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PREFACE 

A common-topic of-discussion in development literature and among 
policy makers who are concerned with the allocation and use of foreign 
aid is that of "Absorptive Capacity. ,,- Included within this general term 
are a multitude of problems that range, for example, from the availability 
of skilled labor and managerial talent to limited- infrastructure and trans
port networks. One aspect of absorptive capacity that is particularly 
important with respect to the activities of the Club du Sahel, however, 
is the problem of how to finance the recurring and loc~l investment costs 
associated' with externally supported projects. 

At present each of'the donor countries and organizations participating 
in the Club has somewhat different attitudes toward the financ~ng of local 
investment and recurring costs. For example, with infrastructure projects, 
the United States and the World Bank have in the past tended to follow a 
policy of financing principally foreign exchange costs (which often are a 
majority of the total) and leaving the recipient to pick up the remainder. 
On agricultural projects they are more flexible in that they may finance 
a portion of the local investment but still none of the recurring. 

The European Community and France, on the other hand, make virtually 
no distinction between local and' foreign exchange investment costs. The 
Community and the French'follow differen't courses, however, with respect 
to recurrent costs. The Community has a stated policy (from which occasional 
deviations occur) of not financing recurring costs. The French, 'on the con
trary, sometimes finance considerable amounts of recurring costs either 
directly as part of a project budget or indirectly as part of more general 
budget support to the West African countries. 

Even though projects may be quite independent from a technological 
point of view in terms of both real resources required and population served, 
they are all interdependent from a financial point of view. If any of the 
domestic costs or the recurrent costs are paid by the recipient government, 
the addition of one more project competes with all others for whatever funds 
may be available. By the same token, any government revenue generated by a 
new project theoretically becomes available for paying recurring costs on 
others as well as for itself. As a result, there are large advantages to be 
gained by looking at all projects within a country as an ensemble as well 
as evaluating them individually. since the problem is one of cash flow, it 
is the total cash flow that is important as well as that of each project. 

Given the potential magnitude of the recurring cost problem, and the 
degree to which domestic financing for one project competes with financing 
for all other projects, it seems essential that the participants in the Club 
du Sahel explore the need and possibilities for adopting a common attitude 
toward the financing of local and recurring costs and also examine some of 
the institutional and policy implications of financing with external funds, 
a portion of both the local investment and the recurring costs. 

vi 



The primaJ::y objective of this study is to explore some of the. character
istics of the recurring and local investment cost problem and in the process 
devise an .appropriate. accounting.and economic ~ramework for dealing with it. 
The f:i:ainework. and the aSs.oc":j."ated "irethodolo.gy c"':" be used to evaluate the 
magnitude of recurring ;o~.ts, the linkages that exist among projects and bud
getS, and to an~lyze the effects of various policy choices upon the rather 
complex cost" and income· flows' related to the expenditures and projects envis-
aged for the Sahe-l,. ..: :.". . ' . 

'rhe"re' are· a wide .r~·g:e of issues related to the recurring cost problem 
that a'.re broached oniy 'pe:ripherally in this pap~r.. lImong them are the ap
propriate kinds and levels' of t~xes "':"a service charges on project output, 
the general budgetary capac~ty. of the Sahel countries, the nature of the 
organizational links thp;itii';h which data. pertinent to recurring costs should 
b~ transmitted, the fo~ei~. exchange' earnings potential of the countries, 
the foreign exchange component of recurring costs, the role of the central 
bank 'and the monetaJ::y system in handling external funding of recurring costs 

, and in tr~smitting qr· dampening th<;o inflationary effects of aid, and the 
relationship.between recqi~ing cost~ and the countries' ability to enter 
international firiancial markets and .. service debt costs. A thorough under
standing of the r':'curri,{g'cost prob'iemwill involve looking at all of these. 

ACknowledge~ent'is du~.~o USAI~.for.the funding and support of the pro
ject in particular to David Shear.and James Mudge for continued interest 
and encouragement:, ,Thanks ar~.also due to the Center for Research on 
Economic Development at the' univers'ity of Michigan for the ·role they have 
play~d. Respons'ibility' for e~ror rests,. of course, with .the authors. 

, .j. .." 

Charlottesville, Virginia April 1978 

.. ' 

. ' . 
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INTRODUCTION 

Historically, project aid, has been given to' fund the foreign' 

exchange portion of project capital costs. The host country has 

typicall¥ been expecteq to pay for the domestic resource costs associ-

ated with, both initial investment and the,recurring operating costs of 

th 't I e proJec . When a small number of projects are contemplated and a 

small amount of domestic funding relative to the total budget is 

required, this system is acceptable. It aSSures that the host country 

is involved in and has a stake in the success of the project. When a 

large number of projects are undertaken and a large amount of foreign 

aid is being given, ho,;ever, the financial requirements, imposed upon 

the host country can be overwhelming. The result is likely to be 

either inflation as, money is, printed to cover deficits that can be 

lIt is usually the case the donors finance only the foreign 
exchange portion of initial project investment costs. Agricultural 
projects, however, provide a notable exception at least for World 
Bank projects. This willingness to fund local costs may be explained 
by the fact that the ratio of foreign exchange costs to total costs is 
low for agricultural projects compared to highway or telecommunications 
projects. The following,table gives the percent of total project costs 
(net of taxes and duties) ,;hich are - foreign exchange and also the per
cent financed with external ai,d for a sample of vlorld Bank 'agricultural 
projects. 

Project 

Foreign exchange 
costs as a % of 
total costs 

% of total costs 
which are foreign 
financed 

Projects 
1 2 

80% 40% 

100% 60% 

Livestock 
Projects 

1 2 3 4 

60% 51% 42% 49% 

78% 77% 78% 94% 

Agricultural or Rural 
Development Projects 

1 2 3 4 5 6 

33% 50% 13% 49% 53% 56% 

89% 90% 82" 100% 79% 74% 
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financed in no other way; or the required resources may not be made 

available and projects wilYeventuaJ:ly die for lack Of'support. l 

The importance of taking full' account of the recurring and local 

investment -cost requirements cannot be·overemphasized. The specter 

of numerous finished but inoperative and deteriorating projects dotting 

the Sahelian horizon is not a pleasant one to contemplate and yet it 

is a very real possibility if policies are not adopted from the very 

beginning of the operation of,the Club du Sahel to insure that the 

necessary local and foreign exchange funds are available to nourish all 

projects throughout their, lives.' This does not necessarily imply that 

local investment and recurring costs must be entirely aid supported. 

Many projects provide services for which user fees can be charged and 

virtually all projects generate income that can be taxed at one level 

or another. In addition, seignorage from normal monetary expansion may 

provide revenue. But even where government revenue is generated, 

there must be means of guaranteeing'that the revenue is used to support 

the project. To accomplish'such revenue allocation may require institu-

tional arrangements that bypass' the normal budget allocation procedures 

or call for the earmarking' of revenue from particular sources. 

In order that policy decisions about aid allocation or revenue .. . ." 

diversion can be made, however, it is essential to devise a methodology 

that will permit an estimation of the magnitude of the problem. Only 

lA World Bank assessment of development projects 
for example, determined that the implementation ratio 
plans ranged between 48% and 77% for various sectors. 
reasons for the shortfalls was insufficient operating 

in Upper Volta, 
for development 

One of the main 
funds. 
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then can one analyze the impact of various policy alternatives both for 

donors with respect-to-selection, timing and financing of projects and 

for recipients with respect to the imposition of user fees and taxes. 

The methodology must be one which allows all the individual characteristics 

of projects, donors and recipients-to be taken into account in order 

that both the economic and political elements that impinge on the Sahel 

investment program can be accomodated in the analysis. 

The paper proceeds in the following way. Chapter I is a summary 

of the methodology proposed and the accounting model used. It also 

contains a brief statement of the results of simulating a hypothetical 

investment program and a list of recommendations about future directions 

of research. Chapter II contains a complete description of the method

ology for analyzing recurrent costs and of the accounting framework 

that ties together the relationships among project investment, recurring 

costs, and government revenue. This framework is the basic model for 

estimating the magnitudes of cash flows linked to investment programs. 

The chapter also presents the results of a simulation that illustrates 

the dimensions of the financial flows related to a hypothetical $10 

billion investment program for the Sahel region. At the end of the paper, 

an appendix to Chapter II provides parameter estimates for the model 

that apply to several different kinds of projects, including highways, 

telecommunications and agriculture. 

Chapter III is an application of the model to all the Sahel 

Countries with the exception of Upper Volta. It illustrates how the 

model can be used to evaluate the impact of any Sahelian development 

program upon individual countries. Simulations are made of the 
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financial streams that are generated by each country's share of the 

hypothetical $10 billion investment program over 10 years. Chapter IV 

carries the analysis one step further and shows how the accounting 

model can be used to project and accommodate the cash flows associated 

with some specific projects .. The ordering of these chapters is .the 

reverse of the orderi~g of the steps that would be taken in using our 

methodology to estimate· the .recurring costs of an actual program or 

analyze policy choices. With an actual program one would start with 

individua~ projects and work_up to the aggregate cash flows, both 

income and costs, associated with an entire program. 
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CHAPTER I 

SU~Y 

An undertaking of the magnitude of the Club program for the 

Sahel cfu~ be expected to generate major displacements which will 

stretch thin in numerous places the fabric of the economies of the 

Sahel countries. Our findings indicate that this is certainly true 

with respect to one area--the financing of recurring and local project 

investment costs. l The results of our analysis indicate that the 

. potential magnitude of these costs i q significant and that the success 

of the Sahel development program may hinge upon adopting policies 

that are capable of solving the problems they pose. 

We have constructed an accounting model (described fully in 

Chapter II) that can be used in two different ways to analyze local 

cost burdens and policies chosen to deal with them. First, it is 

capable of accepting information on all actual projects included in 

a particular development program. It permits this information to be 

aggregated on an annual basis by recipient country, by sector, by 

project type or any way that one. wishes for analysis. The information 

can inclUde projected cost streams, projected benefit streams and 

projected government revenues. 

ITo avoid confusion we should define the concepts we are using. 
We initially divide the project costs along functional lines into two 
parts--investment and recurring. The recurring costs are typically 
either maintenance or operating costs. We specifically exclude from 
the definition of recurring costs any finance charges or loan repay
ments. These are policy determined and independent of project type. 
Investment and recurring costs are each further divided into local (or 
domestic) costs and foreign exchange costs. By local we mean payments 
that are made for domestic resources such as. labor or locally produced 
inputs. Foreign exchange refers to anything that needs to be imported. 
We thus end up with four different cost. components: external investment, 
local ~nvestment, foreign exchange recurring, and local recurring. The 
subjects of this paper are the local investment costs, the local recur
ring costs and the foreign exchange recurring costs. All are important. 
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Second, the model can simulate, all of the important financial flows 

(local investment, recurring costs, government revenue and foreign 

exchange requireme~t~) that are'co~e~ted with any hypothetical level 

and temporal allocation of investment. In'this case, alternative 

possible programs' can be analyzed. 
, 

When using the model to forecast flows associated with actual 

projects, the info'rmation contained in the project evaluations (assuming 

that some have been done) can be included as input data. The output from 

the model then corresponds to what are presumably the best available 

estimates of actual flows. On the other hand, if no good data is 

available on actual projects o~ if the model is used to simulate flows 

for a hypothetical program, average parameters can be used that relate 

flows to initial investment. 

It is the second use of the model that we illustrate in this paper 

and from which we draw our conclusions. The simulated cost and income 

streams are projected for a hypothetical $10 billion investment program 

spread over a period of ten years. Parameters for the simulation 

exercise were obtained by analyzing World Bank project evaluation 

studies. The project types examined include highways, telecommunica-

tions, agricultural and livestock projects. l The model was then used 

to simulate the financial fl~ws associated with a particular investment 

program for the Sall..-l region an,d for each country with the exception 

of Upper Volta. Only the outcomes for the entire Sahel will be discussed 

in this chapter. 

lA complete destription 'of the' parameters is contained in Appendix A. 
We wish to emph'asize that 'the parameters used in this study are averages 
of parameters from World' Bank- st:udies. -Individual project parameters will 
almost surely differ' frbm'-these' averages but if a number of projects are 
involved, the average probably provides more reliable estimates of financial 
flows than would a single project parameter. 
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We examined the implications of a $10 billion investment program 

1 
for the entire Sahel region spread equally over ten years. The 

size of the investment program (including both aid and domestic 

investment) was used as a benchmark rather than the amount of foreign 

assistance. How much foreign assistance would be involved would 

depend upon the policies of donors,-which we made no attempt to 

forecast. The simulations are thus related to a fixed size investment 

program rather than a fixed size aid program. The implications that 

2 
ca~ be drawn from the simulation exercise are as follows: 

1. The relative and absolute values of local investment and 

recurring costs are immense. For a $10 billion investment program, 

local investment costs would be $3.2 billion and recurring costs would 

be $3.6 billion for a total of $6.8 billion. The foreign exchange 

component of the investment portion of the program would also be 

$6.8 billion. Thus, if none of the local investment nor recurring 

costs were paid by donors, Sahel countries would need to provide 

domestic resources equal to the aid they were given. Of the internally 

funded $6.8 billion, approximately $2.5 billion could be expected to go 

for imported compcnents of the recurring costs and require foreign exchange. 

IThe details of the simulation results are contained in Chapter II. 
The allocation of investment among sectors was based on figures obtained 
from USAID. The model is described fully in Chapter II and the 
parameter estimates are contained in Appendix B. 

2We wish to emphasize th_at the outcomes of the simulation depend 
entirely upon the assumptions made and the parameter estimates which 
are based on World Bank projects. Projection of actual income streams 
would require that data be collected for the entire menu of Sahel projects. 
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2. The average tax collection rate for the Sahel countries is 

15 percent. If one assumes that at some point in the payments stream, 

the new income from the projects is taxed at this average, the govern

ment can expect to collect $2.3 billion of revenue from the income 

generated by the $10 billion investment. One can add to this $2.3 

billion the potential seignorage on creation of money to satisfy the 

increased transactions demand. The seignorage totals $310 million so 

that estimated total potential domestic revenue attributable to the 

investment program is $2.6 billion. If all of this domestic income 

were applied against the $6.8 billion local and recurring costs, there 

would still remain $4.2 billion uncovered. The foreign exchange portion 

of this $4.2 billion would still amount to $2.5 billion. 

3. Should donor countries decide to supply external assistance 

to cover the local investment costs, an additional $3.2 billion would 

be required, bringing the total aid contribution to $10 billion. The 

Sahel countries would then face recurring costs of $3.6 billion. 

Applying the estimated revenue of $2.6 billion to this figure would leave 

$1 bii1ion uncovered. This is an amount that could conceivably be 

raised domestically with user charges or increased taxes. 

4. The foreign exchange component of recurring costs could well 

be a significant part of the problem. In our simulation, foreign 

exchange costs amounted to $2.5 billion. Even if donor countries 

supply $3.6 billion in foreign exchange to cover domestic investment 

costs, foreign exchange would still present a thorny issue. The 

recurring costs extend well beyond the investment period and, in our 

case, over 60 percent of the foreign exchange costs would become payable 

after investment was completed. 
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To put some of these figures into perspective, we should note that 

the combined GOP of the six Sahel countries was about $3.2 billion and the 

government revenue waS $483 million in 1974. The projected GOP for 1980 is 

$4.4 billion and government revenue without the projects is expected to be 

around $760 million. l The average annual local investment of $320 required 

by the aid program would thus be approximately 40 percent of the total 1980 

government budgets without the projects and 7.3 percent of GOP. In addition, 

the average annual recurring costs are also equal to approximately 50 percent 

of the projected 1980 revenue. 

An alternative source of revenue is the printing of money in excess 

of the amount required to accommodate real income growth. Any such attempt 

at money financed deficit spending, however, could have major effects on 

the price level. The total money supply in the six countries was approxi-

mately $643 million at the beginning of 1975. The figure has undoubtedly 

risen somewhat since but it is clear that attempting to finance an annual 

average of $680 million in local investment and recurring costs through 

money creation would create insupportable inflation. 

It seems almost redundant to say that a large fraction of local 

investment and recurring costs probably must be included in the donor's 

aid package. But in accepting this conClusion, we are presented with 

a host of new problems. Giving aid for the purchase of domestic 

resources entails entirely different kinds of policies than does giving 

aid to pay for the foreign exchange costs of projects. Foreign 

exchange costs are virtually synonymous with project imports or Lechnical 

lThe projections are based on 1975 dollars and use growth rate estimates 
obtained from "Economic Considerations for Long Term Development in the 
Sahel," Center for Policy Alternatives, MIT Dec. 31, 1974, Annex 1 p. 124. 
See Tables III-lO through III-14 of this stUdy for more complete details 
on the prqjections. 
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assistance requirements. In' payi;'g fo'r these resources, the foreign 

'exchange never need pa~s through the monetary institutions of the host 

country. The purchase of local l~or and goods, on the other hand, 

requires local currency. If the aid is given in dollars or other 

foreign exchange, the dollars must be sold to the central bank which 

in turn sells them to importers or builds up foreign exchange reserves. 

Domestic resources can then b'e purchased with the local currency obtained 

from the central bank. 

The institutional'arrangements for giving such aid must be carefully 

worked out to ensure that the process is effiCient, that the money 

flows where it should, and that exchange markets are not interferred 

. . 
with. It is also important that the aid, which has many similarities 

to domestic budget support, is handled in ways that are compatible both 

with the budgetary procedures of the country in which the project is 

located and with the policies of the regional and national financial 

institutions, particularly the central banks. 

For.example, since the central banks control all foreign exchange, 

there could be problems in allocating-directly to a project Or country, 

exchange that is meant to cover recurring costs. It may be necessary 

for a donor country to sell exchange to the bank and then distribute 

the counterpart local currency funds it receives either to the project 

or to the recipient country's treasury. Alternatively, given the 

difficulties of controlling budget allocations within countries, it may 

be advisable to dispense these funds directly from the centraI bank to 
. ;. 



-11-

the project. This would provide a rationale and means for continuous 

monitoring of both the technical and ftnancial aspects of the projects.
l 

In addition to selecting poliqi~s and ins-ti tutions to dispense 

external support for local investment and recurring costs, it is 

essential to develop techniques to mobi+ize domestic resources as well. 

