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INTRODUCTION
 

The "basic human needs" (BHN) approach to development has beea
 

concerned with the identification and delivery of goods and services
 

which are particularly important to the health and welfare of the
 

poorest people in poor countries. Besides the familiar list of
 

necessities -- food, water, shelter, health care, education -- basic
 

needs strategists frequently stress access to sustained income through
 

employment and participation in decision-making as crucial to successful
 

at
implerentation. Unfortunately, attempts to mobilize public resources 


a satisfactory supporting level freluently suffer from an inability to
 

meet the heavy recurrent costs associated with many BHN projects.
 

Fquipment deteriorates for want of maintenance; teachers go unpaid;
 

simple rural mechanization programs come up against unexpected foreign
 

exchange constraints. in poor societies where income and the ownership
 

of assets are very unequally distributed and national output fluctuates
 

sharply in response to changes in the weather or international commodity
 

markets, the poorest people are frequently the first to be cut off.
 

Ambitious programs can easily decline to levels of funding severe enough
 

to assure widespread discouragement, cynicisa, and corruption.
 

After an intensive examination of several basic needs sectors and
 

the experience of needs-related programs in a large number of countries,
 

we conclude that such problems are by no means inevitable. Rowever,
 

they crn be expected to arise very dependably when basic needs planners
 

fail to make an appropriate analysis of benefit and cost flows.
 

Frequently, projects are structured in ways which allow the capitalized
 



rhile the approach to analysis which has been developed in this
 

report is inevitably far from complete, it is hoped that it will
 

represent some contribution to the understanding of BHN project analysi
 

from the perspective of recurrent cost support. T.e majo-. theme is the
 

need to take account of the revealed preferences of the poor iemselves
 

in project design and execution. In the absence of knowledge about
 

these preferences, it is our feeling that wasteful allocations will be
 

ommon and BRI projects will be unable to exploit the available
 

willingness to pay which is undoubtedly the key to sustainable recurren
 

support in the long run. Because of this emphasis in our own thinking,
 

we have devoted a major portion of the research effort summarized here
 

to the development of appropriate measurement methodologies. Hopefully
 

the final product will be of assistance to interested planners and
 

policy makers.
 



and sanitation services are provLded in central places. The problems of 

the uJamaa village program in Tanzania are used to Illustrate our 

analysis of this unavoidable conflict. 

Once the fundamental problems associated with recurrent support in
 

urba and rural areas have been identified and discussed, we devote
 

Chapter IV to a consideration of organizational forms appropriate for
 

the mobilization of recurrent support resouraes by the poor themselves.
 

Since the spatial problem is fundamental, territory seems to provide a
 

better basis than function for organization of resource allocation
 

across PEN categories. Certain evident weaknesses of large decision
 

hierarchies in information-poor societies join with difficulties in
 

aentral tax collection to suggest relatively small scale, local resource
 

responsibility, and non-monetization of resource flows whenever
 

possible.
 

In this concluding chapter, the key principle is the notion of
 

resource translation. In urban areas transactions.are extensively
 

monetized and (as previously noted) ground rents can be expected to
 

absorb much of the benefits to the poor of BEN projects in the absence
 

of explicit government intervention. The urban discussion focuses on
 

appropriate mechanisms for this sort of intervention.
 

In.rural areas, the main resource of the poor is time rather than
 

money. Our examination of project experience has suggested one
 

expedient uhich can aid in the translation of the available time of the
 

poor into a resource which is significant for the support of recurrent
 

costs: Fherever possible, it seems appropriate to complement rural BHE
 

projects with an ancillary capital resource which can be combined with
 

local labor to produce revenues sufficient to cover a large proportion
 

of recurrent labor and materials costs. Several variations on this
 

theme are discussed.
 



redefinition of income and the use of particular econometric techniques
 

as aids to the identification of perceived benefits which may be of
 

assistance in the allocation of subsidies across BKN activities. is in
 

all planning problems, of course, it is only net benefits which count,*
 

and the concluding sections of Chapter II are concerned with an
 

appropriate framework for cost-benefit accounting in the context of SHY
 

planning. we propose a form of "net subsidy analysis" as one means of'
 

monitoring the flow of opportunity values into different BHY sectors
 

through time.
 

3). Planning Strategy
 

In Chapter III, we move beyond methodology to a broader treatment
 

of the strategy for resource mobilization. This chapter is devoted to a
 

discussion of the fundamental issues iD.SH1 planning in urban and rural
 

areas. In our view, the most important of these issues may well be the
 

spatial accessibility of EHY delivery services. In urban areas, we
 

identify a source of financial inadequacy in the tendency for the value
 

of access to services such as housing and water to be capitalized in
 

payments from the poor to private land-owners. It is apparent that
 

recurrent support for BRO projects and the willingness of the poor to
 

pay for needed goods and services can be brought much closer together i
 

the planning process if the problem of capitalization in land values is
 

attacked more directly.
 

In ruril areas, we also identify the problem of access as crucial
 

to an understanding of cost problems in the provision of basic needs. A
 

fundamental conflict can be discerned betweea dispersed landholding
 

patterns which are characteristic of low-technology agriculture and the
 

economies of scale which can be realized if health, education, water,
 



in policy areas of concern to BHN planners. The first technique, based
 

on the notion of "utility equivalence analysis", owes much to the
 

standard microeconometric approach to consumer behavior and is
 

particularly useful in studies of housing, location, and infrastructure
 

utilization. The second technique reflects a line of inquiry which has
 

been at the frontier of econometric research until very recently. This
 

is the econometric analysis of discrete choices, or situations in which
 

consumers are forced to choose among a small number of alternatives in
 

their attempts to maximize satisfaction. We are persuadel that this
 

econometric technique represents an innovati3n whose importance to
 

efficient BHF planning is likely to be considerable.
 

In domains as diverse as health care, education, transportation,
 

and the choice of residential location, the poor are confronted with
 

choices which are discrete rather than continuous. The Incompatibility
 

of this case with existing microeconometric techniques has been a major
 

handicap to analysis in the past. Recently, however, important work on
 

the analysis of discrete choices has been completed by a group of
 

ecoDometricians at MIT. Although their work has been inspired by a set
 

of domestic policy problems, it is clear to the authors that it can be
 

extremely useful for BHN planning. The available techniques are as yet
 

relatively unknown in the professional planning community, and reports
 

in the literature have been cursory at best. For this reason, discrete
 

choice analysis is discussed in great detail in Chapter 1I. In the main
 

body of the chapter, the methodology is sketched and its application
 

illustrated. An 80-page Appendix to the chapter is devoted to a complete
 

discussion of the state of the art in discrete choice moleling.
 

implicitly, the subjects discussed in these first sections of
 

Chapter 11 pertain to the measurement of benefits to alternative
 

a
activities as these are perceived by poor fdailies. we have proposed 




2). Methodology
 

Having concluded that the revealed preferences of the poor can
 

provide a superior guide for BHN planning in most cases, we levote the
 

second chapter to an extended examination of methodologies which are
 

useful in linking preferences to planning strategies. This chapter is by
 

far the longest in the report. It focuses on three topics which in our
 

view are fundamental.
 

The first topic is conceptual, and may well be the most important
 

of the three. After cunsidering the existing empirical literature on
 

the behavior of poor consumers, we have concluded that the conventional
 

methods for measuring expenditure lead to biased estimates of allocation
 

across expenditure categories. In the first part of Chapter 1I, we
 

develop what we have termed a "full income analysis", which allows for a
 

recalculation of budgetary allocations after own-production and the
 

opportunity cost of time are taken into account. A simple example is
 

used to show that "full income analysis"t can reveal a substantially
 

different pattern of behavior than that which is suggested by standard
 

consumer surveys. It seems apparent that this re-definition contributes
 

further to the view that the poor allocate their resources in ways which
 

are sensible from the perspective of BHN.
 

The second part of Chapter I'Ls concerned with thi implementatio
 

of a broader view of consumer behavior in a way which is useful for
 

quantitative planning. Two means of ganging the preferences of the pooi
 

are considered: Direct preference surveys, and econometric analyses of
 

data drawn from observations of the actual behavior of poor families.
 

Fe conclude that the econometric "revealed preference" approach to
 

measurement has much to recommend it. The bulk of the chapter is then
 

devoted to the elaboration of techniques which are particularly useful
 

In/ 



information in fields such as education and health may create a
 

rational for this approach in some cases, we attempt to show that
 

planning by fixed targets in the BHR context will all too frequently bog
 

down at both the conceptual and practical levels.
 

After considering the limitations of the evolutionary approach, we
 

devote a final section of the chapter to a consideration of the
 

"neoclassical" view of economic behavior. Its central tenet is simply
 

that the poor know their own self-interest. Although contrary ane-dotal
 

evidence certainly exists, we have found little or no careful empirical
 

work which supports the conclusion that poor families generally behave
 

in ways which are deleterious from the perspective of.ba3ic human needs.
 

Fvidence from the ECIEL study of consumer behavior in tean South American
 

cities is cited in support of the claim that the budgetary allocations
 

of poor families reflect values which are essentially in keeping with
 

the spirit of BH'iW 

Our conclusion after considering alternative basic philosophies of
 

RH? provision is that it is better to use the revealed preferences of
 

the poor themselves whenever possible as a guile to planaing. Although
 

the theme of recurrent cost analysis does not seem to be directly
 

affected by this theoretical distinction, we would maintain that the
 

opposite is in fact true. It is our strong feeling that recurrent
 

support problems frequently result from the failure of public planners
 

to take the preferences of the poor into account in a creative way.
 



appropriate project design in the context of basic human needs. what we
 

term the "neoclassical view of economic behavior by poor families
 

assumes that they are well-informed, adaptive, and aggressively
 

self-interested in their market behavior. Planners whose beliefs are
 

essentially neocl.,ssical will tend to push for maximal expansion in the
 

availability of goods and services which the poor evidently prefer,
 

while emphasizing the exploitation of willingness to pay as a way of
 

minimizing the recurrent cost burden of BHR projects.
 

In contrast to the "neoclassical" behavioral model, the
 

"evolutionary" model leans toward a view of consumer behavior dominated
 

by limited information, uncertain tastes, and inertia. Naturally, those
 

who hold such views are more likely to accept the preferences of
 

government planners in the design of BHN programs. Evolutionary
 

strategists lean toward the adoption of size targets for BHX consumptio:
 

base! on attempts to define "minimum decent physical standarls."
 

Because these "minimum Aecent standards" are generally beyond the
 

financial reach of the poor themselves, and because the public fisc
 

cannot support the extension of these standards to the entire populatio
 

of poor families, evolutionary programs tend to be run like lotteries.
 

Some criterion is employed to select particular families in the poor
 

population who are awarded an entitlement to the technically-defined
 

minimum standard. Any tendency of recipient families to use arbitrage
 

in moving away from social norms to privately-preferred allocations is
 

discouraged by some system of surveillance and penalty enforcement.
 

In a series of sections which comprise the first chapter of the
 

report, this theoretical division ;-s considerel in some detail. We pay
 

particular attention to the evolutionary appcoach, which is more novel
 

for economists although it has always had many adherents in other
 

quarters. Phile admitting the possibility that problems of consumer
 



I. EXECUTIVE SUNNARY
 

This report is primarily addressed to policy makers who are
 

concerned with the design and financing of basic human needs (BHN)
 

projects. It stresses three central themes which have emerged from or
 

research. First, we attempt to demonstrate that BHN program design will
 

almost inevitably reflect one of two divergent philosophies of consumer
 

behavior. The "neoclassical" approach regards the poor as active,
 

knowledgeable consumers and advocates relianze on their revealed
 

preferences as a guide to BRN planniag. "Evolutionary" theory, on the
 

other hand, bases a strong advocacy of interventionist policy on the
 

view that poor consumers are handicapped by inertia and Lack of
 

information. Our research has suggested that reliance on revealed
 

preferences is desirable in most cases..
 

Our second major purpose has therefore been to develop a
 

consistent approach to planning which incorporatev the preferences of
 

the poor. Pe give major emphasis to methodological questions which we
 

Our concern with "revealed
think are essential in this context. 


preference" analysis has lead us to the thirl major preoccupation of the
 

study: The analysis of the current flow of payments by the poor for B99
 

goods and services and an investigation of possible means for making
 

more efficient use of the resources of the poor themselves in providing
 

recurrent support for BHN projects.
 

1). Theoretical Issues
 

The first part of the report is devoted to an analysis of the
 

opposing behavioral models which generally motivate debate on
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At the
value of benefits to be appropriated by private interest groups. 


same time, project costs are wrongly estimated because the full economic
 

'.course#
environment is not taken into account. Nothing can be done, ..


about tragic resource limitations in poor countries. The poor are going
 

It is clear, however, that the
to remain poor for a long time to come. 


poor can be better served with existing resources in many cases. This
 

report is concerned with setting up an analytical framework within whict
 

it will be easier to generate the maximum on-going project effort with
 

available zesources.
 

Our examination of the circumstances under which BHN projects
 

succeed or fail convinces us that more attention should be paid to two
 

related factors -- The opportunity value of time for individual members
 

of poor families, and the spatial accessibility of BHN delivery
 

services. Since the relationship between access and time expenditure I!
 

clear, the key component in the analysis of BHN projects may well be th­

way in which the poor spend their available time. From this, we concludi
 

that the standard definition of income has to be revised before a good
 

analysis of BHU projects can be undertaken.
 

Currently, social groups are defined by observable money income o
 

expenditure, sometimes coupled with the imputed value of own-production
 

For the purposes of basic needs analysis, however, our research has
 

suggeste! that this way of categorizing people is inadequate. Rather
 

than observable money income, it is the potential income of poor
 

families which counts., Each member of a poor family has a certain
 

number of daily active hours, and each has a time opportunity cost of
 

some magnitude. The sum of these time opportunity costs for a poor
 

family seems to provide for a much more relevant definition of income
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from the URIL perspective.
 

Pith time opportunity cost factored into the system, the real
 

price paid by tae poor for various goods and services is thrown into
 

sharp relief. It is then possible to identify preference patterns, and
 

a full accounting of willingness to pay can aid in lowering the
 

recurrent subsidy burden. In particular, more accurate information
 

about the preferences of the poor can be used as a basis for comparison
 

with the values and expectations implicit in current gcvernmental
 

approaches to basic needs delivery. Generally speaking, the greater the
 

dissonance between the revealed preferences and expectations of the
 

public authorities and their clients, the greater is the tuue recurrnnt
 

cost (inan opportunity sense) of particular policies.
 

This revised approach to family income accounting also suggests a
 

way of thinking about organizational forms which can sustain local BEN
 

efforts. The underlying principle is in many ways analogous to the use
 

of foreign exchange opportunity costs in analyzing investment projects.
 

organizations can be evaluated according to their ability to minimize
 

the external monetary resources which are necessary to support a given
 

level of basic needs delivery to the poor. Since the primary resource
 

of the poor is time, the central problem is to organize the syitem of
 

project resource flows so that internal labor is exchanged for external
 

money-equivalents at the best possible rate.
 

in this report, a substantial effort has been devoted to 

developing and applying tLe revised accounting scheme in the general 

fashion outlined above. All of this is important for the design of 

prospective projects, but we are also persuaded that retrospective 

analy.-is needs further elaboration as a way of monitoring the true 
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subsidy flows in specific cases. Ve have therefore developed the
 

outlines of a "net subsidy" analysis, which ptovides a way of tracking
 

the true recurrent costs of BON projects to society by monitoring the
 

full opportunity flows in the system and the distribution of net
 

benefits from these flows among socio-economic groups (again, re-define
 

as "potential income" groups).
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I. FInANCING BASIC NEEDS -- S03E STRATEGIC ISSUES 

The basic needs approach to development incorporates a strong
 

belief that the welfare of the poor can be enhanced more quickly through
 

targeted intervention than through simple income-promotion. Four bases
 

for this belief are generally cited: The relative ease of extracting
 

funds for politically-appealing, concrete goals; tremendous stickiness
 

on the supply side in poor countries; the existence of externalities;
 

and "irrational" consumption behavior on the part of poor families.
 

Certainly the accumulated experience of two decades supports the first
 

two propositions, which bear on the supply side. Taken together, they
 

provide a rationale for targeted governmental intervention.
 

The latter two propositions are focused on the demand side, and
 

they have been much less firmly established by careful empirical work.
 

Of the two assertions, the claim that important external benefits flow
 

from the promotion of basic needs seems much less threatening to
 

behavioral freedom than its counterpart. The inclusion of external
 

effects in any social calculation of benefits and costs would, after
 

all, be endorsed by the public under its existing structure of
 

preferences if the important linkages could be demonstrated
 

successfully. The claim that poor consumers sometimes act
 

"irrationally", on the other hand, obviously points toward more ominous
 

terrain. If BHT:'planners adopt this point of view, then the inevitable
 

dissonance between publically-imposed preferences and those of the poor
 

will be suppressef only at snme cost, both in behavioral freedom for the
 

poor and in the administ.-',ive resources neeled to enforce public norms.
 

Since it seems clear to us that the choice of intervention
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strategy will have crucial significance for project design and the
 

necessary level of recurrent subsidy, we begin with a detailed
 

consideration of the demand-side issues (1).
 

eeeeeeeeeeeeeeeeee---- ­

(1) while the existence of positive externalities, in the provision of 
basic needs to the poor is of independent interest as a topic of 
inquiry, it is not directly related to the main flow of the discussion
 
presented here. Fe did pursue this subject in some depth as part of the
 
Basic reeds Project, because we were unable to find a satisfactory
 
macroeconomic treatment in the empirical literature. The purported
 
conflict between basic needs expenditures and national output growth Va 
of particular interest in this context, and a major subsidiary research 
effort was devoted to the specification and testing of an appropriate
 
growth model. Our results are reported in Appendix B. They certainly
 
suggest that basic needs expenditures and conventional investment flows
 
should be regarded as complements rather than competitors in the proces
 
of national development.
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In the design and implementation of BRN.strategieq, the choices of
 

policy planners will usually reveal a belief in one of two opposing
 

behavioral models. Adoption of the familiar neoclassical view'leads to
 

the assumption of well-informed, adaptive, and relatively aggressive
 

economic behavior on the part of poor families. However, much current
 

thinking on basic needs leans more heavily on another viewpoint, which
 

we have called the "evolutionary" approach. The evolutionary model
 

substitutes a view of consumer behavior dominated by limited
 

information, preference uncertainty, and inertia.
 

?hile a consideration of such abstract issues may at first glance
 

seem inappropriate in a discussion of recurrant cost problems in policy
 

design, it is our strong feeling that the opposite is true. The basic
 

choice of paradigm by the planner will have automatic consequences for
 

.the kind of strategy adopted. Adoption of the neoclassical view will
 

lead to delivery systems whose priorities are strongly influenced by the 

revealed preferences of the poor. Neoclassical advocates will tend to
 

push strongly for maximal expansion in the 5eneral availability of
 

desirable goods and services while emphasizing the exploitation of
 

willingness to pay as a way of minimizing the recurrent cost burden of
 

BENf projects.
 

in contrast to this approach, the evolutionary strategy leans
 

toward the adoption of size targets for BHN consumption based on
 

attempts to define "minimum decent physical standards." Because the
 

emphasis is on the attainment of numerically-defined minimum consumption
 

levels by the poor, evolutionary programs tend to be run like lotteries.
 

Some criterion is employed to select particular families in the poor
 

population, and these families are then awarded an entitlement to the
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technically-defined minimum standard. Any tendency of recipient
 

families to use arbitrage in moving away from social norms to
 

privately-preferred allocations is discouraged by some system of
 

surveillance and penalty enforcement.
 

Evidently, the adoption of a particular view of behavior
 

In addition,
influences the kinds of BHN programs which are adopted. 


the choice must have important consequences for the recurrent cost
 

burden and the levels of benefit to the poor which are actually yielded
 

by projects. A behavioral model which is wrong in particular 

circumstances can lead to situations in which few socially-desirable 

benefits accrue to the poor and the entire recurrent cost is borne b7
 

the government. This is obviously a formula for slow progress, since
 

the ability of governments to use central fiscal mechanisms to support
 

the recurrent components of particular projects will continue to be verl
 

limited.
 

In an attempt to delineate the issues in a way which is relevant
 

for policy analysis, this section will discuss the arguments which are
 

central to both viewpoints. Although we are willing to concede the
 

some
possibility that the evolutionary view is more appropriate in 


(and some thoughts on needed field research are included), our
contexts 


.ich is more neoclassical in spirit
own conclusion is that an approach w 


will be more effective, provided that the economic circumstances of the
 

poor are clearly understood by policy makers.
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A. Public Commodity Lotteries and Evolutionary
 

Economics
 

Many public programs are designed to operate on quantities rather 

than prices, with goods made available either generally or by lot to 

those who can pass some kind of needs test. Even wealthy societies have 

not abandoned goods-based as opposed to income-based assistance 

programs, and in poor countries the tendency to handle public welfare 

activities in this way is quite pronounced. Housing projects, 

differential sitinj of water facilities, ration shops, free clinics -­

the list is quite long and encompasses many of the goods which nre 

commonly found on lists of "basic needs" commodities. 

'o the neoclassical economist, such programs seem misplaced 

because they must inevitably do little more than transfer income to 

selecte! poor individuals or families in an inefficient way (2). The 

poor know what they want, like other people, and they will exhibit a 

strong tendency tc arbitrage goods for cash in order to expand their 

consumption !f all commodities for which they have positive income 

elasticities of demand. Public programs which select particular poor 

individuals for the receipt of benefits in kind can be thought o! as 

essentially goods lotteries, with the "winning" tickets redeemable for 

goods or cash (at a discount reflecting transactions costs) (3). 

(2) Although this point emerges clearly in liscussions of consumer
 
reaction to transfers, it has not prevented economists from considering
 
the comparative efficiency of needs-based subsidy programs under the
 
assumption that arbitrage will not occur. For a discussion of the
 
conditions under which goods deliveries and price policies have superior

characturistics, see -eitzman (1974).
 
(3) Tn a very real sense, such goods lotteries are equivalent to the
 
selective distribution of ration tickets, with the transfer of tickets
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At first glance, the logic of the standard neoclassical critique 

of goods-based transfer programs seems unassailable. Consider the case 

of a poor individual who has been selected as the regular recipient of 

subsidized commodity. For the sake of analytical convenience, we
some 


will suppose that the individual consumes only X(1), the "basic" 

commodity, and X[2], the "non-basic" commodity. 

Figure I 

Ac2 . X11 'g.- ~ 

eee­

effected through parallel or legal markets depending upon the legal
 
system in place. For a comprehensive discussion of the economics of
 
alternative rationing modes, see Tobin (1970.
 

MC
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In Figure 1, the initial consumption point [X[10},X[20] is 

determined by the individual's preference pattern 1(11, Income Y, and 

the existing price ratio P [2)/P[I1)J. It the same price ratio, the 

individcal's consumption expansion path is given by EfY). Since the 

non-basic good is taken to be superior and conversely for the basic
 

good, the expansion path bends upward.
 

Using this graphical apparatus, we can show the essential futility
 

of any attempt by the state to promote a discontinuous Jump in the
 

individual's basic consumption through a subsidized delivery policy.
 

suppose, for example, that the state delivers an additional increment of
 

X[1) to the individual free of charge, in the hope that the new
 

consumption combination will be maintained at the "needs-intensive"
 

level (XC11),X20]) As a result of this transfer, the individual with
 

income Y(21 is able to more to I[2), and is unambiguously better off.
 

The question is, will the individual choose to remain at this point?
 

Note that the inCividual has benefitted from a transfer of income 

equal to [X[11 - X110) - T), where T is the transactions cost of 

monetizing the goods delivered. When we draw in the corresponding 

budget line [Yt2]Y[2)] in Figure I, we can see why the individual is not 

likely to remain at [X[11)],X[20) ] for very long. Given the set of 

indifference curves derived from the individual's utility function, it 

is clear that the point [Xj1t1,X(20)] does not represent the point of 

maximum attainable welfare for the individual. Rather, this point is 

given by [Xt12],z(22] ], the tangency of the new budget line and 1(3). 

?or the state the outcome must be a great disappointment, since the 

resulting basic needs increment (X[12) - X[10)1 is consilerably less 

than the anticipated increment (X(11) X(101). 

1Z9 
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Tnevitably, this kind of apparatus can be employed to discourage
 

attempts at changing the behavior of the poor through direct deliveries
 

of marketable goods and services. Bufore closing the case, however, we
 

may find it worthwhile to reflect on the evidence which is available
 

concerning people's actual behavior under such circumstances.
 

Few television viewers can have escaped the spectacle of "the
 

lucky contestants" -- people of relatively modest means who, for more o
 

less gratuitous reasons, are given wildly luxurious consumption items
 

which they themselves could never have afforded. Generally, a subdued
 

voice accompanies the laughter and tears with the announcement that the
 

winners can, if they choose, have an equivalent amount in cash.
 

Although the subsequent decisions are never announced on the air, a
 

wealth of anecdotal evidence suggests that many contestants choose the
 

luxury goods. Some argument basing itself on the "prestige" or
 

"memorial" value of the commodities in question can no doubt be made,
 

but it must be admitted that this is a somewhat unsatisfactory
 

explanation for the phenomenon. It certainly offers little
 

encouragement for the view of human decision-making which is portrayed
 

in Figure 1. 

Additional evidence is provided by a recent USDA study of the
 

behavior of poor people receiving food stamps in the U.S.. While
 

calculating that about 20 percent of the average stamp-value increment
 

to income should be spent on food, the study finds that the real
 

proportion is quite close to 50 (4). It is extremely difficult for the
 

--------------------- I-------­

(4) See 7SDA (1974). An ideal food stamp program could generate a ful
 
substitution toward food by selling stamps equal in value to the
 
consumer's current food budget. Since income variation among the poor
 
makes such an approach impossible to administer, stamps are priced at a
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standard theory to digest this result -- so lifficult, in fact, that it
 

suggests another look at the theory. Perhaps the simple calculus
 

underlying consumer analysis is simply a poor approximation to the
 

truth.
 

It is curious that neoclassical demand analysis has been so little
 

questioned during a period in which conventional producer theory has
 

been undergoing a furious assault. The critics of received producer
 

theory have been led by R. Nelson and S. Winter, whose evolutionary
 

model of firm behavior combines elements of Leibenstein and Schumpeter
 

in a new approach to the dynamics of growth in a capitalist society (5).
 

Fundamental to the theory are the effects of satisficing and inertia:
 

Left to their own devices, most firms will stay with familiar production
 

rules as long as profits remain above some satisfactory minimum. In
 

this view managers are not constantly searching the available production
 

set, but tend to wait until profits drop below a critical minimum before
 

attempting some adaptation. Thus, "innovating entrepreneurs" are
 

crucial to system dynamics, since their stochastic introduction of
 

superior technologies drives managers to move toward more efficient
 

techniques by eroding their profit margins.
 

Fote that in the evolutionary view inertia and satisficing are
 

"average" level and some of the "wealthier" poor receivd an effective
 
increment to income. At the observed income elasticity of demand for
 
food, about 20 percent of this increment should be spent on food instead
 
of the O percent which has been observed. For a complete discussion of
 
such food transfer programs, see Reutlinger and Selowsky (1975).

(5) 1 good summary of the Nelson-Winter hypothesis, along with a
 
critical discussion of the received theory, is to be found in Nelson and
 
Pinter (1974). leibenstein's critique of conventional microeconomic
 
theory is most fully developed in Leibenstein (1976). Schumpeter's

classic discussion of the role of innovating entrepreneurs can be found
 
in Schumpeter (1934).
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ordinary and innovation is extraordinary. The salvation of the system­

lies in the behavior of the dynamic few. Although this world view does
 

not seem to have inspired any parallel critique of consumer theory, it
 

is easy to argue that consumers should be even &ore prone to inertia an
 

satisficing than producers. Producers, after aLl, have an
 

immediately-readable index of relative performance (the rate of return
 

to invested capital), and are subject to pressure from owners who can
 

compare rates across firms and punish the laggards. Consumer
 

satisfaction, on the other hand, has no such quality of comparability.
 

Since one main force encouraging broad-ranging search is thus removel
 

for consumers, it would be natural to suppose some presev-e of the
 

evolutionary weakness in this corner as vell.
 

Here, of course, it is tempting to marshal the support of
 

thousands of cliches -- "Fe're aLl creatures of habit," "You can lead a
 

horse to water but you can't make him drink," etc.. The underlying
 

message reflects the Leibenstein-Nelson notion that people generally
 

like to settle rather quickly into fixed, comfortable routines, and tha
 

they are very little disposed to budge themselves from those routines
 

unless extreme circumstances intervene. In this view, consumers are no
 

more disposed to search exhaustively across feasible activity sets that
 

are producers. -he conventional notion of utility-maximLzing choice ce
 

therefore be given no more (and probably less) credence than the
 

conventional notion of profit-maximizing choice.
 

is all of this a prelude to some callow dismissal of the work of 

myriad well-informed and penetrating minds in the domain of
 

rt does seem
microeconmic theory? This is far from our intention. 


inportant, however, to consider the evolutionary view as an alternativ(
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It may be particularly relevant for societies where education
 

levels are low, communications are poor, and chronic problems of health
 

and nutrition lead to a state of relative lethargy for many poor people.
 

From the perspective of BHT policy, the evolutionary view is significant
 

because it provides a rationale for government imposition of public
 

preferences on the economic behavior of the poor. It should be borne in
 

mind, however, that the appeal of the evolutionary approach is mainly 

pragmatic. 7hen the poor are either too passive or too uncertain to 

express their preferences, it is easier for the government to impose its 

own. 

Thus, the phenomenon which we need to explain is the apparent 

readiness of many people to acquiesce in maintaining externally-imposed 

patterns of consumption when prior analysis of their revealed 

preferences would suggest arbitrage as a much more likely response. In 

attempting an appropriate modification of consumer theory, we must 

confine ourselves to a set of simplifications while keeping the main 

theme of the argument before us. Suppose, then, that we continue the 

case of the individual with current income Y who chooses to consume two 

goods, T.t1 (basic) and X[21 (non-basic) in the quantities 

X'10) ,![20]). The standard analysis would identify [X(1O),X[20)] as 

the point of maximum utility, given current prices. 

By implication, this point has been reached through an exhaustive 

search of the available combinations. Since it is precisely this view 

of behavior which seems so dubious, the process of modification should 

begin here. An attractive alternative reveals itself if we simply 

abandon the assumption that the consumer is sure that his choice is the 

correct one. It seems more realistic to associate consumer equilibrium 
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at Y with the consumption pattern which maximizes expected utility, 

given Yo Formally, we can specify the individual's problem as: 

Choose X[(JI 	such that ECU(YfJ)] is maximized, given that 

A4U[ = Ep(X lJ)) 1*(UY (YJ) I 

Since two goods are involved in this analysis and the individual'
 

income is exhausted by his purchases, we can specify all functions in
 

terms of X[1). Here p(X[1j)) is the probability that a particular 

consumption level (X[ijl) maximizes utility, and U (YfJ} is to be 

thought of as some appropriately-scaled measure of attainable utility.
 

