 1977 

Orville F. Grimes, Jr., VPD 

Panel to Review Research Proposal 

1. A panel consisting of Messrs. R. Picciotto (Chairman), 
S. J. Burki, o. Price and M. Selowsky has been established to 
review the research proposals listed below on Thursday, Decem
ber 1 at 3:00 p.m. in Room D-860. 

Proposals 

(a) Projections on the Extent of Food 
Deficits of Target Groups Under 
Alternative Policy Programs 

(b) Sector Planning for Agricultural 
and Rural Development: Implica
tions for Bank Sector Work 

Staff Responsible 

B. Abbai/G. Donaldson 

G. Donaldson/B. Abbai, 
A. Egbert 

2. Professors Knudsen and David, Brookings Fellows affiliated 
with the Agriculture and Rural Development Department (AGR) for 
the academic year 1977-78, would carry out the bulk of the pro
posed research. Research Committee approval of these proposals 
thus entails a shift in the financial charge of their tenure 
from AGR to the research budget, in addition to their commitment 
to the specific work programs outlined. With this background, 
panel members should, in the usual manner, make their recommen
dations on the basis of the intrinsic merits of the proposals. 
A general updating with details on the budgets will be provided 
at the meeting by the research sponsors. 

3. The recommendations of the panel should be sent to me by 
Thursday, December 8. 

OFGrimes:nf 

Attachments 

Distribution: 

Messrs. Picciotto*, Burki, o. Pric •, Selowsky*, B. King 
(* memorandum only; proposals di tributed earlier) 

cc: Messrs. Donaldson (w/att.), Abbai, Egbert, David, Knudsen 



Piles November 28, 1977 

Benjan1in ~ . !Ung , VPD 

FY79 Research fiud9et (Interview with E. Stern) 

l. There is a lack of communication of research results, 
with no mechanism for diss -1nation on either side (researchers 
or user). South Asia Region is trying a new experiment. One 
or two economists ~ill be taken off their regular duti s for 
a period of 3-G months each and attached to the Chief Econo
mists' Office to carry out approvad work of their choosing. 
This would include work which would be the basis of a further 
research proposal. 

2. Resources for dissemination and state-of-the-art 
papers (as in para. 4, November 10) are a high priority. At 
present, re earch r sults reach one or two people in a region 
at most. For example, if 2-3 day workshops like the one 
proposed by DRC on income distribution and poverty were to be 
instituted, Mr. Stern said that, unquestionably,. South Asia 
would make 3 economists completely free to attend it; he 
thought that every region should do t:his. 

3. Subjects of possible interest for research are: 

(i) The whole question of revenue-raising. 
Comparative performance of different levels of 
government and of countries at diff rent 
income levels. Thi is important in relation 
to charges in specific projects (lending rates, 
prices for utilities and other services). 
This should not be considered .solely on a 
project basiS:- If a government h-as a good 
revenue-raising record, it should be less 
constrained in its freedom to subsidize target 
groups .. 

(ii) We really know next to nothing about employment 
generation, particularly indirect effects. 
Present guidelines are inadequate . 

(iii) La.rge country mod ls a.re a lo priority, at. 
least for Bank work. They cannot be v ry useful, 
unless actuallY. ad.opted by countries themselves. 

('iv) How far should processing of raw materials in t he 
country of origin go {in terms of eff•ciency, 



- 2 -

levels of production, employment consequences) 
and how do you get it started? Maybe, this 
is too product and country sp cific, but perhaps 
some lessons can be drawn from experience. 

(v) The size and management of country buffer stocks, 
in food p rticularly, is an important policy 
question. While some research is going on, 
perhaps increased resources are required to speed 
up and broaden this investigation. 

BBKing:nf 



November 28, 1977 

Mr. R.H. G. Bo 
N therlands Univ rsitie Foundation 

for International Cooperation 
Badhuisweg 251 
Postbus 907 34 
2509 LS 's-Gravenhage 
Nether l nds 

Dear Mr. Bos: 

I am now in a po ition to s nd you the package of 
docum nts I · referred to in my letter of September 29. Enclosed 
you will find: 

(a) Guidelines for Subrn.i ion of Research Proposals; 

(b) Status Report; 

(c) Completion Report; 

(d) Guidelinos for Evaluation of Completed 
Research Projects. 

Research proposals are initiated within the Bank, though 
the original idoa may come from outside and much of the subse
quent research may be done out id. Th point is that proposals 
should finally reflect the noeds of the Bank, a well as the 
inter sts of the researcher. Document (a) represents therefore 
the guideline for sponsors of research proposals in the Bank. 

Once a proposal is put forward, it is submitted for 
ppraisal to a review panel of about five staff members, chosen 

from various p rts of the Bank. We try to include those with 
relevant methodological expertise on the one hand and potential 
users on the other. Te Chairman o tle panel is a member of 
the Research Co ittee. 

The panel's recommendations are submitted by the Chairman 
to the Research Committee, which ha 12 senior member of the 
B nk's staff (again with varied repr sentation), the Chairman 
is the Vic Pr id nt, Dev lopment Policy Staff (Holl is Ch nery) . 
The Research Committ e pproves it ( 1th or without modification), 
sends it back for further work or rejects it. 



G. Bos - 2 - November 28, 1977 

Once a proposal is approved, the project receives 
appropriations each year, which cannot in total exceed an 
authorized .limit, except marginally, without further recourse 
to the Research Committee. Status reports (document (b)), 
describing the project I s progress, are sent t.o us, three times 
a year by the projects supervisorr who is usually the original 
sponaor. 

When a project has been completed, the supervisor is 
asked to evaluate the project him.self. This is done on 
document (c) (recently revised.). An evaluation panel, chosen 
in much the same way as those for the original proposal, is 
hen selected to make an independen~ evaluation. Guidelines 

for this process are in document (d). When completed, this 
eport is placed on file with the Bank's Director-General, 

Operations Evaluation, where it may be examined by the Bank's 
Executive Directors. 