At some point all recurring costs must be borne by the recipient country 

and it is not only fair and sensible, but also economically efficient, 

that this be accomplished as rapidly as possible, provided that the 

means for raising revenue do not interfere with domestic growth and 

investment. The greater the share that can be borne by the Sahel 

countries, the larger the amount of investment a given amount of aid 

can support. 

Analysis of the recurring and domestic investment costs comprises 

only a portion of the effort required to formulate appropriate policy 

to assure that these costs are covered. Additional effort must be 

devoted to analyzing both 'the initial budgetary capacity of each country 

and the nature and and recipients of the goods, services and cash flows 

produced by each project type. The budgetary capacity must be examined 

in order to estimate what portion of recurring costs can be covered by 

the host country and what policies will need to be adopted in order to 

do so. It is the gap between these two streams, the cash flow and the 

available government income, that must be covered by external funds. 

This paper is·devoted ~rincipally to the first of these two problems and 

broaches the second only in a very limited way, using estimates of 

aggregate tax rates. 

ISee Ch. V for a more complete discussion of this point. 
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It should be emphasized that the purpose of the study is primarily 
< 

to develop a methodology to'b~' used in analyzing a part of the problem 

of recurring costs. The findings discussed briefly above and more fully 

in the following chapters are'highly preliminary and for the most part 

merely illustrative of the capabilities of the model we have developed. 

,,' 
They are in no sense meant to be final figures. The numbers we have 

produced are not projections but the outcomes of simulations. 

In spite of the preliminary nature of the work thus far, however, 

we feel there are several conclusions.and recommendations that can be 

made. " 

1. A complete exandnation should be undertaken of 
the project evaluation documents for all major Sahel 
development projects completed or undertaken within the 
last five years as well as for those now budgeted for the 
future to determine first of all whether or not the 
recurring cost streams have been adequately taken into 
account in the evaluation process. Where data on domestic 
investment and recur~ing,costs is available, it should 
be collected as part of the initial step in accumulating 
full information on the. impact of these costs in , 
individual countries. Where data is not available for 
particular projects, these gaps should be noted and 
steps taken to fill them. In some cases it may be 
possible to apply parameters derived from evaluation 
of other projects of a similar nature. In cases where 
no reliable parameter estimates are available, it may be 
necessary to se'ek information in the field from budget 
data for actual projects. There are almost certain to be 
some instances where there is neither data nor experience. 
In these cases, an informed estimate will need to be 
made and utilized until genuine data is ~vailable. 

2. The responsible individuals in the various aid 
agencies in donor countries and organizations should be 
made aware of the importance of the problem and of the 
need for incorporating estimates of the recurring costs 
in all projec~ ~val~ations that they 'und~rtake. Th~y 
should be informed thatcsuch data.is bei~gocollected 
centrally for evaluatLon 'and a contact point should be 
established for transmission of information in both 
directions. 
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3. A system should be established for monitoring 
all projects as they come on stream in order to establish 
a more reliable data base that reflects actual experience 
with recurring costs on a large variety of projects. In 
the future this data can be compared with the projections 
and used both to increase the accuracy of projected 
aggregate costs and to improve estimates made in future 
project evaluations. ' 

4. An examination should be undertaken of the 
budgetary capacity of the individual countries in the 
Sahel to determine what fraction of local investment 
and recurring costs they are capable of supporting and 
under what circumstances. The examination should cover 
not only the current tax structure and institutions but 
look carefully at the potential of various project types 
to yield government revenue either through specific 
taxation of output or through the institution of user 
fees for rights to participate in the project. 

5. There should be further examination of project 
evaluations in order to improve the reliability of para
meter estimates already obtained and to include project 
types not yet covered such as health and e~ucation. 

6. A complete study should be undertaken of the 
monetary and currency system of the African Currency Unions 
including a detailed analysis of the role of the central 
banks, the way in Which they handle foreign exchange sales 
and purchases, their relationships to the budgetary process 
of each country, how the seignorage created by the system 
is allocated and how trade balances between countries are taken 
care of. Particular attention should be paid to the role of 
the Sahel countries within the much larger groups included in 
the currency unions. 

7. An analysis should be made of the potential foreign 
exchange earnings for the Sahel and the claims on these 
earnings. Some preliminary missionary work should be begun 
to encourage future project analysis for the region to 
include an evaluation of potential foreign exchange earnings 
or savings from project output and to also estimate the foreign 
exchange portion of recurring revenue. 

8. The model of this study should be expanded to 
enable it to comprehend the financial flows involved in 
loan repayments. Conditions of the aid to be given through 
the Club have as yet ·not been det~rmined. If some of the 
aid involves repayment, particularly of foreign exchange, 
this will compete for funds to finance recurring and local 
investment costs. Repayment schedules cannot sensibly be 
laid out without taking potential conflicts into account. 
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9. Extensive evaluatio~ must be undertaken of all 
policies and institutions that relate to the giving of aid 
designed as budget support. These will include among other 
things the desirability of tying aid, the merits of grants 
vs. loans, the setting up of safeguards to ensure that 
funds are used as intended, exchange rate policies, 
constraints that may be 1mposed on'recipient countries as 
a condition to receive the aid, and the political implica
tions of the central role played by the French franc' in 
the African countries I monetary systems. 
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C~PTER II 

AN ACCOUNTING FRAMEWORK FOR LOCAL AND RECURRING COSTS 

Each investment 'project is unique in terms of the kinds and amounts 

of resources required both during its construction and over its 

productive life. Although similar projects may have similar cash 

flows associated with them, they are almos't never identical; and 

unrelated projects are likely to have quite disparate cost character

istics. Because the recurrent ahd local 'cost'char~cteristics of" 

projects can be so different, one must begin an examination of cost 

streams at the project level. cine inust know' the amount and timing 

of cost streams and income flows for each project of any significant 

size in each country. 

In order to assess the total impact of a particular investment 

program, however, one must be able to aggregate easily the cost and 

income flows associated with all projects and be able to match these 

against the budget capacity of the recipient countries. Accomplishing 

such aggregation requires an ability to identify, store, retrieve, and 

manipulate information quickly and accurately. With an investment program 

the size of that projected for the Sahel, where many countries and 

projects are involved, the only feasible solution is to use a computor 

for storage ~na manipulation of data'and design an accounting mod~i 

that is flexible and' capable both of accepting actual detailed project 

data and of generating reasonable simulated figures where data gaps 

exist. Such a model can then be used both for analysis of actual 

numbers and for examining the outcomes of alternative policies and 

scenarios. 
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.-
The main purpose of this chapter is to present and explain a model 

of the accounting relationships that eXist between 'investment in a 

project and the vario~ financial flows that are related to that 

investment. Before des~ribing the mod~l in detail, however, we shall 

discuss some of the results derived from a simulated $10 billion 
:- . 

investment program. One should keep in mind throughout the following 

discussion that any n~ers ~hat are provided are essentially 
." 

conjectura~. We d9 not have 90mplete.information on the specific . ..:. . : 

nature of all projects that will be included in the Sahel Development 

Program ove~ the next ten years, nor ~o we know how much will be spent, 

nor what the tempo~al allocation of investment might be. We are 

fabricating a scenario which conforms as nearly as possible to current 

thinking, running it through the model and then examining the outcome. 

A different scenario would yield a different outcome. l 

The benchmark foreign a~d figure for Sahel development is $10 

billion to be spent over ten years. For our purposes it is more useful 

to focus on a $10 billion investment program and let the value of aid 

that is associated with $10 billion in investment be a variable that 

depends upon the policies don?rs ~dopt ~ith respect to th~ financing 

of local costs and recurring ~osts.2 If these costs are paid for by 

recipient governments, the aid program is smaller than if they are 

externally financed. we,have accepted the.USAID figures on the allocation 

of the $10 billion of investment among various sectors of the economy. 

1 . h 

In Chapter V we discuss how the model can be used to aggregate 
data from actual individual projects. 

-. ,,-- . ~.' 

2Should the figures be of interest, it is a simple matter to scale 
the numbers "'e obtain so that they correspond to a $10 billion aid level 
and a given financing policy. 
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(The proportions used are shown in Table 2 of Chapter 3.) The vehicle 

for our discussion will be Table 1 which contains projected annual figures 

over a 14 year period for ten different variables: (1) Total investment, 

(2) Local investment, (3) Total recurring costs, (4) Total local and 

recurring costs, (5) Government revenue from project income, (6) Local 

investment and recurring costs net of government revenue, (7) Potential 

seignorage from money creation due to project income, (8) Local 

investment and recurring costs net of government revenue and seignorage, 

(9) Recurring costs net of government revenue and seignorage, and 

(10) the Foreign Exchange portion of recurring costs. We shall discuss 

the implications of the figures and the assumptions that underly each set. 

Total investment (line 1) is the driving force behind all the 

figures in the table. Investment is assumed to take place at the 

rate of $1 billion per year for ten years. This assumption is obviously 

unrealistic from a practical point of view but it is sufficient as a 

basis for examining the dimensions of all the financial flows related 

to investment. Local in~estment (line 2) is 32 percent of the total 

1 or $320 million per year for the first ten years. 

Since it is assumed that projects require four years on average 

to complete, the recurring costs (line 3) do not begin until the fifth 

year of the period. Annual gross recurring costs (making no allowance 

, 3 
for government revenues) are 6.6 percent of completed 1nvestment. 

They increase each year by $66 million from the fifth to the fourteenth 

year when they stabilize at $660 million. These recurring costs include 

both local and foreign exchange costs. 

,1 
This percentage is an average for all 

fraction of total aid to ,be spent on them. 
projects weighted by the 
See, Table 2, Ch. III. 

2Th' , 'd f 11" 1S percentage 1S also a we1ghte average, or a proJects. 
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Table 1 
COST AND INCOME STREAMS FOR SIMULATED INVESTMENT PROGRAM OF $10 BILLION 

($l1illions) 
Year 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 Totals 

l. Total investment 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 $10 Billion 

2. Local Investment 320 320 320 320 320 ' 320 320 320 320 320 3.2 " 

3. Total recurring costs 66 132 19B 264 330, 396 462 528 594 660 3.63 " 

4. Total local and 
recur:t;'ing costs 320 320 320 320 386 452 518 584 650, 716 462 528 594 660 6.83 " 
'(:~+3) 

5. Total increase in GNP 
due to program 
investments 280 560 840 1120 1400 1680 1960 2240 2520 2800 

6. Governinent revenue 
from project income 42 84 126 168 210 252 294 336 378 420 2.31 " 

(.15 x 5) 

7. Net local and 
re:currlng costs 320 320 320 320 344' 368 392 416 440 464 168 192 216 240 4.52 " 

(4 - 6) 

8. Seignorage from 
mOl/ey creat,ion due 
to Eroject income 31 31 31 31 31 31 31 31 31 31 .31 " 

9. Net Net local 
recurring costs 320 3~0 320 320 313 337 361 385 408 413 137 161 185 209 4.21 " 

(7 - 8) 

10. Net recurring costs -7 17 41 65 88 93 137 161 185 209 1.0 " 
(9 - 2) 

11. Foreign Exchange 
portion ,of recurring 
costs (68% of 3) 45 90 135 180 224 269 314 359 404 449 2.469 " 
Total investment - $10 billion 
Total aid = 1. $6.8 billion if no local investment or recurring costs are supported 

2. $10 billion if local investment but no recurring costs are supported 
3. $11.1 billion if net net local investment and recurring costs are supported 

Total net net local & recurring costs = $4.33 billion 
t- - 1 - .. -4 ,.~ ...... ,.. ...... ........ - +- c ," -, :".'--
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-'. 
> ,',' 

The stream of domestic income produced by the projects (line 5) 

begins when the first set of investments is completed and presumably 

increases by $280 million per year as more investment comes on stream. 

Although the relationship between income and investment is derived 

directly from World Bank Project evaluation data, the capital output 

ratio implied by these figures is approximately 3.6 which is not an 

unreasonable number. 

A portion of the total income is assumed to end up in the hands 

of the government (line 6) even without special taxes or fees. The 

average revenue collection rate for all the Sahel countries is 15%. 

This fraction is applied to the income stream produced by the projects 

to arrive ~t the governrne~t revenue. figures. Government revenues 

grow until the fourteenth year where they stabilize at $420 nullion 

per year. ~ese revenues are not specific to the projects, however, 

but enter into the government budget through the normal tax system. 

As a result, there is no assurance they would be used to pay the 

local investment or recurring costs unless special institutional 

arrangements were made. It is quite possible that some projects, 

particularly in agriculture, would produce income for the government 

either in the form of direct taxes or output or user fees.charged for 

services. The degree to which such policies could augment th~ revenue 

stream of Table I is difficult to predict without a much more 

detailed analysis. 

If all government revenue accruing from project income were applied 

against the local investment and recurring costs, the net cost stream 

would be as shown in line 7. There is one other potential source of 
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government"revenue that 'shoulo. also be' considered, 'seignorage from 

money creation ',(line 8). AS the projects come on stream and income 

accrues to the participants, their demand for transactions balances 

can be expected to rise to'accommodate their new income levels. 

The government can satisfy 'this demand by printing up money ,and 

exchanging it for goods and services. Since banks can also create 

money, the government must share this source of revenue with the 

banking system, with'the go:"ernment getting the seignorage on the issue 

of currency 'and'bank reserves and' the-banks acquiring that on demand 

deposi ts,' net of reserves. 'In' the Sahel' countries, approximately half 

the money supply is bank money (demand desposits net of reserves) so 

that the government receives only half the total seignorage. The 

seignorage is calculated by multiplying the annual increase in income 

generated by the projects ('$280 'miJ:lion per year) by the ratio of money 

to GNP in the Sahel' area ('.'22) and dividing by 2. The figures are 

relatively small but not insfgnificant, remaining constant at $31 million 

throughout the period and amounting to $310 million in all. The problems 

attached to getting seignorage allocated to pay for recurring costs are 

much different from those connected with tapping government revenues. 

They do not enter directly lnto any government budget nor, in fact, are 

they even available to any' individual country except insofar as the 

central bank permits the country to acquire them. Nevertheless, they 

do exist and policies governing their use can be an important aspect of 

the development program. 

_-. l...lo ~ _. 
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When government revenue and seignorage are subtracted from the 

total local and recurring costs, we arrive at the net burden imposed 

on the Sahel economies by the simulated investment program (line 9). 

It is evident, given the assumptions about government revenue, that 

the first ten years of the program pose by far the greatest financial 

burden. The net net local investment and recurring costs peak at 

the end of ten years at $413 million and then fall abruptly, as new 

investment ends, to $137 million before rising to $209 million, at the 

end of 14 years, where they stabilize. If donor countries were to pick 

up the tab for all local investment costs, all government revenues 

(including seignorage) could be applied against the recurring costs. 

The new recurring costs still not covered would be those shown on 

line 10 of the table. These figures are particularly interesting 

because they are relatively small. In the fifth year of the program 

they are actually negative. When they peak at the end of fourteen 

years, they stand at $209 million. l This is not a negligible figure 

and amounts to about 3 percent of a projected regional GDP of $7.2 

billion. 2 If the project related revenue generated through the 

normal tax system can be 100% applied to the recurring costs, however, 

it seems reasonable to believe that most of this net recurring cost 

stream could bE supported by a well pl&,ned system of charges for 

services from projects and direct taxes on output Or an increase in 

the average aggregate revenue collection rate. -Of course, this is 

a big if, but identification and adoption of policies to achieve these 

ends are an important aim of the entire Club prog~m. 

IIf one were to eliminate the excess revenue from telecommunications 
projects ( which by World Bank reckoning is extremely profitable) the net 
recurring cost figures would be about 25 percenthigher. In this case, 
they would amount to 4 percent of 'projected GDP rather than. 3 percent. 

2The $7.2 billion is for 1991 in 1975 dollars and does hot take 
into account the income generated by CI.ub projects. It is based on growth 
projections contained in "Economic Considerations .•. " MIT op. cit. p. 124. 

) 
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There is one aspect of the recurring cost problem, however, 

that is obscured by the emphasis on the total figures--the foreign 

exchange requirements (line 10). These are derived in our example 

-
by assuming that the foreign exchange portion of recurring costs is 

the same as that in intial investment. l One cannot help but be struck 

by the potential magnitude of the foreign exchange requirements over 

time. They are invariably larger than the net recurring costs with 

the ratio slightly greater than 2 to 1. The implication is clear. 

Satisfying the net recurring cost requirement (line 9) with domestic 

resources may still leave projects starved for foreign exchange to 

purchase requisite imports. Thus, there may be a need for external 

support even though the government budget is adequate to cover these 

costs. The figures also point up the need to analyze the implications 

for foreign exchange earnings of investment in various kinds of 

projects. Virtually no analysis of this problem is currently being 

·done in project evaluations. 

We can summarize the implications of our exercise rather succinctly. 

First, the magnitude of total local and recurring 
costs is staggering. For a $10 billion investment program, 
the local investment and recurring costs would amount to 
$6.8 billion. The foreign exchange component of the 
investment program would also be $6.8 billion. Thus, if 
none of the local investment nor recurring costs were 
paid for with external assistance, the Sahel countries 
would be expected to furnish resources equal to the aid 
they were given. Of the internally funded $6.8 billion, 
approximately $2.5 billion would require foreign exchange. 

Second, if the average tax rate remains 15 percent 
and the estimates of growth in GNP due to the investment are 
at all valid, domestic. revenue collection plus seignorage 
from money growth would furnish $2.5 billion. If all of 
this could be channeled to help. pay the $6.8 billion, it 
would nevertheless leave a very healthy chunk of $4.2 billion 
uncovered. The foreign exchange requirement would be 
unaffected and still amount of $2.5 billion. 

IThere is no analysis in any project. evaluations of the foreign 
exchange component of recurr~ng costs. Thus, this-parameter is conjectural. 
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Third, if donor countries decided to provide external 
assistance to cover the local investment costs, they would 
put 'up an additional' $3.2 billion bringing the total aid 
contribution to $10 billion. This would leave the countries 
with '$3.6 billion in recurring costs against which could be 
applied our estimated revenue of $2.5 billion. The,remaining 
$1.1 billion is a figure that conceivably could be raised 
domestically with user charges or increased taxes but the 
feasibility of doing so depends upon the types of projects 
selected and the fiscal policies chosen. 