Graphically, we are specifying a situation oE the following sort:
 

Figure 2 



page 17
 

Thus far, there seems to be nothing which really differentiates
 

this model from the standard approach. ,he individual freely chooses to
 

consume %(1J], which is the point of tangency between the budget line
 

and the relevant indifference curve. However, the conventional
 

treatment of indifference is done away with in this formulation. The
 

individual in question is only relatively certain that his current
 

consumption pattern is the best one. Although the existence of a normal
 

density function is sufficient to guarantee transitivity ex ante, we are
 

viewing the individual as a Bayesian who admits that the current
 

position of the function might be modified by further experimentation.
 

All this seems like a theoretical nicety until we Consider the
 

sort of problem which has motivated this discussion., Phat happens when
 

the individual is boosted to an entirely new domain of potential
 

consumption experience by a significant transfer of income in money or
 

in kind? Suppose, for example, that the individual Rt income level Y[JI
 

is asked to specify the increases in X[1-coasumption which would
 
I 

characterize a steady growth in his income. Now, there is little 

question that the individual will be able to specify this expansion 

path, but once we admit the psychological principle which generated the 

probability distribution at YljI, we are left with an undeniable 

complication. 

7n asking the individual to project an expansion path with no
 

prior experience of higher income, we are asking him to forecast his own
 

behavior in a domain where no actual observations are available for
 

consideration. in econometric forecasting, forecast variance grows with
 

the distance from the region ot greatest experience (i.e. the vector of
 

mean values). It does not seem unreasonable to suppose that the same
 



page 1
 

thing should be true of inividuals. TILUS, we can think of the 

individualts expansion path as the locus of mar.imum likelihood
 

the variances of the associatedconsumption levels [Xt[Ij)], with 

probability distributions increasing with the distance from the current
 

income level:
 

Figure 3
 

1 /
 

/ /0 

4-i 
.__1_ 

Again, the relevance of this approach may seem suspect. As the
 

individual becomes richer, he will simply follow the expansion path
 

Xflj)(YCt ), and all off-path points seem to have no operational
 

significance. This is qui.e true as long as the individual's income
 

./ ~' 
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growth is experienced in cash. I growth in kind may be gnite another
 

matter, however.
 

It is entirely possible to imagine levels of uncertainty so great
 

that moderately risk-averse individuals would fail to arbitrage even
 

with a very low transactions cost or probability of being caught and
 

punished (6). Thus, commodity lotteries which deliver substantial
 

increments in real income equivalence to poor families may attain the
 

preferred consumption pattern in a large number of cases. Again, the
 

fact that such lotteries might be run successfully does not imply that
 

they should be run. At least two arguments must be convincingly
 

defended before such a conclusion can be drawn. First, it must be shown
 

that the government can run effective lotteries by choosing appropriate
 

goods, services, and delivery mechanisms; secondly, it must be arguel
 

that the state, can really determine and reinforce the self-interest of
 

poor families better than they can themselves. In the following
 

sections, these tio claims will be discussed in detail.
 

B. Fixed Yardsticks in Basic geeds Planning
 

As we have just noted, the evolutionary view of economic behavior
 

leads to a planning approach which emphasizes the imposition of
 

publically-determined values on the consumption patterns of the poor.
 

Paul Streeten (among others) has provided the rationale for such an
 

approach (7):
 

(6) This subject will be considered in more detail in Chapter IV.
 
(') See Streeten (1979).
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The essence of the case for basic needs is that the gap
 
between requirements and actual living levels can be filled
 
sooner, and with fewer resources, than by alternative
 
routes... 

7mong the reasons given for this superiority, three bear directly on th 

social desirability of current consumption patterns (8):
 

(1). 	 There is some evidence that the poor are not always efficient
 
optimizers, especially concerning nutrition and health...
 

(2). The manner in which additional income is earned may affect 
nutrition adversely... 

(3). There is maldi-tribution within households as well as betwee 
households; women and children tend to be neglected in favor
 
of adult males. 

If we are to accept this judgment and presume that the values of 

the poor are misplaced, then the state may be able to improve on the
 

results of an income promotion policy by setting its own standards.
 

A.C. 	Pigou considercd this problem in his classic Economics of Welfare
 

(9) : 

...the minimum standard...must be conceived, not as a
 
subjective minimum of satisfaction, but as an objective
 
minimum of conditions... Thus, the minimum includes some
 
defined quantity and quality of house accommodation, of
 
medical care, of education, of food, of leisure, of the
 
apparatus of sanitary convenience and safety where work is
 
carried on, and so on...Furthermore, the minimum is absolute.
 
If a citizen can afford to maintain it in all departments, th 
State cares nothing that he would prefer to fail in one. It 
will not allow him, for example, to save money for a carouse 
at the cost of living in a room unfit for human habitation.
 

Thus, Pigou adds explicit detail to Streeten's position. If the
 

(8) 	 Streeten (1979). 
(9) See Pigou (1919). 
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.government is going to attempt to improve on the results of income
 

promotion on the demand side, then it must define appropriate standards
 

and enforce them. We can see a strong reflection of this approac. in
 

some of the most recent thinking about basic needs. A recent discussion
 

of the problem by D.P. Ghai and T. Alfthan for the ILO (1977) provides a
 

good case in point. Their wcrk is largely concerned with identifying
 

expenses in the "core" (food, clothing, shelter (including sanitation),
 

health, education, water supply) and the "periphery" (transport, fuel
 

and oil, contraception, household furniture, etc.) of the poor
 

consumer's budget. Because their discussion is general in nature, Ghai
 

and Alfthan make no attempt to hammer out the hard definitional problems
 

in a particular context. In addition, they assert'that basic needs
 

targets should not be "subsistence minima," but "decent standards" as
 

defined by some combination of.national and international norms.
 

This general theme has also been picked up by some international
 

donor agencies, including USAID. In a recent official policy paper, for
 

example, we find (10):
 

International discussions of basic human needs have
 
tended to define needs in terms of the minimum requirements of
 
a family for productive survival. These include requirements

for...food of sufficient quantity and quality to satisfy basic
 
nutritional requirements, adequate housing and clothing,...
 
safe drinking water, sanitation, and basic health, family

planning, and education facilities and services.
 

Targets for meeting these requirements can be
 
established in several ways...; in practice, owing to
 
conceptual and data limitations, the mix will vary from place
 
to place. Increased effectiveness in meeting basic needs
 
objectives will nonetheless require increased emphasis on
 
setting measurable goals targets in terms of levels of
 
well-being or status, including associated improvements in
 
data and analysis.
 

(10) See USAID (1978).
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Obviously, the idea of targeting on physically-defined
 

consumption standards is becoming very popular. Because we can see
 

other possible approaches.to BEN planning, and we think that the
 

adoption of a major strategy has important consequences for the
 

recurrent cost burden of the government. we think that this targeting
 

strategy warrants close critical scrutiny. We will begin at the
 

practical level, by considering this kind of approach as a planning
 

problem.
 

'he first task is to define basic needs for a country in a way
 

which is sensible by local criteria and sufficiently disaggregative to
 

be useful in practice. This is an extremely tall order, as a glance at
 

a realistic case will suffice to demonstrate. Among the factors which
 

will undoubtedly affect judgments about the level of needs, we can cite
 

age, sex, work activity level, location, climatic variation, and culturi
 

as a minimum set. Suppose that we control only for 4 age categories, 2
 

sexes, 3 activity levels,. 6 location types, 3 culture groups, and 2
 

levels of climatic variation in determining "objective" need. We are
 

saddled with the need for enumerating 864 targets for eaah kind of basi
 

consumption. suppose that we allow for 2 indices for each of 6 specifi
 

categories (nutrition, water, shelter, clcthing, health, education). W
 

now have the necessity for 10,368 target numbers.
 

Unfortunately, more details must be considered. We must be
 

concerned with the circumstances under which delivery to paticular
 

individuals would take place. All available evidence shn"#s that joint
 

consumption by families has its own dynamics. Thus, not only the
 

individual's characteristics but the characteristics of his joint
 

Suppose
consumption group must be taken into account in setting goals. 


V) 

http:approaches.to
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that we preserve simplicity by allowing for only 6 group types. The
 

target number now escalates to 62,208, and we begin to perceive in the
 

targeting approach a full employment policy for statisticians.
 

This is obviously a reduction of the argument to absurdity, and
 

yet the individual measures of variation are modest enough in number.
 

Fow a further problem intrudes -- In order to plan, we have to worry
 

about specific goods and services. Each of these, in tu';n, will be
 

valued only insofar as it makes a fundamental contribution to the basic
 

welfare of the individual. Although opinions on its exact nature will,
 

of course, differ, we may usefully think about a "meta-production"
 

.function which traces the effect of each kind of consumption on
 

productivity, longevity, and "life circumstances" (including the
 

organizational and political circumstances under which the individual's 

needs are provided).
 

"hus, we arrive at the need to specify a series of functions which
 

relate both kinds of inputs and the ways in which their combinations are
 

organized to ultimate outcomes. If we could do this, we could arrive at
 

some notion of marginal benefits associated with the additional
 

consumption of particular kinds of goods and services by particular
 

kinds of poor people. In addition, as always, we would have to worry
 

about the measurement of costs using shadow prices.
 

"ow other problems arise. We are attempting to set up a planning
 

problem in a context where the production function is highly nonlinear,
 

its parameters are unknown, relative value weights must be determined
 

through some process, and many different kinds of individuals, goods and
 

services, and production possibilities are involved. Worse, we cannot
 

even define demand and supply conditions with the usual precision. In
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the Case of demand, a belief in "sub-optimal" consumption by the poor
 

throws the whole basis for estimating demand functions out the window
 

and we are left with uncertainty. On the supply side, the introduction
 

of social desirability into the problem of technical choice leaves us ii
 

a similar state.
 

in brief, the targeting approach involves attempting to solve for
 

the optimum resurce allocation in a system with:
 

(a). Tremendous (and unfamiliar) aonlinearity
 
(b). Unknown parameter values, most of which will
 

inevitably remain speculative
 
(c). No apparent exogeneities, either on the demand or
 

supply sides
 

Optimism about implementing such a system would seem premature, ti 

put it mildly. Tone of the individual components of the problem is 

anything other than a distillation from the general approach, but we 

obviously have to forget about anything so complicated. But how, then, 

can it be usefully simplified? One suggestion would be the 

specification of much simpler targets and far fewer aggregative 

categories. Then, however, the Pigovian maxim would come to bear: Phe! 

subsidized individual consumption patterns are subsequently observed to
 

depart from those which are socially sanctioned, should legal sanctions
 

be applied? Obviously, a negative answer would do away with one pillar
 

of the targeting approach. A positive answer, on the other hand, would
 

yield the follow-on question: ?hat are allowable exceptions? And it
 

turns out, of course, that a legally-acceptable definition of exceptior
 

would lead imAediately back to the thousands of particular categorie
 

which we had hoped to avoid.
 

Thus, we begin our scrutiny of targeting by judging that the
 

implied planning schema is hopelessly complex. At best, any public
 

1',? 
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policy which builds on this organizing principle will be hopeful and
 

exploratory. it therefore seems appropriate to us to attempt a movement
 

back toward first principles. Since the assumption that the poor don't
 

consume "efficiently" is certainly a contributor to complexity in
 

planning, let us consider it directly.
 

C. Do the Poor Know What They ire Doing?
 

Any asser .ion that the poor consume "irrationally" must be based
 

on a system of knowledge and values which purports to be different than
 

that of the poor themselves. Even strong advocates of paternalist
 

welfare policies would presumably not argue that the poor were in fact
 

pathological. Thus, a statement by some observer that the poor are
 

"irrational" in some context Lust stem from a divergence along one of
 

three dimensions: (1)The valuation of the expected results uz current
 

consumption; (2)Expectations concerning the results of current
 

consumption; (3)The relative valuation of future consumption as opposed
 

to current consumption.
 

These dimensions represent a mixture of the verifiable and the
 

purely value-laden. "hus, the selection of the desirable end results of
 

consumption for a particular poor family represents a value judgment, as
 

does the weighting of each end result for each family member. The
 

degree to which each unit good or service consumed contributes to each
 

end result is ver..,fiable, at least in principle, for most kinds of
 

consumption (This is not to say, of course, that any such measurements
 

have ever been successfully undertaken). Finally, the choice of a rate
 

o time preference is clearly a value judgment.
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Fhich divergence serves as the source for most jadgments
 

concerning the irrationality of the poor? It is probably not unfair to
 

say that the most common source is the second one. There seems to be a
 

common feeling that poor, largely illerate people mean as well as anyone
 

else, but that they are not sufficiently well informed about expected
 

outcomes to make good choices. Among examples of this kind of judgment,
 

we might cite the notion that poor families shortchange infants at
 

mealtime because they do not understand the long-run consequences of
 

malnutrition in early childhood. The tendency of many rural families to
 

keep school-age children at home to help with the chores provides
 

another case in point. Further examples are easy to come by.
 

Now, it is always easy to find anecdotes whose selective
 

For our
presentation will reinforce a particular point of view. 


purposes, a more.general approach would be desirable. Three questions
 

need to be answered before the notion of "irrationality" on the part of
 

the poor can really be adopted as a basis for public policy: (1) Does
 

the general pattern of consumption by the poor suggest any marked
 

divergences from behavior which seems "desirable" from the BHN
 

perspective? (2)For poor countries, is there systematic evidence that
 

representative poor families consume in ways which are relatively
 

injurious, once their whole life circumstances are taken into account?
 

(3)Fven if such unfortunate behavior is. observable, is it likely that
 

the total results of direct intervention-by public planners will be morf
 

desirable than the existing situation?
 

It might be supposed that the answer to the first question would
 

be affirmative, in view of the attention which has bnen given to this
 

problem. in fact, available budget studies for countries in Asia, Latin i
 

35 
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America, and Africa invariably show that a huge proportion of
 

expenditures by the poor are allocated to basic needs categories. The
 

most comprehensive work to date is undoubtedly the Brookings-ECIEL
 

(1978) study of consumer behavior in ten Andean cities. Notional
 

estimates of basic needs expenditures following the Ghai-Alfthan
 

decomposition are as indicated in Table 1.
 

Table I
 

Basic Reeds Expenditures as Percent of Family Budgets

for the Lowest Income Quartiles (Ten Andean Cities) (a) 

Sean Income 
City of Lowest Quartile Percent (b) 

.ogota 1037 89.7 
Barranquila

Cali 
1100 
1029 

88.7 
88.6 

nedellin 1055 87.8 
Santiago 942 85.7 

Quito 
Quayaquil 

Lima 

8'45 
896 

1161 

90.5 
91. 
80.8 

Caracas 1602 80.4 
M.aracaibo 1452 82.0 

(a) Relevant definitions are as follows:
 

"Basic" expenditure categories: Food and beverages; housing;
 
clothing; medical; education
 

"Won-Basic" expenditure categories: Furnishings and operations;
 
recreation and culture; vehicle operation; public transportation;
 
communication; other consumption (tobacco, personal care,
 
ceremonies); insurance; gifts and transfers; other nonconsumption
 

(b) From the perspective of the "full income" approach which is
 
developed later in this report, all of these figures may well be
 
underestimates of true budget proportions.
 

mhere are obviously some problems with this kind of categorization
 

(Are ceremonies never basic needs? Are all furnishings "non-basic"?).
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poor families to spend?evertheless, it reveals a persistent tendency by 

most of their money on categories which are closely identified with
 

In addition, there is a tendency for this proportion to
basic needs. 

expand as the median income of the lowest quartile gets lower across 

_~ a~.ovidenced by )icure 4. 

Figure 4
 

%vets 

qo * 

* CCALIL) 

whe observations for the North Andean countries in this set are
 

very tightly distributed along a line, while the two South Andean
 

With this kind o
observations determine a lover, nearly parallel line. 


evidence before us, it is very hard to argue that the poor (at least th
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urban poor) are not spending their money wisely by BHN standards.
 

Existing budget surveys for Africa and Asia have not been done as
 

consistently as the Brookings-ECIEL surveys, but they exhibit the same
 

disproportionate allocation to BHN expenditures by the poor.
 

If the first basis for judging poor consumers to be irrational
 

does not hold up well, then perhaps the other two possible arguments are
 

credible. Do systematic studies exist which show obviously injurious
 

behavior by poor families, once their whole life circumstances have been
 

taken into account? In fact, the latter proviso rules out almost all
 

existing efforts, since the great majority of studies have been done by
 

sector specialists on subjects of immediate interest to themselves. In
 

the absence of a total consideration of life circumstances, very few
 

kinds of behavior can he dismissed as aberrant. Is disproportionate food
 

allocation to adult males a sign of pure discrimination, or do the men
 

of the family simply need a fairly high proportion of a grossly
 

inadequate family diet to maintain strength sufficient to keep their
 

jobs (11)? Are poor rural families who keep their school-age children at
 

home acting unreasonably, or do they observe a very high proportion of
 

local primary graduates living in circumstances which have not changed
 

as a result of schooling?
 

As we have mentioned, little or no research on total family
 

behavior has been done. Existing studies must yield ambiguous
 

conclusions for the most part, because they are partial. We can
 

conclude that very little systematic and comprehensive evidence exists
 

(11) In fact, the common feeling that such disproportionate allocation
 
occurs is not backed by much systematic evidence. For one case
 
(Kinshasa, Zaire) in which the children of the poor seem to be
 
disproportionately favored, see Wheeler (1978).
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to support the assertion that the poor behave in injurious ways by BRN
 

standards.
 

This leads us finally to the third question, which we pose again
 

in a form modified by the appirent answers to (1) and (2). Is there an
 

reason to believe that public planners can define and promote the
 

First, it
self-interest of the poor bettter than they can themselves? 


should bn noted that policy planners are generally working in agencies
 

which are sector-specific. To suppose that they are more likely to
 

understand the whole life circumstances of the poor better than their
 

academic counterparts seems very unlikely.
 

Let us suppose for a moment, however, that public planners are
 

really endowed with such perception. Then the assumption that their
 

choices will improve on those of the poor implies that they can analyze
 

the associated risks and returns better than the people who are direct!
 

affected. If an accumulating body of evidence from the industrial
 

economies is relevant, the opposite conclusion appears warranted.
 

Studies of the ability of "experts" to outperform the guesses of masseE
 

of "uninformed" players in risk-return analysis are almost always
 

By the same token, it is difficult to
embarrassing for the experts. 


believe that a relatively small group of planners in some public agencl
 

could understand the full life situations of a great variety of poor
 

people and guess the expected returns to various activities better that
 

they could themselves
 

In summary, we see no reason to suppose that the poor are not
 

trustworthy as judges of their own self-interest. The benefits of
 

direct intervention on the demand side, if any, are likely to be so
 

small that they would be considerably outweighed by the resource costs
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of project administration. Thus, we conclude that the revealed 

prefererces of the poor generally provide an excellent guide to the 

measurement of relative benefits for BHN planning. Where this does not 

seem to be the case, resources spent on public education rather than 

coercive intervention are likely to yield higher returns. 
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I. FULL INCONE ACCOUNTING AND REVEALED PREFERENCE ANALYSIS
 

A. An Augmented View of Family Income
 

In Chapter I, we have seen that very little of the available 

evidence supports the view that the government should attempt to dictate 

consumption choices to the poor. Through supply-side intervention, it 

can certainly offer incentives for increasing BHN consumption, both by 

raising real incomes and adjusting relative prices. By respecting the
 

revealed preferences of the poor whenever possible, this approach will
 

maximize the degree to whi-h local willingness to pay can ease the
 

recurrent subsidy burden. Our research has, however, led to the
 

conclusion that the standard approach to deducing the preferences of the
 

poor suffers from a failure to define the concepts "income" and "price"
 

appropriately. In this section, we suggest augmenting the standard
 

definitions by incorporating the value of time. I so doing, we are
 

lead to a significantly revised view of consumption, savings, and
 

investment behavior by poor families.
 

"The Festern microeconomics of Marshall and his successors
 

developed during an era in which the industrial revolution had
 

ei;sentially solved the survival problem for many North Xtlantic
 

populations. The resulting theory of consumer behavior is therefore
 

preoccupied with alternative "tastes" for goods and services which are
 

not directly linked to survival needs, It is perhaps this same
 

unconcern with sheer survival which has focused the theory on individual
 

choices, although it is perfectly apparent that joint consumption by
 

nuclear families has retained a strong role in most Western economies.
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In the standard!one-period analysis, the consumption of goods and
 

services determines an individual's welfare level. Present consumption
 

is implicitly enjoyment, and deferred consumption (i.e. proportionately
 

more consumption in the future through savings-investment) is determined
 

by interaction between individual "impatience" (the "rate of time
 

preference") and available production possibilities.
 

Thus, the only bridge between consumption now and in the future in
 

textbook microtheory is the simple act of "saving." Precise definitions
 

are wanting, probably (as has been noted) because microezonomics
 

implicitly assumes a level of well-being sufficiently advanced that the
 

link between current consumption and current productivity (i.e.
 

contributions to future consumption) is broken.
 

This is patently not the case in many poor societies. When family
 

income is sufficiently low that physical productivity is a variable
 

function of consumption composition, the story becomes more complicated.
 

To the extent that workers perform better and longer with a nutritious
 

liet and superior access to medical care, and to the externt that these
 

input levels have long-run consequences, the general term "consumption"
 

is revealed to have a very large component which might with considerable
 

justice be regarded as "investment." As a first order of business,
 

then, it mak-Cs sense to define family economic behavior a little more
 

carefully.
 

A sensible way to begin is to think about the business accounting
 

model as a possible alternative to the usual consumer model. Although
 

it may seem a little artificial, this way of characterizing the
 

operations of a poor family may be more accurate than its competitors.
 

-hus, we can think of the goal of the family as maximizing "profit" for
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all its members (12). In procuring "profit" for itself, the household­

must sell some p)7oduct or service in the external market. In exchange,
 

it can purchase goods or services. Some of these are used as inputs to
 

current production --e.g. land rent, materials, labor services, capital
 

services. Additional resources.must be put aside to assure high?r
 

future operating levels (or simply the neutralizing of depreciation)
 

through the accumulation of capital.
 

Thus, the "family" enterprise has revenue from sales (either
 

implicit or explicit) and costs on both current and capital account.
 

mhe difference is "operating profit," which the family distributes amon
 

its members and is presumably free to enjoy as it wishes. Admittedly.,
 

Goods and services may be purchased
this set of definitions is tricky. 


be used either
as "inputs," or as profit items; family labor can 


internally or externally, and the problem of implicit payment to
 

The division of outflows intointernal labor services clearly arises. 

"profit-related," "input-related," and "capi.tal-related" components may
 

seem abstract and overly complicated. It is important to note, however, 

that the standard distinction between savings and consumption (where on
 

not working) is also an abstraction
kind of consumption is "leisure" --

and not a very helpful one in this context.
 

In the re-definition of tpenses, profit-related outflows are vet
 

much like the standard notion of consumption. Some current income is
 

spent on goods which are only tenuously linkedwith productivity or
 

survival. Examples might include alcohol, soft drinks, snack foods, dry
 

(12) "Profit" and enjoyment (or utility) are obviously linked notions
 
here but for the moment it seems better to l~ave the basic ndtion ia
 
imprecise form and pass on to a full description of the accounts systeR
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cleaning, comic books, attendance at movies or sports matchesc stylish
 

clothes, etc.. All studies of the behavior of the poor show that even
 

those who are regarded as desperate cases by the international aid
 

community spend some of their current income on such things. Richer
 

people always spend proportionately more of their income in these ways,
 

of course, and this fact gives us a basis for defining "pure profit"
 

allocation in the family accounts. Pure profit items are those whose
 

purchase elasticity with respect to gross family revenue is small at low
 

gross revenue levels but rises as revenue increases. Thus, it'is
 

perfectly possible to define specific items as pure profit items in
 

particular empirical contexts.
 

Fe are left with operating expenses and saving-investment as two
 

categories which remain to be distinguished. One component of their
 

definition is clear: They are all items whose gross-revenue elasticity
 

is large at low income levels and non-increasing at higher levels. Both
 

categories are necessary for family operations, but they differ rather
 

drastically in their productivity impacts. Operating inputs can be
 

roughly divided into three kinds -- direct production materials (i.e.
 

those which are combined by family members to produce outputs for sale),
 

indirect production materials (i.e. those which are consumed by family
 

members as a necessary complement to activity -- food, water, etc.), and
 

the services of current stocks of human and physical capital.
 

Generally, we may define productivity in the following way:
 

Direct -- a fixed-coefficient relationship with marketed output (this is
 

not strictly correct, undoubtedly, but it will certainly simplify the
 

analysis at a point which is not crucial); Indirect -- a relationship
 

between any of the indirect materials inputs and output for the family
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which is exemplified by the following .graph.
 

Figure 5 

OPATVf 

106 

~o~o CAW%16IS 

In Figure 5, we see the proportion of potential output (determin( 

by available stocks of capital, labor, and land) which can be 

hypothetically reached at different levels of consumption of calories. 

The graph is intended principally to demonstrate that indirect material
 

inputs are distinguished by the principle of satiation from the
 

perspective of production, and the satiation level is well-nigh
 

automatically reached once average family output (/income) has been
 

reached. Factor service inputs are also characterized by diminishing
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marginal productivity, of course, but they are not as obviously subject
 

to the asymptotic limitation which characterizes many materials inputs
 

at realistic operating levels (13).
 

Finally, we come to the capital account component of expenditure.
 

One of the most familiar notions in microeconomics is that capital
 

accumulation must occur to maintain productivity as gross operating
 

levels rise. Part of current revenues must be set aside for this
 

accumulation (and, of course, to compensate for depreciation). The
 

family faces the same problem -- How should current revenues be
 

allocated among profit, operating expenses, and investment? In the
 

microeconomic model of business operation, the relevant goal would be
 

defined as maximization of the discounted flow of expected profits, and
 

there is no reason why the same general principle could not be applied
 

to the operations of the poor-family. Thus, spendable revenues should
 

be allocated so that the marginal long-run expected consumption value
 

of expenditure across uses is the same.
 

In practice, the family's decision will be determined by a few
 

crucial values: The discount rate, dictated by the relative preference
 

for the present over the future; the current productivity profile C'
 

various inputs; the expected productivity of investments; the expected
 

rate of real growth in the rest of the economy; and the availability of
 

desirable consumer goods and services. Given its perception of these
 

(13) It has been pointed out that this conclusion should be modified to
 
account for the role of complementary factors -- most notably land. In
 
Indonesia, the o5m,J9resence and richness of agricultural land leads to
 
a situation in which the marginal productivity of female and child
 
labor at low capital levels is considerable, even at fairly high use
 
rates. In arid lands such as Botswana, on the other hand, this seems
 
not to be the case. The evidence comes from Boston University research
 
projects currently underway in the two countries mentioned.
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valees, the family will shift its allocation around until the marginal
 

condition is approximately met.
 

Since the consumption decision will always be subject to some
 

finite discount rate, some gross revenue will be set aside for "profit
 

The maximum efficiency
consumption," even by the poorest families. 


increment from operating expenditures should be attainable at fairly low
 

gross revenue levels, so that total expenditure (at constant prices) on
 

such inputs should stabilize near the asymptotic maximal contribution
 

level. There is no reason, on the other hand, to suppose that the rate
 

of return to investment should decline with its level for individual
 

families. Generally, in the trade between present and future
 

profit-consumption, the shift should be toward a higher propensity to
 

save as gross revenue expands. Thus, a definite pattern should emerge
 

as gross revenue expands: The proportion devoted to operating
 

expenditures should drop, and the proportions devoted to
 

profit-consumption and investment should rise (different relative rates
 

of change can be imagined).
 

Among consumption goods and services, it is fairly easy to
 

The former
differentiate between "operating" and "profit" purchases. 


should exhibit a purchase elasticity with respect to gross revenue which
 

is high at low revenue levels and the latter should exhibit an
 

The pattern for
elasticity pattern which is precisely the converse. 


saving-investment expenditures should be very similar to that exhibited
 

by "profit" operations.
 

row we arrive at a definitional problem which obviously causes
 

some ambiguity in our perception of the difference between operating and
 

investment expenditures. Many necessary operating expenditures at very
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low gross revenue levels have productivity implications which span more
 

than one year. Extra food for hungry infants, for example, can have
 

lifelong effects on strength, intelligence, and health. To a certain
 

extent, the same thing is true of clean water and, perhaps, shelter.
 

Thus, some accounting confusion is inevitable. For precise numerical
 

exercises this might cause problems, but for analytical purposes this
 

limited source of confusion is not really very important.
 

On the expenditure side, then, we have decomposed consumption into
 

two parts and pointed out some discrepancies ia the distinction between
 

operating expenses and investment for poor families at some points. By
 

now, it should be clear that all operating expenses and at least some
 

investment expenses have generally been termed "basic needs"
 

expenditures in recent years. The tripartite definition of expenditure
 

which has been proposed here may be helpful in giving precise meaning to
 

basic needs and their evolution in particular contexts. We will return
 

to this problem in the last part of this section.
 

Having examined the outflow side of! the family ledger at a rather
 

general level, let us now turn our attention to the income side for a
 

moment. in thinking about the allocation problem of the poor, we are
 

immediately confronted with the need to re-define income. For an
 

accurate analysis of behavior, we need to look at income as opportunity
 

value for a poor family. 

The poor really have two important exchange media -- money and 

time. 7n analyzing the economic behavior of poor families, then, we need 

to consider as income their money income; money-equivalent income from 

own-production; and the value-equivalent of the time which they spend in 

the procurement of goods and services (other than own-production) or in 
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the realization of savings as investment. Similarly, we need to define
 

the "price" of any particular good or service purchased on profit,
 

current operating, or capital account as the full opportunity cost
 

associated with the purchase.
 

Is an illustration of these principles, consider the case of a
 

three-person family consisting of a man in his thirties, his wife, and
 

one twelve-year-old son. We will suppose that the man has a factory jo
 

which pays 30/month and the wife keeps house, markets, and works
 

part-time as a seamstress, for which she can expect to receive
 

approximately .10/hour. The son could find employment in the informal
 

sector for about the same wage, if the family decided to terminate his
 

education, and the father could "moonlight" for about .15/hour if he
 

chose to do so. Now, suppose that the maximum sustainable working day
 

is 12 hours. By our definition, the full opportunity income of the
 

family in question is 48 (father) 36 (mother) + 36 (son), or
 

This is the income which they could obtain by allocating
120/month. 


their time fully to work each month. On the expenditure side, a brief
 

accounting of time and money allotted (per day) yields:
 

Table 2 

Father 
Money Time 

Mother 
Money Time 

Son 
Honey Time 

Profit 
Operating 
Investment 

.10 

.90 
0 

2 
2 
0 

0 
.30 
0 

2 
7 
0 

0 
.20 
.10 

1 
1 
7 
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This yields the following full income calculation for expenditure:.
 