The above are official documents. Some very informal 
notes of our own (not for circulation or quotation) on how 
well or badly the system works are enclosed as (e). They are 
rather cryptic, but I could enlarge on any of the points, if 
¥OU wish. I do now expect to be in England during the week of 
April 17-21. If you would like me to eome to Boll.and at about 
that time, please let me know. 

Enclosures 

BBKing:n£ 

Yours sincerely, 

Benjamin B. King 
Research Adviser 

Develol)In.ent Policy 



Distribution List 

B. O. van der Tak 

Research eds in Population, Health and trition 

Hovember 23, 1977 

Th attached morandum ot Hollis Chenery refers and is, I 
believe, self-e:xplanatory. Dragosla Avramovic h kindly ccept d to 
join as a panel bar. I should like to meet vi th you to discuss 
research requirements in the area of population, heal.th and nutrition 
on Friday, Dec ber 2 1 at 3:00 P.M., in '.Ro E-1026. Any written re
actions would also be most welcome. 

Attachment 

HGvanderTak:lfb 

Distribution List 

ssrs. lanagar tn /Baldwin 
Mess rs. Berg/Schebeek/Basta 
Ms rs. Iee/Liese/Oollada7 
Messrs. T.King/Reutlinger/Selowslcy 
Hr. Sharps ton 
Mr.W~ 

cc: Hr. Avramovic 
Mr. B.B. lting 
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TO: 

FROM: 

SUBJECT: 

WORLD BANK/ INTERNATIONAL FINANCE CORPORATION 

DATE: November 23, 1977 

Research Needs in Population, Health and Nutrition 

The attached memorandwn of Hollis Chenery refers and is, I 
believe, self-e:xplanatory. Dragoslav Avramovic has kindly accepted to 
join me as a panel member. I should like to meet with you to discuss 
research requirements in the area of population, health and nutrition 
on Friday, December 2, at 3:00 P.M., in Room E-1026. Any written re
actions would also be most welcome. 

Attachment 

HGvanderTak:lfb 

Distribution List. 

Messrs. Kanagaratnam/Baldwin 
Messrs. Berg/Schebeck/Basta 
Messrs. Iee/Liese/Golladay 
Messrs. T.King/Reutlinger/Selowsky 
Mr. Sharpston 
Mr. Wright 

cc: Mr. Avramovic 
Mr. B.B. King 



INTERNATIONAL DEVELOPMENT I INTERNATIONAL BANK FOR 
ASSOCIATION RECONSTRUCTION AND DEVELOPMENT 

INTERNATIONAL FINANCE 
CORPORATION 

OFFICE -MEMORANDUM 
/ 

J • ' . 

J 
I 

I 

TO: The Research Committee 

FROM: Hollis B. Chenery \M ~ 
DATE: Nov. 10, 1977 

SUBJECT: FY79 Research Budget Recommendations 

1. In order to make recommendations to Mr. McNamara for 
next year's research budget, I have decided that we should 
make a limited internal survey of the various research areas 
to see whether it would make sense to suggest any significant 
change in the budget or any marked shift in priorities within 
it. This will be a stopgap measure, pending the completion 
of a series of panels on the lines of RAPIDE, a process which 
may take a couple of years. I am asking for your cooperation 
in this survey. 

2. Procedure. At a meeting with Messrs. Balassa, Dulay, 
B. King and van der Tak, a procedure for carrying out this 
survey was agreed as the most promising in the circumstances. 
Each Research Committee member will chair a small panel--
one or two staff members in addition to himself,. with adequate 
user representation. The additional members may be of his 
own choosing, or Messrs. King and Grinies will assist in 
picking them, if so desired. The panels will b2 of two kinds. 
One will review subjects mainly with producing departments; 
the other will discuss research requirements with regional 
offices. A tentative list of assignments is attached (Table 1). 
The panel will .have one or (in exceptional cases) two meetings, 
at which plans, priorities or requirements will be discussed, 
and will then report back to the Research Adviser, much as 
other panels do. 

3. Substance. We would like to ascertain broad answers 
to the following questions: 

(i) Are there any uncovered areas of res~arch which the 
Bank ought to be doing, which cannot be covered under 
existing fiscal constraints by phasing out "softer" 
areas within the sector? 

(ii) If so, is the constraint on external funds, internal 
staff time, or both? 

(iii) If constraints were removed, how much would it cost 
roughly (in $100,000 of external funds and man-years 
of staff time)? A table of recent expenditures is 
appended (Table 2). 
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Research Committee - 2 -
' 

Nov. 10, 1977 

).,· . 

4. It is to be noted that included in this survey would 
be dissemination of existing tools or knowledge (mainly 
requiring internal resources) and state-of-the-art papers 
to bring people up to date (external resources could readily 
be used here with little impact on staff time). 

5. Timing. I would hope that the panels could meet and 
deliver their reports (2 or 3 pages) by December 9. King 
and I will then prepare a consolidated report to McNamara 
indicating the nature of the bu~getary alternatives. 

Attachments - 2 

cc: Mr. Baum 
CPS Directors 
DPS Directors 
Chief Economists 
Mr. Grimes 

BBKing:HBChenery:di 



Table 1 

J • 

Tentative Assignment
0

List 

Assignment 
Subj e cts 

a) Income distribution/employment 1/ 
b) Public finance 

Country analysis 

Industry and Trade 

Agriculture & Rural Development 

Transportation 

Public Utilities 

Urbanization 

Education 

. Population, Health & Nutrition 

Regions 

S. Asia, E. Asia 

LAC, E. Africa 

EMENA, W. Africa 

Assignee 

Little 

Holsen 

Balassa 

Picciotto 

Jaycox 

Vergin 

. Waide· 

de Vries 

/van der Tak 

B . . King 

Lerdau 

Dubey 

Interviewees y 

a) Ahluwalia, Leiserso: 
b) Bhatt 

Duloy, Pyatt, 
Norton, Cheetham 

Westphal, Laursen, 
Moore 

Yudelman, Duloy, 
Leiserson 

Willoughby, Harral 

Rovani, Warford 

Jaycox, Keare 

Hultin, Jallade, 
T. King 

Kanagaratnam, T. King , 
Schebeck, Basta 

Waide, Hasan 

Holsen, Gulhati 

Dubey, de Azcarate 

1/ Can clearly not say too much, pending RAPIDE report. 
2/ Indicative list. 