Fourth, even with donor countries supplying $3.6 billion 
in foreign exchange t~ cover domestic investment costs, the 
specter of the exchange component of the recurring costs would 
w~ll remaln. In our simulation over 60 percent of these 
costs would become payable after the spigot of external 
support for local investment was shut off. Thus, the 
problem would be diminished as a result of the external 
funding of local investment but not eliminated. 

An Accounting Model of Local Investments and Recurring Costs , 

In order to make explicit the relationships between project 

investment and various financial flows, and to identify the parameters 

for which estimates are required, we have deloped an accounting model 

which illustrates rather simp~y the problems of funding local investment 

and recurring costs. The model consists of several equations all related 

to investment in specific projects. The equations describe how recurrent 

costs, potential income changes, and domestically financed investment 

can be expressed as functions of total project investment costs. Since 

all variables in the model are dated and apply to a specific point in 

time, they all have a subscript to indicate the year in which costs are 

incurred or income receive'd. 
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We shall b,egin bY,de,fin?-ng the fOllowing investment variables. 

since there are a number of, ways in which investment may be looked, at, 

we need several variables; 

(I-a) 

(I-b) 

(1-c) 

(I-d) 

(I-e) 

(I-f) 

(2-a) 

(2-b) 

d I. t -) 

f 
Ijt =( l-zj) Ijt 

m 
It = l: Ijt 

j=l 

d m 
It = l: ZjIjt 

j=l 

f m 
It = l: (l-Zj) 

j-l 

T 
IjT = l: Ijt 

t=T-n 

Ijt 

= investment in project j 
dur;i.ng period t 

= local resource portion of 
investment in project j in 
time t, z· is the ratio of 
loc~l to fotal investment 

= foreign portiqn of'investment 
project j in time t 

= total investment in all of 
m projects during period t 

~ tctal local resource investment 
in time t 

= total foreign exchange invest
ment in time t 

= total investment in project j 
over n years with project 
completed in year T 

= value of total investment 
completed before year t. 
Mt is the set of all projects 
completed before year year t 

The recurring costs typically begin while the project is still 

under construction and continue throughout its useful life. In specifying 

the equations, however, We assume they do not begin until after the 

project is finished since the early ones can be considered part of the 
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investment cost. The costs ~an be separated into two categories. The 

first category corresponds to routine maintenance costs. They are 

constant from one year to the next and tend to be linearly related 

to the size of the project. We can designate them ajljt where aj 

is the ratio of recurring t~ project investment costs. The second 

category includes those which occur at less regular intervals and 

might correspond to major overhauls or refurbishing or equipment. 

We shall designate the ratio between these intermittent costs and 

investment as Cjt where Cjt may be zero in some years. The total 

recurring costs in year t associated with a project that is completed 

1 
in any earlier year T then become: 

(3) t > T 

The recurring costs in year t for all completed projects would be: 

(3-a) t > T 

Mt is the set of projects 
completed before time t. 

The projects will also generate an increase in aggregate income. 2 

The time stream of income will be specific to each project type and may 

or may not be linear. As a result, we shall simply designate ~ncome 

from project j in the time t, ~Yjt, as a function of investment and 

the time period. 

(4 ) 

1 
The 

project. 
taken up 

t > F 

recurring costs actually begin prior to completion of the 
These early costs are a linear function of investment under

to that point. The parameter a j is still applicable. -
" , 

2If the project happens to be one thai; generates direc,t income 
for the government through sales of output or assessment of user fees, 
this revenue can easily be included in the model. 
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Total income from projects would be: 

(5 ) t > T 

The government revenue that accrues as the result of increased 

income from the investment can be projected using one of two basic 

models. In the first, government revenue is generated solely as a 

function of increased GNP. If we assign the symbol s to the marginal 

aggregate tax rate, total government revenues ~ that result from 

the project during time t will be: 

(6) ~t = sllYjt 

The second possibility is that there are specific taxes on fees that 

can be levied on output or services. In this case total project 

related revenues would be: 

where Sj is the revenue collection rate specific for the project j. 

It is possible that both circumstances might occur; that there would 

be both specific taxes and a general increase in revenue. 

There is also potential income from seignorage. This is available 

only once- on an increase in the money supply that accompanies any new 

increment to income in a year. If k is the ratio of government money 

demanded to GNP, the seignorage Wt can be expressed as: l 

IGovernment money is defined as currency in the hands of the public 
plus reserves at commercial-banks. 
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Another important.variable is the foreign exchange.component of 

recurring cqsts. If we l~t qj .be the ratio of foreign exchange to 

total recurring costs this can be written,: 

(9 ) 

For some applications of the model it may be useful to project 

the non-investment related income, government revenue or government 

expendi~ures. The foreign trade sector may be particularly important. 

These functions are easily modeled and do not need to be included here. 

Project Related Deficits 

There are number of problems that the model can now be used to 

analyze. One is how much of a net budget deficit is created by the 

implementation of a particular project. A second is what is the 

aggregate budget deficit that is generated by an entire menU, of projects. 

In order to look at the first of these two problems, we can label 

Djt the net deficit in time t associated with project j. This project 

deficit will be equal to the sum of domestic investment resour?es plus 

recurring costs less government revenues. It is likely that either 

domestic investment or recurring costs and government revenues would be 

zero depending upon whether the project was completed or not. The 

deficit can be written as: l 

(10) 

This is the gap that mus~ be filled from some source if the project is 

to be viable. There are a number of possibilities including foreign 

lIn the aggregate one would need to include seignorage but this 
does not accrue on a project basis. 
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aid, foreIgn borrowing, an increase in the effective ~ax r~te, an 

increase in,the income. upon ·which·taxes are collected or expansion 

of the money supply. It is a simple matter to solve for anyone 

or combination of these variables to see what policy options are 

available. For example, 

= 
Djt 
y 
t, 

" 

is the ~ncremental increase in the average domestic tax rate that would 

be required to fUnd Djt. Or, alternatively, 

is the percentage increase in income that would be required to fill 

the gap. 

To evaluate the aggregate budgetary effects of an entire aid 

program we need to sum over all projects. The program related net 

deficit is: 

(11) 

As with individual projects this budgetary gap can be filled in a 

number of ways, including aid, borrowing or higher taxes. The required 

incremental increase in the average domestic tax rate would be, 

while the required percentage increase in domestic 'income would be, 
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The Entire Model 

Having described each of the relationships involved in estimating 

project re'lated costs we can now layout the entire model both for a 

single project and for a program. The independent variables, equations, 

and param~teres.relating to a single project are: 

Model I 

Project Related Deficit 

Independent Variables: 

Annual investment in project j t = 1, N 

Equations 

(1-b) Local investment 
d 

zjljt Ijt = 

T 
(2 ) Total investment IjT l: Ijt t > T 

T-n 

(3 ) Recurring costs Xjt = ajl jT + CjtljT 

(4 ) Income generated /;;Y't . J fj (Ijt, t) 

(5 ) Government revenue generated Rjt = s{)Yjt 

(9 ) Foreign Exchange portion of Recurring Costs Fjt = q,X jt 

(10 ) Project related net deficit Djt 
d 

+ Xjt - Rjt = Ijt 

Parameters 

Zj prop~rt~on of local investment 

aj proportion of continuous recurring costs 

Cjt intermittent recurring costs 

fj functional relationship between investment and income 

s marginal tax rate on aggregate income 

qj proportion of foreign exchange in total recurring costs 



( (i-e) 

, . 
(2-b) 

(3-a) 

(4-a) 

(6 ) 

(8) 

(9) 

(11) 
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Model II 

Program Related Deficit 

Independent Variables, 

Equations 

ITt 

l:z, lot 
J J 

= l: I't 
j J 

, ' 

t 

Xt = l: X't j J 

AYt - l: AYjt 
jEMt 

Rt = sAY~ 

wt = h(AYt - AYt _l ) 

F = l:qjXjt 

d 
Dt = It + Xt -~ 

Parameters 

same as Model I plus 

k 

" 

T 

Annual investment in all 
projects 

Local investment 

Total investment in all 
projects completed before 
year t 

Recurring costs 

Income generated 

Government revenue generated 

Seignorage 

Foreign exchange portion of 
recurring costs 

Program related net deficit 

Ratio of government money 
-stock to GNP 
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Applications of the Model 

Although the mathematical equations for the model are numerous, 

they represent some very simple relationships among the cash flows associ

ated with projects. The formidable aspect of the problem is simply 

.keeping track of and accounting for all of the multitude of projects 

and flows that the various donors will be generating throughout the 

life of the Sahel Development program. The mathematical model presented 

here and its computorized counterpart are nothing more than a means of 

handling this accounting problem so it becomes tractable. Once the 

figures can be managed easily, policy alternatives can be examined and 

financial monitoring can be undertaken to assure that all costs are 

planned for and that valuable facilities, once in place, are not allowed 

to deteriorate through lack of resources to support their operation. 

The figures associated with each individual project are the 

numbers that we ultimately seek in attempting to analyze the impact of 

recurring costs. Obtaining these numbers will absorb a considerable 

amount of effort and in many cases may require examination of project 

budgets in the field. In the absence of actual project data, however, 

for the purposes of both demonstrating the model's capabilities and 

making some preliminary assessments of the magnitude of the recurring 

cost problem, we have run the model using some estimated financial 

parameters for certain classes of projects. The parameters are those 

associated with World Bank projects and were obtained by analyzing data 

from project evaluation studies.
l 

1 



- 32 -

The exercises done are thus in the nature of a simulation. We 

utilized what we gather is the best official guess about the size and 

distribution of the projected investment program for the Sahel over 

a ten year period, $10 billion, and attempted to determine What such 

a program implied both for the entire region, and for the individual 

countries. It is the results for the entire Sahel that are reported 

in the first part of this chapter. The results for the individual Sahel 

countries are discussed in Chapter III which also contains a complete 

description of the allocation of funds by project type. The parameters 

used in the simulations are derived and discussed in Appendix A. 

The model can also be used to project recurring costs for individual 

proje,cts and then to calculate the taxes or fees that would need to be 

collected from individuals who benefit from the project if the project 

were to be individually self sustaining. Some examples of this use of 

the model are contained in Chapter IV. 
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CHAPTER III 

CASE STUDIES---INDIVIDUAL COUNTRIES 

I. Introduction 

Earlier we examined from a regional viewpoint the ongoing and 

local cost burdens for the entire Sahe~ that would accompany an 

investment program of $10 billion over ten years using certain as sump-

tions about the allocation of investment. In this chapter we discuss 

the results of another simulation exercise, performed this time for 

the individual Sahel countries - Niger, Senegal, Chad, Mali and Mauritania.
l 

We also investigate some of the components of the investment package for 

one country, Niger, and look at the flows associated with specific 

project types (although not individual projects) using the parameters 

and assumptions developed elsewhere in the paper. (A similar breakdown 

was performed for all other countries but the results are not presented 

here.) An estimate of the total size of flows that would be associated 

with the program in each country is then obtained by aggregating the 

flows for all types of projects assumed to be included in each country's 

share of a $10 billion program. The numbers used in this chapter are 

illustrative only but in using them we demonstrate the general methodology 

for applying the model and parameters to a specific country and specific 

project types. 

lUpper Volta is not included in the simulations because reliable 
data is unavailable for that country. Data may be available for Upper 
Volta later in 1978. 
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The countries of the Sahel region are already the recipients of - . 
large sums of foreign aid. For example, as shown in Table 1, aid 

receipts for Niger have recently been nearly equal to the budget revenues 

and expenditures. Even though aid is already flowing in at a relatively 

high rate, the estimated-CLub program could be nearly double the 1974 

figure. 

AID AND 

69 
Foreign Aid 44,444 
Current Revenue 48,444 
Current Expend-

iture 44,889 

*estimate 

TABLE III-l 
NIGER 

THE CURRENT-OPERATING BUDGET 
('OOO'S US $) 

70 71 72 73 
30,777 41,778 47,111 54,222 
Si,111 53,778 56,000 56,000* 

47,111 -49,778 50,222 54,667* 

74 
76,444 

As we shall demonstrate, the local an-d recurring costs associated 

with a long term aid level of this magnitude would surely strain the 

capacity of the governments ~6 pay. But first we shall evaluate the 

financial flows that are associated with each Sahel country's share of 

- . 
a $10 billion investment program. 

II. The Model 

In Chapter II we developed an accounting model to use in analyzing 

the magnitude of local investment and recurring costs associated with 

foreign aid investment in the Sahel countries. It may be useful before 

presenting the res)11ts to briefly review the structure of that model: 
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1. The initial investment requires both foreign exchange and 

domestic resources. If Ijt is total investment in project j in year t, 

and z. is the proportion of total costs which are domestic, domestic or 
J 

local investment is given by: 

(1) z.I· t J J 

2. Project investment generates a recurring cost stream and an 

income stream. The cost stream can be viewed as consisting of two 

components. The first is a cOnstant or routine annual cost element 

that is a fixed proportion of project investment. The proportionality 

factor is a. for project type j. The second cost is intermittent and 
J 

occurs only in certain years. It is also proportional to investment 

and we designate it C
jt

' In those years when there is no intermittent 

cost, Cjt is zero. Thus, the total recurring project costs, Xjt ' 

associated with a project completed. at time T, can be modeled as: 

(2) 

3. The income stream generated by the project will be a function 

of the project investment and the time since project completion. 

The explicit functional form, however, is specific to the project type. 

The relationship in implicit form is: 

(3) ~Y't = f. (I·t,t) 
.) J J 

4. The income stream is important for our analysis because it 

provides tax revenue.· If we ~ssume that the marginal tax rate on 

income is equal to ~he aver~ge-rate for ,a particular country and 
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designate the tax rate as s, the 'revenue that accrues to the government. 

as a result of the project is: 

(4 ) 

The parameters required for equations I, 2 and 3 are specific to 

projects 'and are all given in the appendix: The average tax rates of 

equation 4 used in the simulation'were the historical averages of the 

ratios of current: revenue to' national income' for each country. The 

rate used 'was 12% for Niger, 20% for Senegal, 15% for Chad, 15% for Mali, 

and 22% for Mauritania. 

III. Project simulations 

In simulating the 'project-related flows for the Sahel countries, 

we used the same aggregate investment figure for the Sahel region that 

we stipulated earlier, $10 billion, and assume that it is it be spent 

in equal annual amounts. l In the absence of a firm estimate of how 

much of the $10 billion would be spent in each country, we have simply 

postulated that each country's share is equal to the ratio of that 

country's GDP to that of the total Sahel region in 1974. For Niger, this 

was 16.1 percent. Senegal's share of the investment would be 35.S percent; 

Chad's--12.2 percent; Ma1i's--13.2 percent; Mauritania's--S.5 percent; and 

Upper Vo1ta,'s--15.2 percent. 'Using the above proportions, investment in 

Niger would be approximately $161 million per year for each of the 10 years, 

a figure which is nearly three ,times Niger's government expenditures- in ' 

fiscal year 1974/1975. Senegal's investment would be approximately 

lAS described shortly the actual figures used were approximately 
2/3 of the $10 billion total because of the absence of parameter estimates 
for some types of projects. 
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$358 million for each of the ten years, or about the same amount as its 

government expenditure in 1975. Chad's would be $112 .million per year; 

Mali's would be $132 million; Mauritania's would be $85 million; and 

Upper Volta's would be $152 million. 

To allocate the investment for each country among the various sectors, 

we used percentage shares contained in the 1977 USAID description of total 

Club investment in the Sahel. The percentages and dollar amounts for the 

Sahel countries are shown in Tables III-2a. The project types within each 

sector and the dollar amounts assumed invested in each types of project 

are given in Table III-2b. Since even rough estimates of the cost 

parameters are not available for some of the projects (the most important 

being the human resources and health sector), the simUlations did not 

include the funds allocated to these sectors. Instead, the simulations 

were done using an investment package for each country that was approxi

mately 2/3 the amounts listed in the paragraph above. Thus, the figures 

used in the simUlations Were $105 million in Niger, $236 million in 

Senegal, $56 million in Mauritania, $87 million in Mali, $74 million 

in Chad, and $100 million in Upper Volta. The cost and income flows 

associated with these levels of investment are not necessarily exactly 

2/3 of the flows that would be associated with the total program since 

the projects that are not included could well eY~ibit much different 

ratios between investment and recurrent costs or income. 



Table III-2a 

SECTOR ALLOCATION OF TOTAL INVESTMENT PROGRAM BY COUNTRY 

Annual Assumed Investment 
($ millions) 

Proportion of total Upper 
Sector Club Program1 Niger Senegal Chad Mali Mauritania Volta 

Transport and 
Infrastructure .21 33.81 75.9 23.5 27.7 17.9 31.9 

Irrigated 
Agriculture .25 40.25 89.52 38.0 33.0 21. 3 38.0 

Rainfed 
Agriculture .11 17.71 39.39 12.3 14.5 9.4 16.7 

Livestock .09 14.49 32.24 10.1 11.9 7.7 13.7 
I 

W 

Human Resources '" I 

and Health .23 37.03 82.34 25.9 30.4 19.6 35.0 

Fishing .02 3.22 7 .14 2.2 2.6 1.7 3.0 

Forestry .03 4.83 10.73 3.4 '4.0 2.6 4.5 

Adaption of 
Technology .02 3.22 7.14 2.2 2.6 1.7 3.0 

Marketing and 
Price policy .04 6.44 14.31 4.4 5.3 3.4 6.0 

Totals 1.00 161.00 358.00 11/..0 132.0 85.0 152.0 

lSource is USAID. 



Table III-2b 

PROJECT ALLOCATION OF SIMULATED INVESTMENT PROGRAM BY COUNTRY 

Annual Investment Used in Simulations 
proportion of Project Type ($ millions) Upper 

Sector Total club programl Wi thin sector2 Niger Senegal Chad Mali Mauritania volta 

Transport and Feeder Roads lS.O 33.36 10.S 12.S 8 .. 0 14.4 
Infrastructure .21 

Paved Roads lS.O 33.36 10.S 12.S 8.0 14.4. 