Table 3
 

Category Money 
F 

Time
H S 

Total Value 

Profit .10 2 2 1 .70 
Operating 
investment 

1.40 
.10 

2 
0 

7 
0 

1 
7 

2.50 
.80 

income 1.60 .60 .90 .90 4.00 

?e therefore have the following comparison of expenditure
 

proportions:
 

Table 4
 

Standard Budget Full Income
 
Survey Accounting
 

Value Percent Value Percent
 

arofit .10 6 .70 17
 
Operating 1.40 88 2.50 63
 
investment .10 6 .80 20
 

Total 1.60 4.00
 

In the full income accounting, the expenditure proportion for
 

profit rises because the opportunity value of leisure time during the
 

twelve-hour "workable" day is considered. Similarly, the proportion
 

allocated to investment rises substantially because attention is paid to
 

the opportunity value of the son's education time. In re-defining
 

income, we have generated a very large shift in estimatel expenditure
 

proportions away from operations and toward profit and investment.
 

There can be little doubt that the resulting impression of family
 

economic behavior is quite different and (at least to us) more
 

revealing. 
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Besides the insights into family behavior generated by this
 

re-definition of income, there is an additional gain from the associate
 

re-definition of prices to account for the value of time spent in
 

acquisition. For B3R analysis, this re-definition is particularly
 

.important because it throws into strong relief one crucial point whe
 

the opportunity cost of time is accounted for, even "free" goods are no
 

longer free. In the simple example which we have considered, education
 

is an obvious case in point. Although classroom instruction may have r 

direct monetary charge attached to it, it is far from free for the.
 

family in question. If allowed to chose voluntarily, then, the family
 

is very likely to treat the education of the son purely as an
 

investment. The present opportunity costs will be borne only if the
 

present value of the future earvings stream appears large enough.
 

k1though revised notions of income and price have been introducee
 

as aids to understanding economic behavior, we have not yet arrived at
 

definition of the economic objective of poor families which is
 

appropriate. Much of the discussion of basic needs has focused on the
 

idea that contributions of goods and services to the physical quality c
 

life (generally associated with health and longevity) should be valued
 

in considering the well-being of the poor. Of course, it seems
 

perfectly sensible for the poor, as normal human beings, to value theso
 

things as well. Therefore, we may suppose that for any poor family, t]
 

objective of economic activity is the maximization of the present valui
 

of the total profit-consumption stream for all living (or about-to-be
 

living) family members.
 

A close look at this definition will reveal that it incorporates
 

all of the BH7 components which have been discussed. A family which
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gives equal weight to the discounted lifetime consumption of its
 

youngest members will obviously have a strong interest in infant
 

nutrition and investment in primary education. Similarly, adult members
 

can be expected to give some value to expected profit-consumption in
 

their future years, so they must pay attention to their own health and
 

nutrition. The independent valuation of literacy is not explicitly
 

incorporated in this definition, but to the extent that consumer
 

activities requiring literacy exhibit a revenue elasticity which rises
 

with income, the role of literacy is implicitly included.
 

mhus, we adopt as our presumed goal for poor families the
 

maximization of the present value of profit consumption (PVPC) foL all
 

living family members, according to the best information available to
 

them. If this definition is acceptable, we can move toward an
 

analytical framework which will greatly aid us in drawing inferences
 

about the behavior of the poor.
 

According to our definition of family accounts and the goals of
 

economic activity, functionally-equivalent poor families with equal
 

access to resources in a competitive bidding environment should be at
 

essentially equivalent welfare levels by their own estimation. In a
 

particular area, then, our view of the family leads rather directly to
 

the acceptance of utility-equivalence for equivalent families. What
 

does "equivalence" mean in this context? Here our notion of potential
 

income comes into play again. Families should be regarded as equivalent
 

if their opportunity income is actuarially identical.
 

In constructing valid comparison groups, we can draw on the fact
 

that a very high proportion of variation in earnings can be explained by
 

age-sex composition, education, ethnicity, and a few other family
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characteristics. fhen families are actually observed, of course, they
 

will be seen to have different expenditure patterns. Under the
 

assumption of welfare-equivalence, this information can be used to infer
 

the trade-off ratios which the poor apply across expenditure categories.
 

extremely valuable for determining
Such information can in turn be 


appropriate public projects from the viewpoint of the poor themselves.
 

Under some circumstances, this utility-equivalence approach could be
 

criticized for observing trade-offs at only one set of relative prices.
 

This is a weakness which is common to many attempts to infer valuation
 

Since one of the main objectives of
from cross-sectional evidence. 


public policy is to expand the supply of valuable goods and services to
 

the poor, thus lowering their prices, information deduced from the
 

current set of trade-offs may well be insufficient.
 

It is precisely in this context that the re-definition of family
 

accounts becomes most useful. All goods and services, after all, are
 

marketed under conditions which incorporate considerations of access.
 

In confronting the problem of variable access to the same commodities,
 

therefore, the poor are in effect confronting consumption possibility
 

Rather than being restricted to an
sets at different relative prices. 


unvarying set of price ratios, the careful cross-sectional observer is
 

in possession of a continuum of prices and quantities for most of the
 

relevant goods and services.
 

How can this information be used in practice? Here it is
 

necessary to go one theoretical step further in the analysis. We are
 

modeling the poor family as a maximizing unit whose revenue potential i:
 

basically determined by the opportunity cost of time for each of its
 

members. Family workers are substitutable in some activities and not ii 

(2 
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others, In any case, the family should adjust the time inputs of its
 

members until the marginal objective gaiD associated with a unit of
 

opportunity expenditure is the same in all uses. As previously noted,
 

it is impossible to deduce the marginal valuation put on alternative
 

kinds of expenditure for most outputs (with some strategic exceptions,
 

which will be mentioned). Fortunately, however, it is generally
 

possible to deduce the marginal costs associated with particular
 

expenditure types at particular places.
 

For poor families (as for all families), payment for any good or
 

service has three components: The market price of the commodity itself,
 

the opportunity value of the time spent in procurement, and the part of
 

ground rent which is attributable to differential access to the source
 

of the commodity. The "price" of .he commodity in question, then, will
 

be the sum of all three components. Since most kinds of expenditure
 

fall into regular patterns, it is perfectly possible to standardize all
 

price measurements on some time unit which is convenient for aggregation
 

(rents, for example, are generally collected weekly or monthly, so other
 

prices could be calibrated in the same way).
 

From the econometric point of view, of course, the imputation of
 

ground rent to several access potentials and the imputation of value to
 

the time of family members present a challenge. Both purchase prices
 

and procurement times can be observed directly. Under the assumption of
 

equivalent ntility, the econometric problem can be resolved !k
 

sufficient observations are available. "he exact way in which this would
 

be done involves a rathar technical discussion of utility function
 

specification and econometric estimation (14).
 

mhus, the re-definition of family accounts seems to lead us down a
 

\I
 I 
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promising path. Enough information is available to yield fairly
 

complete marginal benefit cstimates for alternative goods and services
 

from the perspective of poor families, which should provide valuable
 

information to project planners.
 

B. Full Income Accounts: A Detailed Look
 

In order to discuss the ways in which the revised definition of
 

family accounts can affect public financial planning, a more detailed
 

system will be tentatively proposed here. The main themes will be the
 

role of the opportunity cost of time and its interaction with the
 

problem of location in particular areas where residential sites and
 

sources of goods and services are separated. If the urban land market
 

is working normally, the weighted sum of the present values of time-cos
 

:cess advantages in particular contexts (employment,
savings and 


marketing, water, etc.) for all income classes should be observable as 

bid-rent surface. This complex interaction will result in one price -­

land rent -- which represents a quasi-equilibrium arrangement under all 

the given conditions of access, preference, and income. In the account 

system which has been drawn up, these conditions will be strongly
 

reflected.
 

A full tableau of the relevant price components for different
 

"needs" and "non-needs" categories is presented in Table 5
 

(14) A more detailed discussion of the econometric approach will be
 
included in the next section.
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Table 5
 

Proposed Accounting System - Family Budget
 

Category Use Payments Access Payments
 

Money Time Value Uoney Time Value
 

Rent Travel
 

Operating-Investment
 

("Basic 'Feeds")
 

"High-ralue Foods (a) x(b) x x x x
 
Employment x x x
 
7elfare Services
 

Health x x x x
 
Education x x x x x
 
"Basic Materials" (c) x x x
 
Density x
 
-ater x z x
 
Sanitation x x x
 

Profit Consumption
 
("Non-Basic")
 

"Low-Value" Foods (a) x x r x x
 
Other Consumer Goods x x x x x
 
Clothing x x x x x
 
Recreation (including
 

(leisure time) x x x x x
 
Shelter-Related
 

"Non-Basic Materials" (c) x x x x x
 
?urniture x x x x x
 

MHnetary Savings x
 

(a) In accord with the scheme suggested earlier, "basic" foods and 
beverages could be categorized as those whose gross revenue elasticity 
is high for the poor and falling; conversely for "non-basic" foods and 
beverages. Both these definitions depend, of course, on the principle
of consumer sovereignty. An alternative would be the use of nutritional 
benefit/cost ratios. 

(b) The "x's" refer to points in the table where survey information 
would have to be collected. 

(c) "Basic materials" could well be defined in the same manner as 
"basic food!s" -- high and declining gross revenue elasticity.
 

(kL 
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As previously noted, the primary criterion for discriminating
 

between basic and non-basic items lies in a distinction between
 

profit-consumption and operations-investment expenditures. Where
 

ambiguity prevails, a further distinction can be made on the basis of
 

revenue elasticities.
 

Food
 

As noted in the preceding chapter, food consumption can have all
 

Basic foods
three characteristics (profit, maintenance, investment). 


should be those in which the latter two qualities dominate, and such
 

fooAs should logically be those with a high benefit/cost ratio as
 

measured by nutrients/dollar of expenditure. Under the assumption thal
 

the poor are aware of nutritional value, comparative patterns of
 

revenue elasticity change work well for discriminating between the
 

"Basic" and "on-Basic" categories. The availabrle evidence suggests,
 

fact, that there is no great difference between "optimum" diets for thl
 

poor (nutritionally defined) and those which the poor choose for
 

rhere divergences are apparent, many nutritionists would
themselves. 


probably be reluctant to reject local practices in the absence of d 

careful look at local conditions. In rural areas, particularly, diets
 

have evolved over long time periods through a process which should not
 

easily be dismissed.
 

For each kind of food, as for many other goods and services,
 

several kinds of payment are associated with the final procurement
 

price. If the food is purchased in a market, some money will obviousl
 

change hands. In addition, time must be spent in marketing and food
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preparation by some member(s) of the family. The direct calculation of
 

market-related costs must be supplemented by a consideration of access
 

payments. Part of the rental of land in a particular location is
 

undoubtedly associated with the discounted stream of travel time savings
 

in marketing. in addition, of course, there will be money and time
 

costs for transportation to and from the market to consider. Rt first,
 

the imputation of a particular component of travel and time costs to
 

particular commodities may seem impossible, since many trips are used
 

for joint purchases. in such cases, however, it is perfectly possible
 

to apportion costs among commodities on a value-proport~.on basis even if
 

direct, detailed observation of unit time-allocations is unnecessarily
 

complicated.
 

In the case of own-production, the situation is somewhat more
 

complicated. Here the relevant notion is the income-opportunity value
 

of the food, which could be defined either as its market'value or the
 

value of the family resources which go into its production, whichever is
 

highest. "o suppose that family resource costs are higher is to suppose
 

a degree of irrationality among family members vihich is quite unlikely
 

to be present, so that the appropriate opportunity cost will undoubtedly
 

be the market value of the foods produced.
 

in an accounting sense, the addition of own-production to the
 

budget can be accodplished by adding the value of the food as part of
 

income and as one component of cost. Care should be taken to avoid
 

double-counting here, which would be the case if the market valne of the
 

food and the value of the family resources used up in its production
 

were both counted as "costs" in the accounts. The only legitimate cost
 

in this context is the time coat associated with food preparation and
 

http:value-proport~.on
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time required for transporting the food from field to home (15). Since
 

family labor has to be used up in own-production, the value-equivalent
 

has to be subtracted from potential income, as well.
 

Employment
 

Generally, employment is regarded as a source of income rather
 

than as a cost. It is both, of course, since few families can locate
 

next to sites where all of their members can find employment. Thus,
 

resources are-inevitably used up in journeys to work, and the true
 

income from employment is income net of transport-related costs. In an
 

One is
accounting sense, there are two ways to deal with this problem. 


simply to enter work-related income net of trausport costs; the other is
 

to enter full work-related income and then to enter transport costs
 

separately in the accounts. The latter option seems preferable, since
 

access to work is one component of the location problem and is therefore
 

one of the determinants of ground rent.
 

The inclusion of cost detail associated with employment-related
 

income certainly does no harm, and such infoLmation may in fact be quite
 

helpful in illuminating the trade-offs which are made by poor families.
 

?or example, an extension of econometric analysis to the inference of
 

value-related weights on employment travel times may have important
 

basic needs implications. Because transport connections in many poor
 

cities are subject to high variance due to maintenance problems (with
 

the attendant risk of firing in the face of lisastrous tardiness ,
 

(15) The latter is most analogous to family marketing cost, which is no
 
absorbed by producers in the regular market.
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families may choose co-location with the employment site of the main
 

breadwinner as a form of insurance. The result could be tremendous
 

crowding and sanitation problems in adjacent areas, coupled with the
 

welfare-opportunity loss associated with very high rents. In such cases,
 

a very defensible basic needs policy would be an investment in
 

systematic maintenance for public transport (or some policy of
 

inspection-related subsidy to encourage maintenance in private transport
 

vehicles).
 

Hopefully, this example points again to the overriding importance
 

of the location problem in a systematic consideration of basic needs
 

strategies. 7ith an appropriately general view of the trade-offs
 

actually made by the poor, it may be easier to realize large gains in
 

welfare at relatively low social cost.
 

Felfare Services (Health)
 

It is in the analysis of "free" or "low-priced" public service
 

provision that the opportunity-flow analysis of family economic activity
 

really comes into its own. Health services are generally offered at
 

fixed sites (except in the case of mobile vaccination units), with the
 

usual problems of differential access. To the extent that health
 

services are seen as contributing to the specified goal (PVPC for all
 

family members), then, we would expect some willingness to incur cost in
 

procuring them. Indeed, the problem of access guarantees that the poor
 

will always pay for health services.
 

Once this fundamental notion has been accepted, certain
 

conclusions must follow. First, existing patterns of behavior by poor
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families should result from the same sort of balancing of marginal costs
 

and benefits which exists in other economic lomains. Secondly, the
 

existence of varying benefits and costs associated with public health
 

facilities undoubtedly puts them into competition with private
 

facilities in many cases. Such private services will run the gamut from
 

moonlighting surgeons to full-time traditional herbalists and shamen.
 

,he latter may well be sought out (at a fee) by desperately poor
 

families, even when vdern-sector "free" alternatives are available.
 

In the case of health, as in the case of food, a whole set of cost
 

factors needs to be considered in determining the full price paid by the
 

poor. Some money payment is generally require! for services, even in
 

the public sector. Substantial waiting time is often involved as well,
 

and this will be particularly true for low-priced mass public services.
 

Agai-. time has value, and the combination of rental increment, travel
 

payment, and travel time value shows up in the calculation. medical
 

service demands are generally linked to evident need, so that their
 

Nevertheless,
distribution within time units is likely to be random. 


their incidence across longer intervals will be reasonably predictable
 

(and higher, undoubtedly, for the poor than for the rich).
 

Thus, It would certainly be a mistake to assume that the poor make
 

little or no provision for medical needs in their full set of economic
 

are all too evident to the
arrangements. The costs of untreated illness 


poor themselves as personal suffering, work income lost, and shortened
 

life expectancy. Again, a full analysis of opportunity flows is required
 

to reveal the true willingness of the poor to pay for medical services
 

at different quality levels.
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Welfare Services (rducation)
 

Phile medical expenditures can justifiably be viewed as some
 

combination of maintenance and investment costs, educational
 

expenditnres are undoubtedly the purest of investments undertaken by
 

many poor families. Again, a full-flows analysis is necessary to
 

determine the true savings propensity of poor families, since the
 

opportunity cost of an adolescent's time may be relaively significant in
 

many rural and urban areas. If education really is regarded as an
 

investment by the family, then it should be tLdertaken only when the
 

discounted flow of expected returns exceeds the discounted flow of
 

opportunity costs for the family as a whole. In fact, the reported
 

behavior of poor families lends substantial credence to this view (16).
 

High absentee rates in many Third World schools suggest a conscious
 

decision by parents to maintain their perception of an economic
 

allocation of their children's time, as does strong seasonal absenteeism
 

in agricultural areas.
 

Because schooling always costs poor families in an opportunity
 

sense, it is again reasonable to suppose that private alternatives to
 

public education should exist. This is of course the case in every
 

country where such activities are legal (and in most, undoubtedly, where
 

they are not). Private schools, school-business arrangemants, and
 

apprenticeships of many kinds exist in poor cities. In addition,
 

(16) The presence of investor-like behavior is evident, even if some
 
would clraim that the poor calculate costs and benefits inappropriately.
 
As we have already mentioned, there is little evidence to support the
 
notion that the risk-return analysis of thi experts is likely to be
 
better than that of the poor themselves.
 

"0' 
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current research on entry-level employment arrangements in large
 

enterprises suggests an important training component, since there seems
 

to be some willinxgness on the part of new employees to part with current
 

opportunity income in exchange for higher compensating payments as
 

training and experience increase.
 

in countries where private arrangements for education seem to
 

flourish in competition with the public-sector arrangements, it seems
 

futile to attempt a basic needs policy in education without a thorough
 

analysis of the perceived willingness of the poor to pay for educational
 

alternatives.
 

Shelter (Basic naterials)
 

The problem of separating basic needs expenditures from others in
 

the provision of shelter is similar to the problem for food. The
 

easiest basis for discrimination, as usual, is separation by
 

Building materials with initially high
gross-expenditure elasticity. 


(and declining) elasticities would be regarded as basic in this
 

dichotomy, with the converse true for their counterparts. It is always
 

the case that poor families are most concerned with having a roof (of
 

some kind) over their heads, and it is unquestionably the transition
 

from "non-shelter" to "shelter" which has the most impact on physical
 

welfare, provided that densities are not extreme. Basic materials may,
 

of course, be priced implicitly or explicitly in the income-expenditure
 

accounts of poor families. In addition, families may be renting one
 

In doing the accounts properly, it
shelter while investing in another. 


is again necessary to take opportunity costs into consideration.
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According to the criterion adopted, only'declining-elasticity
 

materials should be regarded as basic. In some cases, the market value
 

of these materials will be deducible from shelter rentals along with
 

access components. In other cases, they will be directly observable as
 

families purchase (or produce) materials for their own homes. In all
 

cases several components of cost will again be present. For renters,
 

materials values (along with the resource cost of combining them) can be
 

inferred from rental data, as previously explained. For purchasers the
 

situation is a little more complex, since the full cost of new housing
 

also Xncludes labor costs (own- and hired) and transport costs, among
 

others.
 

In any case, a full accounting should be possible along the lines
 

suggested by the analysis of basic food consumption. The simplest
 

accounting technique would undoubtedly be evaluation at market rates for
 

rental units and at resource opportunity costs for units being built.
 

Although one kind of expenditure is generally termed "consumption" and
 

the other "investment," nothing is lost in this case by aggregating them
 

together as basic needs outlays. By the same principle, any observed
 

expenditures (in opportunity terms, again) on increasing-elasticity
 

building materials (along with some proportional allocation of labor
 

time in the case of own-production) should be relegated to the non-basic
 

category.
 

Shelter-Related (Density)
 

Once basic shelter from the elements has been accounted for, the
 

only other residence-specific factor which is likely to be of concern
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from the perspective of basic welfare is density of habitation (and even
 

this has not been proven in any systematic way. Some evidence suggests
 

that the incidence rates for many contagious diseases, mental disorders,
 

crime, and children's learning rates are Ul related to the level of
 

stress associated with living at densities above some "tolerance
 

Thus, the purchase of
threshold" which is culturally defined. 


residential density by the poor is likely to affect fundauental welfare
 

patterns.
 

Density is usually lumped together with structure quality and
 

accessibility in the determination of residential rental rates, so that
 

econometric inference is necessary to determine its separate value in
 

It is assumed here that few if any truly poor families will
the market. 


be above the threshold density level previously mentionel, so that all
 

density-related payments can be defined as basic needs expenditures.
 

Shelter-Related (Fater)
 

Of all the goods and services which have been discussed, water is
 

.the most important in a fundamental sense. At the same time, water is a 

commodity whose true cost to the poor can be quite difficult to measure 

in many circumstances. Generally, water is available under differing 

The full price of available water is
conditions of quality and access. 


often included in housing rental, so that individual components of value
 

in the market must again be deduced econometrically. Even "free" water
 

is by no means free, since access costs are likely to be very high if it
 

The evaluation of water expenditure may also
is clean and plentiful. 


include a monetary charge if it is purchased frem a vendor or on some
 

/ 
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unit-fee basis. The unit monetary value will presumably vary with
 

quality type, and this must be defined (all water types =an safely be
 

termed "basic" for our purposes). Frequently the procurement of water
 

involves queuing, and the associated opportunity costs must be
 

evaluated.
 

Again, as in the case of education, the full-income approach seems 

necessary for a sensible analysis of public water policy for the poor. 

In many cases the observable money expenditure for water may be small, 

a! a failure to incorporate the access-based rental increment and the 

opportunity value of time spent in hauling water will lead to a 

tremendous underestimate of the value of water to the poor. In 

addition, the full analysis of costs allows for a much more 

comprehensive consideration of alternative approaches to the financing 

of water-supply'expansion. 

Shelter-Related (Sanitation)
 

7he final component of shelter-related welfare expenditure which
 

has a strong basic needs interpretation is the purchase of services for
 

the disposal of household wastes. The problem is in some respects
 

similar to that of water, although it is principally the quality of
 

service (rather than any question of quantity) which is at issue here.
 

In some cases (e.g. night-soil men), there may be a direct price
 

associated with the provision of sanitary services. When they are
 

provided on the premises (at different quality levels, which must be
 

defined), the phenomenon of queuing may again be a problem (particularly
 

for children, and for adults at rush hous points in the morning and
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Finally, rent increments
evening), so that time costs may be a factor. 


are again likely to be charged for access to particular sanitary
 

arrangements, and these have to be taken into account.
 

Profit-Consumption (Non-Basic) Expenditures
 

has seemed eminently worthwhile to describe the accounting
 

components for needs-based expenditures at some length, since they will
 

figure in the public finance discussion and it will be possible to
 

introduce them in the revised accounting framework at that point without
 

much further trouble. Profit-consumption, on the other hand, is less
 

important here. Although an accounting of this expenditure is
 

necessary, it does not need to be presented in any detail at this point.
 

'"hus, it can briefly be said that all of the listed components of
 

current profit consumption have five cost-indices, since some component
 

of access value is operating in each case.
 

"t 
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C. 	Planning Strategy: Project Analysis
 

and Net Subsidy Accounting
 

is we have already seen, basic needs planning has several features
 

which differ substantially from those assumed by conventional
 

benefit-cost analysis. The productivity of social investments is
 

largely unknown, and the relative valuationn of social goods such as
 

literacy, health, and longevity remains problematic and politically
 

explosive. Fecurrent costs join early-period capital costs as a
 

dominant feature, and the whole emphasis is on the incidence of net
 

benefits. For all these reasons, a methodology for the effective
 

operation of basic needs programs must focus on efficient on-going
 

administration as well as efficient prior selection. Because the prior
 

selection problem is more familiar, we will begin with a consideration
 

of the relevant aspects of project analysis. In the second part of this
 

section, we will propose the use of "net subsidy accounting" as a tool
 

for effective administration. -This would enable public planners to
 

adjrust net subsidy levels across sectors in response to changes in
 

recurrent cost flows or the levels and social distributions of basic
 

welfare indicators. The methodology of social benefit-cost analysis will
 

serve as the conceptual basis for our approach.
 

(1). Project Analysis - Benefit Estimation
 

Tf we attempted to choose BHN projects in the standard way, we
 

would have to value project outputs in one of two ways. First, we could
 

adopt a "top-down" approach to valuation, which would require:
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-Some hedonic welfare function to be maximized (i.e. some linear
 
weighted sum of components such as productivity, literacy, longevity,
 
etc.).
 

_A model of hedonic "production," with quantities of goods and
 
services consumed as inputs.
 

"his is simple enough to say, but impossible to implement. A
 

quick enumeration of the major objections should provq persuasive. It
 

is not at all clear what rational basis exists for specifyii:, unit
 

trade-off %eights for the social objective function (which is more
 

important, an extra year of average longevity, or a 5 percent reduction
 

in the rate of illiteracy?). The choice of components for such a
 

function will always remain controversial. In addition, it is doubtful
 

that the social welfare function should be linear (implying the
 

in addition, the
utility-independence of hedonic attributes). 


specification and estimation of an adequate hedonic production model is
 

at present only possible at a very aggregate level (17). In particular
 

natioaal cases, even the most commonly-addressed questions (such as the
 

climate-variable relationship between basic nutrients and health) are
 

not satisfactorily resolved.
 

Thus, we can probably dismiss "top-down" valuation as a reasonable
 

approach to BHN benefit estimation. As a second alternative, we might
 

consider the approach which is usually taken in project analysis: The
 

Only a moment's
evaluation of benefits at current market prices. 


well. Given
reflection suffices for a rejection of this approach, as 


local supply curves, local market prices are determined by aggregate
 

(17) The growth-welfare model presented in Appendix B provides an
 
example of this kind of approach.
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demand curves which are heavily weighted toward the preferences of the
 

rich. In poor countries with extreme income inequality, this source of
 

bias is compounded. Obviously, we have to look elsewhere for a solution
 

to the problem of valuation. 

As we have argued in Chapter I, there are strong reasons for 

supposing that the revealed preferences of the poor themselves provide a 

sound guide for benefit estimation. We have argued that the ability of 

public planners to arrive at relative valuations which are superior to 

those'of the poor themselves is highly questionable. A full economic 

analysis of the behavior of the poor also suggests another reason for 

using their revealed preferences whenever possible: If the valuation of 

particular goods and services by the poor is relatively low, then either 

huge recurrent subsidies or (expensive) coercion will be needed to 

promote their consumption. Since this whole study has been inspired by 

the obvious scarcity of recurrent subsidy resources, it does aot seem 

very sensible to adopt valuations which are very different than those .of 

the poor themselves. 

The trick, of course, is to determine what these valuations
 

actually are. Two ways of identifying the preferences of the poor can
 

be imagined: First, direct surveys which confronted the poor with
 

alternative possibilities and costs might be utilized, so that some
 

sense of desirable allocations at cnrrent prices could be established.
 

Secondly, indirect estimation of preferences from comprehensive
 

household survey information could be done. Such an approach would have
 

one obvious advantage. It would indicate the trade-offs which the poor
 

really choose to make at current price ratios, as opposed to the choices
 

which they say they would make. In addition, such a survey would
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provide information on budgetary allocations by the "nearly poor," whose
 

behavior is highly likely to serve as a model for that of the poor.
 

After giving rather detailed consideration to the econometric
 

approach, we will present a brief decription of experiences with direct
 

preference surveys. Once both approaches have been introduced, we will
 

present an evaluation of their relative merits.
 

Econometric Estimation: The Welfare-Equivalence Approach
 

The main econometric task in this context is the design of a model
 

of behavior which is plausible and which allows for inferences to be
 

drawn about price-responsiveness in the demand for BHN goods and
 

services by poor families. As previously noted, a promising possibility
 

is the use of the full income-expenditure approach in a model which
 

takes spatial access into account.
 

The key to inference is the assumption of equivalent welf ire at
 

equal potential income levels, and the notion of potential Income is an
 

actuarial one. Allowing for normal distributions of advantageous
 

personal e.ttributes and luck, this approach regards family income as the
 

sum of incomes which family members could earn in a particular area if
 

they chose to work full time. The income level is in turn predicted
 

from observations on individual age, "sex, education, ethnicity, urban
 

residency status, and other variables.
 

Although incomes are assigned actuarial equivalence, measured
 

incomes will of course not be equal for two reasons. First,
 

randomly-distributed personal characteristics and luck will intervene,
 

as previously mentioned. Secondly, two families may behave very
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differently in their allocation of time and money, so that the level of
 

monetization in their exchange transactions (and their observable money
 

income) is quite different. For econometric purposes, the use of
 

acutarial equivalence is the key to inference because it allovs us to
 

impose a specific model of welfare determination. If families have the
 

same income-earning resources (in this case, human resources -- people
 

as poor as those under consideration generally don't have any physical
 

capital), then they are taken to be equally well off, regardless of the
 

way in which they choose to use their resources.
 

Is this equal-welfare assumption plausible? If people at the sva e
 

potential income level have good information about alternative
 

consumption patterns and a substantial willingness to move, they should
 

adjust their circumstances until they are at equivalent levels of
 

satisfaction. Information and degree of inertia are obviously two
 

relevant variables here, and as we have noted, the neoclassical and
 

evolutionary models make very different assumptions about their role in
 

economic behavior.
 

Its imposing of the equal-welfare criterion makes the econometric
 

approach inherently neoclassical, so it is worthwhile to ask whether
 

there seems to be any observational justification for such an approach.
 

only anecdotal evidence is available on this subject, and we conclude
 

that it certainly doe not discredit the neoclassical assumption. In
 

Lagos, Nigeria, for example, as many as 1/3 of all poor families shift
 

locations in any given -ear. This saggests a very substantial
 

willingness to adapt to newly-perceived opportunities and to experiment
 

with new circumstances.
 

Under such conditions of high mobility, the assumption that
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welfare levels are the same up to some level of randomly-distributed
 

error does not seem to be unreasonable. If it is accepted, then
 

families with equivalent potential incomes can be lumped together in
 

subsamples and the condition of welfare equality imposed in the presence
 

of observable variations in economic behavior to yield inferences
 

concerning relative utility-weightings and price-responsiveness. In the
 

absence of information on time allocation, marginal rates of
 

inferred (18).
substitution at average time-mo;,ey price ratios can be 


Then time allocations are known as well, price-responsiveness can also
 

be calculated.
 

Fhile information on marginal rates of substitution can be quite
 

useful as a guide to direction in public investment policy, the
 

existence of information on price responsiveness can yield actual
 

estimates of willingness to pay and the consequent level of recurrent
 

subsidy necessary to particular activities, under the assumption that
 

appropriate recovery mechanisms can be established. In order to
 

illustrate the possibilities, one fairly simple (and therefore probably
 

implementable) version of this approach will be presented here, along
 

an aid to
with a discussion of the way in which it could be used as 


The treatment will be general, because data appropriate for
planning. 


such an exercise have simply been unavailable.
 