BBKing:di 
November 10, 1977 



~ .. •• w Table 2 

Research: Comparative Expenditure Da tc,1 (RPO Is only) 

. ) .. 
a/ 

Category Exp. ($000) Author. ($000) Man-years FY76 

IB Income Distribution 

II.C Country Analysis 

II. Trade 

III. Agriculture 

IV. Industry 

v. Transportation 

VI. Public Utilities 

VII. Urbanization 

VIIIA Education 

VIIIB Employment 

VIIIC Pop. & Heal tl . 

Other 

Total 

a/ $ of FY78. 

b/ Under 0.5. 

(Av.1975/77) 
337 

337 

160 

394 

141 

317 

125 

182 

70 

188 

108 

11 

2,370 

c/ Will very likely be increased. 

(1978) Prof. Res. 
69 5 2 

154 c/ 3 2 

167 2 1 

517 2 1 

217 5 2 

148 4 3 
~ 

401 3 2 

317 b/ b/ 

236 2 1 

149 1 

83 1 1 

56 

2,514 28 15 

Note~ The figures for man-years are all that are available so far 
and are not terribly reliable. They should be interpreted : 
as giving a ball-park order of magnitude of the resources used. 

BBI<ing:nf 
Nov.ember 8 , 19 7 7 

A 5_S 



ov r 23, l 77 

Mr. Cl ll G. H rr 
c/o ~r. Jochen Kr 
Chi f, orld Bank 
P.O. X 416 

i nt Mi ion 

N O lhi, Indi 

D r Cl 11: 

Ple find nclo d comp l t draft of the SOL 
ea study. In thi v r ion I v tri d tor fl ct your 
co nt on ection A a.ud B, tr n 1tted to e by ail 
Couki. Aside fro ditorial ugg tions 
hieh th r ha not y to consid r, il 

Coukis' co... nts on all ection hav 1 o been ineorpor t d. 
B il o of rd to give copy to Phil Gr n, whos 
ugge tion hould rove o t v luabl. 

th 
ing sent to 
in the study 
tc.), along 
,itt , and 

nts from any 
abl to 

ber 16. 

e much appr ci t .. your willingn s to review th dr ft 
prior to your r turn, nd look forward tor ceiving your 
re ction. 

With b st r g rd. 

Enclo ur 

OFGrimes:nf 

Sincerely, 

Orville rime, Jr. 
Seer try to th 

Re arch Co itt e 
D v lo nt Policy 



TO: 

FROM: 

SUBJECT: 

WORLD BANK / INTERNATIONAL f:INAN CE COR PORATION 

OFFICE MEMORANDUM 
Those Listed Below DATE : November 23, 1977 

Orville F. Grimes, Jr.,VPD t!lJ2--
Forthcoming Research Committee Meeting 

1. It is likely that following its meeting in mid-December, 
the Research Committee will next meet in the latter half of 
February. To be considered at this meeting, proposals in 
final form should consequently reach this office no later 
than Friday, January 13. 

2. I would appreciate it if those planning to submit 
proposals for the February meeting would confirm, by the 
end of December, their intention of doing so. Even more 
than usual, submission of proposals in draft form prior 
to the January 13 deadline will greatly facilitate the 
review process. 

OFGrimes:nf 

Distribution: 

Research Committee Members 
DPS, CPS Directors and Division Chiefs 
Regional Chief Economists 
Mr. Lowther 
Ms. Stout 
Miss Hidalgo-Gato 
Miss Peter 
Mrs. Cleave 
Mrs. Hazzah 

----------~~-------~---



WORLD BANK / INTERNATI ONAL FINANCE CORPOR ATI ON 

OFFICE MEMORANDUM 
TO: Mr. Hollis B. Chenery 

FROM : Benjamin B. King 4-f~( 
SUBJECT: Annual Report (Chapter I) 

DATE : November 21, 1977 
)7?{5".. d" 4#. 

1. You will receive drafts of Chapters II and III this· week, 
so it is time to think about Chapter I. The following suggestion s 
are based on the assumption that we want to gradually streamline 
the report, a process started with the preparation of Appendix A, 
which you already have. 

2. The chapter would consist of three main parts: 

(a) Very brief introductory section with some restate
ment of"objectives". The E. D.'s have already 
expressed the view that the original statement 
(footnote p. 5 in last year's report) is on the 
vague side. What more or less can we say? Perhaps 
some ideas will come out of the R. C. review. 

(b) Financial evolution and resources employed. This 
would pull together the counterparts of para. 1.6 and 
chart (pp. 2 and 3) and paras. 2.1-2.3 and tables 
2.1 and 2.2 (pp. 1 4-16), plus truncated guidelines 
table (not in last year ; p. 8 in previous year). 
Maybe we should have new guidelines or say that new 
ones are being put together. 

(c) Evaluation. We have some notes to go on (copy attached) 
for RAPIDE. Also reference to RAPIDE, but no 
attempt tc, "scoop" its results. 