Telecommunications 3.81 8.47 2.S 2.7 119 3.1 
Irrigated 
Agriculture .25 Polders 40.25 89.S2 28.0 33.0 21. 3 38.0 

Rainfed Rural or 
Agriculture .11 , Agricultural 

Development 17.71 39.39 12.3 14.5 9.4 16.7 I 
w 
'"' Livestock .09 Livestock 14.49 32.24 10.1 11.9 7.7 13.7 I 

Human Resources 
and Health .23 * 

Fishing .02 * 

Forestry .03 * 

Adaptation of 
Technology .02 * 

Marketing and 
Price Policy .• 04 * 

'rotals 1.00 106.26 236.34 73.9 87.1 S6.3 100.3 

*parameters are not yet 
ISource is USAID. 

available for these projects. 

2These are project labels from evaluation studies. 
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Descriptions of the project types and values of the cost parameters 

associated with each are contained in the appendix and will not be repeated 

here. Tables III-3a to III-3f present the results of the simulations 

for the individual project types for Niger assuming total aid is given 

in equal installments over the ten-year period. Similar calculations 

were performed for each Sahel nation, but, for brevity, only the aggre-

gate figures are presented for countries other than Niger. Although, 

in these simulations investment occurs only over ten years, the tables 

include cost and revenue figures for years 11 and 12 as well. The 

temporal flows are somewhat different from those presented earlier for 

the entire Sahel region. It is assumed here that projects are completed 

in one year and that recurring expenses and revenues begin the following 

year. Two other pieces of data are also left off these tables -- the 

foreign exchange component of recurring costs and the seignorage from 

money creation. The latter does not accrue to the individual country 

but must be allocated by the central bank. An estimate of the foreign 

exchange requirements could be obtained by multiplying the total recur-

ring costs for each project by one minus the domestic cost ratio for 

the project (z.). 
J 

Table III-4 gives the aggregate flows for the entire collection 

of projects financed by the $106-million-aid investment in Niger. Tables 

III-5 to III-8 provide similarly aggregated information for the other 

Sabel countries. One aspect of the aggregate flows requires clarifica-

tion. For example, although the total aid to Senegal is over twice 

that to Niger, the total of project recurring costs minus the total of 
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project revenues is less for Senegal. This is due to the fact that 

Senegal's historical revenue collection rate is much larger than that 

of Niger (19.9% and 11.5%, respectively). ~ince the average tax rate 

is different in each country, the net recurrent cost flows are not the 

same proportion of investment in each case. 





Table III-3b 

SIMULATED INVESTMENT, COSTS AND REVENUES -- NIGER 
Paved Roads Project 

(Millions of US $) 
GOVERNMENT 

TOTAL DOMESTIC PROJECT GOVERNMENT RECURRENT COSTS PROJECT REVENUES 
TIME PROJECT INVESTMENT RECURRENT RECURRENT PLUS DOMESTIC INCOME GOVERNMENT MINUS 
PERIOD INVESTMENT COSTS COSTS COSTS INVESTMENT COSTS STREAM REVENUES COSTS 

1 15.0 3.3 0 0 3.3 0 0 0 

2 15.0 3.3 .4 .4 .4 1.2 .1 -.2 

3 15.0 3.3 .7 .7 4.0 2.6 .3 -.4 

4 15.0 3.3 1.1 1.1 4.4 4.0 .4 -.7 

5 15.0 3.3 1.5 1.5 4.8 5.5 .6 -.9 
.0-
w 

6 15.0 3.3 1.9 1.9 5.2 7.1 .8 -1.0 

7 15.0 3.3 2.2 2.2 5.5 8.8 1.0 -1.2 

8 15.0 3.3 2.6 2.6 5.9 10.7 1.2 -1.4 

9 15.0 3.3 3.0 3.0 6.3 12.6 1.4 -1.5 

10 15.0 3.3 3.4 3.4 6.7 14.7 1.7 -1. 7 

11 0 0 3.4 3.4 3.4 14.7 1.7 -1. 7 

11 0 0 3.4 3.4 3.4 14.7 1.7 -1. 7 

SUMS 150.0 33.0 23.6 23.6 56.4 96.6 10.9 -12.4 



Table III-3c 

SIMULATED INVESTMENT, COSTS AND REVENUES --- NIGER 
Te1ecpmmunications Project 

(Millions of US $) 

TOTAL DOMESTIC PROJECT 
GOVERNMENT 

GOVERNMENT RECURRENT COSTS PROJEcT REVENUES 
TI~E PROJECT INVESTMENT RECURRENT RECURRENT PLUS DOMESTIC INCOME GOVERNMENT MINUS 
PERIOD INVESTMENT COSTS COSTS COSTS INVESTMENT COSTS STREAM REVENUES COSTS 

-1 3.8 .7 0 0 .7 0 0 0 
.' 

2 3.8 .7 .1 .1 .8 0 .4 .3 

3 3.8 .7 _3 .3 .9 0 1.0 .7 

4 3.8 .7 .4 .4 1.1 '0 1.7 1.3 
, 

5 3.8 .7 .7 .7 1.4 0 2.6 1.9 
., ..,. 

6 3.8 .7 1.0 1.0 1.6 0 3.6 2.6 ..,. 
, . 

7 3.8 .7 1.3 1.3 2.0 0 4.8 3.5 

8 3.8 .7 1.6 1.6 2.3 0 6.1 4.4 

9 3.8 .7 2.0 2.0 2.7 0 7.6 5.5 

10 3.8 .7 2.5 2.5 3.2 0 9.2 6.7 

11 0 0 2.5 2.5 . 2.5 9 9.2 6.7 

12 0 0 2.5 2.5 2.5 0 9.2 6.7 

SUMS 38.0 7.0 14.9 14.9 21. 7 0 55.4 40.3 



Table III-3d 

SIMULATED INVESTMENT, COSTS AND REVENUES -- NIGER 
Polders Project 

(Millions of US $) 
GOVERNMENT 

TOTAL DOMESTIC PROJECT GOVERNMENT RECURRENT COSTS PROJECT REVENUES 
TIME PROJECT INVESTMENT RECURRENT RECURRENT PLUS DOMESTIC INCOME GOVERNMENT MINUS 
PERIOD INVESTMENT COSTS COSTS COSTS INVESTMENT 'COSTS STREAM REVENiJES COSTS 

1 40.2 16.1 0 0 16.1 0 0 0 

2 40.2 16.1 4.8 3.0 19.1 '9.7 1.1 -1.9 

3 40,2 16.1 9.7 6.0 22.1 19.3 2.2 -3.8 

4 40.2 16.1 14.5 9.0 25.1 30.0 3.3 -5.6 

5 40.2 16.1 19.3 12.0 28.1 38.6 4.4 -6.5 
. ..,.. 

6 40.2 ' 16.1 24.1 15.0 '31.1 48.3 5.5 -9.4 lJ> 

7 40.2 16.1 29.0 18.0 34.1 58.0 5.7 -11.3 

8 40.2 16.1 33.8 21.0 37.1 67.6 7.8 -13.2 

9 40.2 16.1 38.6 23.9 40.0 77.3 8.9 -15.1 
, 

10 40.2 16.1 43.5 26.9 43.0 86.9 10.0 -16.9 

11 0 0 43.5 26.9 26.9 86.9 10.0 -16.6 

12 0 0 43.5 26.9 26.9 86.9 10.0 -16.6 

SUMS 402.0 161.0 304.3 188.6 349.6 608.3 69.9 -118.9 



Table III-3e 

SIMULATED INVESTMENT COSTS AND REVENUES NIGER 
Agricultural Development Project 

(Millions of US $) 
GOVERNMENT 

TOTAL DOMESTIC PROJECT GOVERNMENT RECURRENT COSTS PROJECT REVENUES 
TIME PROJECT INVESTMENT RECURRENT RECURRENT PLUS ~OMESTIC INCOME GOVERNMENT MINUS 
PERIOD INVESTMENT COSTS COSTS COSTS INVESTMENT COSTS STREAM REVENUES COSTS 

1 17.7 10.3 10.3 

2 17.7 10.3 3.9 .9 11.2 9,6 1.1 .2 

3 17.7 10.3 i.8 1.9 12.1 19.1 2.2 .3 

4 17.7 10.3 11. 7 2.8 13.1 28.7 3.3 .5 
I 

5 17.7 10.3 15.6 3:7 14.0 38.2 4.4 .6 .p-
O'> 

6 17.7 10.3 19.5 4.7 14.9 47.8 5.5 .8 

7 17.7 10.3 23.4 5.6 15.9 57.4 6.6 1.0 

8 17.7 10.3 27.3 6.5 16.8 66.9 i.7 1:1 
. 

9 17.7 10.3 31.2' 7.5 17.7 76.5 8.8 1.3 

10 17.7 10.3 35.0 8.4 18.7 86.1 9.9 1.5 

11 0 0 35.1 8.4 8.4 86,.1 9.9 1.5 

12 0 0 35.1 8.4 8.4 86.1 9.9 1.5 
, 

SUMS 177.0 103.0 245.6 58.8 161.5 602.5 69.3 10.4 



Table III-3f 

SIMULATED INVESTMENT, COSTS AND REVENUES -- NIGER 
Livestock Projects 

(Millions of US $) 
GOVERNMENT 

TOTAL DOMESTIC PROJECT GOVERNMENT RECURRENT COST PROJECT REVENUES 
TIME PROJECT INVESTMENT RECURRENT RECURRENT PLUS DOMESTIC INCbME GOVERNMENT MINUS 
PERIOD INVESTMENT COSTS COSTS COSTS INVESTMENT COSTS STREAM REVENUES COSTS 

1 14.5 8.1 0 0 8.1 0 0 0 

2 14.5 8.1 2.0 1.6 9.7 9.8 1.1 -.5 

3 14.5 8.1 4.1 3.2 11. 3 18.5 2.1 -1.0 

4 14.5 8.1 6.1 4.7 12.9 27.8 3.2 -1.5 

5 14.5 8.1 8.1 6.3 14.4 37.1 4.3 -2.1 .". 

"" 
6 14.5 8.1 10.1 7.9 16.0 46.4 5.3 -2.6 

7 14.5 8.1 12.2 9.5 17.6 55.6 6.4 -3.1 

8 14.5 8.1 14.2 11.1 19.2 64.9 7.5 -3.6 

9 14.5 8.1 16.2 12.6 20.8 74.2 8.5 -4.1 

10 14.5 8.1 18.2 14.2 22.3 83.5 9.6 -4.6 

11 0 0 18.2 14.2 1.4.2 83.5 9.6 -4.6 

12 0 0 18.2 14.2 14.2 83.5 9.6 -4.6 

SUMS 145.0 81.0 127.8 99.5 180.7 584.6 67.2 -32.5 



Table III-4 

SIMULATED INVESTMENT, COSTS AND REVENUES 
Total Niger Program 

(Millions of US $) 
GOVERNMENT 

TOTAL DOMESTIC PROJECT GOVERNMENT RECURRENT COSTS PROJECT REVENUES 
TIME PROJECT INVESTMENT RECURRENT RECURRENT PLUS DOMESTIC INCOME GOVERNMENT MINUS 
PERIOD INVESTMENT COSTS COSTS COSTS INVESTMENT COSTS STREAM REVENUES COSTS 

1 106.3 " 41.8 0 41.8 0 0 0 
t ,: 

2 106.3 41.8 12.2 6.9 48.7 33.3 4.3 -2.7 .. 
3 106.3 41.8 24.3 13.9 55.7 66.9 8.7 -5.2 , • , ' ... . 
4 106.3 41.8 36.6 20.9 q2.7 1pO.8 13'2 -7.6 

5 106.3 41.8 50.1 29.2 70.9 134.9 18.1 -11. 0 ..,. , . 
<Xl 

6 106.3 41.8 63.7 37.4 79.2 169.3 23.1 -14.4 I 

7 106.3 41.8 77.2 45.8 87.6 204.0 28.2 -17.5 

8 106.3 41.8 89.7 53.0 94.7 239.0 33.6 -19.4 ' 
• 

9 106.3 41.8 102.1 60.2 102.0 274.4 39.1 -21.1 

10 106.3 41.8 114.6 67.4 109.2 310.1 44.8 -22.6 

11 0 0 114.6 67.4 67.4 310.1 44.8 -22.6 

12 0 0 114.6 67.4 67.4 310.1 44.8 -22.6 . ' 

SUMS 1063.0 418.0 799.7 469.5 .. 887.3 2152.9 303.1 -166.7 



Table III-5 

SIMULATED INVESTMENT, COSTS AND REVENUES 
Total Senegal Program 

(Millions of US $) 
GOVERNMENT 

TOTAL DOMESTIC PROJECT GOVERNMENT RECURRENT COSTS PROJECT REVENUES 
TIME PROJECT INVESTMENT RECURRENT RECURRENT PLUS DOMESTIC INCOME GOVERNMENT MINUS 
PERIOD INVESTMENT COSTS COSTS' COSTS INVESTMENT COSTS STREAM REVENUES COSTS 

1 236.3 92.9 0 92.9 0 0 

2 23(\.3 92.9 27.1 15.4 10S.3 74.2 13.9 -1.5 

3 236.3 92.9 54.2 30.9 123.8 148.9 28.2 -2.7 

4 236.3 92.9 81.5 46.5 139.4 224.1 43.0 -3,,5 

5 236.3 92.9 111.5 67.9 157.S 300.0 5S.3 -6.6 

6 236.3 92.9 141.6 83.3 176.2 376.6 74.0 -9.3 ,p. 

'" 
7 236.3 92.9 171.8 101.8 194.S 453.7 90.1 -11. 7 

8 236.3 92.9 199.4 117.8 210.7 531.6 106.7 11.1 

9 236.3 92.9 227.2 133.9 226.8 610.3 123.S -10.0 

10 2,36.3 92.9 255.,0 150.0 242.9 689.7 144.4 -S.6 

11 0 0 255.0 150.0 :1.50.0 689.7 141.4 -8.6 

12 0 0 255.0 150.0 150.0 689.-7 141.4 -8.6 

SUMS 2343.0 929.0 1779.3 1044.7 1973.8 478S.6 962.5 -82.2 



Table III-6 

SIMULATED INVESTMENT, COSTS AND REVENUES 
Total Chad Program 

, (Millions of US $) , 
GOVERNMENT 

TOTAL DOMESTIC PROJECT GOVERNMENT RECURRENT COSTS PROJECT REVENUES 
TIME PROJECT INVESTMENT RECURRENT RECURRENT PLUS DOMESTIC INCOME GOVERNMENT MINUS 
PERIOD INVESTMENT COSTS COSTS COSTS INVESTMENT COSTS STREAM REVENUES COSTS 

1, 73.9 29.1 0 0 29.1 0 0 0 
, , 

, , 
" 

2 7,3.9 29.1 8.5 4·8 33.9 23.2 3.7 -1.1 

3 J3.9 49.; 16.9 9.7 ~8.7 46.6 7.6 -2.1 
, , 

~ 73.~ 29.1 25,5 14.5 43.6 70.2 11.6 -2.9 

5 ,73.9 29.1 , 34.9 20.3 29.3 93.9 15.7 -4.6 , 
" V> 

0 
6 ,73.9 29.1 44.3 26.1 55.1 117.9 19.9 -6.1 I 

7 73.9 29.1 53.7 31. 9 60.9 142.1 24.3 -7.5 

8 73.9 29.1 62.3 36.8 65.9 166.5 28.8 -7.0 

9 7~.9 29.1 71.0 41.9 70.9 191.1 33.4 -8.4 

10, " ,73.9 29.1 79.7 46.9 , 76. a 216,.0 38.2 -8,.7 

11 0 0 79.7 46.9 46.9 216.0 38.2 -8.7' 
, " 

12 0 0 79.7 46.9 46.9- 216.0 38.2 -8.7 

SUMS 739.0 291.0 556.3 326.7 617.3 1499,3 259.8 -67.0 



Table III-7 

SIMULATED INVESTMENT, COSTS AND REVENUES 
Total Mali Program 

(Millions of US $) 
GOVERNMENT 

DOMESTIC PROJECT GOVERNMENT RECURRENT COSTS PROJECT REVENUES 
TIME PROJECT INVESTMENT RECURRENT RECURRENT PLUS DOMESnC INCOME GOVERNMENT MINUS 
PERIOD INVESTMENT COSTS COSTS COSTS INVESTMENT COSTS STREAM REVENUES COSTS 

1 87.1 34.3 0 0 34.3 0 0 0 

2 87.1 34.3 10.0 5.7 39.9 27.4 4.3 -1.4 

3 87.1 34'.3 20.0 11.4 45.7 55.0 8.7 -2.7 

4 87.1 34.3 30.0 17.1 51.4 82.8 13.2 -3.9 

5 87.1 34.3 41.1 23.9 48.2 110.9 17.9 -6.0 
Ln 
>-' 

6 87.1 34.3 52.2 30.7 65.0 13'9.1 22.8 -7.9 

7 81.1 34.3 63.3 37.6 61.8 167.7 27.7 -9.8 

8 87.1 34.3 73.5 43.4 77.7 196.5 32.9 -10.6 

9 87.1 34.3 83.7 49.3 83.6 225.6 38.1 -11.2 

10 87.1 34.3 93.9 55.2 89.5 254.0 43.5 -11.7 

11 0 0 93.9 55.2 55.2 255.0 43.5 -11.7 

12 0 0 93.9 55.2 55.2 255.0 43.5 -11.7 

SUMS 871.0 343.0 655.5 384.9 727.5 1770.0 296.2 -88.8 



Table III-8 

SIMULATED INVESTMENTS, COSTS AND REVENUES 
Total Mauritania Program 

(Millions of US $) 
GOVERNMENT 

TOTAL DOMESTIC PROJECT GOVERNMENT RECURRENT COSTS PROJECT REVENUES 
TIME PROJECT INVESTMENT RECURRENT RECURRENT PLUS DOMESTIC INCOME GOVERNMENT MINUS 
PERIOD INVESTMENT COSTS COSTS COSTS INVESTMENT COSTS STREAM REVENUES 'COSTS 

1 56.2 '22.1 0 '22.1 , 0 
, 

0 

'2 56.2 22.1 6.4 '3.7 26.8 'i7.7 4.1 ' "'5 

3 56:2 -22.1 12.9 7.4 '29.4 '35.5 8.4 i.o 

'4 56.2 22.1 19.4 11.1 33.2 " 53.4 12:8 ,1.'7 

5 56.2 2'2.1 26.5 15.4 36.6 71.5 17 :2 1.8 
u. 