7e begin with the problem of selecting an appropriate subsample of
 

family observations. The families in question would not have to be
 

Thus,
precisely identical, although they should be closely mat:hed. 


equivalent status could be assigned to two families of five with the
 

(18) ?'or pioneering work in this area, see Wheaton (1977). 
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same ethnic and urban residency status, each containing a man in his
 

thirties with a primary education, an illiterate woman in her twenties,
 

a late-adolescent boy, an early-adolescent girl, and an infant. For
 

all such families, we could define equivalent utility in the following
 

way (19): 

(1) in tifo] = In ( + R) + Sm[i,n )(tij) * In Xu[iJ) 

where 

= Total money expenditure (on goods and 

services for the family 

= Ground rent paid by the family 

X[ij) = 	 Time spent on acquiring the ith good 
or service by a family member in 
the jth age-sex group 

The imposition of welfare equivalence aloows for the use of 

constant utility on the left-hand side of the equation. The two 

log-additive components are taken to be money expenditures (including 

ground rent, which should adjust significantly to compensate for 

differential time use in a space-scarce urban market) and time spent in 

pursuits other than direct money-earning. Th.e form of separability 

imposed on the utility function seems defensible in this case, under the 

assumpti.on that money income (which equals rl R -- money expenditure) is 

freely transferable among competing uses. 

Tt is possible to re-formulate (1) as a stochastic equation in 

the following way: 

(19) In this report, Smtl,n) will be used to denote summation from i=1 
to i=n. 

http:assumpti.on


---------------------------

page 66
 

(2) in (I+F) = In U[o] - Smti,nlE BtiJ)*XEiJI I + elij) 

?hen the equation is specified in this form, it is possible to use
 

observations on total money expenditure and the allocation of time by
 

family members to obtain etimates for the Bts, as well as a
 

In this simple specification:
value-equivalent estimate for.ln U(o). 


the assumption is maintained that the stochastic error term (e) is
 

randomly (and normally) distributed, reflecting the presence of 

unobservable personal traits and sheer luck in the determination of 

departures from precise equivalence in welfare levels. There are no
 

apparent failures of the classical error assumptions in this case, so
 

that ordinary least squares should yield unbiased, efficient estimates
 

(20).
 

The resulting estimates of equation parameters allow for the
 

estimation of the money value imputed to time in particular uses by
 

family members (generally reflecting rent adjustments as proximity
 

changes) as well as marginal rates of substitution between time
 

allocations within the family. Once this approach has been used to
 

obtain a set of time-value estimates, these can be combined with prices
 

Twhere the latter are charged) to obtain full-price demand schedules for
 

(201 The imposition of a log-linear utility function, of course,
 
represents several strong assumptions. Nothing in this way of
 
formulating the problem precludes the imposition of a more complex
 
functional form such as the generalized CES:
 

(3a) U[o] = (t+R)**BO + Smi,n]t 81[iJ) * (Xtij]**B2rij] 

(3b) n+E ( U[o] - Smti,n) ( ) ]**(1/BO)= 

Fere, of course, non-linear regression is necessary to obtain
 
parameter qstimates.
 

Z' 
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particular goods and services. It is these schedules, in turn, which
 

should allow for the estimation of the demand for the services of.
 

particular basic needs facilities (education, health, water, etc.) under
 

alternative assumptions about pricing and siting. The equation in form
 

(2) can be used as a means of estimating the total willingness to pay
 

for particular goods and services, and this in turn can serve as the
 

basis for calculating the general subsidy level necessary for a
 

particular project.
 

Econometric Estimation: The Problem of Discrete Choice
 

As noted many times in this report, it is logical to suppose that
 

the recurrent cost burden will be minimized when net subsidy flows are
 

in accord with the preferences of the Poor whenever possible. Full
 

income analysis has been suggested as a means of improving the planner's
 

ability to deduce the true allocation of resources across profit,
 

maintenance, and investment activities. Undoubtedly, this way of
 

measuring consumer prefszences can be very useful in the determination
 

of a strategy for the allocation of subsidies across sectors. At the
 

same time, however, additional guidance is needed for the choice of
 

precise activities which will be subsidized.
 

:n analyzing the activities of the poor, the analyst confronts the
 

set of general issues which must always be faced by the applied
 

microeconomist. In the set of implicit and explicit markets for goods
 

and services which serve as the foci for economic activities, many goods
 

are divisible and can be analyzed using statistical techniques which
 

rely on the principle of continuity. A good example is provided by the
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was discussed
measurement of valuation of residential attributes which 


previously. The use of continuous econometric models based on the
 

principles of substitutability and equivalent utility is to be
 

recommended in such cases.
 

Unfortunately, many of the choices faced by public planners cannol
 

be informed by this sort of continuous analysis. Whenever basic needs
 

activities are strongly associated with public goods, deliveries must bi
 

organized through public institutions which take on particular
 

characteristics. Education, for example, can be organized in a finite
 

number of ways, anPs the government must make explicit choices for
 

institutional development. Similarly, medical care can be organized in
 

a variety of ways. In deciding what kinds of schools and medical
 

facilities to build, and what kinds of personnel to train, the
 

When the institutions
government is forced to make discrete choices. 


themselves are in place, poor consumers will themselves then have to
 

make decisions governing the incidence and frequency of use.
 

Such problems are not exactly unknown in microeconomic analysis,
 

of course. Nany of the classic consumer choice problems involve the
 

choice among commodities which are "lumpy," so that the standard model
 

Until the present
of continuous substitution does not readily apply. 


decade such di6crete'choice problems were largely ignored by applied
 

microeconomists, largely because because existing methodologies were
 

simaly inadequate for proper analysis.
 

Recently, however, this situation has changed. Beginning in the
 

IIO0's, an interest in urban mass transit led to a considerable
 

expansion of the empirical literature on "modal choices" by consumers.
 

in thinking about the problem of alternative investments in transit
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modes, policy analysts were motivated by the obvious need to determine
 

the preferences of consumers. While preserving the basic structure of
 

revealed preference theory which underlies all of microeconomic
 

analysis, they had to promote a rather drastic revision of the standard
 

econometric approach to measurement in order to take discrete choices
 

into account.
 

Although this modeling technique was therefore originally designed
 

to handle a particular public policy problem in the United States, the
 

utility of the approach goes considerably beyond that which may have
 

been envisioned by its original designers. In fact, it is precisely the
 

technique which is required for a consistent analysis of the preferences
 

of the poor when they are confronted by alternative institutional modes
 

for the provision of basic needs services such as health and education.
 

This section will include a consideration of the general approach
 

to modeling which is appropriate in the context of discrete choice, and
 

a relatively brief description of the modeling technique. The
 

applicability of the technique will be illustrated with a description of
 

a project currently underway in rural Kenya which was inspired by the
 

student-faculty seminars at Boston University which were conducted as
 

part of this Basic ,eds Project, and by the background research on
 

discrete choice analysis whose findings are summarized in this chapter.
 

The section will conclude with a voluminous Appendix which
 

provides a comprehensive, detailed explanation of the state of the art
 

in discrete choice modeling. As far as we know, no such exposition is
 

currently available from any other source. Much of the pioneering work
 

in this field hs only been published in the professional journals
 

during the past two years, and several of the techniques discussed in
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the Appendix have only now reached the stage of application in on-going
 

would not have devoted so
research at 3IT and elsewhere. Obviously, we 


much time and attention to this subject if we did not judge it to be of
 

fundamental importance to BEE analysis. It is difficult to see how
 

further progress in the analysis of service mode choices by poor
 

consumers can be made unless the family of techniques described in this
 

section is brought to bear. Although the Appendix is highly technical in
 

parts, we hope that it will be useful to USAID specialists in the
 

application of econometric techniques to policy problems of this type.
 

a) Discrete Chices by the Poor and the Public Investment Problem
 

As noted in the introduction to this report, any comprehensive
 

analysis of the consumption of the poor should take existing modes fcr
 

In both rural and
the provision of goods and services into account. 


urban areas, poor people generally have at least some choice in
 

In the field of
determining what kinds of provision they will enjoy. 


health care, for example, the poor can avail themselves of numerous
 

alternative modes. At the most basic level, they can engage in
 

self-diagnosis and cure with the aid of medicines bought over the
 

counter in local market areas or traditional medicines produced from
 

local materials. In the case of-the latter, traditional healers with
 

Curative medical
various specialties may perform a role in the process. 


assistance can generally be obtained from private practitioners in
 

market towns or urban areas, although the cost may be prohibitive for
 

the very poor. In many areas, a secondary market in medica2. services
 

has sprung up, centering on the provision of care by nursing graduates
 

ft 
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who have experience but are not formally licensed to practice medicine..
 

At the same time, public authorities may operate proximate dispensaries
 

or hospitals with out-patient services, and mission societies may offer
 

complementary facilities.
 

7n the field of health care, then, it would be - mistake to
 

characterize the choice environment of the poor too simplistically.
 

Education provides another example of this kind of multifaceted
 

phenomenon. Two educational choices available to the poor are obvious:
 

Primary education in some form is now.available in many locations
 

throughout the Third World, and those families which judge the
 

opportunity cost of such education to be too high can always choose to
 

introduce their young to traditional modes of agriculture or animal
 

husbandry. Some reflection, however, reveals that other educational
 

modes are also commonly available to the poor.
 

,he analysis of rural-urban migration patterns frequently reveals
 

the importance of apprenticeship arrangements as the first stage in the
 

movement of young workers from rural agriculture to full-time urban
 

employment. Apprentice arrangements are often made through extended
 

families, with labor provided in return for room, board, and training in
 

a particular trade or light production activity. In addition, public
 

disillusion with poorly-supported public primary education has now
 

progressed to the point where commercial alternatives have sprung up to
 

provide training in services or the industrial arts. Youthful labor is
 

the primary currency in this system, and many commercial schools produce
 

goods and services for profit. Although exploitative arrangements
 

undoubtedly exist, the persistence of commercial training programs
 

suggests that they fill a genuine need which has not been well satisfied
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by alternative public arrangements (21).
 

Again, then, it must be noted that the educational choices of
 

poor families are frequently made in a multimodal context. In
 

determining policies for the expansion of education, it would seem
 

appropriate for public planners to look at the revealed preferences of
 

the poor before deciding on the shape of future institutional offerings.
 

This said, it must be admitted that the problem of measurement is not a
 

simple one. In the prior discussion of measurement in the context of
 

(21) In this connection, it is interesting to note that the fundamental
 
notion underlying commercial training programs has been appropriated by
 
the Cubans as a part of their educational system. The Cuban government
 
has long emphasized its commitment to "practice" as well as theory in
 

In rural areas, pupils from the
the education of the nation's youth. 

primary grades on up spend part of each day in agricultural production.
 
in urban secondary schools it is not uncommon for students to spend part
 

of each day in light industrial activities, such as the assembly of
 

transistor radios. The difference in the Cuban case, of course, is that
 
educational entrepreneurs.
the "profit" goes to the state rather than to 


From one perspective, the Cuban approach can be seen as an
 
imaginative partial solution to the recurrent cost problem in the
 
provision of educational services. Skeptics from'other third World
 
countries have questioned the general utility of such a substantial
 
allocation of time to non-scholastic activities in publically-sponsored
 
education. In Jamaica, by contrast, the schools have been devoted to
 

more traditional instruction, but the rate of abstiteeism is quite high.
 

Many poor Jamaican families have chosen to allocate only part of their
 

children's time to education, with the rest devoted to assistance with
 

family production and marketing
 
"his juxtaposition of the Cuban and Jamaican cases serves once
 

again to illustrate the two conflicting philosophies which can underlie
 
The Cubans have decided that the externalities
basic needs policies. 


associated wth education are so large that they have enforced relativel3
 

faithful attendance at educational institutions. At the same time, the]
 

have in effect expropriated a significant proportion of the labor time
 

of poor families in order to support these educational activities. In
 

the Jamaican case, laissez-faire is more prevalent. As could be
 
expected, poor families left to their own devices choose to retain some
 

of their children's labor time as a contvibution to the acquisition of
 

goods and services other than education. Those who judge the Cuban
 
system to be better must certainiy count themselves among those who
 

believe in tremendous externalities associated with education, unless
 
they simply support the notion that the state knows the self-interest ol
 

the poor better than they know it themselves.
 



page 73
 

residential choices, it was proposed that the statistical approach to
 

revealed preferences is likely to yield more reliable results than the
 

kinds of direct consumer surveys which are feasible in practice. The
 

b) Modeling Discrete Choices: The Fundamental Tssues 

At the most basic level, there is little differenca between the
 

theory underlying discrete choice analysis and that which serves as the
 

foundation for the microeconomic analysis of consumer behavior in the
 

continuous case. Pith all consnmption possibilities available at
 

positive opportunity cost (measured in money- or time-equivalents), and
 

with goods and services substitutable for oue another as sources of
 

satisfaction, rational consumers in the continuous case can be expected
 

to adjust their resource expenditures until they have equated (marginal
 

utility/price) ratios for all goods and services. In some.sense, this
 

same logic should also apply to cases in which available goods and
 

services are "lumpy."
 

in the analysis of consumer choice among competing "lumpy" forms
 

of a good or service, we can adopt the usual near-tautology by asserting
 

that the choice made will be superior in the perception of the consumer
 

in question, given the relative characteristics of the competing modes,
 

their prices, and the preferences of the consumer. For the postulate of
 

rationality to hold, we would expect identical consumers to make the
 

same choice among identical modes.
 

in the case of continuous choices, it is possible to use
 

well-established econometric methodologies'to estimate the relative
 

valuation accorded incremental units of alternative goods and services
 



page 74
 

In the section on residential
by the"representative" poor family. 


choice, an approach originally due to 7heatoa (1977) was used to
 

illustrate the measurement of relative valuation in his context.
 

Here, the problem is somewhat more difficult. When the consumer
 

chooses among a set of goods or services which are complete, mutually 

exclusive competitors, all possibilities save one will be excluded in 

the result. *The classical analysis seems to break down in such 

an
situations, and the notion of "hedonic" choice becomes findamental to 


appror-tate re-structuring of the analysis.
 

?or half a decade now, the theory of consumer behavior has moved
 

progressively towar3 Telvin Lancaster's hedonic specification of choice.
 

According to this notion, very fear commodities have direct value to
 

Rather, almost all goods and services are actually bundles
consumers. 


of attributes which themselves enter into consumer utility functions.
 

Different foods, for example, can be regarded as alternative
 

combinations of nutrients and tastes. It is possible to make sensible
 

decompositions of almost all imaginable goods and servicas in this
 

hedonic sense.
 

?here comsu-ption possibilities are continuously divisible, this
 

Lancastrian via, of consumer behavior can aid in simplifying the choice
 

set which is being modeled. In cases of multimodal choice, the use of
 

the hedonic specification turns out to be even more helpful. Rather thar
 

regarding alternative modes as discrete entities, we can regard them as
 

It is then possible to
alternative combinations of valued attributes. 


regard the ultimate choice of one mode in a way which is consistent witt
 

the theory Gf revealed preference -- the cc-bination chosen must
 

represent a vector sum of hedonic valuations which is superior to that
 

017 
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associated with any other available combination.
 

This hedonic specification is the real key to the generation of an
 

effective measurement methodology in the discrete choice case. Suppose
 

that we regard alternative means of providing health and educational
 

services, not as distinct entities, but as alternative combinations of
 

valued attributes. From the perspective of public policy, it is clearly
 

the attributes themselves which are of fundamental importance. Once
 

alternative patterns of valuation are understoodo then the minimization
 

of recurrent support cost would imply a stromg preference for the
 

pro'visita of modes whose attribute "scores" are superior for particular
 

target groups. it the same time, the ise of clever measurement should
 

make it possible to discuss the provision of modes which, while they mr.y
 

not currently exist, would be superior to any existing modes in the eyes
 

of interested poor consumers.
 

Obviously, we have not yet arrived at a concrete methodology which
 

would actually permit the kind of measurement mentioned above. ny
 

combining hedonic specification with an appropriate understanding of the
 

term "representative consiumer" in microeconomics, however, we can move
 

to an understanding of the general statistical approach to measurement
 

which is required.
 

As in the standard microeconomic case, the key to modeling
 

discrete choices lies in the notion of a utility function which
 

characterizes the "representative consrmer." Since individuals o::
 

families are never perfectly identical, of course, this is an idealized
 

construct. Since social planning must be directed toward perceived
 

central tendencies in target groups, however, this construct remains an
 

essentialone. For the planner, ,'heproblem is to specify the
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components of the consumer's utility function which have relevance for
 

public policy, to adopt a specification of the utility function which
 

makes sense behaviorally, and to use an appropriate econometric
 

technique with data on consumer choices to deduce the relative
 

valuations placed on releva components by the "representative consumer."
 

These measured valuations can in turn be used as a guide for policy in
 

cases where the values of consumers are taken to be valuable guides for
 

allocation.
 

In the discrete choice case, the first step is the specification
 

of an appropriate utility function and the hedonic attribute components
 

which characterize the choice modes under consideration. Once this has
 

been accomplished, appropriate survey data have to be gathered for
 

analysis. obviously, the values of all hedonic attributes have to be
 

It the same time, the
indexed for available.alternative modes. 


Characteristics'of consumers which may bear on the formation of
 

preferences must be recorded. Finally, the modal choices actually made
 

by the consumers surveyed must be registered.
 

It is at this stage that the major econometric puzzle presents
 

itself. Rather than observing some level of consumption of each
 

available modal offering, we are confronted with a very discontinuous
 

One mode will have been chosel;
set of observations for each consumer. 


a result be recorded
the rest will have been ignored. Sow should suc 


for effective statisticvl work? The answer lies in the theory of
 

probability, which providas the final building block for the measurement
 

of utility in discrete choice cases.
 

The most important underlying notion in this context can
 

Suppose
undoubtedly be communicated with the aid of a simple example. 
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that we are observing the behavior of several consumers who car choose
 

between two alternative modes of consumption. In a pure random sample,
 

we observe that in 2000 cases, mode & is chosen 500 times. when asked
 

to predict the behavior of another consumer drawn at random when
 

confronted with the same choices, we would naturally answer in a
 

contingent mode: The probability that the consumer will choos,3 mode A is
 

approximately .25. We would expect mode B to be chosen by appxoximately
 

75 percent of the consumers in the population.
 

Our prediction is an example of an unconditional probability
 

calculation. Knowing nothing o- the characteristics of the consumers or
 

of modes A and B, we can simply take advantage of random sampling and
 

the law of large numb rs to produce a simple prediction of behavior in a
 

bimoP~al coitext. The same basic principle can be applied to our
 

consumer choice problem, except that conditional probability becomes the
 

operative principle. If we kLow the hedonic attribute values for
 

particular modes and we have complementary information on the
 

characteristics of consumers whose choices have been observed, we should
 

be able to improve our prediction. In producing the statistics necessary
 

for conditional prediction, we will also have produced the information
 

on relative hedonic valuation which is useful for policy planning.
 

At the risk of heroic simplification, the basis for econometric
 

work will be briefly sketched here. Although we have all learned simple
 

probability so well that the process of calcalation is automatic, it is
 

apparent on reflection that the unconditional probabilities mentioned
 

above were produced as follows: For mode A, a choice by some consumer
 

in the sample results in the awarding of a score of "1" for A and "0"
 

for B. The converse results when B is chosen. The unconditional
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-probability $hat A will be chosen by a consumer selected at random is
 

simply the mean score fo! in the sample (that is, the sum.of the I's
 

and 0's, divided by the sample size), and similarly for B.
 

Now, consider the modal choice case. Again, a mode is either
 

chosen or not chosen. If it is chosen, it awarded a score of 1; if not,
 

a 0 is awarded. For consumers with particular attributes, there will be
 

certain characteristics which will make one mode more valuable than the
 

others. Here we do not base econometric inference on measured quantities
 

of goods or services consumed. Rather, we use a score of I ("chosen")
 

or O("not chosen") as the unit of observation of consumption. In
 

econometric work with this kind of binary data, estimated coefficients
 

have an interpretation which is diffeLent in form but not in substance
 

from those which characterize standard utility analysis. Rather than
 

measuring relative contribution to utility in the sense examined for
 

residential analysis, coefficients in this context can be interpreted as
 

measuring the relative contribution of one increment in a particular
 

attribute value to the probability that a particular mode will be chosen
 

over its conpctltOrS. 

Once a full set of probability coefficients has been estimated for
 

an appropriate set of consumers, then prediction becomes possible.
 

Given a set of ccpetitive modes with known attribute values, it should
 

be possible to use the estimated parameters to determine the mode which
 

has the highest probability of selection by the representative consumer.
 

In fact, the calculation of relative conditional probabilities allows us
 

to stand the original unconditional talculatlon on its head: Once %e
 

have calculated selection probabilities for each of the competitive
 

modes, then we can also take a randomly-selected groups of consumers of
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arbitrary size and predict their distribution across the available modal
 

choices. For public planners interested in potential rates of
 

utilization of service modes by representative populations in particular
 

areas, the value of such predictions is obviously far from negligible.
 

The preceding paragraphs have incorporated an attempt to summarize
 

a relatilrely complex, sophisticated approach to measurement. Much has
 

fallen by the wayside in the attempt, and an illustration drawn from a
 

typical basic needs planning problem will be usel as a means for further
 

amplification of the approach. Before passing to the illustration,
 

however, it should be pointed out to the interested reader that a
 

careful perusal of the lengthy Appendix to this chapter may amply repay
 

itself at this point. The Appendix sets out in great detail the
 

theoretical and probabilistic underpinnings of the econometric approach
 

to valuation in discrete choice cases, along with a detailed explanation
 

of the major competitive techniques which are currently available.
 

is hoped that this detailed explanation will be of interest to those who
 

are concerned uith the effective use of survey data for facilities
 

planning S.n the context of basic needs.
 

c) An Illustration: Health node Choices by the Rural Poor
 

A good example of the utility of discrete choice analysis in the
 

context of basic needs planniug is provided by the problem of siting and
 

design of health facilities for the poor in rural areas (22). As has
 

(22) "his section summarizes a measurement strategy-which has been
 
derived by the authors of this report and Germanu nwabn, a doctoral
 
student at Boston University, for thesis work by the latter in Kenya.

This thesis, along with others currently in progress at Boston
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been stressed repeatedly in this report, the problem of willingness to
 

pay cannot be escaped in analyzing the relative desirability of BEN
 

The poor will always
projects from the perspective of recurrent cost. 


have to pay for access to any scarce good or service, whether in direct
 

The rapid expansion of BEN provision at
payment, time. oL grcand rent. 


supportEzble standards depends crucially upon the ability of public
 

planners to identify the ways in which the poor are already paying for
 

basic needs, and to translate these implicit or explicit payment flows
 

into forms which can absorb a substantial 1 )fion of the recurrent costs*
 

associated with BEE provision.
 

.Theplanning of rural health facilities provides one concrete
 

example of this sort of policy problem. As in aost other BEN categories
 

which depend on recurrent goverDment support, rural health care systems
 

in many poor countries are in a state of disarray. Siting is frequently
 

done arbitrarily; personnel go unpaid for long periods, with consequent
 

impacts on morale and service efficiency; crucial medicines are
 

.refrequently unavailable; and even those services which are available 


often underutilized by those for whom they were intended.
 

UnCar these circumstances, rural health planners face a
 

They must provide service facilities and
multifacetcd problem. 


as a resui, of his participation
University, was proposed by nr. 3wabu 

in the workstop which formed one focus of th'

, Basic Needs Project. in
 

ar. flwabu's case the iLspiration proved quite fruitful, since he is
 

currently on-site in rural Kenya collecting sample information with the
 

full support of the pockefeller Foundation. Upon his return to Boston
 

Iniversity, he will collaborate with the authors in an analysis of rural
 

health cho'ces along the lines sketched in this chapter. It is hoped
 

that the results will be of assistance to the Kenyan Ministry of Health
 

in its planning for the future provision of appropriate rural health
 

facilities which minimize the recurrent subsidy necessary for attractina
 

the poor.
 



page 81
 

personnel which are simultaneously appropriate for local conditions,
 

supportable under local financial constraints, accessible to target
 

populations, and acceptable to the people whom they are intended to
 

serve. Under the best of circumstances, such a planning problem would
 

not be an easy one. In the case of rural health care, all problems ars
 

compounded by substantial ignorance concerning the preferences of the
 

client population itself. Although health facilities are intended to
 

serve ths rural poor, planning is frequently done in almost total
 

ignorance of the preferences of the poor themselves,.the environmental
 

context in which they would choose rural clinic facilities over
 

alternative modes, and the degree to which they might have a willingness
 

to pay for medical services which they found to be relatively desirable.
 

A" appropriate information base would obviously represent a
 

desirable starting point under such conditions, and discrete choice
 

modeling seems to provide a good vehicle for organizing a large quantity
 

of potentially relevant information in a consistent, usable form. The
 

first step in the analysis must be the identification of health care
 

modes which are actually available to the rural poor. In fact, the
 

number turns out to be surprisingly large. People in rural areas can
 

simply self-treat, either with traditional medicines or with drugs
 

purchased over the counter in nearby markets; they can consult
 

traditional healers, who may well be specialized; they can visit private
 

clinics run by doctors or nurse practitioners in nearby towns; they can
 

go to mission facilities; or they can visit government-run clinics or
 

hospitals. Each mode will be available to a particular rural family at
 

a cost, of course. For privately procured drugs, treatment by 

traditional healers, or visits to private cli.nics, the cost will be in 
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time and money. The use of government facilities, on the other hand,
 

may simply involve the expenditure of time which could be employed in
 

other activities. Since government health services are generally not
 

rationed by price, waiting times are frequently quite lengthy in such
 

facilities.
 

Coupled with the problem of cost in the choice of health care mode
 

is the problem of perceived quality. Alternative modes will generally
 

differ along several quality dimensions. For different kinds of
 

symptoms, the probability of successful treatment will undoubtiedly
 

differ. Differential availability of medicines will be a facto.-, as will
 

be the speed, efficiency, and courtesy of the services offered by
 

alternative modes. In addition, the credentials of the service personnel
 

themselves will weigh in many decisions concerning modal choice when
 

particular.symptoms arise.
 

Modal characteristics will be joined by personal characteristics
 

in influencing the final choice of service. Education and prior urbau
 

residency will have a bearing on the perceived desirability of
 

traditional modes, ceteris paribus. Undoubtedly, family income will 

have an irortant effect on the responsiveness of decisions to the
 

perceived costs of alternative modes.
 

Such a problem is made to order for discrete choice analysis.
 

representative sample of families in a particular rural area can be
 

drawn and observed. All relevant modes can be registered and modal
 

choices in response to various symptoms recocded. Once data on modal
 

choices, modal characteristics, and Zamily characteristics have been
 

obtained, they can be used to estimate the parameters of a utility-based
 

choice model of the type previously discussed. The results of such an
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estimation "exercise are potentially of great assistance to rural health
 

planners who are attempting to maximize coveiage at minimum cost. In a
 

particular area, for example, analysis of the data may well,reveal that
 

the poor are extremely sensitive to the opportunity cost associated with
 

time spent in traveling and waiting for "free" medical care. A
 

steeply-rising marginal distance-disutility curve may produce as its
 

dual a substantial willingness to pay for proximate private services,
 

even when the unit charges are substantial by local standards.
 

Since private facilities may well maintain a more dapendable
 

inventory of medicines, among other things, it would be necessary for
 

health planners to be capable of distinguishing between proximity and
 

dependability effects in the choices of rural health consumers. It is
 

in this context that multivariate analysis comes into its own, of
 

course. Given sufficient data, it is possible to deduce the separate
 

effects of these and all other relevant variables on relative modal
 

valuations by representative consumers. When the inevitable trade-offs
 

in facilities planning are made, the information provided by these
 

relative valuation measurements should prove invaluable in arriving at
 

sensible allocations.
 

From the perspective of recurrent cost analysis, the sort of
 

econometric approach oullined here seems to offer the possibility of
 

relevant measurements which are both invaluable and unobtainable by
 

other means. Vhen opportunity cost factors, incomes, family
 

characteristics, and modal quality characteristics are combined in an
 

appropriately-specified multivariate analysis, it becomes possible to
 

obtain a relatively accurate perception of the willingness of the rural
 

poor to pay for-service alternatives and the likelihood that they will
 

GL'
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take advantage of alternative modes once 4hey are made available. Since
 

cost and coverage are the two essential criteria in this context, it
 

seems that the argument for this sort of modeling approach is quite
 

strong from a practical perspective.
 

Direct Survey Techniques
 

Although much useful information could obviously be gotten froa
 

econometric inference, it seems easier at-first glance to approach the
 

It is always possible to survey the
preference problem more directly. 


opinions of those who will be the immediate beneficiaries of BHN
 

programs. Of course, such surveys must be truly economic in nature to be
 

relevant. Not only the project options, but their direct cost to the
 

client group must be specified. In fact, information which is truly
 

comparable to that supplied by the econometric approach can be obtained
 

only if people are asked about their caoices at varying pri--s. It is
 

possible to design games which elicit client choices under h,:potheticial
 

price-variable conditions, and some experiments have been run in West
 

Africa and Mexico (23). Because of the rapid escalation in
 

price-quantity combinations as the choice set is enlarged, this approach
 

seems to be feasible only under certain relatively limited conditions.
 

In both cases cited, choices were elicited for basic residential zervice
 

projects (variable-quality housing, water, and sanitation arrangements).
 

(23) Good descriptions of these exercises have not been published, but
 

we have obtained much relevant information in the cours, of
 
(West Africa) and
conversations with Michael Cohen of the World Bank 


Tomasz Sudra, an independent consultant-planner, who has been
 
responsible for much of the work in Mexico. 
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A comparison 

It is possible to define circumstances under which each approach
 

makes sense. 7hen a particular type of BHN program (e.g. residential,
 

health,educatlon) has already been chosen aaa the client population i~s
 

small and spatially stable, the direct survey approach is'reasonable.
 

"*he most ideal situation for a direct survey is that of one rural
 

village in its dealings with a particular ministry. When any c.£ the
 

three basic conditions -- sectoral focus, small group size, and group
 

stability -- is violated, howeve:c, the appeal of direct surveys begins
 

to erode very rapidly.
 

The relative advantage of :sample-based in7erence is most
 

immediately apparent in the opposite case. If strategic BHR choices are
 

to be made across sectoral categories for the urban poor, sample-based
 

econometric inference is probably the only feasible way to approach the
 

problem. Only actual observation can yield reliable evidence concerning
 

economic behavior when the available choice set is so large and varied.
 

In addition, the absence of locational stability in urban areas
 

can cause serious difficulties for the direct survey approach. if a
 

particular area is chosen as the focus for a BY investment, the state
 

has effectively chosen the current residents of that area as lottery
 

winners. Under these conditions, poor clients are apt to push survey
 

results in directions which will maximize their potential windfall.
 