3. This omits any discussion of dissemination, which I think 
is still an issue. But there isn't much positive to say. 

4. Can we discuss? 

BBKing:nf 
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DRAFT 
BBKing:gm 

I 
10/13/77 (Rev. 11/16/7' 

Annual Report/RAPIDE Notes 

(i) The Bank should be quite specific in the 

objectives of work entrusted to consultants, 

rather than sending them off with vague terms 

of reference. Payment should be by completion 

of specified tasks. 

(ii) This implies that adequate staff time is a 

necessary condition. 

(iii) Long projects should be phased as far as possible. 

(iv) Open-ended projects, where the researcher is 

embarking on a voyage into unknown territory, 

should have a preliminary phase, the object of 

which is to define the project more narrowly. 

(v) It may not be enough to have general agreement 

· among -all interested parties in the Bank at the 

beginning of a project. Steering committees or 

advisory groups should always be considered for 

substantial projects, if only to prevent the 

"interested parties" saying at the end that they 

were not informed of progress. 

(vi) Host country approval is vital. It must be more 

than the tacit agreement of a few officials. 

(vii) Researchers always overstate their case. One 

should beat down their claims to a realistic 

level . 

.- ,J. .,. ... 
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(viii) Data collecting always takes far more processing 

time (cleaning) than anybody thinks. 

(ix) Except for data processing, overruns are more in 

time than in money. Reasons not fully understood, 

but include (a) overcommitment of consultants; 

(b) exogenous demands on Bank staff time; (c) 

side-tracking, which, even if interesting and 

sometimes important, is not strictly part of 

the original proposal. 

(x) Ultimate dissemination gradually loses steam, 

possibly because of exhaustion or managerial 

imperative to begin new cycles of work. How to 

deal with this is not clear. 

(xi) Research Committee does not function well as 

an "ideas" group. It is better suited to con-
. 

sidering specific projects. 

(xii) Mid-term reviews may be required whenever a project 

(of whatever size) changes objectives or direction. 

(xiii) No matter how well lessons are learned and are 

seen by project sponsors stark and clear in other 

people's projects, mistakes have a habit 0£ per

sisting, at least at preliminary stages. In other 

words, vigilance is a must. 



November. 22, 1977 

van 

from 

Mr. No.srw.lah emphasized his Government's commitment to the 1990 
goals set by HABITAT and endorsed by the World Water Conference 1/. However, 
given the mo.gnitud.e of the problem (80 percent of the urban population receive 
water, service - admittedly of'ten of poor quality - but only 10 percent of the 
rural population), the Government is somewhat at a. loss to know how to proceed. 

3. He outlin d a. program of extending water supply to priority rural 
areas. These areas were ide.ntified in 1971~ on the basis of distant (more than 
one mile) sources, endemic va.terborne dise es, or ol5jectionable (F, Fe, Mn) 
water constit nts, and contained about 153,000 of India's estimated 587,000 
villages. So far, however, water supply ha.s been extended o only about 40,000 
of the original 153,000. Th reason for the slow progress included diversion 
of funds by the states (which are responsible for water supply) to otlier projects 
and the inability of these poor area.a to produce the required 30 percent of project 
costs. It had now been decided to make this a central government program, vith the 
objective o~ serving the remaining vill ges by 1983. Rs. 40 crores had been al
located for the balance ot tlie current year. 

b. His aim in descri1:5ing this program was, it appeared, to demonstrate 
the Government's serious ttention to tlie sector. He did not request IDA assist
ance for this program (and, given its "worst first •' nature, tlie 1 ck of any 
consumer partici;pation, its geographical dispersion and the uncertain support 
of the sate agencies, it would almost certainJ,y be d.iffoicult to develop a. 
''Bankable" project). What his ministry now wants is assistance in sector plan
ning and in coordinating a.nd directing the effort of the individual states. 

o this end Mr. Nasrullah would like the WB/WHO CP to comple·te sector studies in 
the states not already covered, then produce synthesis in a master planning 
document which would examine not only the overall investment priorities and 
o1icy issues but a.lso deal in dept with sector industries and materials re-

9,.uirements, manpower deveI0pment 9 etc. 

of the 



Mr. John M. Kalbermatten -2- November 23, 1977 

ovember meetings of the ACC and th Ad Hoc Group: to brin to ether the 
resource av ilable from UHDP, UNICEF and other institutions for uch 
project under the direction of a small central executive group. Mr. srullah 
promised the full support of his ministry staff in any such exercise. 

6. As soon as the dr f't results of the '' rapid ssessm nt " for India are 
vailable I recommend that we convene a. eeting to di cu s vhat further action 

can be undertaken. 

cc: Messrs. Williams (ASPEW), Alisbah (ASA), Kra.ske ( ew Delhi) 



2. The agreements reached durin the meetings, including the revised 
memorandum esta.blishing the SE.ARO CP, the vork plan for 1978 a.nd the pro
visional work schedule for 1978, a.re in Attachment 2 and its Annexes 1-3. The 
attachment details the follow-up actions required on the part or SE.ARO, WRO 
HQ and the Banlt (ASPWS). o follow-up is required by thi department -y. 

The CP work pla.t1. for the countries which fall witnin the Bank's South 
Asia. Region was greed by 1r. wi11io.ms. That for the countries in the Bank's 
Ea.st Asia and Pacific Region was agreed by me, ba.sed on rq brief'ing sessions 
witn AEPEW prior to departure. The two highest priority items in this region's 
assistance in developing provincial cities water supply;; projects, were included 
in the work plan for 1978. Not included were assistance to Bangkok in reducing 
unaccount d-for water {for which SEARO considered tliey lacked the expertise) 
and a water supply tariff' study or Jakarta (which SEARO stated we.s al.ready in 
liand, through consultants). Part of the 15 percent "fire fighting'' allowance 
could b devoted to assistance in preparing consultants' terms of reference for 
a sewerage study for Bangkok, if the government approaches the Bank for assist
ance. A telex reporting progress on the AEPEW work ~lan and proposing a liaison 
meting in Jakarta between Messrs. Bruestle and Una.kw.. was sent to H 

ovemoer 4 (Attachment 3) 



Mr. John • Kalbermatten -a- November 22, 1977 

Sta.:ffing 

6. Dr. Gunaratne, WHO's Regional Director, expressed his interest in 
providing more than the stipulated 12 me.n-months of SE.ARO engineer support to 
the decentralized CP activities. An extra P5 sanitary engineering position 
will be creat din 1978, partly to assist in CP work. SEARO requested that 
the Bank provide the names and CVs of suitable candidates, and a telex to this 
effect was sent to you on November 4 (Att chment 4). 