6 33.7 
N 

56.'2 22.1 19.8 4l:9 '89.7 '21.8 2.0 

7 5'6.2 22.1 40.9 24.2 46.4 r08.1 26.5 2.2 

8 56.2 22.i 47.4 28.0 50.2 126.7 31.3 3.2 

9 56.2 22.1 54.0 31. 9 54.0 145.5 36.2 4.3 

10 SQ.2 ' 22.1 60'.6 35.7 57.8 164.4 4i.2 5.5 
" 

11 0 0' 60.6 35:7 35.7 164.4 41.2 5.5 

12 0 0 60.6 35.7 35.7 164.4 42.3 5.5 

SUMS 563.0 221.0 432.3 248.7' 469'.8 '1441. 3 282.1 33.5 
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TV. Analysis of Financial Flows 

In examining the financial flows for various project types shown in 

Tables 1II-3a to 1II-3f, it is readily apparent that only two types of 

projects, telecollllllunications and rural development, yield a posi ti ve 

stream of income to' 'the government over time. I The others, given the 

general assumption about government revenue, all have negative flows. 

The breakdown by project type permits an evaluation to be made of 

the level of service charges or specific taxes on output that would be 

required if recurring costs or local investment were to be paid for by 

the aid recipient. For example, in Niger, the livestock project 

recurring cost burden would be completely covered if, in addition to the 

normal tax collections, service charges equal to six percent of expected 

project income could be levied. For the polders projects, the rate would 

need to be 20 percent. Higher fees or taxes could help cover the recurring 

costs or projects which themselves have no marketable output. Whether or 

not such charges are feasible depends upon the specific project and the 

service or product involved. Further disaggregation of the system and 

analysis of individual project~ would permit an evaluation of feasibility.2 

Turning to the aggregate flows for Niger (Table 1II-4), we find much 

the same picture that we saw in examining the flows for the entire Sahel 

region. Consider the full twelve-year simulation period. The sum of 
.~' . '" 

government recurring costs plus local investment costs is $887 million. 

IThis could be construed as an argument for letting private investors 
undertake development of the telecollllllunications industry. 

2For an example of the kind of detailed analysis required see: W.F. Beazer 
and J.D. Stryker, "Financing Recurrent Government Expenditures for Livestock 
Development in Mali." Report prepared for the Government of Mali, May, 1976 



54 

The foreign exchange portion of the investment costs is $645 million. 

Thus, if donor' countries pick up none of the local investment or recurring 

costs, Niger would be putting about 38 percent more resources into the pro-
'; 

gram than the donors, The $887 million does not take into account the 

recurring costs that would extend beyond the twelve years. If the donors 
, . 

picked up the tab for all investment including domestic costs, the Niger 
, ' 

government would need to fund recurring costs of $470 million. Government 

revenues derived from ordinary taxation of the increased income from pro-

jects might cover $303 million leaving a gap of $167 million. This would 

be an average of $14 million annually for twelve years or about 20 percent 

of the 1976 budget. Given the current low tax rate in Niger, it might be 

possible that Niger could cover this gap. 

It should be remembered, however, that the simulation exercise 

comprises only 2/3 of the investment program projected for Niger. If 

the projects not included in the analysis, such as health and education, 

had parameters similar to or greater than those examined, the recurring 

and local investment cost burdens would be 50 percent greater for Niger 

than what we have projected. Paying for them entirely with domestic 

revenue would be a truly formidable task. In addition, the positive income 

streams associated with the telecommunications and rural development 
" 

project~ may well be overstated, since they depend upon assumptions ~de 
; 

by the World Bank about the efficiency with which the projects will be 

operated fu,d the prices at which services will be sold. 

, , 

->.: . 

. _ .,.': 
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Table III-5 contains figures for Senegal. The sum of'government 

recurring cost plus local investment costs over the ten-year period is 

$1.97 billion· while the' foreign exchange portion is $1.43 billion. Thus, 

if the donor countries pick up none of the local investment or the recur-

ring costs, paying only foreign exchange costs, Senegal, like Niger, would 

be putting 38 percent ~ore resources into the prograrnthan the donors. l 

If donors. pay foreign exchange investment costs and domestic investment 

costs, the Senegalese government would need to raise $1.05 billion to 

cover recurring costs. with its relatively high revenue collection rate 

of 20 percent, the government might expect to extract $963 million as its 

share of project revenues, leaving only $82 million to be covered from 

other sources. This would be only $6.8 million annually or less than 

3 percent of the 1976 budget. Keeping in mind that, as with Niger, the 

investment program is about 2/3 the projected total, finding the additional 

funds could still be something of a problem since the average tax rate is 

already high. 

Chad and Mali present pictures similar to those for Niger and Senegal 

with uncovered deficits even if all domestic investment costs were picked 

up by donors. Only Mauritania appears to have ~~y chonce of handling its 

own recurring cost burden if investment is entirely aid financed. Its 

average revenue collection rate is the largest of the Sahel countries and 

the simUlations indicate that the Club program might even generate a small 

budget surplus, even after paying recurring costs. This conclusion must 

be tempered by the caveats mentioned above, however. 2 

lSince the cost pararnete'rs are the same for similar projects and the mix 
of projects is assumed identical for all countries, the relationships 
among investment, domestic costs and recurring costs will be the same for 
all countries. Only domestic tax rates differ. 

2In addition, much of Mauritania's revenue derives from i~on or~ production. 
It is doubtful that the marginal collection rate on other income sources 
approaches the average. 
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Before leaving' our e-xamination of- the.-output from the simulations, 

we shall present for comparison some-'prbj-ec-tions of national income and 

government -revenue- for, five Sahel countries over the period 19'75-1985. 

These projections. do not directly include any effects due -to the Club -

program,-but are'based on-projected growth rates contained in a 1974 MIT 

study of the' SaheL 1 - These gr-owth rates include the assumption that 

varying amounts of aid- will .. be- gfven in each country. 

Government revenue independent of the Club program is projected as 

a function of income in ,e-ach country and is equal to the historical ratio 

of revenue to GDP times-GDP: 

(5 ) 

The symbol a is the average ratio of revenue to GDP and-is what we have 

referred to as the "average collection rate". 

The parameters g, and a, and the initial observed value 

of GDP in 1975 (Yo) for each country are given in Table 1II-9. 

Table 1II-9 

GROWTH AND BUDGET PARAMETER ESTIMATES 

Initial Growth Revenue 
Income Rate Ratie 

Country Yo g a 
~', _. (Thousands of US $) 

Niger 560~000 " .047' -.12 

Senegal 1,"499 ;C)'O'O .05 .20 

Chad 477 ,800 .025 .15 
:~ .- ' -

Mall: - 5'75',600 -.045-
- . " 

Mauritania 371·;00Q-o ~;, '.05 , .22 

l"Economic- Considerati:ons::. n, MIT "'Op":ciit", p':- ;1.24:; , 
.~ :. . '. 

-:- '. <. 
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Tables III-IO to IIr-14 present projections of income and government 

revenue without projects as well as domestic investment associated with 

the Club program, total government recurrent costs and net recurrent costs 

for the program. These "net recurrent costs If assume that government revenue 

collected at the rates shown in Table III-9 on project income have already 

been applied to cover some of the project recurring costs and that domestic 

investment is funded with foreign aid. The net recurrent costs are what 

remain. The "Total Government Recurring Cost" figure assumes no government 

revenue is applied to these costs. 

Government revenue without the projects rises consistently over time, 

but one must assume that demand· for government services grows as well 

so that little of the increased revenue is likely to be available to 

service recurring costs. 
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Table III-I0 

PROJECTED GDP AND GOVERNMENT REVENUE" (WITHOUT PROJECTS) AND 
SIMULATED DOMESTIC INVESTMENT COSTS AND NET RECURRING COSTS 

FOR'CLUB"PROGRAM 

: NIGER 
~il1ions U.S. $ - 1975 Prices) 

DOMESTIC 
FISCAL YEAR GDp1 

GOVERNMENT 
" REVENiJE2" " INVESTMENT3 

NET RECURRING 
" COSTS3 

1974/1975 560 

1975/1976 587 70 

1976/1977 614 74 

1977/1978 644 77 41.8 

1978/1979 674 81 41.8 2.7 

1979/1980 706 85 41.8 5.2 

1980/1981 740 89 41.8 7.6 

1981/1982 775 98 41.8 11.0 

1982/1983 811 97 41.8 14.4 

1983/1984 850 102 41.8 17.5 

1984/1985 890 107 41.8 19.3 

1985/1986 932 112 41.8 21.1 

1986/1987 9774 117 41.8 22.6 

TOTAL 
GOVERNMENT 
RECURRING CO~ 

10.4 

20.9 

31.4 

43.8 

56.1 

68.7 

79.5 

90.3 

101.1 

IThe assumed real rate of growth of projected income from 1975 to 1987 is 4.7 
percent: It is obtained from "Economic Considerations for Long Term Developments 
in the SaheL" Center for Policy Alternatives, MIT, December 31, 1974, Annex 1, 
p. 124. The assumptions underlying this rate of growth include foreign aid of 

$458 million during the period 1975-1987. This is nearly 30 percent of the total 
investment of $1.61 billion we have projected under the Club du Sahel Program. 

2.12 percent of GDP. 

3See Table 1II-4. (These figures are 1.5 times those in cols. 2 and 8 of III-4 .J 
These are the domestic investment and net recurring costs that are derived from 
a simulated $1.61 billion investment program in Niger (Table III-2aJ. 1977/78 
is assumed to be year 1 of the program. 

4The projected annual addition to GDP by the end of the 10-year Club investment 
program is $465 million (Table 1II-4). Approximately 1/3 of this should already 
be included in the $977 million under the MIT assumptions (see note 1). 



- 59 -

Table III-11 

PROJECTED GDP AND GOVERNMENT REVENUE (WITHOUT PROJECTS) AND 
SIMULATED DOMESTIC INVESTMENT AND NET RECURRING COSTS 

FOR CLUB PROGRAM 

SENEGAL 
(Millions U.S. $ - 1975 Prices) 

TOTAL 
GOVERNMENT 
REVENOE2 

DOMESTIC 
INITESTMENT3 

NET RECURRING GOVERNMENT 
FISCAL YEAR §!2!'1 - COSTS3 RECURRING COSTS 

1974/1975 1499 

1975/1976 1573 315 

1976/1977 1653 330 

1977/1978 1735 347 92.9 0 

1978/1979 1822 364 92.9 1.5 23.1 

1979/1980 1913 382 92.9- 2.7 46.4 

1980/1981 2008 402 92.9 3.5 69.8 

1981/1982 2109 422 92.9 6.6 101.9 

1982/1983 2215 443 92.9 9.3 125.0 

1983/1984 2325 465 92.9 11.7 152.7 

1984/1985 2442 488 92.9 11.1 176.7 

1985/1986 2564 512 92;9 ~ 10.0 200.9 

1986/1987 2692 4 538 92.9 8.6 225.0 

IThe -assumed real rate of growth of projected income from 1975 to 1987 is 5.0 
percent. It is obtained from "Economic Considerations for Long Term Development 
in the Sahel", Center for Policy Alternatives, MIT, December 31, 1975, Annex 1, 
p. 124·. The assumptions underlying tp.is rate of growth include foreign aid in 
the amount of $809 million between 1975 and 1987. This is nearly 25 percent of 
the total projected investment un~er the Club program. 

220 percent of GDP • 

3see Table III-5 (these figures are 1.5 times those in Cols. 2 and 8 of III-5 ). 
These are the domestic investment and net recurring costs associated with a 
simulated $3.58 billion investment program in Senegal ( ~able III-2b). 1977/78 
is assumed to be year 1 of the program. 

4The projected annual addition by the GDP at end of the 10-~ea~ Club investment 
program is $1035 million (Table III-5). Approximately 25 percent of this should 
be included in the $2692 million under ~he MIT assumptions (see note 1). 
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Table 111-12 

PROJECTED GOP' AND'GOVERNMENT'REV,ENUE (WITHOUT PROJECTS) AND 
SIMULATED DOMESTIC INVESTMENT' AND 'NET RECURRING COSTS 

FOR CLUB PROGRAM 

CHAD 

(Millions of U.S. $ - 1975 prices) 
TOTAL 

GOVERNMENT 
REVENUE2 

DOMESTIC 
INVESTMENT3 

NET RECURRING GOVERNMENT 
FISCAL YEAR GDpl COS'l;'S3 RECURRING COS' 

1974/1975 478 

1975/1976 490 73 

1976/1977 502 75 

1977/1978 515 77 29.1 0 

1978/1979 528 79 29.1 1.1 7.2 

1979/1980 541 81 29.1 2.1 14.6 

1980/1981 554 83 29.1 3.0 21.8 

1981/1982 568 85 29.1 4.6 30.5 

1982/1983 582 87 29.1 6.1 39.2 

1983;11984 597 90 29.1 7.6 47.9 

1984/1985 612 92 29.1 8.0 55.2 

1985/1986 627 94 29.1 8.4 62.9 

1986/1987 6434 96 29.1 8.? 70..4 
" 

IThe assumed real rate of growth of projected income from 1975 to 1987' is 2,.5 
percent. It is obtained from "Economic Considerations for Long Term Development 
in the Sahel." Center for Pol:i:cy Alternatives, MIT, December 31, 1974, ,Anpex I, 
p. 124. The assumptions underlying this rate, of growth include foreign aid of 
$435 million during the period 1975-l98ry. This is nearly 40 percent of the 
$1.12 billion in investment we have proj'ected under the Club Program. 

215 percent of GOP. 

3See Table 111-6 (these figures are 1.5 times those shown in cols. 2 and 8 of 111-6 ). 
These are the domestic investment and net recurring costs tha~ are derived 'fro~ 
a simulated $1.12 billion investment program in Chad. (See' Table 1II-2c for 
allocations among projects.) 

4The projected annuaL additi'Oll to GDP by the end of the 10-year Club investment 
program is' $324 million (1.5 tiines figlires in'Table 1II-6). A.i?proxifnately 40 
percent of this should already be' {n'clude'd in ,the $643 million under the MIT 
assumptions (see .. Note 1). 
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Table III-13 

PROJECTED GDP AND GOVERNMENT REVENUE (WITHOUT PROJECTS) AND 
SIMULATED DOMESTIC INVESTMENT AND NET RECURRING COSTS 

FOR CLUB PROGRAM 

MALI 
(Millions U'. S. $ - 1975 Prices) 

FISCAL YEAR GDpl 
GOVERNMENT 
REVENUE 

DOMESTIC 
INVESTMENT3 

NET RECURRING 
COSTs3 

1974/1975 576 

1975/1976 602 90 

1976/1977 629 94 

1977/1978 657 99 34.3 0 

1978/1979 687 103 34.3 1.4 

1979/1980 718 108 34.3 2.7 

1980/1981 750 113 34.3 3.9 

1981/1982 784 118 34.3 6.0 

1982/1983 819 123 34.3 8.0 

1983/1984 856 128 34.3 9.8 

1984/1985 895 134 34.3 10.6 

1985/1986 935 140 34.3 11.2 

1986/1987 9774 147 34.3 11.7 

TOTAL 
GOVERNJ.lENT 
RECURRING COSTS 

8.6 

17.1 

25.7 

35.9 

46.1 

56.4 

65.1 -

74.0 

82.8 

IThe assumed real rate of growth of projected income from 1975 to 1987 is 4.5 
percent. It is obtained from "Economic Considerations for Long Term Development 
in'the Sahel," Center for Policy Alternatives, MIT, December 31, 1975, Annex 1, 
p. 124. The assumptions underlying ,this rate of growth include foreign aid 
of $314 million during the period 1975-87. This is nearly 25 percent of the 
$1.32 billion in investment we have projected under the Club program. 

215 percent of GOP. 

3See Table 111-7 (these figures are 1.5 times those shown in Co1s. 2 and 8 of 111-7 ). 
These are the domestic investment and net recurring costs that are derived from a 
simulated $1.32 billion investment program in Mali (see Table 111-24 for allocation 
among projectsl. 1977-78 is assumed to be year 1 of the program in this table. 

4projected annual addition to GOP by the end of 10-year Club investment program 
is $382 million (1.5 times figures in Table 111-7). Approximately 24 percent of 
this should be included in the $977 IT~llion under the MIT assumptions (see note 1). 
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Table III-14 

PROJECTED GDP AND GOVERNMENT REVENUE (WITHOUT PROJECTS) AND 
SIMULATED DOMESTIC INVESTMENT AND NET RECURRING COSTS 

FOR CLUB PROGRAM 

MAURITANIA 
(Millions U. S. $ - 1975 prices) 

TOTAL 
OVERNMEN~ DOMESTIC NET RECURRING GOVERNMENT 

FISCAL YEAR GDp1 REVENUE2 INVESTMENT3 COSTS3 RECURRING COSTS 

1974/1975 371 

1975/1976 390 86 84* 

1976/1977 409 90 87* 

1977/1978 429 94 90* 22.1 0 

1978/1979 451 99 94* 22.1 (0.5) 5.6 

1979/1980 474' 104 97* 22.1 (1.1) 11.1 

1980/1981 497 109 101* 22.1 (1. 7) 16.7 

1981/1982 522 115 104* 22.1 (1. 8) 23.1 

1982/1983 548 121 108* 22.1 (2.0) 29.7 

1983/1984 576 127 112* 22.1 (2.2 ) 36.3 

1984/1985 604 133 117* 22.1 (3.3) 42.0 

1985/1986 635 140 121* 22.1 (4.3) 47.9 

1986/1987 6664 147 126* 22.1 (5.5 ) 53.6 

IThe assumed real rate of growth of projected income from 1975 to 1987 is 5.0 
percent. It is obtained from "Economic Considerations for Long Term Development 
in the Sahel," Center for policy Alternatives, MIT, December 31, 1974, Annex 1, 
p. 124. The rate of growth does not assume any outside development assistance. 