Thus, a poor family head in a favored are& may indicate a strong (and
 

unfelt) preference for elaborate toilet facilities, knowing full well
 

that these are highly prized by the middle class and can yield a high
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value 4n resale once they have been provided. Hopefully, it is not
 

unduly c7ni'al to suppose that such an emphasis on careful calculation
 

may dominate simple gratitude on the part of the poor (24).
 

(2). Project Analysis - Cost Evaluation
 

Although benefits in the BET context are more difficult to
 

estimate than is usually the case, the estimation of costs can draw
 

almost totally on existing methodologies for projet evaluation (25).
 

?rom the government's point oZ view, the true cost of the project in
 

each period is the social value of the resources which it uses up. In
 

the social equivalent of cash flow analysis, costs are generally divided
 

into capital (project construction) and recurrent tproject operation)
 

categories, subtracted from estimated yearly benefits, and the present
 

value of the net benefit flow to the end of the project is calculated.
 

In principle, comparative present value calculations provide a
 

good basis for choosing worthwhile projects. In reality, of course, Cem
 

governments in poor countries have made consistent use of cost-benefit
 

analysis as a tool for social evaluation. This is partly because
 

skilled analysts have been quite scarce and partly because broad
 

allocations across BEN sectors have been determined politically at the
 

(14) Again, some Porld Bank experience with housing projects in West
 
In one case known to ztaff members, rent
Africa supports this view. 


levels almost immediately doubled in a squa-ter settlement after the
 
Bank announced its intention to support an upgrading project in the
 
area.
 
(25) Any of the standard approaches is relevant here. See for ecample
 
Sen-Marglin (1972), Litle-rlirrlees (1974), Squire-Van drsr Tak (1975),
 
or Schydlowsky (1973). A good discussion of the underlying differences
 
can be found in Lal (1974).
 

I 
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highest levels, with subsequent programs for BHW delivery replicated in
 

roughly standardized form.
 

:n practice, this somewhat haphazard approach to progr..m design
 

and implementation has made at least two major contributions to the
 

recurrent cost problem. The foremost contribution has been a pronounced
 

tendency,to underestimate or simply ignore the recurrent cost component
 

of BR7 projects in long-range budgetary planning. The unfortunate
 

association of "development" with capital budgeting alone has resulted
 

from a failure to pay much attention to true production functions for
 

BP". goods and services. As a result, yearly non-defense allocations
 

have tended to be disproportionately devoted to the cr.pital budget in
 

the name of rapid progress.
 

The second major recurrent cost problem which has been created by
 

inattention to prior'project analysis is somewhat more deeply buried but
 

no less real. Even BHN planners who have attempt ad to make correct
 

recurrent cost projections have tended to treat them only as cash flow
 

problems. To reiterate, however, the only resource valuation which is
 

really meaningful in this context is the social valuation. Generaly,
 

recurrent cost elements in prior project planning can be subdivided into
 

three broad cost categories: Labor, materials, and land. The first two
 

categories may have both domestic-source components and foreign exchange
 

components. Thus, at least four general shadow values must be included
 

in a social recurrent cost accounting -- domestic labor, domestic
 

materials, foreign exchange, and land. In the absence of such an
 

accounting, the true cost to society of any program cannot even be
 

approximately known.
 

There are really two aspects of this second problem which are of
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particular interest here. The first is the social cost calculation
 

which has just been discussed. The second is tied to the problem of
 

land. As we have repeatedly asserted, a critical component of basic
 

needs satisfactioD for the poor is the problem of access to appropriate
 

delivery sites, and the basic needs delivery problem is critically
 

related to the distributlon of activities over space. In urban areas,
 

it may be particularily important to take opportunity cost into account
 

when locating some BEN delivery site. From the government's
 

perspective, the opportunity value of the and is generally the
 

potential tax revenue foregone in t%e most valuable alternative Ase.
 

Unless this value is considered as part of the project ptanning account#
 

one true but invisible recurrent cost component for a BEN delivery site
 

may be very large indeed.
 

Thus far, ve have been cGnsidering only the prior planning
 

problems associated with BRI projects. We have recommended that a heavl
 

emphasis on valuation by the poor be coupled with the social valuation
 

of recurrent (as well as capital) costa in thinking about the true ),,:t
 

subsidy burden which will hA-s to be borne by the state. In the spirit
 

of benefit-cost analysis, one further poiat concerning the evaluation of
 

social benefits must be ad(!id. The relevant basis for valuing the true
 

social value of a project is the net contribution to delivery capacity
 

which it makes. Ns we noted previously, no service is really free to thM
 

poor, and well-developed markets for all BEN goods and services will
 

exist even if the government does nothing. In.most cases, the
 

implementation of a new project will result in some diversion of demand
 

from existing suppliers. In cases (e.g. education) where competitors art
 

declared to be illegal or patronage of government-sponsored programs is
 

cVI
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required, the true welfare gain for the poor may be a good deal less
 

than anticipated. 

(3). Project Monitoring - let Subsidy Accounting 

It is important to organize BHf investment activities in ways
 

which will yield the highest expected net present value when social 

benefits and costs are taken into account. In the previous sketch of a
 

recurrentrcost minimizing approach to this problem, we have emphasized
 

the importance of input opportunity values as the basis for calculating
 

true anticipated recurrent costs. Unfortunately, few projects turn out
 

wholly as expected. In poor countries, even well-elaborated project
 

plans admit to very substantial degrees of uncertainty, and subsequent
 

events often overturn the original calculations entirely (26). Thus, it 

is not only to be feared but expected that many social projects will
 

have surprising outcomes.
 

As noted in USAID (1974), program planners are unavoidably cast in
 

an experimental role (27). Although they can initiate projects witL
 

(26) Few treatments of this subject surpass that of Hirschnan (1967). 
His discussion of the Pakistan Karnaphuli paper mill case is 
particularly entertaining. 
(27) The discussion in this section (and in the sector-specific
 
chapters) is intended as a complement to the standard USAID Evaluation 
Handbook (1974) rather than as a critique. The Handbook is designed to
 
introduce field workers to statistically-based methods for running
 
experiments, and its discussion of ways to evaluate the relationship 
between project intentions and. results, with attendant costs, is simple 
and clear. In this report, We are focusing on general recurrent cost
 
problems, so our approach is somewhat different. Our main emphasis is
 
on observation of the simultaneous evolution of net subsidies
 
(current-account drains on the government treasury) and the apparent
 
results of projects to which the subsidies are tied. Thus, we focus
 
more on payment flows. In addition, we are more concerned with the
 
measurement of opportunity values as an adjunct to more conventional
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certain models of social and economic behavior in mind, it As not at all
 

clear that either the models themselves will turn out to be valid or
 

that variables which they hve assumed to be exogenous will remain so. As
 

we have seen, BEN projects have particular problems because t£actions in
 

which BFM inputs combine to produce observable welfare outputs are
 

complex and generally unknown. Another large degree of uncertainty
 

attaches to the question of ultimate benefit incidence in such projects.
 

In Chapter I, some attention was devoted to the problem of arbitrage in
 

goals-oriented BEN projects with "lottery-like" characteristics. The net
 

result of such activities may be the capturing of long-ru subsidy flows
 

by income groups who were never intended to be beneficiaries. Thus, a
 

useful approach to BEN project monitoring must have two basic
 

characteristics: It must be capable of revealing the annual flow of
 

true net subsidies, and of determining the apparent pay-off to this Flom
 

with respect to both impacts on the welfare of target groups and
 

diversions to other groups.
 

The challenge is to develop and implement an information and
 

evaluation system which will aid public planners in shifting toward
 

"preferred" allocational patterns where the incidence of costs and
 

benefits shifts continually and in unexpected ways. The organizing
 

theme for the sort of analysis which will be proposed is again provided
 

by the methodology of social benefit-cost aualysis. However, we are
 

interested in recurrent rather than capital cust, so that the focus is
 

on the pricing and disposition of on-going public welfare activities.
 

financial flows data. Basically, however, we are still concerned with
 
the on-going evaluation of relative costs an! benefits, and the design
 
and evaluation questions considered by the Handbook are certainly
 
important elements in this same process.
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Discounting should therefore not be a major component of the analysis
 

and little effort should be devoted to the calculation of net benefit
 

measures in comparable value terms. Rather, an appropriate sstem
 

should allow public planners to monitor the annual changes in key social
 

indicators and the evolution of net subsidies across the basic needs
 

activities which are obviously linked to those indicators. The approach
 

should be explicitly multi-objective, with relative weightings remaining
 

the task of the ultimate decision-makers. The system should incorporate
 

an implicit "reduced form" model of behavior, since it would allow
 

planners to observe the covariation of public inputs (net subsidies) and
 

outputs (basic welfare indicators) over time.
 

?hat sort of accounting system would be appropriate in this
 

context? The following elements are obviously crucial:
 

(1). Key indicators must be held to some minimal essential set 

(28). 

(2). These indicators must be reliable, so effeccive sample 

survey design and execution are central to the process.
 

(3). The accounting system must be set up to provide at least
 

three kinds of information:
 

-Financial flows, so that yearly net financial subsidies can
 
be calculated across activity types.
 

-Opportunity flows, where all relevant inputs and outputs are
 
appropriately shadow-priced.
 

-Incidence calculations, which show yearly net income effects
 
for the public sector and by income class for alternative
 
project types.
 

Although details would have to be situation-specific, the
 

(28) Again, many of the suggestions in USAID (1974) are useful in this
 
regard.
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following sketch of the accounting system should at least provide some 

notion of major system components.
 

welfare Indicators
 

,"he major indicies of project benefits in a social accounting
 

system must remain suggestive, since their true relation to anderlying 

components of welfare can only be guessed. Nevertheless, the 

availability of project (or area) specific data oa a relatively small 

set of social indicators would certainly be helpfu l ZE a relatively 

comprehensive accounting system is to be established, the prevalent 

skill constraints in LDC's dictate a very small namber of indicators and 

a willingness to accept indicator approximations from "windshield 

surveys" and other rough sampling methods in many cases. Since the oain 

purpose of the whole system is to suggest trends in benefits and net 

subsidies at the level of first approzimations, such an approacL may be 

perfectly adequate. For the BEN issues which have been of concern tc, us 

in this report, a representative small set for a particular area is 
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presented in "able 6.
 

Table 6
 

Indices
 

Residence
 

Density
 

Health 

Infant Mortality Rate
 
Chronic Illness Rate
 

Education
 

Competency Scores
 
Unemployment of Graduates by Curriculum Type
 

Pater
 

Daily Consumption Rates
 
Cleanliness
 

Sanitation
 

Sewerate Arrangements
 
Garbage Disposal
 

Recipients
 

Families in project area, by full income class
 

There can be little doubt that the availability of
 

frequently-collected area-specific statistics like those above would be
 

invaluable to planners vho are concerned with yearly budgetary
 

allocations. In the absence of such information, it is difficult to see
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how any reasonable discussion of alternatives-would be possible. It is 

particularly important to note that the suggested approach is area 

specific rather than family specific. By coaparioo with family-specific 

it gains in cor frqnieace but loses in, validilty.experimental approaches, 

Since the main interest here lies in adjusting net subsify levels across 

approach seems preferable.areas as local circumstances change. the area 

The Vet Subsidy Accounts
 

As previously mentioned, three kinds of accounts are suggested in
 

this context. They will be presented here in order.
 

Financial Subsidy Accounts
 

1lthough the ultimate concern of public planners should be vitl
 

opportunity flows, it is impractical to administer development projec.'s 

without specific attention to cash flow accounts as well. a 

representative combined (capital-recurrent) net subsidy accounting 

.';ystem is presented in Table 7 (29). 

(29) mhe best approach here seems to be to regard all investnent 
allocations as untied, so that investment costs are incurred during the 
period of project construction in all the accounting tables.
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Table 7
 

REVEINUES
 

Pri.ed Services
 

Source 

Rich 
Middle
 
Poor
 

Taxes
 

- RECURRENt COSTS 

Ope 	ations
 

Domxestic
 

Labor (by Recipient Income Group) 

F..i C,,I~ 
Poor: 

t.atemIas 

imported
 

(Same Breakdown)
 

oveLvheeO
 

(%cme 3reakdown)
 

- C.PIMAL COSTS
 

Domes tic 

Labor (by Recipient XLcome Group) 

Equipment 
Hterials
 

:mported
 

(Same Srem.kaown) 

NErT SUBSIDY 

If such accourts could be iutegrated across arzas and across 

sectors, they could be combined with area-specific distribution and 
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%elfare indicatnrs to provide a good sense of use efficiency for 

recurrent subsidies in different contexts. Another advantage of this 

system veqld be its ability to highlight both the results of government 

investments and the adjustanle policy instruments at the government's 

aisposal. Central auong these woul be service prices, property Lnd 

sales taxes, and the curreatrate of investment in nei projcts. If 

sufficient fiscal control could be m-aintz9ned, available taxes and 

prices could be adjusted in ways which yielded an ongoing investment 

fund. 7f such a systen mece instituted, the job of governeent financial 

managers and policy planners would be greatly eased, since informed 

discussion of alternatives vould be possible. 

With on-goinq monitoring of benefit distribution, it should bQ
 

possible for the government to identify projects whose beaefits have 

been essentially captured by more affluent groups with the Fassage of 

tixe. Such projects could be -7unloaded" into the private market throigh 

auctions, yielding the addition of capitalized benefits to the 

eninvestment fund and the elimination of the pablic subsidy burden. G 


the scarcity of administrative resources, such an approach would 

probably make sense even if captured projects were yielding some profit 

for the government. Instant capitalization and reallocation to projects 

directly benefitting the poor would seem to be called for. 
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Opportunity Accounts
 

Although the financial accounts are important, they should be 

supplemented Ly a parallel set of oppo!-tunity accounts. These accounts 

would provide a way of monitoring the yearly net flow of opportunity 

values in the basic needs system. Several differences between this and
 

the financial accounts should be emphasiz.d. 

First (and this is particul rly true for residential development 

projects), the opportunity tax flov should be incorporated as a cost. 

Secondly, labor should be appropriately shadow-priced by type. Finally, 

an appropriate shadow value should be attached to foreign exchange. An 

obvious advantage of this approach would be the adjustment of shadow 

rates as the external situation changed. Thus, it would be possible for
 

planners to identify trends in the opportunity value of net subsidies to 

particular activities. Again, this might allow administrators to adjust
 

the application levels of policy instruments (prices, tax rates, auction 

sales, new investment rates).
 

"Tet Incidence Accounts
 

Finally, a set of accounts should be developed which provides 

explicit inforuation on net benefit distribution. Essentially, this 

3ind of information would represent a re-arrangement of the elements in 

the fV.-st set of accounts, with some important differences. For 

example, an additional obvious benefit of residential development 

projects is the increment in income (net of taxes and rentals) provided 

to project proprietors through mrket-clearing arrangements. This 
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increment can be divided into flows to three income classes, so that an 

accounting of net flows in the project context would look like the
 

following:
 

(1). Government (already known): Rents + Taxes - Domestic 
Rages - Matevials - Foreign Exchange
 

(2) .tncome Classes: Extra Reat i' gages (this is under the 
assumption that."willingness to pay" is operative, so that the 
prevailing rent level in the parallel market is an index of 
perceived benefits). 

Although it rould always be somewhat incomplete, this "net flows"
 

information would provide a very desirable complement to information
 

about the distribution of benefits as indexed by welfare indices.
 

i.'
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IIZ. FULL INCOME ANALYSIS AND RESOURCE nOBILIZATION:
 

STRATEGIC ISSUES
 

"he preccuiig chapters have been designed to establish a general
 

framevork within which our approach to recurrent cost analysis can be
 

consistently developed. nuch attention has been paid to the basic
 

planning approach because most program recommendations must follow
 

loically from choices made at this higher level. Thus, our advocacy of
 

full income analysis as a basis for BHN policy formulation follows from
 

our conclusion that the best guide for BEN intervention in most cases is
 

provided by the economic behavior of poor families themselves. The
 

:6ull income approach seams particularly important to us because it
 

focuses attention on the inevitability of payment for goods and services
 

by the poor. Once this inevitability has been accepted, the discussion
 

can usefully be shifted to the practical level-- In what forms can this
 

payment be most effectively mobilized as a source of support for current
 

and future BEN efforts?
 

As we hope to have madG clear in the preceding sections, our
 

empbasis on payment by the poor does not mean that 're advocate
 

increasing their burdens. Rather, we would argue that a full analysis
 

of income and expenditure simply reveals the magnitude of the effort
 

which the poor themselves are making. Under existing fiscal
 

constraints, their continuing assumption of much of the cost of BEN
 

delivery is inevitable. The challenge for policy research in this area
 

is to identify ways in which government subsidies can most usefully
 

complement payments by the poor ift assuring a growing and improving flow
 

of BFU goods and services.
 

rA
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"his chapter will be devoted to identifying the crucial policy
 

issues at a very general level. All stem from one central problem:
 

Under existing arrangements, payments provided by the poor cannot
 

effectively utilized. The general source of this problem, in turn, is
 

the inappropriate structure of existing assets whose services must
 

combine with direct payments by the poor to support the delivery of BEN
 

products. Its primary reflection in urban areas is the private
 

ownership of land and shelter services, for which the poor must bid in
 

the attempt to gain access to employment and sites where essential goods
 

and services are 'supplied. In rural areas, on the other hand, its
 

primary reflection is the difference between optimal settlement patterns
 

dictated by relatively high-level BEN service provision and
 

land-tenure patterns associated with low-technology agricultural
 

In both urban and rural areas, another major barrier to
production. 


rapid 	improvement in BE flows is the absence of capital assets whicl,
 

can be combined with local resources to provide higher levels of incame
 

and recurrent cost support.
 

A. 	The Urban Problem: Net Subsidy Flows
 
and the Capitalization Process
 

This report was originally inspire& by the monotonous regularity
 

of recurrent cost problems in public projects intended to help the poor
 

Although investments in utilities (e.g. water, sanitation, housing) are
 

generally characterized by a lower relative recurrent cost component
 

than human services (e.g. health, education), all share the problem of
 

serious shortfalls in the ability to pay for on-going maintenance,
 

personnel, and materials. In urban settings, the problems of water
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provision provide a classic case in point. Public-water authorities are
 

frequently given quasi-independent financial status, which means that
 

their rate of service expansion is directly linked to their ability to
 

recover costs. In spite of effective monopoly power and the ability to
 

enforce cross subsidies through differential prices, public water
 

corporations are repeatedly forced to expand in poor residential areas
 

at very slow rates because they perceive that the payments which they
 

can extract from the poor for water provision will not even cover
 

long-run average cost.
 

Under this constraint and the requirement of financial
 

independence, public water providers are forced to devote substa'.tial
 

resources to the extension of upgraded services to relatively wealthy
 

families whose payments will refill the cross-subsidy pool. Thus, the
 

most basic of needs -- clean water -- is provided to the poor at a-rate 

which is frequently disappointing. it is true, of course, that other
 

fiscal mechanisms could be brought to bear and the shortfall to the
 

water authority made good by thp central treasury. The problem with
 

this approach is the familiar one: The funds provided would come at
 

substantial opportunity cost# and in many cases they would simply be
 

subtracted from other BHN projects.
 

Thus, the situation is made to seem nearly hopeless. However,
 

when the circumstances under which the poor cannot "afford" to cover at
 

least long-run average cost for water provision are examined a little
 

.more closely, some paradoxes begin to emerge. It has frequently been
 

observed that poor families who have no access tc, piped water will pay
 

water vendors for inferior deliveries at a price which would be
 

sufficient to cover the average costs of installing piped service (30).
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At the same time, water atthorities also report that the poor who live 

near their newly-installed lines suffer from a manifest inability to pa, 

for the service. 

The paradox is, of coerse, no paradox at all. The poor who livq 

near water lines cannot afford to pay the water authority because thy 

wuter. The collectors, however, are theil have already paid for the 


landlerds. Existing empirical work on the contribution of water 

valuation to rental payments by the pool: are scarce, although existiag 

econometric studies snggest that a large component of shelter rent is 

paid by the poor for proximity to good water. If these results can be 

generalized (and observed water-vendor payments in cities as varied as 

tacos, Figeria, and Lima, Peru, certainly suggest that they can be), 

as
then the recurrent cost problem in urban water provision may not be 


formidable as it appears.
 

"he case of water has been chosen because it provides an extreme
 

example of the phenomenon in question, but we think that the underlying
 

principle is of general importance: To the degree that the enjoyment c
 

public subsidy flows by the poor must occur jointly with their use of
 

assets which are in private hands, some proportion of the total subsidl
 

itwill be transferred to assets owners through a process of bidding. 


is in the interest of public policy, therefore, to give specific
 

attention to the istribution of assets ownership in determining
 

appropriate financial policies for the sectors which are in question.
 

This principle has relevance for all three kinds of productive
 

In poor urban
assets -- physical capital, human capital, and land. 


(30) "'is observation has become rather common for all three poor
 
continents. See for example Grimes (1977).
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areas, however, the recurrent cost problem seems most inescapably tied
 

to the question of land ownership. Land is of major importance because
 

nost needs-based welfare problems for the poor focus on the problem of
 

physical access to the relevant services- Children must get to school
 

and back; the sick must have access to medical facilities; the family
 

must be fairly near a water source; and. employees must have access to
 

the workplace.
 

insofar as they value their time, the poor will be willing to pay
 

a premium for access to valuable service sites. If the family is
 

considered as the relevant decision unit, the value ascribed to
 

particular kinds of access will vary with anticipated net benefits 

associated with differential productivities, among other things (31). 

Thns, the poor will undoubtedly play an important role in determining 

the familiar urban bid-rent surface. Given the fact that ground rents 

are determined by a competitive bidding process and that most urban land 

is privately-owned, it is clear that incremental benefits to improved 

access or service quality which are not captured by user fees will be 

partly captured by shelter owners. 'he degree of capture will depend, 

of course, on the prevailing price elasticities of demand and supply. 

In the case of water, demand is relatively price inelastic, for example. 

In poor cities where one-story building is the only practical 

alternative, interior usable space at relevant locations is quite 

price-inelastic in supply. Thus, much of the intended benefits from 

water are likely to be transferred to landlords in the absence of
 

additional public intervention.
 

(31) This subject has already been discussed in the section on full
 
income analysis.
 

\Kt'
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Fhat is true of land is also true of human and physical capital ii
 

other contexts. The use of scarce public resources in the training of
 

doctor, for example, allows a private person to acquire an
 

income-earning asset at essentially no cost. In the subset
 

distribution of returns among the state, the poor, and the doctor, the
 

state and the poor will unquestionably emerge as the losars. Since the
 

state will not be able to recover its cost, supply expansion will be
 

relatively slow and monopoly pricing arrangements will be likely to
 

prevail.
 

it is one thing to identify a general problem and another thing t
 

solve it, of course. In wealthy nations, the mind of the policy analys
 

turns naturally to valorization charges as a way of recapturing the
 

This issue will be
capitalized value of net government subsidies. 


Foc the moment,
explored in depth in the next section of the report. 


will continue the identification and discussion of fundamental policy
 

problems at a general level.
 

B. "he Urban-Rural Split
 

Given the fact that most people in any country reside in
 

approximate rank-size
communities of some size, and the existence of an 


ordering for these communities, any division between urban and rural is
 

somewhat arbitrary. There is, however, a relationship between the
 

aggregate stock of available communit.y resources and the stochastic
 

determination of demand for different goods and services which
 

determines community "size" in the sense which is important for this
 

analysis.
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Communities which are physically small, scattered# and poor will
 

be considered rural for our purposes. Large rural settlements will be
 

classed as "urban" if land owrership is non-communal and aggregate
 

income is sufficient to support specialized health and education
 

services at prevailing opportunity cost levels. The reasons for this
 

peculiar distinction lie in our specification of the kinds of problems
 

which characterize urban and rural areas. Two particularly visible
 

differences are important for the analysis which will underlie our
 

recurrent cost approach.
 

First, the spatial continuity of urban settlement patterns is
 

disrupted in rural areas. Villages are distributed in response to
 

random environmental features, and the relatively large distances
 

between them neutralize the kind of substitution which characterizes
 

access bidding in large urban areas. This discontinuity means that the
 

poor in rural areas simply cannot substitute time 'for money in the ways
 

which are open to their urban counterparts. Given some desirable
 

facility at a particular location, rural people .ace a discontinuous
 

decision: Co-locate, or do without the service.
 

-he second characteristic which distinguishes rural areas is the
 

difference in ownership patterns. The relevant ancillary resources in
 

rural areas may or may not be in the hands of the same poor people who
 

will benefit from the installation of BHN projects. Here it is
 

impossible to generalize, because rural land tenure patterns differ
 

strongly across regions (the latifundia are still common in Latin
 

America, for example, while small, semi-communal villages dominate the
 

landscape of rural Africa). In areas where the poor are tenant farmers
 

or landless laborers, much of the analysis which has been applied to
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urban cases may be relevant. Landlords will again have control of an 

important ancillary resource, and they can be expected to extract a 

proportionate share of the net benefit flow generated by projects. In 

semi.ccommunal sit.ations Ahere villages are widely distribated, the 

situation is different, of course. The net subsidy flous from projects 

will still be present, but the beneficiary may well be the village as a 

collective group. Scarcity bidding Fill not be as prevalent in small 

rural 	villages where ethnic and family ties are likely to play the 3ajo 

role in determining the right of settlem~ent. Redistribution within 

families through movement between villages nay occur, but this is of no 

great consequence since the people helped are likely to be of the same 

class 	as those who were originally benefitted.
 

C. 	The Rural Problem: Spatial Discontinuity and
 
Opportunity Cost in BEI Provision
 

Pith at least a rough distinction between residential groups at 

our disposal, we can now turn our attention to the "village," which wil 

as a convenient term for rural groupings under our definition. Aserve 


mentioned earlier, our examination of BHN programs in poor rural areas
 

has led us to the conclusion that a major source of financial failure i
 

the difference between the optimal distributions of agricultural land
 

holdings and BEN delivery sites. Pe will begin with a consideration of
 

the simple economics underlying this difference, and illustrate the
 

principles involved with a discussion of some recent attempts to
 

implement integrated rural development plans.
 

Phile 	BEN advocates generally list the same set of basic needs iv
 

urban 	and rural areas, a few differences seem to have emerged by
 

/ 
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consensus. I9ost fundamentally. the "housing problem" for the poor is 

geneall y not considered in a rural context, although shelter-related 

problems of inltez eoision znd sanitation are certainly on everyone's 

list. Since the u'aa o are oe o ,o_ jr'etizedly haused -than their 

uirban ,oG nterpartL, this Onission CearU 1..Z,Althouah Lt is never 

aiszssed, the obvious ipllcatiou is th.t olrily resideaticil density is 

of fundamental inherest (32). -n most cases, the r elative disp,rsion of 

snall living groups in rural villaqes is sufficient to sapp:ess the 

density problem. W:ith housing eliminated from the list and aaequate 

rural space avail.... .,e or rudimentary ,aste disposal, the primary 

sublects for BUTF 1ny1is (besides food, whose productiou economics are 

the other facet of the problem under discussion) become water, health,
 

and education services. In analyzing the structure of demand for these 

three kinds of service, we are immediately led to a problem of varying 

critical scale uhich is stochastically deteriried. 

Fithin any appreciable unit of time, all the people in a
 

particular area will demand vater. The demand for educational services
 

will involve fewer people (but on a very regtilar basis), uhile the
 

demand for health services will come from even fewer people per unit
 

time. Since each expected demand level is sensitive to the "full price"
 

(in the sense which we have defined) of acquisition, it is necessary to
 

consider the supply side as well. If village residents wish to augment
 

traditional sources of water, education, and health care they will
 

confront an unavoidable relationship between levels of delivery system
 

responsiveness and cost. As a general proposition, it is reasonable to
 

(32) If this is correct, then many suggestions for housing the urban
 
poor as a contribution to "basic needs" are simply inappropriate.
 

,\ \, 
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assert that the recurrent cost of a delivery system will rise as system 

A well needs no built-in responsivenesresponsivenesa increases (33). 


once it has been dug, and its operational cost is therefore
 

negligible. Hodern health and education services, on the other hand,
 

are costly at any level of responsiveness. It is well- established tha
 

cost rises faster than effective resonsiveness.
 

Thus, the basic economics of supply and lemand would.dictate very 

different rural service aiailabilities for villages in the absence of 

recurrent subsidies. The combination of universal demand, a high-price 

alternative, and negligible recurrent cost would guarantee a strong 

tendency toward the installation of wells. Since all variable values g 

the other vay for health and education, however, the opposite is to be
 

expected. Significant individual scale economies for health and
 

education are augmented by interactive effects which make the joint
 

provision of services highly desirable. This kind of connectivity
 

greatly enhances the appeal of integrated rural development programS
 

which attempt to collect scattered rural villages into larger servi.ced
 

settlements. In theoryo the social desirability of such projects is
 

great because large groups will exhibit a stochastically-determined
 

services whiCh will significantly reduce
willingness to pay for basic. 


the level of recurrent subsidy necessary for providing them.
 

If -theanalysis could truly be concluded at this point, then a
 

broadly acceptable approach to the recurrent cost problem in rural aree
 

woula be available. However, the analysis is faulty because it has pai
 

Zt is this failure, in
insufficient attention to opportunity costs. 


(33) Ln obvious illustration of this principle is the classic adage
 
about running a successful restaurant -- keep the menu limited.
 



fa -.hih eems to ae ldto xaay of the p-Sb~v&, - ruato 

avlpnnt Schemes. the di~coatinaity~'~~ ~ With 

ChoceElChrtbv IC.e 

suply etwentwot villages and the resulting productivity pattern. 

Figure 6 

Lr
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Let the total lahoz supply for the tyo villages be ma sured by the 

14a.gth, of the horizontal axis in this diagram. Under curoeat 

production techniques each village has a declining scheduls forU 

averre labor productivity "ch ref2cts tie applicatioa of More labor 

to land 'se quality diminishes with expansion and the ti tz loss 

Iiovet in farming land,vhich is farther and farther frot the village. 

Undez the assumption that A-illage ethics are redistributional and that 

no irr-ecoacilable differences [ethnic or othervise) divide the two 

g-roapsr the long run alIlocation between the tuo. villages vhomld be 

around L [i} the point of-equal avterage labor produictivity. fThis is nol 

necessarily the otput-mainizi-g allocation s-lnce we are not assuming 

marginal- productivit y-based payments). 

As previously note6, this is an expected long-run allocation wiicl 

should occur slowly enough to keep migration-based conflicts to a 

minimum. row consider the problem whichmust result if the gavernmemt 

attempts to set up a rural needs program which focuses on canters Thqe 

enough to capture major scale economies in the relevant service 

is chosen as the site for investment.
provision. Suppose village t2) 


In the long run, the 7oal is to raise the PPL curve from APLC20) to
 

APT (2F). This result is expected to come from the camulative effects of
 

better health and education services, along with the benefits provided
 

by superior water accesc and enhanced food production from the use of
 

better techniques.
 