7. Subsequently, Mr. Unakul reinterpreted Dr. Guna.ratne 's remarks , 
in the sense that additional support might be given from field s:ue,ff rather 
than from SEARO, and he provided a list of all the sanitary engineering staff 
currently working in the region {Attachment 5). While there will be some 
circumstances in which it is more efficient and economical to use field staff 
than those from Regiona.l HQ, the Bank should, in my view, make this the exception 
rather than the rule. In genera.l, the CP should use the SEARO staff with whose 
competence ve are satisfied and who are :familiar with the Bank's requirements. 
Paragraph 2 of Attachment 2 reflects this position. 

8. During the first year of SEARO CP activities, we will need to pay 
particular attention to the alloc tion of staff to particular activities. 
Apart from the field vs. HQ staff issue, of the four (soon to be five) SEARO 
staff only two (Messrs. Roy and Acheson) have direct experience of working with 
the Bank, and there may be some initia.l "orientation" problems with the remaining 
staff. 

Budget 

9. The agreed. budget provisions a.re set out in Attachment 2, paragr ph 9. 
It should be noted that it was agreed that the CP should cover travel costs of 
all staff except when they are engaged in activities which are clearly associated 
with SEARO's ongoing programs (that is, Country Health Programming and the Rapid 
Assessment). I believe that this is necessary (a) because of SEARO's apparently 
limited travel budget ; and (b) because the travel co ts of field staff would be 
subject to clearance by the governments of the countries in which they work unless 
met by CP. WHO HQ will be carefully monitoring these costs during FY 78, to ensure 
that they remain within the overa.11 CP budget. 

Reporting 

10. The provision for monthly reporting during 1978 (Attachment 2, par 8) 
is expected to be superseded by quarterly reporting in 1979, once the SEARO CP 
is firmly established. 

World Water Conference Follow-Up 

11. At t h end of our meetings Mr. Bachmann arrived from CP (Geneva) to 
begin work on the ••Rapid Assessment ,. . It is too early to judge hov successful 
hi· ~ work will be, or whether the amount of effort provided in the draft work 
p1an is adequate. ~ee.nwhile, the Indian government has expressed its interest 
in a far more ambitious cmmtry-wide analysis of the sector, which I recommend 
the Bank should support ( see my memorandum to you dated November 22 , 1977) . 

At tachments 
cc : Mes srs . Rova.ni , Bha.rier (EWTDR ) , Rg. opala.n • (ASP ), Beach (AEPEW ) , I!e{land 

Willi e.ms (ASPEW)t Blobel (ASA ) , Vot aw (AEA ) , Ms. Boskey (!RD ), 
1s • Pet er ( EWTDR J 

~iMi ddleton:jbe 



Me rs. Hollis B. Chenery & Orville Grimes 

Benjamin B. King 

November 17, 1977 

Res arch Expenditure 

1. I attach a coupl of tables hich may be of interest. 
The fir t show exp nditure in ach subject ct gory, 
divided by the "class" in which projects were initi ted--in 
effect the year in which funds w r committ d (including 
any ov rruns or additions later). This t bl is in current 
dollar (as opposed to con tant one as in my table of 

ovamber 10). It shows a very uneven level of commitment 
in a number of sectors. 

2. The second tabl 
concepts of expenditure 
reports: 

compare percent gs of various 
with the guidelines in our earli r 

(i) All exp nditure and outstanding authorizations 
from 1972 to date; 

(ii) Actual expenditure 75/77, plus authorizations 
in 78 (this was the original basis for compari
son); 

(iii) Actual expenditure, plus authorizations of 
the class s of 75 to 78 only (thi gives an 
idea of the distribution of exp nditure 
committed since 75). 

DBKing:nf 

Attachments 



Se'ctora"l Expenditure Plus Authorization by' "Classes" 

($m.) 

--------------------CLASS-------------------
72 73 74 75 76 77 78 Total 

IA .19 -- -- -- -- -- -- .19 

IB .18 .15 .80 .17 .06 -- -- 1.35 

IC 1.10 .07 -- .24 .21 -- .09 1.71 
·1 , . 

II .04 .02 .08 .26 .28 -- .03 I • 71 

III .33 .54 .12 .35 .26 .59 .20 2.39 

IV .37 .02 .25 .06 .15 .03 .17 1.04 

V 1.76 .02 -- .14 -- .03 -- 1.95 

VI .28 .02 .16 .05 -- .58 -- 1.09 

VII .06 .08 .04 .38 .03 .59 -- 1.18 

VIIIA .30 .04 .13 .04 .01 .21 .11 .85 

VIIIB -- .41 .03 .20 .19 .04 -- .87 

VIIIC -- .01 .04 .12 .13 -- .14 .44 

Other .09 .01 .02 .01 -- .02 .06 .20 --· 

Total 4.71 1.37 1.66 2.ol 1.33 2.09 .80 13.97 

November 16, 1977 



----- --~- ~ l., hetL.:.. :fd 

Guidelines Corn:eared 

(%) 

Guidelines Exp. & Auth. Exp. & Auth. Commitments 
Category 75/78 72 to date 75/78 75 to 78 Classes 

IA 1.0 1.4 

IB 14.0 9.7 10.5 3.7 

IC 10.0 12.2 12.0 8.7 

II 4.0 5.1 "6. 7 9.1 

III 20.0 17.1 18.1 22 .·5 

_,., 10.0 7.4 6.7 6.6 
1/ 1/ 

V 10.0 14.0 11.0 2.7 

VI 5.0 7.8 8.8 10.1 

VII 10.0 8.4 8.9 16.1 

VIIIA 5.0 6.1 4.8 5.9 

VIIIB 5.0 6.2 7.2 6.9 

VIIIC 5.0 3.1 4.2 4.3 

Other 1.0 1.4 1.0 1.4 
100.0 100.0 100.0 100.0 

1/ Of which 6.1 and 6.3, respectively, is capital-labor substitution. 