2The first set of figures is 22 percent of GDP. 22 percent is the average 
historical government collection rate'. The second set is 22 percent of $371mi11ion 
plus 15 percent of any increment above this. It assumes the marginal collection 
rate is 15 percent. This assumption may be closer to reality since much of 
Mauritaniats government revenue comes from direct taxation of iron ore production. 

3See Table III- 8. (These figures are 1.5 times those shown in cols 2 an,d 8 of III- 8 ). 
These are the domestic investment and net recurring costs that are derived from a 
simulated $850 million in investment program in Mauritania! see Table III-2e for 
allocation among projects). 

4The projected annual addition to GDP by the end of the 10-year Club investment 
program is $246 million (1.5 times figures in Table III-'8). None of this is 
inclUded in the $666 million since MIT assumed no external assistance in their 
projections for Mauritania (see note 1). 
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v. Alternative Investment Patterns 

The simulation results discussed earlier were derived under the 

assumption .that investment always occurs in equal annual amounts. It is 

unlikely, however, that the $10 billion expenditure envisaged would be 

disbursed in,equa1 yearly installments. In order to study the imp1ica-

tions of other investment patterns, simulations were done using the 

investment schedule shown in Table 111-15. Under this scenario, 

expenditures rise during the early period, level off and then.diminish, 

yielding a temporal investment schedule similar to a bell curve. 

Table III-IS 

Year . 1 2 3 4 5 6 7 8 9 10 

Proprotion 
of total 
investment 1/23 2/28 3/28 4/28 4/28 4/28 4/28 3/28 2/28 1/28 

Simulations were performed for each Sahel country using the same total 

dollar amounts for the ten-year period as were used ea1ier. The annual invest-

ment payments, however, were not all equal, but were weighted as in Table 

111-15. Tables III-16a to III-16f give the results for the individual 

project types in Niger. Table 111-17 shows the aggregate flows for all 

projects for Niger. The aggregate figures for the other Sahel countries 

are similar to those for Niger and are shown in Tables 111-18 through 111-21. 

If one compares the results obtained from the uneven investment pattern 

(Tables III-16a to III-16f) with those from the equal investment pattern 

(Tables I11-3a to 111-3f), one finds some fairly major differences in the 

timing of the cost burden and income flows but relatively small differences 
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in the total values. The total flows for the uneven' investment are 

slightly larger (either' positive or negative) than those for the equal 

investment pattern because between·the·Sth and lOth year more investment 

is in place. The implication'of this analysis is that the timing of 

investment can be used to influence the budgetary impact of any aid 

program. Investment in projects yielding net surpluses could be timed 

so as to offset negative flows associated with other projects: Alternatively, 

the timing and 'composition "of -;,. program couid be adjusted to accomodate 

predictable movements in the government budget. 



Table III-16a 

SIMULATED INVESTMENT, COSTS AND REVENUE - NIGER 
UNEVEN INVESTMENT 

FEEDER ROADS PROJECT 

(Millions of US $) 
TIME TOTAL DOMESTIC PROJECT GOVERNMENT GOVERNMENT PROJECT GOVERNMENT REVENUES 
PERIOD PROJECT INVESTMENT RECURRENT RECURRENT RECURRENT COSTS INCOME REVENUES MINUS 

INVESTMENT COSTS COSTS COSTS PLUS DOMESTIC STREAM COSTS 
INVESTMENT COSTS 

1 s'.36 1.18 0 0 1.18 0 0 0 

2 10.71 2.36 .33 .33 2.69 1.29 .15 -.18 

3 16.05 3.53 1.00 1.00 4.53 3.97 .46 -.54 

4 21.45 4.72 1.99 1.99 6.71 8.18 .9il! -1.05 

5 21.45 4.72 9.04 5.04 9.76 14.05 1.62 -3.42 
I 

'" 6 21.45 4.72 8.08 8.08 12.80 20.19 2.32 -5.76 U'I 

7 21.45 4.72 11.13 11.13 15.85 26.61 3.06 -8.07 

8 16.05 3.53 12.46 12.46 lS.99 33.31 3.83 -8.63 

9 10.71 2.36 13.45 13.45 lS.81 38.55 4.43 -9.02 

10 5.36 1.18 14.12 14.12 15.30 42.21 4.85 -9.26 

11 0 0 14.45 14.45 14.45 44.12 5.07 -9.38 

.' 
12 0 0 14.45 14.45 14.45 44.12 5.07 -9.38 

SUMS 150.03 33.01 96.50 96.50 129.S0 276.S9 31.81 -64.69 



Table III-16b 

SIMULATED INVESTMENT, COSTS AND REVENUE - NIGER 
UNEVEN INVESTMENT 

PAVED ROADS PROJECTS 

(Millions of US $) 
TIME TOTAL DOMESTIC PROJECT GOVERNMENT GOVERNMENT PROJECT GOVERNMENT REVENUE 
PERIOD PROJECT INVESTMENT RECURRENT RECURRENT RECURRENT COSTS INCOME REVENUES MINUS 

INVESTMENT COSTS COSTS COSTS PLUS DOMESTIC STREAM. COSTS 
INVESTMENT COSTS 

1 5.36 1.18 0 0 1.18 0 0 0 

2 10.71 2.36 .13 .13 2.49 .44 .05 -.08 

3 16.05 3.53 .40 .40 3.93 1. 39 .16 -.24 
; . ' 

4 21.45 4.72 ,80 .80 5.52 2.91 .33 -.47 

5 21.45 4.72 . 1. 34 1.34 6.06 5.07 .58 -.76 

6 21.45 4.72 1.88 1.88 6.59 7.38 .85 -1.03 

7 21.45 4.72 2.41 2.41 7.13 9.84 1.13 -1.28 

8 16.05 3.53 2.95 2.95 6.48 12.47 1.43 -1.51 a. 
a. 

9 10.71 2.36 3.35 3.35 5.71 14.57 1.68 -1.67 

10 5.36 1.18 3.62 3.62 4.79 16.06 1.E}5 -1. 77 

11 0 0 3.75 3.75 3.75 16.86 1.94 -1.81 

12 0 0 3.75 3.75 3.75 16.86, 1.94 -1.81 

SUMS 150.03 33.01 24.38 24.38 57.39 103.85 11.94 -12.44 



Table III,..lGc 

SIMULATED INVESTMENT, COSTS AND REVENUE - NIGER 
UNEVEN INVESTMENT 

TELECOMMUNICATIONS PROJECTS 

(Millions of US $) 
TIME TOTAL DOMESTIC PROJECT GOVERNMENT GOVERNMENT PROJECT GOVERNMENT REVENUE 
PERIOD PROJECT INVESTMENT RECURRENT RECURRENT RECURRENT COSTS INCOME REVENUES MINUS 

INVESTMENT COSTS COSTS COSTS PLUS DOMESTIC STREAM COSTS 
INVESTMENT COSTS 

1, 1. 36 .24 0 0 .24 0 0 0 

2 2.72 .49 .04 .04 .53 0 .15 .11 

3 4.08' .73 .15 .15 .88 0 .56 .41 

4, 5.45 .98 .36 .36 1. 34 0 1.34 '.98 

5 5.45 .98 .69 .69 1.67 0 2.59 1.89 

6 5.45 .98 1.09 1.09 2.07 0 4.05 2.95 '" ..., 
7 5.45 .98 1.55 1.55 2.53 0 5.72 4.17 

8 4.08 .73 2.07 2.07 2.80 0 7.60 5.54 

9 2.72 .49 2.50 2.50 2.99 0 9.17 6.67 

10 1. 36 .24 2.82 2.82 3.06 0 10.33 7.51 

11 0 0 2.99 2.99 2.99 0 10.96 7.96 

12 0 0 2.99 2.99 2.99 0 :],0.96 7.96 

SUMS 38.11 6.86 17.25 17.25 24.10 o 63.42 46.17 



Table III-16d 

SIMULATED INVESTMENT, COSTS AND REVENUE - NIGER 
UNEVEN INVESTMENT 
POLDERS PROJECTS 

(Millions of US $) 
TIME TOTAL DOMESTIC PROJECT GOVERNMENT GOVERNMENT PROJECT GOVERNMENT REVENUE 
PERIOD PROJECT INVESTMENT RECURRENT RECURRENT RECURRENT COSTS INCOME REVENUES MINUS 

INVESTMENT COSTS COSTS COSTS PLUS DOMESTIC STREAM COSTS 
INVESTMENT COSTS 

,1 14.37 5.75 a a 5.75 a 0 a 

2 28.74 11.50 1.72 1.07 12.56 3.45 .40 '-.67 

3 43.07 17.2,3 5.1,7 3.21 20.43 10.35 1.19 -2.02 

4 57.56 23.02 10.34 6.41 29.43 20.68 2.38 -4.03 

5 57.56 23.02 17.25 10.69 33.72 34.50 3.97 -6.73 

6 57.56 23.02 24.15 14.98 38.00 48.31 ,5.56 -9.42 
'" o:l 

7 57.56 23.02 31.06 19.26 42.28 62.12 7.14 -12.11 I 

8 43.07 17.23 37.97 23.54 40.77 75.94 8.73 -14.81 

9 28.7(! 11.50 43.14 26.74 38.24 86.27 9.92 -16.82 

10 14.37 5.57 46.59 28.88 34.63 93.17 10.71 -18.17 

11 0 a 48.31 29.95 29.95 96.62 11.11 -18.84 

12 a a 48.31 29.95' 29.95 96.62 11.11 -18.84 

" 

SUMS 402.58 161.03 314.01 194.69 355.72 628.03 72.22 -122.46 



Table III-16e 

SIMULATED INVESTMENT, COSTS AND REVENUE - NIGER 
UNEVEN INVESTMENT 

AGRICULTURAL DEVELOPMENT PROJECTS 

(Millions of us $) 
TIME TOTAL DOMESTIC PROJECT GOVERNMENT GOVERNMENT PROJECT GOVERNMENT REVENUE 
PERIOD PROJECT INVESTMENT RECURRENT RECURRENT RECURRENT COSTS INCOME REVENUES MINUS 

INVESTMENT COSTS COSTS COSTS PLUS DOMESTIC STREAM . COSTS 
INVESTMENT COSTS 

1 6.32 3.67 0 .0 3.67 0 0 0 

2 12.64 7.33 1.39 .33 7.67 3.41 • 3~ .06 

3 18.95 10.99 4.17 1.00 11.99 10.24 1.18 .18 

4 25.33 14.69 8.34 2.00 16.69 20.48 2.35 . .,3,5 

5 25.33 14.69 13.91 3.34 18.03 34.15 3.93 .5iJ 

6 25.33 14.69 19.48 4.68 19.37 47.83 5.50 .82 
a> 
\0 

7 25.33 14.69 25.06 6.01 20.70 61.50 7.07 1.06 

8 18.95 . 10.99 30.63 7.35 18.34 75.18 8.65 1.29 

9 1.2.64 7.33 34.80 8.35 15.69 85.41 9.82 1.47 

10 6.32 3.67 37.58 9.02 12.69 92.24 10.61 1.59 

11 0 0 38.97 9.35 9.35 95.65 11.00 1.65 

12 0 0 38.97 9.35 9.35 95.65 11.00 1.65 

SUMS 177 .14 102.74 253.30 60.79 163.53 621.75 71.50 10.71 



Table III-16f 

SIMULATED INVESTMENT, COSTS AND REvENUE - NIGER 
UNEVEN INVESTMENT 

LIVESTOCK PROJECTS 

(Millions of US $) 
TIME TOTAL DOMESTIC PROJECT GOVERNMENT GOVERNMENT PROJECT GOVERNMENT REVENUE 
PERIOD PROJECT INVESTMENT ru;CURRENT RECURRENT RECURRENT COSTS INCOME REVENUES MINUS 

INVESTMENT COSTS COSTS COSTS PLUS DOMESTIC STREAM COSTS 
INVESTMENT COSTS 

1 ;;.17 2.90 0 0 . 2.,90 0 0 9 

2 10.35 5.79 .' .72 . ,56 6. ;16 3.31 .38 -.18 

;> 15.50 8.68 2.17 1.69 10.38 9.93 1.14 -.55 

4 20.72 11.qq 4.34 3.39 14.99 19.85 2.28 -1.:1.0 

5 29·72 11 .. 60 7.24 5.65 17.25 33.12 ~.81 -1.84 

E? 20.72 11.60 10.15 7.91 19.52 46.38 5.33 -2.58 ..... 
0 

7 29. 7.2 11.60 13.05 10.18 21. 78 59.64 6.86 ,-3.32 

8 15.50 8.68 15.95 12.44 21.12 72.90 8.38 -4.06 

9 10.35, 5.79 18.12 14,13 19.93 82.82 9'.52 -4.61 

10 5.17 2.90 19.57 15.26 18.16 89.44 10.29 -4.98 

, 11 0 0 20.29 lS.~3 . IS. 83 92.75 10.67 -S.16 

12 0 0 ,20.29 15.83 15.83 ~2. 75 '10.67 -5.16 

SUMS 144.93 81.16 131.89 102.87 184.03 602.90 69.33 -33.54 



Table 17 

SIMULATED INVESTMENT, COSTS AND REVENUE 
TOTAL NIGER PROGRAM 

UNEVEN INVESTMENT 

(Millions of US $) 
TIME TOTAL DOMESTIC PROJECT GOVERNMENT GOVERNMENT PROJECT GOVERNMENT REVENUE 
PERIOD PROJECT INVESTMENT RECURRENT RECURRENT RECURRENT COSTS INCOME REVENUES MINUS 

INVESTMENT COSTS COSTS COSTS PLUS DOMESTIC STREAM COSTS 
INVESTMENT COSTS 

1 37.93 14.91 0 0 14.91 0 0 0 

2 75.87 29.83 4.34 2.47 32:30 11.90 1.52 -.95 

3 113.70 44.70 13.06 7.45 52.15 35.88 4.69 -2.76 

4 151. 95 59.73 26.18 14.95 74.69 72.10 9.63 -5.32 

5 151.95 59.73 45.48 26.75 86.49 120.80 16.49 -10:27 

6 151. 95 59.73 64.83 38.62 98.35 170.08 23.61 -15.01 
" f-' 

7 151. 95 59.73 84.25 50.54 110.27 219.71 30.99 -19.55 

8 113.70 44.70 102.02 60.80 105.50 269.80 38.63 -22.17 

9 75.87 29.83 115.35 68.53 . 98.35 307.63 44.55 -23.98 

10 37.93 14.91 124.28 73.72 88.63 333.12 48.64 -25.08 

11 0 0 128.76 76.32 76.32 346.00 50.75 -25.58 

12 0 0 128.76 76.32 76.32 . 346.00 50.75 -25.58 
.. 

SUMS 1062.81 417.80 837.32 496.47 914.28 2233.12 320.23 -176.25 



Table 18 

SIMULATED INVESTMENT, COSTS AND REVENUES 
TOTAL SENEGAL PROGRAM 

UNEVEN INVESTMENT 

(Millions of US $) 
TIME TOTAL DOMESTIC PROJECT GOVERNMENT GOVERNMENT PROJECT GOVERNMENT REVENUE 
PERIOD PROJECT' INVESTl1ENT RECURRENT RECURRENT RECURRENT COSTS INCOME REVENUES MINUS 

INVESTMENT COSTS COSTS COSTS PLUS DOMESTIC STREAM COSTS 
INVESTMENT COSTS 

1 84.37 33.17 0 0 33.17 0 0 0 

2 1'68.74 66.34 9.66 5.50 71.84 26.48 5.61 .11 

3 252.88 99.41 29.06 16.57 115.98 79.82 17.14 .57 

4 337.96 132.86 58.22 33.26 166.11 160.37 34.89 1.63 

5 337.96 132.86 101.14 59.51 192.36 268.89 59.26 -.25 

6 337.96 132.86 144.20 85.89 218.75 378.31 84.28 -1.61 
" N 

7 '337.96 132.86 187.39 112.41 245.26 488.70 109.97 -2.44 

8 252.88 99.41 226.90 135.24 234.65 600.10 136.33 1.09 

9 168.74 66.34 256.56 152.42 218.76 684.24 156.56 4.14 

10 84.37 33.17 276.42 163.96 197.13 740.95 170.41 6.46 

11 0 0 286.39 169.76 169.76 769.60 177.52 7.76 

12 0 0 286.39 169.76 169.76 76~h60 177.52 7.76 

SUMS 2363.83 929.27 1862.34 1104.26 2033.53 4967.05 1129.47 25.22 



Table 19 

SIMULATED INVESTMENT, COSTS AND REVENUES 
TOTAL MALI PROGRAM 

UNEVEN INVESTMENT 

(Millions of US $) 
TIME TOTAL DOMESTIC PROJECT GOVERNMENT GOVERNMENT PROJECT GOVERNMENT REVENUE 
PERIOD PROJECT INVESTMENT RECURRENT RECURRENT RECURRENT COSTS INCOME REVENUES MINUS 

INVESTMENT COSTS COSTS COSTS PLUS DOMESTIC STREAM COSTS 
INVESTMENT COSTS 

1 31.09 12.23 0 0 12.23 0 0 0 

2 62.19 24.46 3.56 2.03 26.49 9.78 1.53 -.50 

3 93.20 36.66 10.71 6.11 42.77 29.50 4.68 -1.44 

4 124.55 48.99 21.46 12.26 61.26 59.27 9.54 -2.72 

5 124.55 48.99 37.29 21.95 70.94 99.38 16.24 -5.71 

6 124.55 48.99 53.16 31.68 80.67 139.83 23.14 -8.54 ...... 
w 

7 124.55 48.99 69.08 41.45 90.44 180.64 30.25 "11.21 I 

8 93.20 36.66 83.61 49.84 86.50 221.83 37.55 -12.28 

9 62.19 24.46 94.51 56.14 80.6+ 252.95 43.18 -12.97 

10 31.09 12.23 101.81 60.37 72.60 273.92 47.04 -13.34 

11 0 0 105.46 62.50 62.50 284.52 49.02 -13.48 

12 0 0 105.46 62.50 62.50 284.52 49.02 -13.48 

SUMS 871.17 342.67 686.11 406.83 749.50 1836.13 311.18 -95.65 



Table 20 

SIMULATED INVESTMENT, COSTS AND REVENUES 
TOTAL CHAD PROGRAM 
UNEVEN INVESTMENT 

«Millions of US $) 
TIME TOTAL DOMESTIC PROJECT GOVERNMENT GOVERNMENT PROJECT GOVERNMENT REVENUE 
PER!I:OD PROJECT INVESTMENT RECURRENT RECUR?-ENT RECURRENT COSTS IllCOME REVENUES MINUS 