In theory, the contribution to prouctivity made by all of these
 

investments could be at least rartly recapturad through appropriate
 

institutional arrangements, and a subs;antial component of recurrent
 

cost along with fixed costs could be provided from the flow o,
. project
 



benefits in the long run. The problem, of c~urse, is that tc- . 

prospects will do little to solve the financial probiem in the short 

rur. If the villagers from Vt2] arrive in 7flfl' is znrsaablo to 

siuppose that their reception vill ifeor cold il' az.uty YtedJtzcio. In Current 

income is anticiate,. The 7121 people- o th- otho hnd, be very 

,ifficult to uproot if their medium-term iaia rctatio area is 

below the same in their former villag'e., ln the short nt n the q:nment 

will fce an agrictltrral output loss of EFGH which will hate to be 

compensated if the transfer is to be made oluntarily. i. some 

villagers mill remain in Village (2) until coi pensatiou is ra_,sed to at 

least DCG, since the average productivity of labor in villae.ill ( 

rise to this limit as the population begins moving to village [Ij. 

Obviously, a voluntary transfer in cases where public and private 

discount rates and (what is .probably more important) public and private 

expectations concerning average payoffs to the project differ 

significantly is likely to be a very expensive proposition. 

Difficulties and the need for additional compensation will an-oubtedly 

arise as a result of: (1). Unwillingness on the part of V[2 residents 

to abandon agricultural land; (2). ,Political and social problems 

associated with combining two village structures into one; (3). The 

sudden assertion of property rights by current villagers in the face of 

a sudden influx and the attempt to extract rents from the newcomers. 

The last problem could bu approached by establishing a completely
 

new village, but most if the other problems would simply be compounded.
 

Fith all this said, it should not be imagined that the evident
 

difficulty of implementing such an integrated approach has prevented
 

various countries from attempting it. A tremendous number have in fact
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tried this approach at some level. It is of iaterest here simply to 

give a brief review of so.me of the resnlts for countries where very 

ambitioqs attempts along these lines have been made. 

D. Integrated Rural Development: Some Illustrative Experiences 

Among non-communist poor nations, the rural development efforts a 

In underlying rationale, the'"anzania are perhaps the best known (34). 


ujamaa program vas established for reasons which are almost exactly
 

vilages to beidentical to those previously mentioned. The ujamaa were 

communal. operations run at sufficient scale to capture significant
 

economies while allowing for productivity advances through the promotio­

of infrastructure, extension services, and marketing. Although a 

to was in the latestronglynexpressed commitment this approach evident 

1960's, by 1975 the program had broken dowu so badly that it was
 

ln its place, the government initiated a "villagizatioWi
abandoned. 


program which concentrated on the assembly of small villages into 1 ge 

ones in order to capture service scale economies. The present status o 

the lattiaz proaram is not entirely clear, although it is obvious th:-,t 

diffic!lties are being encountered. 

General discussions of the failure of ujamaa tend to focus on
 

three issues: (1). 1he reluctance of villagers to moves (2). The
 

to rise as anticipated and (3)
failure of agricultural productivity 

was simply unsupportable.
"he imposition of a recurrent cost load %hich 


?hile climatic problems and fluctuations in foceign eixchange earnings
 

c 

.(34) For a detailed treatment of recent Tanzanian experience, see 
(1975).7yerere (1975), Sabot (1975), Clark (1975), and Cliffe 

"LA 
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certainly added to the difficulty during this period, there can be
 

little doubt that the system as originally planned could not have met
 

its recurrent cost burden anyvay.
 

The original analysis of the economics of this kind of program may 

reveal part of the underlying problem. At the most fundamental level, 

the government was asking Tanzanian peasants to change their 

consumption-savings allocation drastically in fulfillment of a plan 

taned to the government's expectation of investment pay-off and the 

government's discount rate. The graphical apparatus in Figure 6 atteapts 

to analyze the result. From the peasant's point of view, the anticipated
 

effect was a drop in current average income in exchange for government
 

reassurances about long-run growth and welfare dividends.
 

got surprisingly, many peasants proved to be reluctant 

participants in ujamaa, and this has continued to be the case for the 

villagization program. In spite of persistent instructions from 

President Nyerere to avoid the use of force, many breaches of discipline 

at local levels have been reported. ln some cases, peasants have 

reportedly been burned out of their existing villages. 

The manzanian government has also proved unable to muster the 

administrative financial, and technical resources necessary for a rapi.6 

up-shift of labor productivity in project areas. The result has been 

unfortunate in many cases: A deadweight loss in agricultural output, 

borne mostly by the peasants, continued rapid rural-urban migration by 

people attempting to escape from these situations, and, undoubtedly, 

increased hostility on the part of the peasants to the whole notion of 

nontraditional programs and policies. 

An interesting parallel to the Tanze.nian case is provided by the
 

117" 
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Cuban new communities program, which has apparently been successful by
 

some criteria during the past half-decade (35). In spirit, the Cuban
 

program is like uJamaa, but at a much higher material level. As part of
 

the program, rural new towns are constructed with many amenities (nev
 

apartments, well-staffed schools, clinics, etc.). Farmers in the areas
 

surrounding these developments are given the option of zurrendering
 

their land in exchange for housing and employment in the new
 

communities. The long-run plan is to combine small plots into large
 

where agricultural production can be "ratidnalized" (ioe. where
areas 

critical scale can be achieved for the application of fertilizers,
 

while excess labor will be absorbed in new indastries
equipment, etc.), 


which will co-locate in the new towns.
 

or no cocrcio!
Most of the available evidence suggests that littla 


has been used in the Cuban program, but the new communities are not
 

If older farmers in the countryside choose to
lacking for in-migrants. 


remain on their private plots at a level of living substantially below
 

that offered by the new communities, their children very frequent];.. ak
 

the opposite decision.
 

One obvious conclusion in the Cuban case is that the short-run
 

subsidy to such operations must be huge. Under the assumption thaW the
 

extremely generous subsidies from the U.S.S.R. are essentially untied
 

(35) Part of the information summarized in this discussion (as well aE
 

that included in the housing sector discussio, of the Cuban experience
 
which follows in section IT) was provided by participants in a summer
 

field study in Cuba sponsored jointly by the N.I.T. Department of Urban
 

Studies and Planning and the Cuban Ministry of Construction. The Cuban
 

rural new towns program was one of the primary subjects of the study.
 

Particularly useful information was provided by Katrinka Ebbe, a studer
 

participant, and paticinating MoI.T. Professors Bennett Harrison and
 

Taren Polenske. Useful background material was obtained from Dominguez
 
(19'8), forawetz (1977), and Teontief (1971). 

IV
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specific projects, therefores the opportunit7 cost of the rural new
 

communities operatioa must be very high. The long-run benefits are 

still unproven, since productivity growth in Cuba has not been very 

noticeaDle until recently. The Cubans" gamble (aside from the 

ideological appeal of ctral communal arrangements as opposed to private 

far s) is that the long-run boost in the productivity and jelfare of 

the rivral population will validate the whole oueration. In this, they 

mav- be corrr-t. Two questions, however, remain: (1). Could some other 

investment program have made everyone (including the target rural 

population) better off? (2). Could the recurrent and capital cost of 

this operation during the critical first decade of its operation have 

been borne by the government in the absence of such generous Soviet 

subsidies? 

Such questions seem relevant for BHN planning for several reasons. 

First, most .'l'ird world countries are much poorer than Cuba was in 1960, 

and the "ase of life expectancy and literacy on which they are building 

is much lower. In addition, many poor countries have no hope of 

attracting subsidies at the level which the Soviets have provided for 

Cuba. Finally, most poor countries cannot hope to match the levels of 

infrastructure aid technical expertise with which the Cubans began their 

operation. Certainly, the Cuban case shows that there is some recurrent 

subsidy level at which it is possible to attract rural people (even 

those who have lived under an individualist traditiov.) into centers 

which can provide services at appropriate scale. It is also certain, 

however, that very poor countries cannot afford such subsidy levels 

_n the African context, some further support for the above
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is provided in a rather perverse way by the recent experience
assertioo 


of the village development program iL Botswana (37). Because Botswana
 

largely arid, villages have naturally tended to grow ,a substantial si2
 

near good water sources. The political evolution of Tswana society has
 

reflected this phenomeuon, and pover in the large villages has been
 

firmly in the hands of a group of major chiefs. From the perspective o
 

government planners this situation was fortuitous, since the rural
 

people were already collected in groups large enough to allow for the
 

provision of relatively high-quality social services at appropriate
 

scale. The simultaneous appearance of these services in villages and
 

the advent of a program for providing new tube Yells at points widely
 

scattered over the landscape, however, have led to a new situation.
 

At the well sites, the expected return to agriculture and heLding
 

is obviously a lot higher than formerly. Lt the same time, the
 

provision of education and healt. Lervices in the large villages
 

provides conditions which are particularly advantageous for childrer)
 

The result has been a rapid out-migration of men in response to higher
 

potential earnings near new well sites, while women and children are
 

disproportionately left in the serviced village sites. The fact tlhat
 

families have already coexisted in large villages for long periods of
 

For evidence on some more typical (and less successful) efforts a
(36) 

new community development in Latin America, see Smith (1969), Nelson
 
(1974), and Dozier (1969). One exception which may prove the rule 


-- is discussed i
private settlement project in Northern Parana, Brazil 

In his discussion of the Northern Parana experience,
Fatzman (i9 8). 


Katzman makes it clear that the calculation of service delivery levels
 

on the basis of willingness to pay was a major reason for the long-run
 
solvency of the project.
 
(37) Boston University is currently collaborating with the Republic oI
 
Botswana in a study of certaiL aspects of this program under USAID
 
auspices.
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time seems to make it possible for such an arrangement to persist.
 

Conclusion
 

In this overview of the problems associated with integrated B35
 

efforts in the countryside, certain themes seem to dominate. It is
 

undoubtedly worthwhile to recapitulate them briefly. At low levels of
 

capital accumulation, there is a marked dissonance between the
 

distribution of land holdings which is optimal for agricultural
 

production and the distribution which is optimal for basic needs
 

investments. To the extent that production is in the hands of adults
 

and the most important needs-based investments are focused on children 

of primary school age or below, the dissonance could be overcome, of 

course, by breaking up families. Any non-coercive alternative involves 

a substantial d.revt recurrent cost in the form of subsidies to 

compensate farmers for current income loss in the face of expectations, 

tastes, and discount rates which differ from those of public planners. 

Coercive policies will involve a large output loss with no
 

short-run compensation to the affected peasants. In addition, such
 

policies will exacerbate the problem of rural-urban migration and are
 

quite likely to result in an atmosphere of cynicism or bitterness which
 

makes further advances very difficult (38). Coercion can also be
 

expensive, of course, since a police force of some kind has to be paid
 

(38) 7ven the Chinese have now been forced to admit this problem.
 
Pecent dispatches from Peking make frequent references to a growing
 
informal sector dominated by young people who have fled from rural
 
communes. For good current background, see Eberstadt (1979) and Morawetz
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Frequently, the travel pass under these circumstances
to maintain it. 


becomes simply another ancillary resource required by the peasant family
 

to return to what it considers to be a superior arrangement. Like all
 

such resources, it allows the proprietors (the police, to extract part
 

of the resulting flow of net benefits as rent.
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IV. RECURR'PENT COSTS AND PROGRA3 InPLENENTATION
 

The central issue in this analysis of the recurrent cost problea
 

is the need for increased annual support levels for basic human needs
 

projects. As always, there are two ways of attaining this goal: Either
 

the current required level of net subsidy can be increased through
 

improved utilization of available resources and cost reductions, or the
 

total.level of available resources can be increased. A complete
 

analysis of the role of public finance in BHN policy implementation
 

requires that attention be paid to both options. The first possible
 

route to amelioration of the recurrent cost problem lies through
 

efficiency improvements. All the evidence from project experiences
 

suggests the need for the use of project analysis in the valuation of
 

benefits and costs. This subject has explored in detail in Chapter I.
 

For monitoring on-gong projects, it is very desirable to elaborate a
 

system for observing project impacts and the evolution of
 

project-specific net subsidy levels to particular income groups through
 

time. re have concluded that the evaluation of benefits should be
 

strongly guided by the preferences of the poor, as revealed by
 

statistical inference or direct. preference surveys. The evaluation of
 

costs must depend upon opportunity values, and it will be argued that
 

recurrent cost problems can originate in the failure to define the set
 

of scarce resources broadly enough.
 

It is this problem of true opportunity cost which leads to the
 

second major organizational issue in recurrent cost analysis, the
 

question of institutional design. te have concluded that two major
 

issues must be resolved in this context to assure the efficient use of
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scarce recurrent support resources. Appropriate organization for basic
 

needs delivery depends upon proper identification of the domain of
 

organizational responsibility and appropriate institutional design.
 

After examiniug the available evidence, we have concluded that the
 

appropriate domain for organization is gea~eally territorial rather tha
 

sectoral and that both the national planning environment and the
 

observed behavior of project clients create a strong argument for small
 

scale in fundamental resource allocation units.
 

Along with the basic planning and institutional strategies,
 

cost-effective BE17 progcam design must include a well-articulated
 

delivery strategy. in our view, two approaches to delivery are
 

possible. If it adopts the Pigovian approach, the government can defin
 

"minimum decent standards," and exhaust its recurrent budget by awai;din
 

In theentitlements to these standards to some group of poor families. 


discussion which follows, we have chosen to dontinue calling this the
 

"lottery" approach. As an alternative, the government can preserve
 

horizontal equity by promoting maximum expansion of relevant supplies
 

under fairly general conditions of access. Although lotteries have beE
 

quite common in BH-type programs, we conclude that the argument for
 

maximal supply expansion is stronger.
 

The three questions of organizational design which have just beer
 

outlined are not only important for the efficient operation of BRN
 

projects. They are also partially interdependent with strategies for
 

increasing the total level of recurrent resources available for the
 

support of BE77 projects. Tvo basic resource mobi:ization schemes are
 

possible. First, the government can implement policies for
 

redistribution, either through the central fiscal system or through tht
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use of cross-subsidy schemes within sectorally- or territorially-defined
 

organizations. Secondly, the government can aid in the building of
 

organizations which enable the poor themselves to assure higher levels
 

of recurrent support.
 

in considering these two problems jointly, we have concluded that 

three principles are important to their solution. First, in many cases 

the government could redefine the legal nature of its recurrent support 

obligation to particular projects by assigning project clients the 

ownership of appropriate capital assets as a steady support source. 

Secondly, NHN delivery organizations should minimize the recurrent 

subsidy burden and administrative overheads wherever possible through 

one-shot recovery of the capitalized value of net subsidy flows. 

rinally, any implementation of cross-subsidy policies by BHN delivery 

organizations should be based on the classic principle -- tax where 

demand is inelastic and subsidize where it is elastic -- but under the 

revised "full price" definition of elasticity for poor families which 

has been developed in the preceding sections. 
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A. 	Organizational Strategy: Planning lexibility
 

and Local Control
 

in Cbapter 11, we discussed what is in effect the Information
 

gat Lering and processing apparatus which would be appropriate for a SHN
 

delivery zystem. The efficiency with vhich this information system can
 

promote'the accumulation and allocation of resources is not, of course,
 

independent of the organizational structure ithiu which it operates.
 

The organization is simultaneously the arbitor of BHN flows and the lin
 

with a broader developmental environment, and this dual role suggests
 

one broad principle which underlies the quastion of appropriate
 

Both the external and internal linkages
organization in this context. 


of BFU organizations are inescapably subject to high levels of
 

a high shadow
uncertainty. ?hen generalized uncertainty iu tied to 


value of skilled management, two characteristics of effective deliv.;ry
 

systems seem apparent: Their domain of responsiblity should generally
 

be territorial rather than sectoral, and the lowest units in the
 

decision hierarchy should be granted a substantial proportion of the
 

total resource collection and spending powers of the system.
 

(1). 	 Domain of Responsibility
 

As we have noted, one substantial element of undertainty in the
 

operation of BEE systems lies in the poorly-understood links between
 

In any particular
particular BHN inputs and welfare results. 


environment, however, it is possible to accumulate useful experience a
 

to act on it effectively if both the information and resource-flow
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systems are appropriately organized. In this context, the primary
 

response to uncertainty must be an organization which is capable of
 

learning and which retains broad allocational flexibility.
 

Sector-specific bureaucracies are almost certain to be inappropriate in
 

such cases. Inevitably, they become increasingly myopic amr
 

self-serving in their information uss and demands for resources with the
 

passage of time. Given the need for learning and relative flexibility,
 

then, the appropriate domain of responsibility for BEN organizations
 

should go across sectors.
 

If organizations are to have cross-sectoral decision authority,
 

then what should be the fundamental unit of organization? an important
 

key is provided by the inherently spatial nature of many basic needs
 

problems. The BHT problem for the poor is frequently a problem of access
 

to appropriate delivery sites, and the opportunity cost of co-location
 

in both urban and rural contexts is often high. Thus, the unit in which 

"many Bn-related values are created and distributed is territorial, and 

territory naturally suggests itself as a substitute for sectcr as the
 

basis for BHN organization.
 

(2). Structure of the Decision Hierarchy
 

Since large variations in life circumstances within and across
 

territorial units are inescapable in poor countries, it is clear that an
 

effective BHN organization must have the capacity to accumulate and
 

transfer resources both interpersonally and interregionally. The
 

question, as always, is the distribution of power over resource flows
 

within the decision hierarchy. In order to determine the appropriate
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scale for decision-making in the BHN context, we have only to examine 

the relationship between a fev sizple principles of organization theory 

and the envizonaent which is characteristic of LDC's. Our conclusions 

are reinforced by oame qcineral observations about willingness to be 

taxed and the accotntability of the taxing authority.
 

in any syste@ of organization which has aore than one hierarchica 

level, the question of optimum size and complexity is inevitably tied t 

a rough calculus of costs and benefits (39). The benefits to large 

organizations may include the internalization of various externalities; 

the potential for processing a large amount of information efficiently; 

the provision of incentives for honest communication which may not exis 

in a system in which short-term contracts are drawn between anonymous 

units; and resource allocation under conditions of relatively full 

information.
 

On the other hand, large organizations suffer from certain
 

unavoidable costs. Primary among these are the rising rate of
 

transmission error as organization size increases and increasing
 

response time. Even in industrial economies with highly developed
 

communicatiors and information-processing facilities,, many organization
 

have experienced declining marginal net benefits beyond a certain size.
 

In poor countries, two factors combine to produce an organizational cos
 

structure which is quite disadvantageous. Obviously, existing
 

At the same time, the
comunications links are frequently very poor. 


financial environment is generally subject to considerably greater
 

uncertainty. Large fluctuations in foreign exchange earnings provide
 

(39) A full discussions of the costs and benefits associated with
 
organization size can be found in williamson (1975).
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one example of the problem.
 

Both of these factors, coupled with a general lack of experience
 

with large-scale managenent techniques, dictate relatively small-scale
 

organizations as the fundamental instruments for resource transfers.
 

These arguments take on more strength when they are joined with some
 

propositions concerning the willingness of poor communities to be taxed. 

Generpally, eqperience with development projects has suggested several 

reasons for supporting locally-oriented fiscal arrangements. 

When taxation (either implicit or explicit) is in question, there
 

appears to be a relationship between the local willingness to be taxed
 

and the local visibility of results. In a society with poor
 

communications and very unequal representation of separate community
 

interests, the link between taxes lost to the central treasury and
 

return payments is quite easily broken. Partly, this is undoubtedly due
 

to the direct experience of costs without any concommitant ability to
 

gauge the level of benefits. Another contribution to resentment of
 

centralized taxing-spending mechanisms is made by the perception that
 

much of the money is simply absorbed at higher levels (40).
 

-he problem of linkage between taxing and spending is undoubtedly
 

compounded by the high rate of corruption characteristic of many poor
 

(40) In Africa, the problem of central absorption has led to results
 
which are paradoxical in many cases. Governments whose announced
 
policies have been explicitly socialist have frequently created large

allocative-administrative bureaucracies charged with overseeing welfare
 
programs for the poor. Consequently, much of the money allocated to
 
"basic needs" expenditures has been routed into welfate expenditures for
 
members of the bureucracy itself. The public housing programs of states
 
such as !ali and Tanzania provide good examples of this phenomenon. At
 
the same time, states such as Upper Volta which are much less socialist
 
in orientation have not experienced this pattern of bureaucratic growth.

Less money may therefore be allocated to "basic needs" projects, but a
 
higher portion of the benefits often reaches the truly poor.
 

\ Al' 
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societies. Some combination of occupational insecurity for publtc
 

officials and their rasponsibility to central organizations rather than 

local communities undoubtedly contributes to this phenomenon. In any 

case, it can geterally be said that the monetization of resource flows 

always creates opportunities for corruption, aad that flows which are 

not monetized are often preferable when they are possible. 

Finally, the problem of state-community transfers on capital
 

account needs to be addressed. In the case of general taxation, the
 

fiscal system at least has the advantage of familiarity with the
 

principle and a more or less passive acceptance of payment at some
 

level. In many cases, however, (and particularly for BHN projects), the
 

phenomenon may be reversed. Father than delivering current financial
 

support.in exchange for current taxation, the state may deliver a
 

capital asset to a community under some arrangement for repayment.
 

Field experience with willingness to pay under such circumstances
 

suggests very strongly that the terms of repayment must be clearly
 

worked out and agreed to by the community in question before the as-t
 

is delivered. Attempts to impose payment schedules after asset service!
 

have become regarded as "free" by poor clients have not met with ma(vh
 

success (41).
 

Tn summary, then, the determinants of appropriate organizational
 

forms seem to point to a particular set of characteristics which would
 

be very desirable in the BEN context. Territory provides a better basi:
 

(41) 	 Harold Lubell of USAID supplied an excellent example of this 
Lubell recounted thephenomenon in a recent exchange with the authors. 


experience of the Oxfam tubewell drilling rig team in Bihar, India, who
 
discovered that they had great difficulty in collecting payments once a 
well had been drilled but that they could invariably collect the full
 
cost in advance of drilling.
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than function for organization when trade-offs across welfare categories
 

are important,, At the sane time, relatively small scale, major local 

resource resonsiblity and non-monetization wherever possible have 

substantial appeal. Finally, experience suggests that fis-al relations 

between regional/national and local organizations be based on clear 

agreements in ad °ance conceraing the repayment of capital allocations. 

The latter arrangement seems approprite because of the apparent way in 

which expectations-formation affects willingness to pay. 

nny of the features just cited have in fact been characteristic
 

of organizations which have undertaken at least some BHN-type
 

activities in very different contexts. The provision of education,
 

sanitation, health, and housing services by independent commenities in
 

the United States is certainly one example. Another is provided by the
 

Chinese communes.. In both cases, territorially-organized .units have
 

served as the basis for taxing and spending on needs-type activities.
 

A principle role of the central authority in both cases has been that of
 

redistribatibn between communities and provider of high-level technical
 

services. !n the Chinese case, alternatives to money flows (such as
 

work points) have also been widely employed. 
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B. 	Delivery Strategy: Horizontal 2quity
 

and Arbitrage Problems
 

Both of the preceding sections have been built around the premise
 

that some kind of targeting strategy is important to BH deliveries.
 

Phether the emphasis is on the supply side or the demand side, the
 

whole apprcach is based on the notion that strtegic intervention will
 

yield greater returns for the poor than attempts to mobilize the fiscal
 

system for pure income redistribution. Thus far, the emphasis has been
 

on the design of a planning strategy and an organizational format withi
 

which targeted deliveries can take place. Before proceeding further,
 

however, it is important to determine the kind of targeting strategy
 

which seems most sensible.
 

As previously mentioned, two basic approaches can be identified,
 

and each stems from a pa-rticular set of assumptions about the behaviora
 

basis for family economic activity. The neoclassical approach gives
 

considerable weight to the revealed preferences of the poor in
 

determining strategy and emphasizes changes ia the relative (full-)
 

prices of relevant goods and services in influencing behavior where thi
 

seems appropriate. The logical goal of this approach is therefore a
 

policy of generalized supply expansion at the maximal rate for BEN good
 

and services.
 

To the extent that BEH demand by the poor is price- and
 

income-elastic (which is generally the case) and conversely for the
 

rich, such general supply-side policies will have an incidence which is
 

highly progressive. A key component of the approach is horizontal
 

equity. Because geographical unevenness is inevitable with limited
 

7. I 
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resources, a strong fiscal principle must be the recapturing of a
 

substantial portion of the net benefit flow generated for poor
 

recipients.
 

"he evolutionary approach to family behavior suggests a very
 

different targeting strategy. Because of its assumptioiis concerning the 

role of inertia and information gaps in determining the behavior of 

consumers, this view leads to the design of "appropriate standards" for 

,'he poor and the design of specific consumption targets as a means of 

assuring the attainment of those standards. Evolutionary strategies 

therefore frequently become "lotteries," in that some relatively small 

group of poor families is selected for the enjoyment of "appropriate 

standards" at a level far above what they formerly could have afforded. 

,he exhaur tion of budgetary resources inevitably entails substantial 

horizontal inequity, since only lottery winners receive any direct 

benefits from the approach. 

in practice, the lottery approach to BHN allocation has been quite
 

common. Public housing for relatively few poor families at high.
 

resource opportunity cost is frequently pointed to as an example.
 

High-quality clinics and schools provide others. Altliough horizontal
 

equity problems are obvious, a common preference for lotteries seems
 

generally to stem from two sources. The first is a notion of decent
 

standards on the part of key administrators who frequently look to
 

wealthy nations fov examples. Since much of the financing for BHN-type
 

projects is arranged by representatives of these nations, the problem of
 

local sensitivity compounds the desire to build at rich-country
 

standards (42). A second source of the appeal of provision at "decent
 

standards" is undeniably political. In many communities, the awarding
 

SIt
 
I 
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of elaborate entitlements to a relatively small group of recipients may
 

be sufficient to retain the support of large (and hopeful) masses of
 

poor families. 

Although the appeal of visible and relatively glamorous projects 

is obvious, the lottery approach has been strongly criticized by
 

supply-expansion advocates on two grounds. The first is essentially
 

philosophical -- the attendant horizontal inequity is simply rejected a 

inappropriate by assumption. The second objection is practical. It 

holds that 1HU lotteries will fail, even on their own terms, because of 

the general phenomenon of arbitrage. This objection and a partial 

evolutionary response to it have aready been mentioned. Where BEN 

deliveries are primarily in the form of goods (housing, food, medicine) 

they can always be resold. Fhere delivery comes in the form of ac;etss 

to superior services (particularly in urban areas), the right of aC:-ss 

can also be arbitraged. 

In either case, the practical critique of the BEN lottery
 

strategies is that arbitraging will inevitably make them inefficieni,
 

income transfer strategies. The poor will move to the same allocation
 

which they would have enjoyed had they simply received a money
 

supplement, and both the horizontal equity principle and BHN goals will
 

(42) :n a recent world Bank housing mission to igeria, for example, 
proposals for housing construction at low cost frequently generated 
hostile resistance from Nigerian administrators on the grounds that suc 
proposals were condescending-- the mission experts, it was asserted (an 
accurately, of course), would not have recommended the same kind of 
housing in their own countries. It should be pointed out, however, that 
hostility to the recommendations of foreign experts is not .the only 
source of this phenomenon. The housing literature is full of examples o 
slum clearance projects which have replaced dynamic but unsightly 
squatter settlements with housing designed at "decent" (and extremely 
costly) standards. 

Al 
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be violated in the process.
 

If lotteries must result in the elimination of any unique BHN
 

component in redistributional strategies, then they are obviously not
 

worthy of consideration as BH programs. Since so much follows from the
 

adoption of a basic delivery strategy, the point is a crucial one.
 

Unfortunately, very little detailed evidence can be brought to bear on
 

this question. Some level of arbitrage is probably inevitable, but it
 

is not clear whether this is a major problem (43). Neoclassical critics
 

generally maintain that massive arbitrage is inevitable enless a large
 

surveillance force is employed to ensure that poor clients retain vhat
 

they have been allotted. If this were the case, any be.aefits to a
 

particular BHr allocation wuld be heavily offset by the costs of
 

maintaining it. An evoluti.onist response might well. be that the
 

assumption of utility-ce:tainty on the part of poor families is
 

fallacious, and that the costs of enforcing a particular consumption
 

pattern would ther.fore be quite small.
 

(M3) Anecdotal evidence abounds, of course, anc its message is
 
generally that arbitrage is commcn. For housing examples, see Harris
 
(1969) and Wheaton (1979). Nutrition examples can be found in
 
Austin(1976). Again, fl. Cohen's experience with land speculation in
 
anticipation of 1-orld Bank squatter-upgrading investments is obviously
 
germane.
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C. Recurrent Financing and Local Resource Mobilization
 

Having considered the general strategy of BEN delivery from the
 

perspective of recurrent cost savings, we are now ready to examine
 

appropriate forms for programs at the local level. Our approach to thi
 

problem has been generated in response to an apparent contradiction in
 

B".! budgeting procedures. During the past tiro decades, the general
 

approach to recurrent BH support by national governments has been part
 

of the annual budgeting process. Support is generally by specific
 

ministries (e.g. health, education, housing, public works), and annual
 

allocations are simply parceled out from total ministry budgets.
 

Unfortunately, social expenditures are tied to growth in national incom
 

at constant revenue-effort levels, while desired growth in the
 

nutrition, health, and education levels of the population is frequeiitly
 

higher than the growth rate of income.
 

International donors have frequently proven willing to underw ite
 

the capital costs of BHN projects, but have shown no concommitant
 

assure recurrent costs. There is a certain mathematical
willingness to 


inevitability to the result. with BEN recurrent expenditures tied to
 

the general growth rate of national income and BHN capital expenditares
 

heavily underwritten by foreign dont .s, the number of personnel and
 

quantities of materials demanding support from every unit of ministeria
 

recurrent budget is bound to grow. Three possibilities follow: 1).
 

Cheaper personnel and materials can be employed; 2). Some BEN projects
 

can be abandoned as underpaid personnel begin drifting awayj or 3).
 

mhere can be some shift in the proportion of recurrent support provided
 

by recipient communities, either by contract or through the
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intermediation of corruption (44).
 

Neither abandonment nor corruption is very desirable, and our
 

research suggests that greater central revenue effort does not provide a
 

very hopeful prospect. Thus, the two most promising options seem to be
 

cheaper projects and some easing of the recurrent burden through better
 

resource mobilization by recipient groups. We will consider these
 

options in reverse order.
 

-he key to ourapproach to resource mobilization lies in our.
 

interpretation of the basic economics of consumer behavior. Whether
 

urban or rural areas are being considered, a central element of the
 

analysis is the use of time by poor families. When BHV projects are
 

established, the primary element in the resulting flow of net benefits
 

to the poor is time -- time saved in traveling or waiting, or time saved
 

for health-related reasons. In urban areas, much of the value of these
 

time savings will be capitalized in ground rents. In largely
 

non-monetized rural economic settings, the time saved will be
 

reallocated among other activities -- own-production, household work,
 

education, and leisure -- as preferences dictate.
 