November 16, 1977 



Mr. Michael c. Beenstock 

Benjamin B. King 

November 17, 1977 

RAPIDE 

I attach for Al Fi hlow, hen he comes: 

(a) a set of four form relating tor se rch 
projects (submission guidelines, status 
r port, completion r port, ev luation 
guidelines), 

(b) ome notes put together by Orville Grimes 
and myself on 1 ssons learnt; and 

(c) my remarks to the Board last February {not 
supposed to be for direct quotation). 

BBKing:nf 
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November 7, 1977 

MT. Neville Bulma 
D puty Bead of Overseas Unit 
Tr nsport & Road Research Laboratory 
Department of th Erwiro t 
Crowthorne, Berks RG 11 6AU 
England 

Dear Neville: 

For o time I have been aning to ask you if you would 
care to offer an updated version of foot ot 2 on th enclosed pag 
which will go into the nograph we ultimately hope to iasue on the 
0 Econom.ics of Highway Design and £taint nance Sta dards". 

W are having a computing tap of th HD I run off to your 
specifications and I will be bringing also a copy of the {rough 
draft) User's Manual and Progra Document tion volume• with me~ 
as ell as th Accra pap r - wh n I call in at TRRL ext week. 

Incidentally I hope to spend thr e days in irobi prior 
to the Accra eting. I hope John Rolt can spare e an hour or 
two to bring up to date on hie work with the RAJU>. 

CGHarral:phm 

Enclosure 

Sine rely yours, 

C-w . f.J . 

Clell G. Harral 
Hi hway Design & iutenance Adviser 

Transportation D t)artlllent 

(p 70-J..7 



Professor R. Vaithe waran 
Departm nt of Economics 
Coe College 
Cedar pids, Iowa 52402 

Dear Profe sor V itheswaran: 

Novemb r 7, 1977 

In reply to your letter of ctober 2, the titles in 
which you are interested are of res rch project currently 
under way. There is no preswnption that uch projects will 
produce a single final report of the sam title. e have 
cons quently tried to list, at the end of each narrative, any 
publish d report having arisen in the course of the study. 
fuere none are listed or to obtain other information about th 
project, we ask that inquiries be addres ed to the respon ible 
project supervisor who e name appears ollowing each narrative. 

In the event, non of the project that you list has 
i sued a final report. In one case, that of the project on 
"Labor Force Participation, Income, and Unemploym t ( o. 670-45), 
a draft study of th urban labor aarket in Peninsular Malaysi 
is currently undergoing final revision and is cheduled to be 
available within a few months' time. You might th n wish to 
inquire as to its availability of Mr. azumdar, the principal 
researcher. It is further doubtful that mater! ls orepared 
under the study of Agricultural Mech nization in India (No. 670-14) 
will in fact be assembled in a final report. Ho ev-r, a somewhat 
similar study of m chanization in Pakist n w s undertaken at 
about the same time, and on the premise that you might find it 
of interest I am enclosing a copy of th inal report. For the 
other projects you would again wish to contact the principal 
supervisors li ted, noting that in the ca e oft.he Em loyment 
Models and Proj ctions project (No. 671-06) your inquiry should 
be addressed to the cure nt monitor, Mr. Ardy Stoutjesdijk, of 
the Development Economics Department. 

Thank you for your inquiry. 

Enclosure 
OFGrimes:n 
cc: Mr. Mazumdar 

Yours sincerely, 

Orville F. Grimes, Jr. 
secretary to the 

Re earch Committee 
Development Policy 



Mr. Robert F. Skillings, LC2 

Frank J. Earwaker , LC2 
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Novemb r 4, 1977 

Clearance for Publication of Pap rs by Scandizzo,and by Dillon and 
Scandizzo 

1. This memo r sponds to your request to read and comment upon two 
papers entitl d ''Land Distribution, Tenancy Systems and Target Population in 
Nor.theast Brazil" and "Risk Attitudes of Subsistence Farmers in Northeast 
Brazil: A Sampling Approach" . 

2. The first paper is based on census data from the IBGE and INCRA as 
well as from the IBRD-SUDENE farm survey. The s cond pap r is ba ed on data 
from a field survey conducted by the Federal Univ rsity of Ceara. As far s 
I cans e, neither paper reveals mat rial of a confident ial nature. Nor does 
either paper purport to represent the Bank in any way. 

3. I do not know whether the quality and propriety of papers written 
for publication by staff members is considered a proper matter for Bank 
scrutiny or whether that judgement 1s left to the publisher. The two papers 
differ quite substantially in this respect. 

4. In their paper "Risk Attitudes of Subsistance Farmers in Northe st 
Brazil: A Sampling Approach" , Dillon and Scandizzo analyze the response of 
130 sharecroppers and emall farmers when faced with a choice between risky 
and secure production patterns posed to them hypothetically by interviewers. 
The paper examines the influence of socio- economic characteristics upon the 
risk-preference revealed by the respondents. It concludes that risk aversion 
is more a characteristic of small farmers than of sharecroppers. It suggests 
that a special paternalistic relationship between 1 ndowner and sharecropper 

y protect the latter from production risks to some extent. The independent 
small f arm r, on the other hand , must bear all production risks himself and 
is therefore. more risk conscious. Attitudes to risk appear to be influenced 
by level of income and also by other socio-economic variables, however. 