INVESTMENT COSTS COSTS COSTS PLUS DOMESTIC STREAM COSTS 
INVESTMENT COSTS 

1 26.38 10.37 0 0 10.37 0 0 0 

2 52.76 20.75 3.02 1. 7~ 22.47 8.29 1. 33 -.39 

3 79.0.7 31.09 9,09 5.18 36.28 24.99 4.09 -1.09 

4 105.68 41.56 18.20 10.40 51.96 50.21 8.36 -2.04 

5 105.6lJ 41.56 31.63 18.62 60.17 84.19 14.24 -4.38 ..., ..,.. 
6 105.68 41.56 45.09 26.87 68.42 118.45 20.30 -6.57 I 

7 105.68 41.56 58.60 35.16 76.72 153.02 26.55 -8.61 

8 79.07 31.09 70.94 42.29 73.39 187.90 32.99 -9.31 

9 52.76 20.75 80.21 47.66 68.41 214 • .25 37.94 -9.72 

10 26.38 10.37 86.41 51.26 61.63 232.01 41.35 -9.91 

11 0 0 89.52 53.07 53.07 240.98 43.10 -9.97 

12 0 0 89.52 53.07 53.07 240.98 43.10 -9.97 

SUMS 739.15 290.66 582.23 345.29 635.95 1555.26 273.35 -71.95 



Table 21 

SIMULATED INVESTMENT, COSTS AND REVENUES 
TOTAL llAURITANIA PROGRAM 

UNEVEN INVESTMENT 

(Millions of US $) 
TIME TOTAL DOMESTIC PROJECT GOVERNMENT GOVERNMENT PROJECT GOVERNMENT REVENUE 
PERIOD PROJECT INVESTMENT RECURRENT RECURRENT RECURRENT COSTS INCOME REVENUES MINUS 

INVESTMENT COSTS COSTS COSTS PLUS DOMESTIC STREAM COSTS 
INVESTMENT COSTS 

1 20.08 7.9 0 0 0 7.90 0 0 0 

2 40.1 15.79 2.30 1. 31 17.10 6.31 1.48 .17 

3 60.19 23.67 6.91 3.95 27.61 '19.02 4.52 .58 

4 80.44 31.63 13.85 7.92 39.55 38.22 9.19 1.27 

5 80.44 31.63 24.07 14.17 45.80 64.08 15.58 1.41 

6 80.44 31.63 34.32 20.45 52.08 90.16 22.12 1.67 
..... 
'" 

7 80.44 31.63 44.59 26.77 58.40 116.48 28.83 2.06 

8 60.19 23.67 53.98 32.20 55.86 143.03 35.69 3.49 

9 40.16 15.79 61.03 36.28 52.07 163.09 40.94, 4.66 

10 20.08 7.90 65.75 39.02 46.92 176.61 44.53 5.51 

11 0 0 68.12 40.40 40.40 183.44 46.37 5.97 
, 

12 0 0 68.12 40.40 40.40 183.44 46.37 5.97 

SUMS 562.61 221. 21 443.06 262.86 484.07 1183.89 295.63 32.77 
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CHAPTER IV 

INDIVIDUAL PROJECTS 

In our initial discussion of the apcounting model that has been 

developed, we indicated that it could be used in two fundamentally 

different ways. One is to simulate potential investment programs based 

on hypothetical scenarios about the total amount of investment and the 

amounts allocated to different project types. This is what was done in 

Chapter II and III. The other is to examine the financial flows associ

ated with actual projects using as data for the model information in 

project evaluation documents. Once the economic analysis of any project 

has been done it is possible to feed the data into the model and obtain 

estimates of the financial flows associated with it. The flows associated 

with any number of actual projects can be aggregated and the total 

budgetary and resource requirements compared to what is available. If 

there appear to be any problems, adjustments are possible. As a result, 

the model can be used as part of the process of selecting an optimal 

project/investment/financing mix. 

To illustrate the procedure, data was obtained from the evaluation 

studies for five different World Bank projects. The projects have been 

undertaken in recent years or are currently planned for the Sahel. 

Table I identifies the projects by type and shoWS the dollar investments 

and the year in which they are assumed to be expended. The temporal 

allocation of investments for each project corresponds to that in the 

planning document. The only adjustment we have made is to assume that 

all projects begin in year I: . 
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Table IV-I 
Project Investment (. 000' s US $) 

Project Type Year 1 2 3 4 5 6 

Feeder Roads 4617 1954 1923 0 0 0 

Paved Roads 3708 3708 0 0 0 0 

Polders 3676 5583 2293 1448 0 0 

Agricultural Developmen t 5289 3596 4316 0 0 0 

Livestock 957 1559 1441 1435 1090 0 

Tables IV-3 through IV-7 -present the financial flows associated with 

each of the five projects over a twelve-year period. In calculating 

government revenues, it was assumed that the projects were carried out 

in Niger and an average tax rate of 11 percent was used to calculate 

government revenues.. If fees:were charged for project services or if 

specific taxes were collected on the income generated, a collection rate 

for each project could be used in the- model. 

The financial streams for all five projects are aggregated and 

shown in Table IV-8. - Such a table could be obtained for any· number of 

projects and the budgetary impact of varying the project mix could be 

examined. For example, according to the World Bank evaluations, agri-

cultural development projects- yield a budgetary surplus. When such an 

agricultural project is combined with other projects, the surplus from 

one project could theoretically ~e used to help cover the deficits of 

other projects. Telecommunications projects also presumably earn a profit 

so that their income would be available to finance such things as feeder 

roads. 
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In projecting potential government revenue we have thus far used 

the simplifying assumption of a single tax collection rate for each 

country. An alternative means of dealing with the spectre of recurring 

costs is .to attack the problem at the project leveL In some cases 

specific taxes or levies could be applied to project income to generate 

sufficient revenues to wholly or partially offset the recurrent cost 

stream. Road-use or gasoline taxes might be used for this'purpose in 

the case of feeder roads or, paved roads projects. Agricultural production 

taxes or" perhaps, well-use fees could be applied in agricultural develop

ment or irrigation projects. of course, head or weight gain taxes could 

be used for livestock projects. Careful 'analysis of individual projects 

will be helpful in designing project-related taxes or fees which could be 

used to generate revenues to cover recurrent costs. Perhaps this is the 

level at which the problem of recurrent costs can best be approached. 

Certainly, on equity grounds alone, it is not implausible to expect those 

benefiting most from a project to share the costs of its continuing operation. 

Looking at each project individually, it is easy to' calculate the 

additional tax which, if levied in some manner upon project income, 

would eliminate the gap between project recurring costs and project 

revenue collected at the current average tax rate. The tax rate required 

for each project can be obtained by dividing, the sum of net uncovered 

recurring costs by the total project income stream. Table IV-2 presents 

these rates for the projects in Tables IV-3 through IV-7. 
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Table IV-2 
Additional Tax on Project IncomeNecessary to Finance Recurring Costs 

Additional Tax Rate Total Tax Ratea 

Project Type .- (percent) (percent) 

Feeder road J. 7.4 27.4 

Paved Roads 9.5 20.5 

Polders 19.5 30.5 

Agricultural Development -1. 7 9.3 

Livestock 5.6 16.6 

aThe total tax rate is the additional tax plus the current average tax 
ate of 11 percent that is already incorporated in calculating govern
ment revenues. 

Using the aggregate figures from Table IV-8 for income and uncovered 

rec~ring costs, it is also possible to calculate the additional average 

tax rate which, if applied to the income from each of the projects, would 

eliminate the program deficit. This rate is 6.9 percent. 

The estimates in Table IV-3 of the additional tax that would be 

required if all recurring costs were to be covered for each project are 

calculated under the assumption that the average tax of 11 percent rate 

will also be imposed on the income stream somewhere along the line. In 

reality, the average tax rate may not be imposed and it may be infeasible 

to collect directly enough revenue to cover the costs. Analysis of each 

project and of the situation in which output or services from the project 

are being produced and the way in which they are channelled through the 

economy should, however, result in estimates of what might feasibly be 

collected. These estimated feasible tax rates could be included in the 

model to produce a more accurate picture of potential government revenue. 
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In addition, the model can also be expanded to accomodate information and 

projections about the governments budgetary position exclusive of the 

impact of the projects so that a comprehensive picture of resource require

ments and availabilities would be obtainable. 

In developing the model and illustrating its capabilities we have 

gone from a level of total aggregation to a level of total disaggregation. 

At the level of regionwide and countrywide aggregation we were attempting 

to simulate the income streams associated with a hypothetical program. 

At the level of complete disaggregation we were looking at the flows 

that result'from actual projects and discussed how particular fees and 

direct taxes might be calCUlated. One further application of the model, 

which we have alluded to earlier, would be to include all individual 

projects a~d the actual flows and investment timing associated with them 

to provide a complete accounting framework for analysis of a total actual 

program. In a sense this will take us full circle, back to a level of 

total aggregation, but this time using reality rather than hypothetical 

figures. It is this use of the model that in the long run may prove most 

valuable in providing information for making decisions. 



Table Iv-3 
Feeder Road Project 

(Thousands of dollars) 

GOVERNMENT 
TOTAL DOMESTIC PROJECT GOVERNMENT RECURREN:r COSTS PROJECT REVENUES 

TIME PROJECT INVESTMENT RECURRENT RECURRENT PLUS DOMESTIC INCOME GOVERNMENT MINUS 
PERIOD INVESTMENT COSTS COSTS COSTS INVESTMENT COSTS STREAM REVENUES COSTS* 

1 4617 1015 0 0 1015 0 0 0 

2 1954 429 286 286 716 1108 127 -158 

3 1923 423. 407 407 830 1648 189 -217 

4 0 0 526 526 526 2226 256 -270 

5 0 0 526 526 526 2326 267 -259. 

6 0 0 526 526 526 2431 279. -247 

7 0 0 1206 1206 1206 2540 292 -914 

8 0 0 1206 1206 1206 2654 305 -900 CD 
I-' 

9 0 0 1206 1206 1206 2774 319 -887 

10 0 0 526 526 526 2899 333 -193 

11 0 0 526 526 526 3029 348 -178 

12 0 0 526 526 526 3165 364 -162 

SUMS 8494 1868 7471. 7471 9340 26803 3082 -4389 

* . column is the difference Th~s between government revenues (at 11 percent of income) and recurring costs. 
Domestic investment costs are assumed to be financed externally. 



Table IV-4' 
Paved Roads Project 

(Thousands of dollars) 

GOVERNMENT 
TOTAL DOMESTIC PROJECT GOVERNMENT RECURRENT COSTS PROJECT REVENUES 

TIME PROJECT INVESTMENT RECURRENT RECURRENT PLUS DOMESTIC INCOME GOVERNMENT MINUS 
PERIOD INVESTMENT COSTS COSTS COSTS INVESTMENT COSTS STREAM REVENUES COSTS * 

1 3708 815 0 O. 815. 0 0 0 

2 3708 815 92 92 908 307 35 -57 

3 0 0 185 185 185 656 75 -109 

4 0 0 185 185 185 700 80 -104 

5 a. 0 185 185 185 747 85 -99 

6 a o. 185 185 185 797 91- -93 

7 a 0 185 185 185 851 97 -87 <XI 

'" 
8 0 0 185 185 185 908 104 -80 

9 0 0 185 185 185 969. III -73 

10 0 0 185 185 185 1034 118 -66. 

11 0 0 185 185 185 1103 126 -58 

1,2 0 0 185 185 185 1177 135 -50 

SUMS 741~ . 1631 1946 1946 3578. 9254 1064 -882 

*This column is the difference between government revenues (at 11 percent of income) ann recurring costs. 
Domestic investment costs are assumed to be financen externally. 



Table IV-S 
Polders Project 

GOVERNMENT REVENUES 
TOTAL DOMESTIC PROJECT GOVERNMENT RECURRENT COSTS PROJECT GOVERNMENT NINUS 

TIME PROJECT INVESTMENT RECURRENT RECURRENT PLUS DOMESTIC INCOME REVENUES COSTS * 
PERIOD INVESTMENT COSTS COSTS COSTS INVESTMENT COSTS STREAM 

1 3676 1470 0 0 1470 0 0 0 

2 5583 2233 441· 273 2506 882. 101 -172 

3 2293 917 1111 688 1606 2222 255 -433 

4 1448 579 1386 859 1438 2772 318 -540 

5 0 0 1560 967 967 3120 358 -608 

6 0 0 1560 967 967 3120 358 -608 

7 0 0 1560 967 967 3120 358 -608 
OJ 
w 

8 0 a 1560 967 967 3120 358 -608 ,. 

9 0 0 1560 967 967 3120 358 -608 

10 0 0 1560 967 967 3120 358 -608 

11 0 0 1560 967 967 3120 358 -608 

12 0 0 1560 967 967 3120 358 -608 

SUMS l3000 5200 15418 9559 14759 30836 3546 .. -6013. -

* This column is the (j fference between government revenues (at 11 percent of income) and recurring costs. 
Domestic investment costs are assumed to be financen externally. 



Table IV-6 
Agricultural Development Project 

GOVERNMENT 
TOTAL DOMESTIC PROJECT GOVERNMENT RECURRENT COSTS PROJECT REVENUES 

TIME PROJECT INVESTMENT RECURRENT RECURRENT PLUS DOMESTIC INCOME GOVERNMENT MINUS 
PERIOD INVESTMENT COSTS COSTS COSTS INVESTMENT COSTS STREAM REVENUES COSTS* 

1 5289 3067 0 0, 3067 0 0, 0 

2 3596· 2085 1163 279 2364, 2856 328 49 

3 4316 2503 1954 46~ 2972 4797 551 82 

4 0 0 2904 697 697, 7128 819 122 

5 0 0 2904 697 697 7128 819 122 

6 0 0 2904 697 697 7128 819 122 

7 0 0 2904 697 697 7128 819 122 00 ... 
8 0 0 2904 697 697 7128 819 122 I 

9 0 0 2904 697 697 7128 819 122 

10 0 0 2904 697 697 7128 819 12::' 

11 0 0 2904 697 697 7128 819 122 

12 0 0 2904 697 697 7128 819 122 

SUMS 13201 7656 29256 7021 14678 71810 8258 1236 

* 
This column is the c'lifference between revenues (at 11 percent of income) and recusrring costs. 

Domestic investment costs are assumed to be financed externally. 





Table IV-8 
Total Five Projects 

(Thousands of Dollars) 

GOVERNMENT 
TOTAL DOMESTIC PROJECT GOVERNMENT RECURRENT COSTS PROJECT REVENUES 

TIME PROJECT INVESTMENT RECURRENT RECURRENT PLUS DOMESTIC INCOME GOVERNI-lENT MINUS 
PERIOD INVESTMENT COSTS COSTS COSTS INVESTMENT COSTS STREAM REVENUES COSTS * 

1 18247 6905 0 0 6905 0 0 0 

2 16400 6437 2117 1036 7473 5766 663 -373 

3 9973 4650 4010 2025 6676 10935 1257 -768 

4 2883 1382 5556 2700 4083 15360 1766 -934 

5 1090 610 5931 2965 3575 16773 1928 -1036 

6 0 0 6083 3084 3084 17625 2026 -1057 

7 0 0 6763 3763 3763 17788 2045 -1717 ro 

'" 
8 0 0 6763 3763 3763 17960 2065 -1698 

9 0 0 6763 3763 3763 18140 2086 -1677 

10 0 0 6083 3084 3084 18330 2107 -976 

11 0 Ii 6083 3084 3084 18529 2130 -953 

12 0 a 6083 3084 3084 18740 2155 -928, 

SUMS 48593 19986 62240 32354, 52341 175950 20234 -12120 

* This column is the difference between government revenues (at 11. percent of income) ann recurring costs. 
Domestic investment costs are assumec4 to be financed externally. 



_ AI _ 

APPENDIX A 

PARAMETER ESTIMATES 

I. INTRODUCTION 

Chapter II describes in detail the accounting model we have developed 
for keeping track of the numerous projects encompassed by the Sahel program 
and for analyzing the budgetary impact of local investment and recurring 
costs. If the model is to be used for simulating the outcomes of large 
investment programs, there are a number of parameters for which values must 
be estimated for each project type. The parameteres define the technical 
relationships between various financial flows and the amount of investment. 
The relationships that were measured are: (1) that between recurring costs 
and total investment, (2) that between project-induced aggregate income 
and total investment, and (3) that between local investment costs and total 
investment. The fo~lowing are the equations for which parameter estimates 
are required: 

(A-I) 

(A-2) 

(A-3) 

recurring costs 

project income 

domestic investment 

Variable Definitions 

Xjt = recurring costs for project j in time period t 

IjT = total investment in project j with project completed 
in year T 

'llYjt"-= project income in year t 

d Ijt = domestic investment in project j, year t 

Ijt = total investment in project j in year t 

There are three parameters, and one functional relationship that must 
be obtained if the model is to be used to provide any quantitative pro
jections. The parameters are the continuous recurring cost parameter, aj; 
the intermittent cost parameter, Cjt; and the ratio of local investment 
costs to total investment, Zj'. The functional relationship is that between 
income and investment. The data were taken from World Bank Project Appraisal 
Reports. The project types for which parameters were estimated are the 
following: 
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1. Feeder or rural roads projects 
2. Paved roads projects 
3. Telecommunications projects 
4. Agricultural projects 

a. polders projects 
b. livestock projects 
c. agricultural or rural development projects 

II. FEEDER OR RURAL ROADS PROJECTS 

A. Recurrent Costs 
Table 1 presents estimates of aj and Cjt for five World ~ank rural 

or feeder road-improvement projects-and the average for all projects. 
Both the continuous 'cost 'parameters, aj' and the intermittent cost para
meter, Cjt, are measured as a percentage of total investment costs. In 
order to obtain an estimate of total recurring costs for a given ,year, 
it would only be necessary to multiply the total investment by the sum 
of aj' which is invariant over time, and Cjt. The column headed "year", 
in the table refers to the number of years after the project is completed. 