Thus, the first key element in thinking about enhancing support
 

(44) In many poor countries, corruption seems to be a common and 
unfortunate response to this problem. In the Republic of Zaire, for 
example, recurrent cost problems are particularly acute in the provision 
of education and medical services outside Kinshasa and the mining areas 
of Shaba Province. In one "free" provincial hospital known to the 
authors, helpless hospital patients must provide fees for service from 
doctors &nd nurses on a very regular basis. This corruption is 
attributed by some to a general lack of professional conscience. The 
fact that salary payuents to these personnel are wildly erratic and 
steadily eroding in real terms may also have a good deal to do with the 
problem. The same salary loss is observable in rural Zairian schools, 
and many rural teachers are known to demand bribes from their students 
in return for favorable consideration in the classroom. 
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for PHr projects is the element of resource translation.
 

Unquestiotiably, BEN projects yield net beneftts for the poor which they
 

themselves acknowledge. in principle project clients would be willing
 

to part with a very substantial portion of the realized net benefit floi
 

as a means for assuring continued support. The degree to which poor
 

families can actually provide direct support, however, depends on local
 

circumstances.
 

Generally, it can be said that the provision of some degree of
 

direct support in urban areas isfeasible, while the form taken by the
 

flow in rural areas is inappropriate. In both cases the primary 

savings to the poor are in time. The scarcity of space and the 

importanco of access to BEN delivery sites in urban areas combine to 

produce land markets which largely capitalize the value of these time
 

savings. In principle, at least,, this capitalized value can be
 

recovered through the use of appropriate policy instruments. Rural
 

village economies, on the other hand, are non-monetized to a much
 

greater extent. w'ime savings for the poor are therefore not freely
 

exchangeable for the labor and materials expenses which comprise the
 

bulk of BE.", recurrent costs. From the perspective of poor communities,
 

many of these expenses are effectively imports. Thus, the primary
 

problem for rural areas is the conversion of a net benefit flow in loca
 

exchange units (labor time) into a monetized flow which can be used for
 

imports.
 

Urban Resource Mobilization
 

In an urban area, any public project whose output is valued by
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consumers will generate a shift in the bid-rent surface which reflects
 

the value of access to this output or the value of the enhanced access
 

to other sites which it provides. Roads and public transit lines are
 

most commonly thought of in this context, but the same reasoning applies
 

to water lines, sewerage lines, schools, and clinics. Because it is
 

impossible to build projects which discriminate by income class in fluid
 

urban markets, bid-rent shifts will. reflsct the sum of valuations by all
 

groups in the urban market. Nevertheless, poor families represent a
 

very high proportion of the population in poor cities, and the valae
 

which.they place on the outputs of particular projects will have an
 

important impact on the resulting bid-rent shifts.
 

At first glance, the whole notion that poor families could have
 

such an impact on urban land values seems implausible. The people in
 

question are, after all, extremely poor, and it might be Plaimed that
 

they will simply have no disposable income above the subsistence margin
 

to-pay additional rents. This sort of reasoning is fEndamentally
 

incorrect because it neglects two kinds of adjustments which the poor
 

are generally capable of making. In the first place, part of-the time
 

savings generated by a BEN project will be used for additional labor and
 

converted to income by poor families. Secondly, the poor have another
 

means of payment at their disposal. When no additional time and money
 

are available, they can pay with density.
 

if a particular urban land parcel shifts to twice its former
 

density of occupation by identical poor families who spend the same
 

proportion of their m incomes on rent, then the market value of the
 

parcel will obviously double. Such a fixed-ratio outcome is
 

implausible because density is a source of disutility, but there can be
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no doubt that higher densities in areas accessible to new BEN sites will
 

lead to substantial increases in land values.
 

For BHT projects which are operating under potentially heavy
 

recurrent cost burdens, this shift in bid-rents seems to offer a
 

promising surce of additional support. Lest this prescription appear
 

unnecessarily cruel to financially-strapped poor'families, we should
 

reiterate: As long as urban land is largely in private hands and access
 

is valuable to poor families, they are going to pay anyway. The only 

relevant question is: Who will receive the payments? Here it is 

necessary to point again to the fundamental difference between lottery
 

and supply expansion strategies in providing BHN goods and services.
 

Neither strategy would, of course, advocate leaving these payments in
 

the hands of rich landlords. To the degree that poor families have
 

entitlements to fixed areas or unique access to BEN deliveries, however,
 

the lottery approach would leave the resulting payment flow (explicit or
 

In so doing, it would add another relatively
implicit) in their hands. 


small group to the urban middle class.
 

The supply expansion approach, on the other hand, would attempt tc
 

recapture the payment flow as a source of recurrent support. Three
 

basic options are available in this regard. At the newly-installed
 

site, B~n deliveries can simply be provided for unit fees.
 

Alternatively, the increase in local bid-rents can be recaptured through
 

a regular levy on the property whose value has been increased by the
 

project. Finally, an attempt can be made to recapture the whole
 

capitalized value of the net benefit stream from local landlords through
 

the imposition of a one-timp valorization charge.
 

vach of these options may have aerit in particular circumstances.
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Some obvious disadvantages attach to the first two, however. If the 

poor can pay mostly with time and density, then the levying of unit fees 

for BEN deliveries is a form of pricing which discriminates heavily in 

favor of richer families (It is true, of course, that some arrangement 

for payment in time through public labor might be arranged, and this 

option will be discussed in the concluding part of this chapter). The 

collection of periodic levies on adjacent property is, of course, tle 

American system (generally organized at the town level through property 

taxes), but its applicability is doubtfnl in cities where administrative 

systems are very poorly developed. recentralized tax collection of any 

kind is notoriously difficult under such circumstances. 

mhis brings us to the third option, which has considerable appeal.
 

?hen administrative capacity is very limited, the convenience of
 

valorization charges is undeniable. If the public authority can at one
 

swoop recapture the capitalized value of the expected net benefit flow
 

from a BF? project, this lump sum becomes available as a source of
 

recurrent support. In order to assure an uninterrupted flow of payments
 

to the project in question, the valorization collection should
 

undoubtedly be invested in some interest-bearing debt certificate
 

(public or private), so that a multitude of payments from landowners is
 

effectively replaced by one regular payment from an institutional
 

borrower.
 

It may justifiably be objected, of course, that this suggestion
 

flies in the face of imperfections in Third World credit markets. Few
 

landholders will be able to supply a large valorization payment from
 

their own pockets, and in the absence of well-developed capital markets
 

they may be forced into a position of de facto expropriat'ion. If the
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landlords are relatively wealthye the fact of expropriation may not
 

trouble public authorities, but the result certainly would. The state
 

as landlord would probably be in a worse position than the state as tax
 

collector, because it would be necessary to collect rents more
 

frequently and from more than one family on each parcel of land. In
 

addition, many "landlords" are poor families vho rent part of their
 

meager space to even poorer people. It is certainly not in the interes
 

of anyone to expropriate such people.
 

re are therefore left with a paradox. If credit markets are
 

poorly developed and de facto expropriation is undesirable, the only
 

remaining option is for the state to grant loans to landowners. It may
 

seem justifiable to wonder whether the state as creditor is really in a
 

better position than the state as tax collector or landlord. The
 

substitution of one kind of valorization payment for another may seem
 

more like a conceptual sleight of hand than an effective policy.
 

Fhether this is true or not will depend largely on the legal system
 

which is in place.
 

Tn many cases, the foreclosure laws are more highly developed and
 

readily enforceable than the tax delinquency laws. If this is the case
 

it will be administratively convenient to adopt a system of legal
 

obligations for loan repayment rather than a system of periodic tax
 

collection. An additional appeal of the former is that the state can
 

simply refuse to install projects in areas where landholders are not
 

willing to make the loan agreement in advance.
 

Obviously, valorization charges do not represent any kind of
 

panacea. Besides the nearly-inevitable problem of credit adminstration,
 

public authorities would be saddled with the necessity for determining
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appropriate charges for particular BBN delivery sites. The latter
 

problem seems particularly difficult, but two defenses may be offered.
 

?irst, it may be possible in many cases to let market processes
 

themselves determine, appropriate valuations. Public authorities could
 

simply announce their intention to construct and maintain delivery
 

systems particularly suited t6 the needs of the poor, and then allow a
 

competitive bidding process to determine the location.
 

Even if this expedient is not available, the problem of value
 

estimation is not insurmountable. A system of valorization charges has
 

been in place in at least one Third Forld city -- Bogota, Colombia -­

for quite some time now, and extensive documentation by the world Bank
 

suggests that it works reasonably well. In Bogota, valorization charges
 

have been primarily used in association with water line installations.
 

A staff of trained evaluators is used to estimate the incremental rent
 

contour surrounding a new project, and landholders are charged
 

proportionately. Capital market problems have necessitated the
 

extension of loans to many landholders, but no great resistance to the
 

program has been encountered and repayments have apparently been
 

adequate (4'..
 

"hus, a system of valorization charges seems feasible, and it
 

might prove to be a valuable part of BfHN policy in poor urban areas. In
 

some cases, of course, technical and administrative problems might
 

simply be too burdensome, so that user charges would have to be
 

(45) one reason for this seeming passivity is undoubtedly the fact that
 
charges in rogota are only intended to cover the present value of
 
project capital and operating costs. Any remaining differential is
 
captured by landholders as rent, and it is not unreasonable to suppose
 
that this differential is large in many cases.
 

\' 
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utilized. if so, it would seem appropriate to levy these charges in a
 

form which the poor find it possible to pay. Where BEN projects are
 

territorially organized, it may be possible for families to earn paymen
 

credits by offering construction labor as a way of diminishing BHN
 

expenses. If central allocations for BEN projects are primarily on
 

capital account, it should be possible for local planners to work out a
 

internal money exchange of capital support for recurrent support, with
 

the money savings transferred to participating families as access
 

credits (46).
 

Fural Resource Mobilization
 

Generally, the problem for rural communities is the lack of
 

certain essential capital and managerial resources which would
 

At the same
complement the resources currently at their disposal. 


time, central governments have an obvius tendency to expand their
 

capital budgets more quickly than their recurrent budgets. Thus, an
 

Pherever possible, it would seem appropriat
expedient suggests itself: 


to complement rural BHV projects with an ancillary capital resource
 

which can be combined with local labor to produce revenues sufficient t
 

cover a large proportion of recurrent labor and materials costs.
 

Several variations on this same theme can be imagined, and the capital
 

in question does not have to be a direct joint input to local productic
 

(46) Various ad hoc versions of this procedure have been employed by 
public agencies. In nany Brazilian states, for example, the water 
authorities give pre ence to poor commuuities which volunteer labor 
time sufficient for siystem installation. In compensation, water
 
services are subsequently provided at subsidized rates.
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as long as it allows substantial labor resources to be freed up.
 

Consider, for example, the case of well provision in rural areas. 

The value of such a project to a particular village is primarily the 

opportunity cost of the time (generally that of village women) currently 

allocated to water-hauling and the additional net benefits (improved 

sanitation, health, nutrition) associated with the increased use of 

water at a much lower full price. 

Once a well is installed, large quantities of female labor time 

are suddenly freed up. Under appropriate conditions, the result ca" be 

a sizable productivity increment captured by the village. The actual 

size of the increment would depend, of course, on local physical 

conditions and the availability of additional inputs to help boost 

agricultural or handicraft production. In any case, the village should 

exhibit substantial willingness.to pay for well installation, and the 

existence of this willingness could be used to promote the simultaneous 

installation of basic welfare services. As always expectations would be 

important, and arrangements which would be readily agreed to in advance 

could be resented as burdensome if payment were claimed after the net 

benefits had begun flowing into private pockets. Thus, the best 

approach might be to allocate resources for water projects only to those 

villages which were willing to accept a package which included some 

technical assistance to the women concerned and a guarantee that some 

proportion of the resulting earned income (private or communal) would be 

earmarked for the support of recurrent costs associated with a service 

activity such as education or health. 

The problem with all such proposals, of course, is that "technical
 

assistance" in production and the assurance of marketing are easier to
 

http:willingness.to
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describe than to provide. Rural areas are frequently characterized by
 

chaotic transport, the lack of storage facilities, and the absence of
 

the relevant technical expertise. Putting together the right kind of
 

rpackage" can therefore be seen as a very tricky problem.
 

Pointing to difficulties in the assembly of appropriate
 

production-support packages does not imply that the idea should be
 

Chaotic fiscal conditions have begun spontaneously
abandoned. 


exactly this kind of approach in many poor countries. The
generating 


authors are familiar with the case of a rural Nigerian university whose
 

current chancellor (an economist) has moved the university away from
 

dependence on an erratic public fisc by attracting ancillary capital
 

resources. The university currently operates a hydroelectric project,
 

At the same time,
selling substantial excess supplies to a locai city. 


it owns a large farm nhich is simultaneously a site for agricultural
 

experiments and a substantial source of revenue for the campus.
 

At the opposite extreme, we might cite the case of small-scale
 

private aid organizations such as the Planned Parenthood Federation of
 

America (PPA), which has undertaken family planning projects .nSouth
 

Asia. In two villages in Bangladesh, PPFA money is being used to
 

develop fish ponds whose revenues will be used to provide recurrent
 

support for continuing family planning activities in the area. In
 

other South Asian villages, PPA resources have been used to evelop a
 

rice-husking mill and a mustard-oil press, with the same end in mind
 

At small scale, then, the capital resources which are sufficient
(47). 


to support BEN projects are not necessarily too complex for management
 

(47) See M~ouat (1979).
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by local personnel.
 

In summary, we might term this the rassets" approach to recurrent
 

support as opposed to the "income" approach. What is really involved
 

is simply a redefinition of the legal obligation of the central
 

treasury to provide recurrent subsidies for local projects. When
 

physical capital is placed in the hands of local personnel, an income 

stream is established which will be effectively impervious to fiscal 

fluctuations at the center. At the same time, it must be r9c'ognized that 

such drawing down of the capital budget is necessarily taking place at a
 

high shadow cost. Environmental problems may force this approach, but
 

it seems highly douIxtful that the optimal distribution of physical
 

investments will bear a close resemblance to the distribution of BHN
 

projects, at least from the perspective of pure income earning. In
 

addition, local managerial inadequacies are likely to erode the expected
 

returns to such decentralized investment even further.
 

Thus, a further expedient may be called for in come cases. From
 

the perspective of recurrent cost support for a local BHN project, the
 

important thing is a claim on a steady income stream, not the possession
 

of a physical asset. A natural alternative is therefore the use of
 

interest-bearing general-obligation government bonds. The general
 

obligation nature of such bonds would assure a payment flow (unless, of
 

course, the government chose to move to a general state of default).
 

At the same time, the use of legal claims on the income streams from
 

physical assets rather than the assets themselves would allow scarca
 

capital to be allocated to sites where it would yield the highest rate
 

of return.
 

Both these approaches to strategic asset provision can serve the
 



page 14
 

function of recurrent cost support, although their implications for
 

employment may differ substantially. There is probably nothing
 

categorical that can be said about their relaive preferability. In many
 

cases, the long-run bpnefits to local employment creation and skill
 

formation may warrant the parceling out of ancillary physical capital.
 

In other contexts, high rewards to the use of scarce capital at
 

particular sites may justify the establishment of financial portfolios
 

for the support of BH projects.
 

Since the focus of the discussion here is on an altered form of
 

capital budgeting, an appropriate role for international donor agencies
 

seems relatively easy to define. Huch of the physical capital could be
 

imported, so that the traditional role of aid agencies as capital budget
 

supporters could be maintained. One major change might have to be in the
 

scale of projects which were considered eligible for the allocation of
 

aid funds. The surt of assets approach under discussion here involves
 

the provision of very s'mall allotments of capital to widely-scattered
 

communities. In the past, high overhead costs have frequently
 

discouraged international donors from involvement in such small efforts.
 

Fhere organizations such as Cxfam have already ventured, however, 

large-scale aid organizations might consider following. 

7e have one further thought on this subject which is not offered 

wholly with tongue in cheek. Xf the argument about scarcity value and
 

management difficulties applies to locally-provided capital, it also
 

applies to the international equivalent. If local management is
 

inadequate, then a default will shut off the major source of recurrent
 

support and strongly diminish the effectiveness of any BEN project.
 

Thus, international donors might want to consider the "portfolio"
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approach in some cases, as well. At first glance, the notion of a
 

Bangladeshi village iz possession of a few USAID-purchased AT&T bonds
 

seems a little bizarre, but beauty is in the eye of the beholLer.
 

Cost inimization 

VIhile our research has underlined the importance of net benefit
 

recapture as a source of recurrent support, it is important to consider
 

the problem of cost minimization, as well. In the evaluation of
 

alternative BEN facilities, the appropriate criterion, as always, is the
 

present opportunity value of the resources used up in establishing and
 

running the project. The ability of unassisted poor communities to (arn
 

money is often quite limited, and the relatively low shadow values of
 

local labor and locally-available material inputs should pull the choice
 

of technique for BEN delivery toward the facilities whose construction
 

and operating characteristics are intensive in local resources.
 

Thus, cost minimization and the resource translation problem
 

combine to enhance the appeal of BEN projects whose recurrent (and
 

capital) support can be largely assured by local resources. Two
 

implications follow from this. First, materials used for BEN projects
 

must be locally-producible to the maximum extent possible. Secondly,
 

service delivery personnel (teachers, health workers, water technicians,
 

agronomists) must be supportable at levels which are not too far above
 

those of local poor inhabitants. Given a small income differential hnd
 

basically-similar tastes, much of the income of BEN project personnel
 

can then be supported by locl residents through donations of labor (e.g.
 

construction of residences) or products (food, clothing, household
 

*: 
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implements, etc.).
 

-his sort of reasoning is far from new, mf course. It has been
 

particularly highly developed in China, where support of "barefoot
 
0 

doctors" and simply-trained primary educators by urban and rural
 

communes has facilitated a rapid expansion in the provision of basic
 

health and education services to great numbers of people. Barefoot
 

doctor programs particularly are attracting increasing attention as an
 

In som
appropriate approach to medical service provision for the poor. 


cases, rural communities have proven capable of offering adequate
 

support to simply-trained primary educators (48).
 

From the perspective of cost, the conclusion seems unambiguous:
 

The best BEN projects are those which can be constructed and maintained
 

using local materials almost exclusively, with support personnel traine
 

to levels such that their expected incomes (and associated demands for
 

gooe.s and services) are only slightly higher than those of their
 

clients. Unfortunately, cost considerations are not sufficient for
 

choosing projects wisely in this context any more than they generally
 

are. Fxpected benefits count as well, and it is here that opinions
 

begin differing sharply.
 

(48) S.I. Figgundu, presently a Professor of Economics at nakerere
 
University in Fampalae Uganda, has first-hand knowledge of the
 
circumstances under which rural education was provided during the
 

Local
fiscally-catastrophic period at the end of the Amin regime. 

teacher incomes were often -imply terminated during this period, but
 
rural communities frequently mustered resources sufficient to persuade
 

Three reasons for this successful
teachers to continue their work. 

shouldering of the recurrent support burden by local communities can be 
cited. First, the perceived opportunity cost of rural educational 
employment undoubtedly declined during the latter Amin period. 
Secondly, relatively wealthy rural residents proved willing to accept a 
disproportionate financial burden. Finally, poor community members 
assured teachers a continuing flow of essential foods and some
 
additional services.
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Insofar as some items are concerned, of course, there is no
 

controversy. Blackboards are generally necessary for teaching, drugs
 

for healing, and appropriate materials for tube wells. Some
 

possibilities for local input-substitution may exist in this regard, but
 

it is obvious that at least some of the materials must be imported for
 

almost any project. Such materials will not, however, be the main
 

component of cost in many cases. Rather, personnel will carrj the most
 

financial weight. With respect to the provision of medical and
 

educational services particularly, the controversy rages over the
 

relationship between personnel costs and associated benefits. Unless
 

medical and educational personnel are simply conscripted for service to
 

the poor (iu which case the quality of the services which they provide
 

is apt to lie extremely poor), the relevant notion is their own
 

perception of opportunity cost. This, in turn, will vary with the
 

degree of training which they have had.
 

Since client benefits obviously vary to some degree with service
 

personnel training, the connection is complete. For BHN planners, the 

real question must be the relative shape of benefit curves for 

particular kinds of BHN service provision as training times increase. 

To advocates of "barefoot doctor-teacher" arrangements, the expected 

benefit curve is logistic, with the second inflection point at fairly 

low training levels. Critics of this approach may agree that the curve 

is logistic, but they would argue that the second inflection point and 

the maximum net benefit point are reached at much higher training 

levels. "his question will be considered in substantially more detail 

in the next section. For present purposes, the main issue centers on 

the problem of necessary money support. The higher the training level 
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of BHN personnel, the higher will be their perceived opportunity cost
 

and the higher, therefore, their demand for money as a supplement to
 

locally-produced goods and services.
 



I. Alternative Approaches to Estimation
 

At present, two approaches to the mechanics of estimation are commonly
 

employed in econometrics. These two estimation techniques might be called
 

"classical" and "likelihood", in deference to the opposing philosophies
 

which have produced them. The classical family is better known than its
 

competitor. It includes all of the familiar least squares estimates,
 

whose optimization criterion is the minimization of sums of squared
 

differences between the actual and "fitted" values of dependent Variables
 

in econometric equations. The mechanics of least squares reflect the clas­

sical philosophy, inwhich any equation parameter has a fixed value
 

whose location on the number line can be guessed more precisely as the
 

sample size increases. Least squares estimation guarantees an asymptotically
 

normal distribution of repeated sample estimates, centered around the
 

true parameter value. Much of classical statistics uses the normality of
 

sample distributions as the basis for inference.
 

While most economists are still (more or less) comfortably at home
 

with the classical view, likelihoodism has arisen to cha'lenge it. In
 

the likelihoodist philosophy, the sample itself has a particular significance.
 

Among all samples of identical size which could have been drawn, it is
 

considered to have been "most-likely" given the stochastic process generating
 

the values observed in the underlying population. Philosophically, this
 

approach amounts to a rejection of the classicist's "fixed" sampling dis­

tribution about a true parameter value. The likelihoodist regards the best
 

guess about the parameter governing some stochastic process to be the value
 

which makes the probability of the sample drawn greater than that of any
 

other sample of equivalent size.
 

V 
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Inevitably, this approach ismore probabilistic than its classical 

counterpa't. In order to make any progress at all, the likelihoodist has 

to have a model of the stochastic process which isgenerating the observed 

values of a particular random variable. Unless this is done, no para­

meters can be estimated. The classicist, on the other hand, is under no 

such restriction. His approach to fitting yields parameter estimates 

quite Independently of any underlying stochastic models. 

To get a feel for the difference between these approaches, it may be 

useful to look at a simple estimation problem from both perspectives. 

Suppose that we have a sample (size N) of draws on a random variable, 

and we want to estimate the mean of the underlying population. In the 

classical mode, we could set up the problem as follows: Let Yi = P + Ci 
where Yi is the ith random draw, Pis the true mean value of Y and ei
 

is some random error (distribution unspecified) which causes Y to depart 

from p in each sample observation. To the classicist, a.logical approach 

to estimation in this context is ordinary least squares. Given the sample 

of size N, an appropriate estimator of v is the value P which minimizes 

the sum of squared residuals: (e z(Y2E A)2). 
Ii I I(i-P
 

The general specification of the least squares estimator for the model 

Y = N 8 + e
 
(Nxl) (NxK) (Kxl) (Nxl)
 

is 8 (x'x' Y.
 
In our case, Y I V + e (where i Is an N-row vector of ones),
 

(Nxl) (Nxl)(Ixl) (Nxl)
 

and the "degenerate" least squares estimator is:
 

(1) , = (i'i)' Y = (N)_EYI = Y 

Thus, the classical approach leads to the conventional estimate of the
 

population mean.
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Inconsidering this estimation problem, the likelihoodist has to take 

a very different approach. At the outset, he faces a problem which does not 

immediately confront the classicist: He has to impose a model of the error­

generating process. Suppose that he imposes the assumption of normality 

-- that is, i "-N(O,a 2) -- along with the condition that the draws 

represented in the sample be truly independent. Under these assumptions, 

the probability that a particular draw will take on the value Yi isgiven 

by the probability density function for a normally-distributed variable: 
-(Yl-P) 2 

(2) P(Y) = e 2a 

Inthis case, N draws have been taken from the population. The joint
 

probability that two independent sample draws will take on values X and Y
 

isgiven by P(X,Y).= P(X)P(Y). Similarly, the joint probability for N 

independent draws is given by: 

o(Yi-u)2 -(YN-u) 2 

r
2ca2
l'rn


2
 

2a2
 1 e 


211a 

At this point, the sample and the stochastic model have been fitted together. 

There are only two unknowns inthe problem, , and a 2, and the likelihoodist 

approaches estimation intne familiar way. Since the sample E(YlY2,..,YN) 

was actually drawn, the underlying true parameters ii and a2 are taken to be those 

which make the sample more likely than any other. The joint probability can 
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be relabeled the 'likelihood" of the N-observation sample, and a simple problem
 

in calculus results: Choose and a to maximize the value of the like]ji­

hood function:
 

L e
 

This is now a practical problem and there is a very important practical 

aid to solving it. Since there is a one-to-one correspondence between 

positive numbers and their logarithms, the estimates of 1 and a2 which max­

imize the logarithm of L will also maximize L. [he logarithic form of (3) 

is much more tractable mathematically. 

" 
4) logL log 2- J-.E(Y -P)2 

The appropriate values for a and p can be read from the first-order condition 

for maximization. At present, only U is of interest. 

-d = (a ) E(Y -) = 0= z(Y1 -p)=0= EY.- Nu =01 i1 

(5) ii= iyT=;T 

Obviously, the classical and likelihoodist approaches do not necessarily
 

lead to conflicting results. Maximum likelihood parameter estimates have all
 

the usual attractive asymptotic properties (consistency, unbiasedness) in
 

large samples. This is also true for least squares parameter estimates, of
 

course. It is therefore natural to wonder why an-;rne would choose the relative
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computational complexity of the maximum likelihood approach, along with the
 

necessity for imposing a particular stochastic model. The answer is that
 

in many applied cases least squares estimation is simply impractical, while
 

maximum likelihood methods can be applied. The modelinq of discrete choices
 

provides an excellent case in point.
 

II. Modeling Discrete Decision Problems
 

Microeconomic theory has focused on decision problems in which easily­

divisible goods and services are consumed, produced, or marketed. In many
 

interesting cases, however, quantities are indivisible and discrete choices
 

must be made. Because discrete decision problems have frequently been en­

countered in public policy analysis, econometricians have recently devoted
 

considerable effort to the specification and estimation of appropriate
 

choice models.
 

These models follow their continuous counterparts in adopting the con­

venient mythology of the "representative individual". Insofar as the ob­

servable qualities of particular goods and services bear on a discrete deci­

sion, it is supposed that some average valuation of these qualities is
 

common to all "similar" individuals in a population. "Similarity" is de­

fined with reference to observable characteristics of the individuals them­

selves. At the same time, it is recognized that unobservable characteristics
 

of individuals and commodities can have significant effects on valuation and
 

choice. In discrete decision models it is these unobservable characteristics
 

which can cause otherwise-identical people in seemingly-identical situations
 

to choose different alternatives. Since both observable and unobservable
 

characteristics are important to the modeling approach, it is advisable to
 

develop this set of notions more formally.
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For the representative individual i faced with j alternative con­

sumption modes, the utility function can be defined as:
 

(6) U (XiS i ) + ei(Xi 

Here Ui(Xij,Si) is the determinate component of utility. Xii is a vector
 

of the levels of relevant and observable attributes of mode j from the
 

perspective of individual i. while Si is a vector of the relevant and ob­

servable characteristics of individual i. Some specific model of utility
 

has to be ' posed, of course, but the associated utility of identical ob­

servable modal characteristics for identical individuals is taken to be
 

exactly equivalent. The decision uncertainty comes from the stochastic
 

incidence of unobservables, both in modal attributes and individual char­

acteristics.
 

Given this way of looking at the world, the basic decision model for
 

econometric analysis can be derived from the nearly-tautological statement
 

of a fundamental inequality. Suppose that for mode 1, the associated utility
 

for a particular individual i is:
 

(7) Uil Ui(XilSi) + il(xil,si) 

Suppose that for mode 2, the associated utility for the same individual is:
 

(8) Ui2 = U12 (Xi ,Si) + ci2(Xi2 ,Si ) 

Under the postulate of rationality, we know that the individual will choose 

mode l over mode 2 if Uil > U1 2. By substitution, an equivalent expression is: 

(9) Uil (Xil ,Si) + i.(Xi 1 ,Si) > Ui2 (Xi2,Si) + iZ(X2 'Si) 
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By rearrangement, we have:
 

(10) Uil(XilSi) o U12 (Xi2,Si) > ei2(X12 ,Si) - el(XilSi) 

The common sense underlying this re-expression is easy to interpret: The 

decision to choose mode 1 over mode 2 will follow from the observable utility 

superiority of mode 1, as long as the margin of superiority is greater than any 

countervailing effect of utility differences based on unobservable phenomena. 

This is, of cou;se, an unexceptionable statement, but (10) has an important 

modeling advantage over (9): Since both random error terms are on the right­

hand side of the inequality, it is in fact a stochastic specification which 

can be used for econometric modeling. 

Two obvious problems must be resolved before any econometric model can
 

actually be fitted. Some utility function must be imposed, and some plausible
 

assumptions made about the structure of the errors which lead to deviations in
 

the observed pattern of.choice among observationally identical individuals.
 

Utility function specification is the easier of the two problems by a con­

siderable margin. Although the econometric techniques which will subsequently
 

be described depend on linearized models of utility, it is possible to specify
 

such models in ways which are quite nonrestrictive. At the most general level,
 

an appropriate utility function can be specified as:
 

( Uij = $0+ $1Zli(X iSi) + ... + $TZTi(XijSi) 

This function is linear in its parameters (a0 l ...,rT) but its argu­

ments (Z1, ... , ZT) are themselves a series of transformations of modal and in­

dividual characteristics. Under such a specification, the Z-variables can be 

logarithms, reciprocals, multiples, exponentials, etc. Thus, a utility function 

of type (11) could be as simple as a purely linear (and quite unrealistic) 

specification: \ 
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(12) Uij = $o +1 iXij + .. + aGXGj + 0G+lS1j + ...+ aTSHj 

On the other hand, the same general specification encompasses the
 

translog function:
 

T T T
 
Uij E j~~~l = a i(13) xn = 

0 , 6j ++ik~l k on Wl nW
in I~ W 


where Wij ={Xij,Si. 