5. With respect to the gubstanc~ £ the paper I have two reservations. 
First , the respondent's choice between risk alt rnatives in a hypothetical 
"game" setting maybe quite different from their choice between risks in 
the real world. In the former situation the respondent has nothing of 
substance to lose or to gain. He is quite free to project an image of cautious 
deliberation or of energetic entrepreneurship as he may think appropriate. 
Second, the sample of 130 farmers was quite small and fully 20% of the respon
dents were excluded from the analysis because they gave unsatisfactory anwers. 
The statistical tests of significance computed by the authors do not take into 
account adequately th 20% non-response rate, and this may distort their 
findings. 

6. Notwithstanding these reservations I think the paper has merit as 
an interesting piece of research. It is written in a sober and scholarly 
manner. Is e no reason why the Bank should object to its publication. 



Mr. Robert F. Skillings - 2 - November 4, 1977 

7. Mr. Scandizzo's paper "Land Distribution, Tenancy Systems and Target 
Populations in Northeast Brazil" is a much more broad ranging document. First, 
it examines the distribution of 1 nd in North st Brazil and finds it to b 
highly skewed. After makin due allowance for differences in land quality 
the pap r conclud s also that the distribution of wealth (incorporated in, 
land) is no less sk d than is the distribution of land itself. Second, th 
paper consid rs the r lationship between th distribution of land and the 
distribution of income. Although th distribution of agricultural income 1n 
the North st has quite a low Gini coefficient (between 0.3 and 0.4), Scandizzo 
argues that there exists, n vertheless, a "peculiar type of inequality" which 
1s charact rized by an almost uniform distribution except for the top five 
percentile. H suggests a different measure of skewness to bring out this 
"peculiar type of inequality" . Third, the p per examines th land tenur 
system and c lculates the share of agricultural production attributable to 
various population groups {laborers, sharecropp rs, own r-operators, landlords 
etc.). In this section it is concluded that wheTeas th landlords constitute 
only one percent of the labor force and produce none of the agricultural out
put, fully 11.4% of the output accrues to th by way of transf rs from other 
groups. "The sharecroppers for example, are producing share of gross 
output larger than their share in th populations, but a large part of it is 
appropriated by landlords" (p. 31). 

8. Developing this latt r point the pap r then examines the distribu-
tional effect of productivity increas s with special r ference to the landlord
sharecropper relationship. In this section, Scandizzo concludes th t, for 
each of the three major crops (cotton, corn and bans) explicitly considered, 
the benefit of increasing productivity would accrue '' lmost comp let ly" to 
th landlords. Ind d , the benefits accruing to sharecropper and small 
farmers are so 11, claims Scandizzo, that when du account is taken of the 
risk (du to drought , etc.) associated with expanding output, the rational 
sharecropp r will eschew any suggestion of increas~ng productivity. 

9. The pap r then examin "the er dit problem" as a final issue. It 
assumes that most of the er dit received by sharecropper 1 chann led through 
the landlord. It calculates that th landlord r ceives the greater part of 
th incr as d productivity which results from the sharecropper having access 
to er dit. It calculate, furthermore, that the landlord, by virtue of his 
rol as financial intermediary , will b nefit dir ctly from high int rest 
rats at the expens of the sharecropper and small farmer. 

10. As it tand the paper has a nwnber of shortcomings. There are many 
signs of h sty writing and sloppy workmanship. Som sentences are blatantly 
self-contradictory ; e.g. "An incr ase in productivity of beans and/or cotton 
would b n fit shar croppers and small farmers more than landlords, wh re 
incr ase in the field of beans would ben it the landlords mor ." (p.42). 
In sev ral instance the text is at variance with the tables. The sentenc 
quoted abov provides a case in point. No matter how the internal contradic
tion within the sentence may b r solved, table 3.2 indicates that landlords 



would benefit from productivity increases in any crop (cotton, corn or beans) 
than sharecroppers and/or small farmers. 

More seriously, the methodology b hind many of the computations is 
unclear and inadequately exp1a1ned. Th estimates of output attributabl to 
different population groups (table 2.6) , and tlie estimated impact of interest 
rates on income (table 3.10) appear as though pulled out of a hat. Even the 
algebra is wrong in places . Equation (4) on pag 39 s ems to have been 
obscured by typographic errors but there 1e also a term missing in th r duced 
form. Were the r sults in the subsequent table 3.2 calculated on the basis 
of the correct algebra or the incorrect algebra? 

12. In common with all quantitative. research work , the conclusions 
by this paper stem dir ctly from the parameters put into the underlying 
Yet ther is no detailed definition or explicit assessment of these 

parameter. "All values ar simple averag s calculated from survey data" 
(p. 40). The unit cost of production for each crop and the sharecroppers share 
of tlie unit cost are crucial concepts that need elucidation before a meaningful 
interpretat~on can be placed upon the conclusions of the analysis. Everything 
hinges upon th parameters specified in table 3.1. 

13. In addition to these shortcomings the paper makes a number of unsup-
ported ·ass rtions by way of gratuitous elaboration of its general theme. IC 
asserts , for example , that the minifundio class is the main victim of inflation 
(p. 9) . That is the first and last mention of inflation in the paper. It 
asserts also that 'progress measures would be successful onl~ if agrarian reform 
plans could be directed toW'ards augmenting the small farm populations" (p. 50). 
Nowhere else in the paper is agrarian reform examined. 