TABLE 1 

Recurrent Costs 
Feeder or Rural Roads Improvement Projects 

Project 1 2 3 4 5 Average 
* B** A 

aj .14 .028 ,.098 .048 .024 .02 .062 

yearl Cjt Cjt Cjt Cjt Cjt Ct 

T+l 0 0 NA 0 0 ,0 
T+2 0 .013 0 0 0 
T+3 .12 .0l3 0 .07 0 
T+4 0 .013 0 .07 .08 
T+5 0 .013 0 .07 .08 
T+6 0 0 0 .07 .08 
T+7 0 0 .12 0 0 
T+8 0 0 0 0 0 

* A-standard road (more than 4000 tons/yr) 
**B-standard road( 1700-4000 tons/year) 
IT is the completion date for project investment 

There are relatively large differences in the parameters. The amount 
and kinds of materials and equipment needed to improve feeder or rural roads 
varys considerably with the particular project and the pre-project road con
dition. These differences become evident when one examines the specific 
costs/km for various feeder road improvement projects shown in Table 2. If 
one matches the cost/kilometer of Table 2 with the recurring cost parameters 
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of Table 1, it becomes apparent that those projects with the highest 
recurrent costs generally have the lowest costsfkm for improvement. This 
is in line with intuition in that.the greater the extent of improvement 
(at least for feeder roads), th~ lower, one may.expect, will be the 

maintenance_costs. 

'.TABLE 2 

Cost per Kilometer of Feeder or Rural Road Improvement - by projectl 

Project 

Road Type2 

Costs/km of 
Improvement 

1 2 

$1676. NA 

3 

A 

$3092. 

4 5 

B A B 

$1225 $4800 $2400 $2453 

lIn 1974 prices (if costs were given in some other year, they were 
corrected to reflect 1974 prices) 

2Roads not labeled by type are assumed B-standard 

The important numbers from Table 1, for the'f'urpose of projecting future 
cost streams, are the averages in the right-hand column. In making our 
estimates of the recurring cost streams associated with given amounts of 
investment in feeder ro~ds, these parameters Were used. In looking at 
specific projects, the actual ratios for those projects would be used, 
rather than the averages from Table 1. 

B. Domestic Investment Costs 
Most of the equipment and materials used in road construction in the 

Sahel must be imported. As a result, the local cost ratio is rather· small. 
The ratios. of domestic investmen~ costs to total project investment costs 
(net of taxes and duties) for World Bank highway projects are given in 
Table 3:' 

TABLE 3 

Domestic Investment Costs 
All Highway projects 

Project 1 2 3 4 5 6 7 8 9 10 11 

Zj .29 .24 .27 .22 .16 .14 .25 .24 .22 .15 .25 

Average Zj = .22 Standard deviation = .05 

The average avlue of .22 was used in feeder-road: and paved-road 
project simulations as an estimate· of Zj •. 

http:ratios.of


- A4 -

Iucome Streams 
In estimating the income streams· for projects we have assumed that 

the benefits as measured by the cost benefit analysis contained in the 
evaluations are an approximation of income. The benefits of rural or 
feeder roads projects derive primarily from reduced vehicle operating 
costs. The project analyses include an assumption that the benefits 
increase over time in accordance with projected growth in road use. They 
thus become an increasing proportion of total initial investment and con
form· to the following algebraic relationship: 

(A-4) 

Table 4 gives the values of b and d as estimated from World Bank Projects. 
The parameter d is the projected rate of growth and the parameter b is the 
ratio of benefits to total investment as of the first year the project is 
functioning. 

TABLE 4 

Benefit/Investment Ratios and Growth Rates 
Rural or Feeder Road Projects 

Project 1 
2 
3 
4 
5 

b : (lJenefi t ratio) 
.21 
.18 
.31 

NA 
.25 

Means .24 

d (growth rate) 
.055 
.04 
.023 

NA 
.06 
.045 

A rather tenuous assumption must be made to redefine these benefits 
as aggregate income. Since the cost saving really represents a reduction 
in fuel consumption, spare parts and labor, the monetary value of project 
benefits corresponds to a freeing of foreign exchange or other resources. 
If we assume that these freed resources, particularly exchange, have 
alternative uses, the measured benefits do, in fact, reflect an increase 
in national income of equal amount. l Thus, for feeder roads the unspecified 
income relationship A-2 can be written explicitly as: 

(A-5) 

lThe reader is warned that this assumption mayor may not be accurate. 
The benefit stream for·different projects may vary significantly in 
magnitude from the induced income stream. The assumption that they are 
equal, however 1 gains credibility if one is considering a large "portfolio" 
Of projects. This is an area that requires considerably more analysis. 



III. PAVED ROADS PROJECTS 

A. Recurrent Costs 
The recurrent costs for a paved road project are primarly routine 

maintenance costs that remain nearly constant from one year to the next. 
As a result, the intermittent costs reflected in Cjt are zero for all 
periods. 

Table 5 gives the value of aj, the continuous recurring cost parameter, 
for fourteen paved-road construction projects and an average for the fourteen. 
This average value from Table 5 was used in the simulations to generate the 
recurrent cost stream for paved road.projects. 

Project 1 2 3 4 

TABLE 5 

Recurrent Costs 
Paved Road Projects 

5 6 7 8 9 10 11 12 13 14 

aj .073 .03 .043 .025 .011 .022 .025 .019 .032 .014 .014 .. 014 .016 .016 

Average aj = .025 

B. Domestic Investment Costs 
The ratio of domestic investment to total investment coses (Zj) for 

paved roads is the same as that used for feeder roads projects. The 
value is .22. 

C. Income Stream 
Benefits from paved roads projects derive from the same sources as 

for those for feeder roads projec~s, reduced vehicle operating and main
tenance costs. Again, the assumption is made that the project benefit 
stream equals the project-induced income stream. Thus, equation A-6 
represents the income stream associated with a paved roads project. 

(A-6) 

A small sample of World Bank paved roads projects was abailable 
from which to estimate values for the parameters b and d. The·results 
are presented in Table 6 The average values from Table 6 were used in 
project simulations. 

Project A 
Project B 

TABLE 6 

Benefit/Investment Ratios and Growth Rates 
Paved' Road Projects 

b (benefit ratio) d (growth rate) 
.087 .055 
.079 .078 

Average = .083 Average = .067 



- A6 -

IV. TELECOMJ.!UNICATIONS PROJECTS 

A. Recurrent Costs 
Estimates of the recurrent cost parameters aj and Cjt for te~ecom

munications projects were obtained using data from recent World Bank 
te~ecommunications projects in the Sahe~. The intermittent costs of 
te~ecommunications projects, reflected in Cjt, are a linearly increasing 
proportion,of project investment. For telecommunications projects the 
recurrent costs are in large measure the costs of running a telephone 
company. These operating costs increase over time as demand for connections 
and service ri'ses. The values of the recurrent cost parameters are given 
in Table 7 for four projects. The average values for the four projects 
were used in generating recurrent cost streams for telecommunications 
projects. 

B. Domestic Investment Costs 
Domestic costs are a re~atively low proportion of telecommunications 

projects. Most of the equipment and technology are imported. The domestic 
investment fraction, Zj' for four projects is given in Table 7. The average 
for the four projects is .18. 

C. Income Stream 
As discussed earlier, the net impact on the government budget of project 

costs depends upon the amount of government revenue generated. For most 
project types the revenue is estimated by first estimating the project
induced national income stream and then applying a country-specific revenue 
collection rate. The telephone service that~ produced by ~elecommunications 
projects, however, is sold directly to consumers. As a result, given that 
the project is owned by the government, all the revenues accrue directly to 
the government. The re:bationship between revenues and investment is similar 
to that between recurring costs and investment. Part of the revenue is a 
constant ratio of initial investment and part increases linearly over time. 
We can let Wj represent the constant proportion parameter and Ijt be the 
increasing proportion. The revenue stream, R't' can then be wr~tten as: , J 

(A-7) 

The ~jt increase over time for,the same reason costs do. There are 
new connections and increased usage which means increasing revenue. 
Tab~e 7 goves estimates of Wj and Ijt acquired from a small sample of World 
Bank projects. The average values from Table 6 are used in revenue stream 
simUlations for telecommuni9ations projects. 

Although we have not attempted to evaluate the accuracy of the World 
Bank estimates to determine whether they correspond to historical experience, 
we can point out some implications of the formation they have used. Since 
the recurring costs, Xjt, ,and revenues, Rjt, have both been estimated as 
functions of total investment, it is a,si~ple matter to estimate the implied 
rate of return on investment. Let ~jt be the rate of return in period t on 
total initial investment. 
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Table 7 

TELECOMMUNICATIONS PROJECTS 

Project Project Project Project Average 
1 2 3 

aj .013 .027 .048 .029 

1 
Cjt 

T+1 0 0 0 0 
T+2 .01 .006 .016 .011 
T+3 .02 .012 .032 .022 
T+4 .03 .018 .048 .033 
T+5 .04 .024 .064 .044 
T+6 .05 .030 .080 .055 
T+7 .06 .036 .096 .066 
T+8 .07 .042 .112 .077 

Zj .18 .16 .20 .18 

Wj .112 .132 .092 .112 

1jt 
3 

T+1 0 0 0 0 
T+2 .037 .020 .061 .039 
T+3 .074 .040 .122 .078 
T+4 .111 .060 .183 .117 
T+5 .148 .080 .• 244 .156 
T+6 .185 .100 .305 .195 
T+7 .222 .120 .366 .234 
T+8 .259 .140 .427 .273 

IThe c' t can actually be repr~sented by the formulation .cj(t-1) where 
Cj isJconstant and t represents the years since project completion. 
The Cj'S used in Table 6 fer projects 1, 2, and 3 are .010, .006, and 
.016, respectively.· 

2T is the completion. data ~or project,investment. 

3The 1jt in TAble 6 are derived using the formulation 1j(t-1). The 1j's 
used l.n Table 6 for projects 1" 2, and 3 are .037, .020, and .061, respectively. 
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1Tjt = Rjt - Xjt = Wj + ljt- aj - Cjt 
l;jT. 

= Wj aj + lJlr cj) (t-l) 

= .112 - .029 - . (~()39- .011) (t-l) 

1Tjt = .083 .028 (t-l) 

The rate of return thus increases cont~nuous1y over time and is always 
positive. It is quite possible that this formulation overstates the profit
ability of telecommunications investments and as a result, overstates their 
contribution to government income in our simulations. 

V. AGRICULTURAL PROJECTS 

Agricultural projects can be divided into three subcategories: 
1. Polders Projects 
2. Livestock Projects 
3. Rural or Agricultural Development Projects . 

Polders projects are generally devoted to improving and expanding irrigated 
agriculture in and around polders and other delta areas. Livestock projects 
are designed to assist cattle production and often include activities 
designed to improve livestock marketing, meat processing, and veterinary 
services. Rural or agricultural development projects are composite pro
grams covering livestock, training, rainfed agriculture, irrigated agri
culture, and/or agricultural transport. 

Estimation of parameters for agricultural projects poses somewhat 
different problems than does estimation of infrastructure parameters. 
With road construction and telecommunications, the incidence of recurring 
costs falls almost exclusively on the government. This is not the case, 
however, for agricultural projects. To varying degrees, a significant part 
of the recurring costs of such projects fall directly on the individual 
farmer Or farm unit. Hence, the total recurrent cost stream generally 
overstates the government cost burden. In order to calculate the govern
ment cost stream, it is necessary to introduce a new parameter, gj' which 
is the ratio of government suppo~ed recurrent costs to total recurrent 
costs. 

Estimating the project income stream and potential government revenues 
for agricultural projects also presents problems that are different from 
those associated with infrastructure 'projects. With infrastructure, it 
is impossible to specify who receives the income and in what form. 
As a result, government revenue is estimated simply by applying an average 
revenue collection rate to the income stream. Agricultural projects, 
however, usually produce incowe for identifiable groups of people and 
generally raise t~e output of specific kinds of crops or products such as 
livestock. In ~any cases, the taxes applicable to the incremental output 
are different from the average tax rate for the country. In addition, 
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there can be direct charges to the beneficiaries such as water charges 
to farmers in'the case of irrigation projects. If one can specify pro
jects, and the products they affect, one should certainly take into 
accoun~ the tax rates and charges that apply to those products. Unfor
tunately, the tax rates, charges, and degree of collectability vary widely 
both across different agricultural products and across different countries. 
Thus, in a general ~,alysis, such as this one, these differences must be 
ignored and the same'methodology that was used to estimate government income 
from infrastructure projects will be used in agriculture. The increment 
in national income is projected and the average revenue collection rate 
is applied to this ipcome. This methodology may understate the true 
revenue potential. 

The project income stream is assumed equal to the project benefit 
stream. For agricultural projects, however, this assumption is truly 
justified since the value of the estimated benefit stream in the world 
Bank evaluations is measured as the incremental crop and livestock pro
duction valued at market prices. As a result, the calculated benefits 
are identical with the project-related increment in national income. 

1. Polders projects 

A. Recurring Costs 
In common with the paved roads projects, polders projects (and agri

cultural projects in general) have little in the way of intermittent 
recurring costs. Hence, all r~curring costs can be reflected in the 
cOnstant proportionality factor aj of equation Bl with Cjt equal to 0 
for all t. T~le 8 gives the estimates of aj from two World Bank polders 
project reports. As described in the previous section, the project recur
ring cost stream overstates the government cost burden. The proportion 
of recurring costs which accrue as direct costs to the governmentl (gj) 
are also shown in Table 8. 

TABLE 8 

Polders Projects 

Project Project Average 
Parameter 1 2 

a. .16 .07 .12 
J 

gj .61 .62 .62 

z. 
J 

.59 .20 .40 

b. .33 .15 .24 
J 

lIn polders projects the project is generally run under the auspices of a 
specific ,agency or government-owned enterprjse. All direct project revenues 
and costs are then: channeled ,through this intermediary. However, for our 
purposes it is assumed that the government administers the project directly. 
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B. Domestic Investment Costs 
Generally a larger proportion of total investment costs are spent on 

local technology, labor, and other resources in agricultural projects than 
in infrastructure projects. Hence, the proportion of domestic costs, Zj' 
is higher for agriculture projects. Table 8 gives the values of Zj for the 
two polders projects surveye!Ol: 

CoO Income Stream 
The estimated income stream (~ benefit stream) for polders projects 

is similar to the estimated recurrent cost stream, being comprised solely 
of a constant proportion of project investmentl and given by: 

(A-8) 

Table 8 presents estimates of b j from World Bank reports. The average 
values of aj' gj' z., and b. from Table 8 were used in subsequent project 
simulations and ana1ysis. J 

2. Livestock Projects 

The recurrent-cast-stream, domestic-investment-cost-stream, and income
stream formulations for livestock projects are assumed to be the same as 
those for polders projects. Table 9 presents, as in the case of polders 
projects, all requisite parameter estimates and their averages from a 
sarr~le of World Bank livestock project evaluations. 

TABLE 9 

Livestock Projects 

Project Project Project Averages 
1 2 3 4 

aj .14 .06 .22 .14 

gj .90 .65 NA .78 

Zj .49 .61 ·.58 .56 

bj .75 .55 .61 .64 

lThis is not strictly appropriate since full benefits are not viewed as 
being realized until several years after project completion. The complications 
involved in modeling the benefit stream so as to incorporjate an initial . 
period after project completion when benefits are not fully realized is 
thought unnecessary for two reasons. First, the data are not sufficiently 
reliable and one runs the risk of trying to do too much with too little. 
Second, the periods over which benefits are realized are generally long 
(up to 50 years) so the compromise. over a few initial years is not tOO 

damaging. As calculated, the bj's represent an averaging process with 
the years of full benefit realization_-receiving the most weight. Refinements 
can easily be made when actual project data is used. 
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3. Rural or Agricultural Development Projects 

The recurring cost, domestic-investment-cost, and income aspects 
of rural or agricultural development projects follow the same format 
as the previous agricultural projects. Table 10 presents the estimated 
values of aj' gj' Zj' and bj and their averages from a sample of World 
Bank agricultural or rural development projects. 

TABLE 10 

Rural or Agricultural Development Projects 

Project Project Project Project Project Project Average 
1 2 3 4 5 6 

aj .04 .43 .39 .29 .08 .14 .22 

gj NA .16 .46 .25 .25 .10 .24 

Zj .51 .44 .50 .47 .87 .67 .58 

b j .19 .68 l.03 .48 .43 .40 .54 

VI. SUMMARY OF PARAMETER VALUES 

In order for the reader to make comparisons easily among parameters 
for different kinds of projects, we have assembled in Table 11 the relevant 
parameters for all projects: In looking at the figures it is obvious that 
the composition of an aid program can exert a major influence on the level 
and timing of local investment and recurring costs. 



Recurrent cost parameters 
aj 
gj 
Cjt 
T+1* 
T+2 
T+3 
T+4 
T+5 
T+6 
T+7 
T+8 

Domestic investment costs 
parameters 

, Zj 

Income stream parameters 
bj 
d j 

Direct revenue stream 
parameters 

Wj 
1jt 
T+1 
T+2 
T+3 
T+4 
T+5 
T+6 
T+7 
T+8 

Feeder Roads 
Projects 

.062 

0 
0 
0 

.08 

.08 

.08 
0 
0 

.22 

. 24 

.045 

Paved Roads 
Projects 

.025 

0 
0 
0 
0 
0 
0 
0 
0 

.22 

.083 

.067 

Table 11 

SUMMARY TABLE 

Telecommunications 
Projects 

.029 

0 
.011 
.022 
.033 
.044 
.055 
.066 
.077 

.18 

.112 

o 
.039 
.078 
.117 
.156 
.195 
.234 
.273 

*T is the completion date for initial project investment. 

Polders Livestock Rurol or Agricultural 
P~ojects Projects Developmen't Projects 

.12 .14 .22 

.62 .78 .24 

0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 

. 40 .56 .58 . I 

:>-
>-' 

'" 
.24 .64 .54 I 