14. In general , th paper lacks those searching qualities of critical 
appraisal that one normally associates with good research work. lt i wr.Ctten 
from a very partial point of view. Thus , in developing th material on income 
distribution et out in table 2.6 (p. 31), it makes a big point that landlords 
apparently get more than they produce (they produce nothing). It compl tely 
ignores tne parallel conclusion that temporary laborers also appear to get 
more than they produce. Could it be that the latter conclusion is lees in 
keeping with Mr . Scandizzo's political predispositions and is ther~fore to 
be ignored? In fact, both conclusions seem far-fetched yet the reader looks 
in vain for some critical assessment of tnem. 

At times , indeed, th paper re.ads more as a political pol mic than 
as a research paper. For example "the results tend to support the contention 
that a great part of the land in the Northeast is held as a speculative asset 
and/or tool for privileges, social rank and pow r rather than as factor of 
production" (p. 7). Or, again, "sharecroppers would be at a disadvantage 
with such development strategy since it provides them no means to escape 
~loitation, imposed by the landlord" (p. 59). 
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16. Thue observations by no means exhaust my misgivings concerning 
the quality and propriety of Mr. Scandizzo's paper. l do not know whether 
the prospective publishera (IICA-OAS) share my misgiytngs. I b lieve, howev r, 
that for Bank ataf f to publish this sort of pap :r coul._d detract from the 
reputation of t .he Bank itaelf cv if a staudard diaclaimar is printed at 
the head of the article. 

cc: Mr. Scandizzo, DRC 

~\ ~ 
FJEarwaker:snm +-J- 't.... 



Professor Robert E. Baldwin 
Department of Economics 
Social Science Building 
University of lsconsin 
Madison, Wisconsin 53706 

Dear Profes or Baldwin: 

November 3, 1977 

At the request of Helen Hughes, I , enclosing copies 
of two successful submission to the Bank's Research Committee, 
which you might find of use in dr fting your own pro osal. 
Length and content, ou ill note, vary according to the 
research agenda proposed and the amount of pr paratory work 
already undert ken. The enclo ed guidelines, prepared 
several months ago, are an attempt to move toward a more 
standardized format. 

I hope you find this material helpful. 

Enclosures 

OFGrimes:nf 

Yours sincer ly, 

Orville F. Gri ea, Jr. 
Secretary to th 

Research Committee 
Developm nt Policy 

cc: Mrs. Hughes (w/o enclosures) 

Enclosures: Proposal 671-56 ("Marketing Manufactured Exports", 
Morawetz) 

Proposal 671-35 ("Export Incentives in Developing 
Countries", Balassa & Westphal) 

Guidelines for Submission 0£ Research Proposals 



Mrs. Helen Hugh 

Benjamin B. King 

The Baldwin Project 

November 2, 19i 7 

1. While I have no doubt th t there i much in th Baldwin 
proposal that will prove useful for us to quote to each oth r, 
I have sneaking uestion h th r it will butt r any mor 
parsnips. Isaiah Fr nk, in hi~ note, believe 'th tit is 
xtr mely important tog t acros to the public that not 11 

market disruption i due to 'unfair' trade practices, etc., 
etc.". How much ore evidence do we need to get this across 
to the public, if th tis possible? 1ill thi roject provid 
the smoking revolver? There i, surely, a air amount of 
circumst ntial evidence that lower~ ges per s are popularly 
used as evidence of unfair practice ("Look for the Union 
Label" ). R futing this is not a res arch probl m. 

2. The difficulty is th t the subj ct is a much political 
as economic. It i no use being righteously right on the merit 
of fair competition if one is politically wt. What is the 
political tolerance in industrialized countri s to fair and 
unfair competition? What characteristic of the competing 
product or the affect d indu try differentiate the level of 
tolerance? Have measures of adjustoent assist nee rally 
affected it (cf. Frank 1 s Dep rtment of Def ns anal~y)? Does 
the existence of som consumer's advocate (offical or private) 
riake a rn terial difference? In ess nc, what we are fter is 
not only a good argument for liberalized trade, but a telling 
ono. 

BBRing : nf 

cc: Messrs. Karaosmanoglu 
Balassa 
Frank 
Keesing 



Mr. Clive L. G. Bell 

Benjamin B. King 

Muda 

ovember 2, 1977 

l. I gather from what you have said that: 

(i) Both farm hou eholds and landless households 
have rice-related incomes Y(R) and non-rice
related incomes Y(N). 

lii) For landless households Y (R) is a larger 
proportion of the total Y than for farm 
households. 

(iii) Ergo, if you double Y(R) in ach case, landless 
households' income will go up ore percentage
wis than farm households. 

(iv) If wage rates go up in real terms (as Lyn 
Squire maintains in this ca e ) , then (iii) 
applies a fortiori. 

2. The above is true when rice prices are unchanged. If 
they rise, then the way in which wage are determined is 
crucial : 

!/ 

(v) First, suppose there is a share-crop ing arrange~ent 
in which each type of household gets a fixed share 
of the rice, which exceeds their conswr~tion by 
what we will call the "surplus 0

• 

(vi ) Then, if the price rises, the family whose (post 
project) surplus is larger as a percentage of 
income will benefit more percentage-wis. 

(vii) Since landless families have a larger proportion 
both of income fro rice and con um tion of rice, 
the answer is indeterminate in principle, though 
presumably detenninate in any given c se. 

(viii) To the extent that "qages" go up less (or not at 
all ) , the landless families 1ill e relativ ly 
that much worse off. 1/ 

If 1ages rise to exactly compensate for the increased coat 
of their consumption of rice, they will be absolutely no 
wo se off. All the gin will go to the farm households. 
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(ix) And vice-versa, if the price falls. 

3. I would assume that most of the changes in real income 
for agricultural households are due to the primary effects 
of the project. If this true, isn't it po sible to extract 
a aim.pl explanation of the Adelman-Bell-Hazell-Robinson 
phenomenon, based on whatever assumptions are made, from 
the black box? 

BBKing:nf 

cc : Messrs. Duloy 
Balassa 
Hazell 
s. Robinson 
Squire 
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