The translog function is additive in the firs. powers, squares and cross­

products of the logarithms of modal and personal characteristics. It is
 

therefore a second-order approximation to any mathematically-defined utility
 

function for any definable group in the population. This specification is
 

undoubtedly general enough for most applications, so that the linearization
 

of the utility function in a set of Z -transformations does not appear to
 

be very restrictive. For convenience, we can adopt the follov;ing notation
 

in the stochastic model:
 
(14) U, = Zia + ei Where Zi = (1Z. ' = " ST 

This imposition of a general utility function specification leads immed­

iately to the problem of stochastic specification. A strong argument for
 

normality in the error-generating process can be made in this case. In the
 

choice model which has been proposed, the only reason for different discrete
 

choices by observationally-identical individuals in the same choice environ­

ment must be the effect of unobservable modal attributes or personal attributes
 

which do differ across individuals. In any real situation, of course, there
 

will be a huge number of such characteristics. Thus, the error term in the
 

utility function is the sum of the contribution to utility made by a very,
 

large number of characteristics which are distributed randomly across individuals.
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As long as a fair number of these characteristics are independently distributed
 

itmakes no difference if each distribution of random occurrences has no
 

regular pattern. The sum of the effects of the occurrences will approximate
 

a normal distribution, and the Central Limit Theorem guarantees that,the
 

distribution will be closer to perfectly normal, the larger the nomber of
 

independently-distributed unobservable chai'acteristics.
 

Thus, the assumption that the error-generating process is normal seems
 

reasonable for discrete choice modeling. The imposition of the assumption also 

.has another advantage for the decision model which is being considered. If
 

two random variables are normally distributed, then so is their sum or
 

difference in repeated draws. Recall the fundamental inequality which
 

governs the choice between two modes:
 

Uii(W il)" Ui2(Wi2 ) > £i2 " il 

Now if el and Ei2 are ncrmally-distributed, so must be their difference. 

After substitution from the linearized utility model (14), this inequality
 

can be re-written as:
 

i - 12 = c12 - £il ) 

or
 

(15) (Zil - Zi2) > i 

The recast decision model says that mode 1 will be chosen over mode 2 if
 

their utility difference is greater than the value taken on by the normally­

distributed variable ni. Obviously, the greater the weighted sum of the dis­

tances between values, the greater the probability that it will be larger
 

than the value taken on by the associated random draw. The normality of 

guarantees that this probability will decline very rapidly for possible values
 

as they get farther away from the mean of the distribution. Nevertheless,
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any value is possible, and the choice of modeil over mode 2 (or vice-versa)
 

will therefore never be certain. The regularity of n, does allow for definite
 

statements about probabilities. In fact, once the normality of ni has been
 

assumed, the description of the choice problem in (15) above is simply a
 

description of the cumulative normal probability furctil-.
 

The probability that the choice of mode will dictate 1 rather than 2
 

is the same as:
 

Prob[(Zil - Zid) > nil
 

Since the distribution of ni is normal: 

F(ni) 68% of all values 

1 27% of all. valu,,; 

] 5% of all values 

Fig. 1
 
This distribution can be re-expressed as a cumulative probability function
 

which specifies the probability that ni is less than any particular value.
 

P [(Z il - Zi2)0 > ni ] 

1.01
 

0 (Zil -zi 2 )s 

Fig. 2
 



A-11
 

Thus, the normal distribution of the error term in the original model of 

regular function which relates differences in the
utility leads to a ni:ce, 

modal attribute valuations to the probability that mode I
will be chosen over
 

node 2. Unfortunately, the practical utility of the normal distribution of
 

The cumulative normal probability func­the error terms ends at this point. 


and all the subsequent
tion can only be expressed as a mathematical integral, 


operations which lead to econometric estimation of the a's are 
vastly com­

error
Thus, the original ease associated with normal
Olicated by this fact. 


distributions evaporates when ap-lications are considered.
 

The actual derivation of ap)ropriate estimators of the 8-values 
from a
 

likelihood function based on repeated draws from cumulative normal 
distribu­

tions requires both rather complicated operations on mathematical 
integrals
 

and the use of sophisticated computer algorithms for the numerical 
approxi-


As this discussion progresses, it will become

mation of integral values. 


apparent that the use of the normal probability model does in fact have so
 

many conceptual advantages that its appli:cation is indicated even 
in the face
 

of great complexities. However, a continuation of the reasoning using
 

mathematical integrals would certainly prove more confusing than enlightening
 

at this stage.
 

We will therefore take another branch along the path of progressive
 

simplification in order to preserve comprehensibility. Another characterization
 

of the error-generating process will be used to illustrate the procedure for
 

deriving maximum likelihood estimators for the 8-values in this kind of
 

Although this revised view of the error-generating process will 
be


problem. 


an admitted source of some bias, it has such attractive practical qualities
 

that they provide at least partial compensation for the loss.
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HI. The Logit Model1 

Our candidate for the revised view of the error-generating process is 

the Weibull distribution. We would have to reject any distribution whose 

shape was too far from normal on common-sense grounds, and the Welbull
 

distribution satisfies this criterion. Its shape is fairly close to that
 

of the normal distribution. At the same time, it is generated by a function
 

which is much less complex than that of the normal distribution. The
 

frequency distribution for the basic Weibull function is given by the
 

following: 

(16) F(n) = e 

where n is the value of the random variable which is Weibull-distributed 

and a is the parameter which sets the modal (most frequently-observed) value 

in the distribution. For purposes of comparison Fig. 3 shows a comparative 

plot of a Weibull frequency function with mode a = 0 and a normal distribu­

tion with mean = .5and standard deviation = 1 (=variance, in this case). 

The mean value for the Weibull-distribution variable is .575, so that the 

illustration is desl'gned to show the true degree of divergence in the two 

distributions.
 

1. Much of the material in Section III represents a detailed re-working of
 
the presentation tn McFadden (1975).
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Figure 3 

Hetbull Frequency * Normal Frequency Function 
Function / \ (Mean value .5) 
(Mean = .575
 
Modeo ) /\ 

-3 -1 0 1 2 3 

By comparison with the normal frequency function, the Weibull fur....-.. 

issomewhat skewed to the left, so that negative values of ni descend more
 

rapidly in frequency than positive values. Nevertheless, ifwe want to
 

consider the Weibull distribution as an approximation of the normal dis­

tribution, we can see that it is not badly biased. The major advantage of
 

the Weibull distribution as a characterization of the error term in the
 

utility model emerges from one simple proposition: The cumulative probability
 

function associated with the difference between two Weibull-distributed random
 

variables is an extremely simple mathematical form called the binary logit.
 

Since the difference between two random error terms isthe stochastic foun­

dation of the choice model, this simple result greatly facilitates maximum
 

likelihood estimation. Before this can be clearly seen, however, itwill
 

be helpful to show how the above result has been established.
 

Suppose that the cumulative probability function for Weibull-distributed
 

variable n2 isbeing considered.
 

\I
 



A-14
 

Recall that for any continuous random variable, the cumulative probability
 

function (also called the cumulative distribution function, or simply the
 

distribution function) is defined as
 

F(n) = In F(n)dn 

This is a mathematical .representation of the proportion of total 
area under
 

the probability density function (p.d.f.) from ­ to n. Thus:
 

F(n-.) 

It is also clear that the p.d.f. can 
be defined as the first derivative of
 

the c.d.f., evaluated at n.
 

=
'(n) (n) 
(This follows from F(n) =,nF(n)dn]
 

Thus, we can see that for a 
Weibull-distributed variable, the c.d.f. is:
 

-e-(n-a
F(n) = e 

-. (n+a) -e 
e (nc 


]/ dn= (-) (-e e 
F(n) = F'(n) = d[e 

= (nae;,) e-e 
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We know already that bhis latter formula Is the frequency function for a
 

Weibull-distributed variable. rhus, the c.d.f. for Weibull-distributed
 

variable q2 is given by:
 

-(n+a) 
= ee = Prob n2 < q]

(16) F(n2 ) 

Th,%s c.d.f. al! has a name -- it is called the Gnedenko distribution. Thus, 

for the Weibull variable n2 , the probability that any draw from its distrib­

ution will be less than a particular value is given by F('92 ) above. As n 

(the comparison value) rises, so (logically enough) does the probability
 

that a random draw from the n2-distribution will be less than n. The
 

Gnedenko formula simply yields numerical values for this rising probability
 

in the case of a random variable whose frequency function has the Weibull
 

shape.
 

Now, let us suppose that the comparison value is itself a draw from a
 

Weibull distribution, so that its relative frequency is given by:
 

-- e 
(17) F(n1 ) = e e 

Consider the comparison problem in two-step sequence. Each value of n2 can
 

vary from -- to +-, although not all comparison values are equally probable.
 

The relative frequencies can be read out of the Weibull distribution for n .
 

For each of these comparison values in turn, there is a definite probability
 

that n2 is smaller. This probability can be read out of the Gnedenko distrib­

ution for q2. Thus, for any given pair of values, we know that the probability
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that the ni draw will be greater than the n2 draw is given by:
 

(18) Prob [nlinli > r'2] = Prob(n1 i) - Prob(nii > n2) 

The joint probability is the product of the individual probabilities
 

here because the draws on n, and 12 are independent of one another. Now,
 

(18) gives us the joint probability fdr one particular value of nl. There
 

are, however, an infinite number of possible values of il,(from -- to +-).
 

We know from simple probability theory that Prob(A or B) = Prob(A) + Prob(B)
 

when A and B are draws on a random variable. Thus, if there were a finite
 

number (M)of possible values in the distribution nl , we would have
 

m
Prob[nll or n12 or . nlml = Prob(n1l) + . + Prob(nlm) = E Prob(nlj)

imJ=1
 

Similarly, we would have
 

(19) Prob[(nll ' nll > 2 ) or (nl2g'12 > n2)or (nlm lm' 

= Prob(nl) Prob(nl >n2 ) + ...+ Prob(nlm) Prob(nlm > n2) 

m
 
= E Prob(n ) Prob(n,, 
 2


j=l > n2 

In our case, of course, we have an infinite number of such possible
 

draws on nl. Recall that fl(n) is another way of representing the p.d.f.
 

for n ,, and F2 (n)is another way of representing the Gnedenko distribution
 

for n2' We can therefore replace the discrete probability expression above
 

with an analogous integral to represent summation along values of the con­

tinuous variable n V
 

(20) Prob(n, ' n, 12 =-a l f1(n)F2(n)dn 
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We now have the probability function which we actually need to get a determinate
 

solution to the Weibull case. Substituting, we obtain
 

+- 4, -(n+cI) -e -e 
I f(T)F2(n)dn Ie e e dn 

e
e ee 

"2]S-n - e 

"
(- [eal +e wene
e 


Although the integral looks complex, the magical properties of e, the
 

natural logarithm base, make it quite simple. It can easily be seen to be
 

1Te
 

e-n
I--


-LThus, d e -- ee)(-l) eee = e eel 

The joint probabLlity turns out to be:
 

-,f, +. e-n dn = e- 0I 1 

f(n) F2(n)dn e e ee
 

L + e-a 
e=[e-O 

Thus, we have
 



_ _ 
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] e1
eal -ee 


e- +Ie2 ea +Ie2 el 

e 0] e 

" 1 " l
= 1 .. 1 -':'! [1 -0] e-a-a-ac 

e'.) e­

-lT = 2 

e-Cl + e-a2 e(1/= e e-"&1 + e-2 

This isa truly remarkable result. For two independent, Weibull-distributed
 

variables with modal values a1 and a2, we have
 

" I

Prob (rI, I -'n2) ee = 1
 

e'=1 + - 2 a'm2
1
e e 1+e
 

This isa binomial result because we have been considering the problem of a
 

simple choice between modes. Howver, we can generalize this result greatly
 

by establishing a few relatively simple propositions.
 

(1) Ifni has a Weibull dist~ibution with mode ai, then for any 

scalar V,ni + V has a Weibull distribution with parameter ai - V. 

We can establish this most easily by using the c.d.f. of the Weibull
 

distribution (the Gnedenko distribution) for ni.
 

Since ni + V < n ni 4 n - V,we have
 

Prob [ni + V < n] Prob[n i < n - V] 
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But we know that n, has the Gnedenko distribution:
 

-e
 
Prob [ni < n] = e
 

Here, we simply replace n by n - V: 

-e-(n+ai-V)
--(n-V+ti 

-e -e
 

(21) Prob[ni < n - V] = e =e 

We can immediately see that ni + V is distributed as Weibull with mode 0, - V. 

(2) If 41, .-.,nM are all Weibull-distributed random variables, then in
 

repeated.sets of independent draws on all the random variables, the distribution
 

of the maximum values for each set will also be Weibull.
 

The easiest way to think about this problem is to ini.3ine a particular
 

comparison value, n. In any simultaneous draw on our M independent Weibull
 

variables, we know that one variable value will be the maximum in the set,
 

but we cannot know which one. Therefore, we can express the probability that
 

the largest draw in the set will be less than n by:
 

(22) Prob [max ni < n) = Prob[(n i < n),.., nM < n] = Prob(nI < n) "- Prob(nM < n) 
(1=1 ,.-.M) 

This formulation holds because the draws are independent. But the latter
 

product equals:
 

-ee -e ) -e = - + + enciMi 

e •*e *... oe = e 
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1 +
-en(e *..+ eM)
 
=e
 

-n MY "=li
 
-e e e
 

1=1
 
(23) -e
 

But since e ,ee, e are all fixed values, we can find an a such that
 

a M -a1e~ = e
 
1=1 

We can therefore substitute (21) into (22): 

-n -Q -n -a -(n+Q)-e ze -e e -e
 
(24) Prob[max ni < n] = e i = e = e
 

1=1 .0 9M
 

which is distributed as Weibull with modal value a.
 

Row we can use propositions (1), and (2)., just demonstrated, to generalize
 

our binomial comparison probability to a multinomial probability. Recall that
 

Prob(n I > Y = e
 

C-I +ea2
 

where a1 and a2 are the modal values for the two distributions.
 

By (1)above, we know that
 

v2
e
V2) e+ ae' 'V eV I
(25) Prob(ni +1 V, > n2 + V2) VI) T '22' 2 

e (' +e e +e 
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since (n,+*VI) and (n2 + V2) are both distributed as Weibull with modal values
 

Oil - V) and (a2 - V2), respectively. From (25), we have 

e. 
(26) Prob In,+ V > n2 +.V2 = Prob In2 nl < V- V21 e + 

1 

+ ("1)- (V2-Vl '
 
1 +e
 

When written this way, (26) tells us what we need to know in order to do econ­

ometric work in the context of binomial choice. Recall that this all began
 

with a model of discrete choice in the context of binary comparison.
 

:f Uil= Zila + Ci and U12 = Zi2 + ei2' then the probability that 1 will
 

be chosen over 2 is given by.
 

Prob [Uil > U,2] = Prob(Zis + 912 > Zi2o + £il]- Prob[(Zil - Zi2)0 > 9i2 i1]
 

Now, if we suppose that both errors are distributed as Weibull rather than
 

normally, we can see where our results have brought us; Since Zil and Zi2 are
 

known attribute vectors and the .'s are to be thought of as fixed parameter values,
 

we can think of VZ a Zi2 as our scalars V1 and V2 and substitute into (26)
 

-(27) Prob(l chosen over 2] = Pruob(i 2 - £il < (Zil - Z12 )0 

1
 

1 + e(Il-2) + (Zi 2-Z)a 

As we will see shortly, our mathematical groundlaying has now brought us
 

quite close to the point where we can actually begin thinking about ways of
 

estimating the 8-values. First, however, let's generalize (27) using (24) and (21).
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-
Prob [nI + V1 > n*+ Vt] = 

e+ 1
 

where ni + V* = Max(ni + Vi) 1=1 ... , 

Translating this. into a form which isconvenient for our work, we have
 

eV1-a V1a
 
vl'
 (28) 'Prob~in*V=-e <-V, *'] e~-ai 
11=
 e 1 +e E
 

This allows us to. reformulate our binary choice model as a multiple choice 

model. Suppose that Mchoices are availabile to the consumer instead of two. 

Then the consumer will choose 1 over tne other (M-1) alternatives only if 

(29) Ui (Zil) + > Max[UiJ(Zi ) + eij ] or Uil(Zil) + eil > LJ (M) +et 
il l.J=l i..,M-

Thus, the probability that mode 1 will be chosen by the ith consumer, given
 

M-l other choices, isgiven by
 

(30) Prob[i is chosen] = Prob[UiJ(Zil) + ijj > Utj(Zi.) + eij 

- Prob[O. - £el < Ui(Z - Ui(Z.1 ) ]  Prob[* - il < (Zil - Zi*)a 

"Vl "1 el "1
 
-e e
 

.M a'Z ij-"j 'M"zIjl-"j
E.e E.e
 

J=l j=l
 

Expressions (30) and (27) will serve as the foundations for our discussion of
 

maximum-likelihood estimation of the $-values inthe binary and multiple choice
 

cases, respectively.
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IV. Parametric Estimation with the Logit Model
 

At this point, it may be worthwhile to turn back to pp. 3-5 to review
 

the essentials of the likelihoodist approach. In brief, we can say that the
 

likelihoodist regards the sample of observations which has been drawn as the
 

most likely of all possible samples of the same size. Thus, the appropriate
 

estimates for -the underlying parameters in the system model are regarded as
 

being those which maximize the likelthood of the sample. Maximur, likelihood
 

estimates are always deterrhined from the application of the calculus to a 

likelihood functiop specified ith reference to a particular model of the 

error distribution in a particular context. 

In returning to the problem of parameter estimation, then, we will begin 

with a consideration of appropriate forms for the likelihood function. As a 

prelude, we will introduce the most common general specification of the like­

lihood function:
 

M N YiK 
(31) 	 L(e) = H H Pik
 

i=1 k=l
 

where the likelihood function L(e) is defined over all households (i = I,...,A 

and alternatives (K = l,...,N); YiK = 1 if household i chooses alternative K 

N 
and 0 otherwise. Z PiK = 1 for any individual i. 

K=l 

We can begin our explanation of this function by considering a simple un-.
 

conditional case. Suppcse that there are two households in Dur sample (M= 2) 

and two modal alternatives uihder consideration (N = 2). Since the sample points 

are drawn independently of one another (this has to be assured by the sampling 

method), we know that the joint probability of a particular set of modal choices 

for the two 	households is'just the product of their separate probabilities. 

Thus, suppose that we have an unconditional probability problem of the following
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sort. 

Household Mode 1 Mode 2
 

1 P = 1/3 P = 2/3
 

2 P = 1/4 P = 3/4
 

The following joint probabilities hoild (here P(ij) means the probability
 

that household I will choose mode i and household 2 moci j simultaneously)t 

P(l1) 1/3 1/4 = 1/12 

P(1,2) = 1/3 - 3/4 = 3/12 

P(2,1) = 2/3 • 1/4 = 2/12 

P(2,2) = 2/3 - 3/4 = 6/12 

Note the conmon-sense sets of totals in this problem. For each family, 

2 
E PiK = I (Family 1: 1/3 + 2/3 = I; Family 2: 1/4 + 3/4 = 1]

K l 

In addition, the sum of all the joint pr.babilities is equal to 1: 

P(l,l) + P(1,2) + P(2,1) + P(2,2) = 1/12 + 3/12 + 2/12 + 6/12 = 1 

Again, of course, thisis no accident. Under the criterion that some choice 

be made, the four joirt probabilities provide an exhaustive description of the 

possible outcomes. Since one of those outcomes must occur, the sum of the 

joint probabilities must be 1. 

Now, there Is very little difference between the simple soecification of 

joint probability outcomes which we have just presented and the general speci­

fication of the likelihood function in (30). Recall thit the likelihood 

function itself is nothing more than a statement of the joint probability of
 

a set of sample draws. The chal.1enge lies in specifying a general likelihood
 

function whic',j characterizes the full set if possible draws for a set of
 

households. For our 2-household, 2-inode case, 4 such joint draws are possible.
 



A-25
 

When we examine (31), we can see that it is actually designed to include all
 

of these possibilities simultaneously.
 

In order to see how, we will wtite out a full version of (31) for our
 

2 x 2 case.
 

2 2 Yll 1 (1/3)Yll (2/3), 

=
(32) L(e) H a PiK Pl " 12 " 21 " 22 ( 

=l K=1 

(1/4)y2T (3/4)
y22
 

The actual value of the likelihood function will depend on the values taken
 

by the YiK" Recall the original definition: YiK = 1 for the alternative which
 

a household actually chooses and 0 for the others. Thus, for our case we have
 

the four possibilities which we have already observed:
 

Choice y, Y22  1(e)
1 Y12  Y21  


(1,1) 1 0 1 0 (1/3)1 (2/3)0 (1/4)1 (3/4)0 = 1/12
 

(1,2) 1 0 0 1 (1/3)1 (2/3)0 (1/4)0 (3/4)1 = 3/12
 
=
(291) 0 1 "1 0 (1/3)0 (2/3)1 (1/4)1 (304)0 2/12 

(2,2) 0 1 0 1 (1/3)0 (2/3)1 (1/4)0 (3/4)1 = 6/12 

It is clear that (32) is simply a general statement of joint probability
 

which allows for all the choices made by households. Now we can make use of
 

(32) to go one step further and consider the kind of problem which is of direct
 

interest. Note that in the example which has just been presented, the probabil­

ities under consideration were unconditional. That is,we were regarding them
 

as fixed, rather than as varying with the characteristics of the households or
 

modes themselves. As a first introduction to maximum likelihood estimation
 

in the current context, let us continue the assumption of unco',;,tional prob­

ability and observe the way in which we wo ld set maximum-likelihood estimates
 

of modal choice probabilities for a set of hcuseholds whose choices have been
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observed. 

We will suppose that we'are observing the choice between two modes made 

by five households. The general likelihood function is 

5 2 yiK =Y'l 1(..Y12 pY2 1 ._p)Y22 5PY5(2-p)
 

L(I = iK P 5 1 )
1=1 K=
 

(Note: Since P is unconditional, it doesn't vary across households and modes.)
 

Inour sample, we observe the following choices:
 

Household: 1 2 3 4 5
 

Mude: 
 1 2 1 1 2
 

Now we have a likelihood function which is tied to the choices already made:
 

(33) L(e) = P](1-p)OpO(1-p)lpl 0-p)Op1(1-p)OpO(l-p)1 = p3(0-p)2 

We are interested in estimating P. In the likelihoodist view, P should be the
 

probability which makes the likel$hood (joint probability) of the sample arawn
 

the highest possible. One further trick is useful in solving this problem
 

(we saw this trick before on p. 4). 
 Since there is a one-to-one correspondence
 

between positive numbers and their logarithms, we can replace the likelihood
 

function with its logarithm without changing anything. Thus, we can rewrite
 

(33) as
 

log(L) = 3logP + 2log(l-P)
 

An application of simple calculus yields the result which we are seeking:
 

d(ionnL) 2 3-3P-2P 
g L- -O-0 = 3-5P and P.= 3/3

dP P 1-P P(l-P) 

Thus, 3/5 is the "maximum likelihood estimator".of P, the unconditional prob­

ability that a household in our sample will choose mode 1. Referring back to
 

our original sample, we can see that we have always used maximum likelihood
 

estimation in our calculation of probabilities without knowing it. Since 3 of
 

http:estimator".of


A-27
 

5 houses choose mode 1,our reflexive estimate of the unconditional probability
 

would also be 3/5. 

Hopefully, this simple set of examp7'- has communicated the flavor of
 

maximum likelihood estimation (MLE) in modal choice situations. Now we are
 

ready to move on to a conditional probability case. Suppose that we have
 

drawn a sample of M families, each confronting the same set of N alternative
 

modes. Our likelihood function is:
 

M N yij 
=
L I R
 

i=1 j=l i
 

or (inlogarithmic form):
 

M N 
(34) L = n R yijlogPij
 

i=l j=l
 

Before going further, we have to specify the conditional probability
 

function which is to be put into the likelihood function. Recall from our
 

earlier discussion of multimodal choice that the probability that a mode (K)
 

will be chosen over its (N-1) competitors by a consumer (I)is given by:
 

(35) Prob[UiK(WI,<) + iK > U. j (Wij) + eij] 

where U* (Wi) + eti. Max [U.(W.) + ci ]ij Uj VjK 1 3 

As in (30) we obtain
 

ZiKB-aK 

Prob[K is chosen] = e
(36) 	 N eZi-=
 

J=l
 

At this point, we can introduce one simplification. Note that we have been
 

incorporating a constant term into our utility model, so that any expression such
 

as (Zij - a.) has two constant terms. Since it is more convenient expositionally
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(and since we cannot in any case estimate two constant terms in the same func­

tion), we will simply absorb the a's into the constant components of the utility
 

function definition, so that we can rewrite (36) as:
 

(37) Prob[K is chosen] eF i?
 

j=l
 

With this general specification of the conditicnal probability that one
 

mode will be chosen among several, we can fill in the likelihood function:
 

M 	 eziK
M N 	 N 

(38) L= oI 	 -- 0I Y, log


.i=l J=l 	 1iij=l Yij E e 

LJ=l
 

which can also be written as:
 
N Zij 

M N 	 e
 
L E 	 : y.log

i=l j=l i3 aU 

Through additional manipulation of the probability term we obtain:
 

M N 	 N ZiKa Zi a 
(39) 	 L=- z E yi log [(E e ) (e ) ]

i1= J=1Y j=l 

M N 
= E Y1i log 91(a) 92(a)]

i=l j=l
 

In the unconditional problem which we used to introduce MLE methods, the
 

probability 	was the parameter which we sought and we solived for it directly.
 

In the present case, however, the probability that any mode will be chosen de­
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pends on various modal and personal characteristics. The relationship between 

these characteristics and consumer utility is assumed to be defined by a set 

of utility function paramete'rs (8). The unknown $-values can be determined 

by the set of first-order conditions for a maximum value of (39) with respect 

to 8:
 

1
M N 

1=1 E 


aL 
a8 i=l J=l J 1( 8 )0 22 (8) I [9g(8) 2 (a) + gl(O)gi(a)] 

M N g1(O) +___(0
-=l J=+ 92()
 

Here gi(a). a U2l Z e 
as 
 J=l
 

and g'(o) =a iKf,)' 1eez 

8 + 0 * zi
N,Zj zi ii0 iN8
B _j zlii e z
 
Thus, 
 Zi.e +06.0 Z~
 

Ths (8) N e N Z.N8
 
e i
 

j=l e J 
j=l 

A glance at (37) makes it clear that the expression above is equal to 

ZiPil + ...+ZiNPiN 

In addition, 

g (8) - e 

e--) ZijZ 
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Thus,'we have
 

. M N NN )9.aL M gI 82 
-i ~. EziP., zj 

I=1 j=l 1 jJJ_ P 
F.__ E 9''$ r 1 -

M N N N
 
E (z 1 E Y Ey

=l1 j=ll ij j- i i
 

N
 
Recallthat E yi = 1, since each family can choose only one of the available 

J=l
 

modes.
 

N
N
Thus, 2L M 
j=l i P j  
i=l
1E z zij.ij - J=l Yji ]I
 

or equjivalently,
 

(40) 3L M N M N
(ZijPij 
(4E0 " zi)= E (P..- YJ)ZIj
YijP = 

1=1 J~ 1 Z~ J=1 j=1 13 

M N
 
E Ez (yij - P4j)ZiJ


1=l j=1
 

Since the MLE estimates of the a's are obtained from an evaluation of the
 

first partial derivatives at the point where the likelihood function issta­

tionary, we have:
 

M N 

(41) -(y P- )z 0
 
DO i=1 j=l lj - jii 
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This general expression is appropriate for the estimation of parameter
 

values in the case of multinominal (multimodal) choice. It is easy to simplify
 

this expression in the case of binomial (bimodal) choice:
 

(42) 	IL = ME 2 "j j)~ = irM [yil -Pil)Zil " (Yi2 "Pid)Zi2 ]
 

i=l J=l
 

M
 

= [(l - Pil)Zil + -I l) - ( Pil )] Zi2]
 

M
 
z (ii 	Pil)Zi'i " (Yil "Pil)Zi2

1=1 

M 

E (Yil 	 Pil)(Zil " Z12 ) 0I -	 = 

Vector equations (41) and .(42) define the simultaneous sets of nonlinear
 

equations which can be solved to yield maximum-likelihood parameter values in
 

the binomial and multinomial choice cases. In order to write out the approp­

riate simultaneous systems of equations, we have only to remember that aL
 

is a vector of first partial derivatives and that the Zs are corresponding
 

transformations of personal and modal characteristic variables which enter
 

into the deteniination of utility in each case.
 

As a prelim7inary illustration, consider the bimodal case. Let C be
 

the number of households who have chosen mode 1 and reorder the observations
 

so that these households appear first in the sample. We have a set of T
 

equations:
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(43) 	aL aL !as 	 TO = (YilI PilI" 1 

El 	 0 

'I 	 0 

' 	 T - zT 
-I 


a T
 
zi 12 

a0TJ
 

or,
 

(2) 1 1l 1 z- ) e 	 0 

E-I 1 Z2) - E 1 -Z	 - 0 

e 1il 
1=1 1!1 i 2) Zil Z12 (171C z T C (ZT ZTAA 

e e
 

We can now extend this same logic to the more complex, N-mode case.
 

Here, we will use Cl, ..., CN to indicate the number of households who
 

have chosen modes 1,..., N . In addition, we will assume the households
 

to be ordered by choice (I-1 N } for expositional convenience.
 

(44) 	 -L
 

atL 	 " M.°
 
= = I: (Yill Pil ) "°+(YiN" PiN ) "
 

L 	 .T .T
 

T1 i N
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or,
 

C C C Z. e 

(1) Z' + 1 . .. + =0 
ii iN =l N Z8 

E e 
Lj_ 

N T Z a
 
1 T 2 c .1E_
 

(T) EZjl+Ll 2 +...EZiN -Z E Z =:0+l N 

E e 

j=l 

Ineach of the preceding cases, we have T non-linear equations in T
 

unknowns. Since the equations are nonlinear, the solutions must be generated
 

from iterative procedures. D.McFadden (1975) has shown that the existence
 

of unique solution values is virtually guaranteed in samples of modest size.
 

Several non linear solution methods are available, including the Newton-


Raphson, Fletcher-Powell, and Davidon routines.
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V. Prediction Bias and the Logit Model
 

Generally, discrete choice models have two significaut uses. To the
 

extent that the relative attractiveness of a particular mode is dependent
 

upon the value of some policy variable, a fully estimated choice model reveals
 

the sensitivity of modal choice to po.icy changes. At the same time, the
 

fact that choice models relate the attractiveness of alternatives modes to
 

measurable differences in common underlying characteristics allows for the
 

prediction of demand for new modes which become available. This is because
 

these new modes also have (at least provisionally) measurable values of the
 

same underlying characteristics. Thus, after a full choice model has been
 

estimated for the existing alternatives, the new mode can simply be inserted
 

as an adidtional equation in the model and the d.mand shares for eacL; mode
 

recalculated.
 

In order to see how this process works for the multinomial Togit mode;
 

(and as a prelude to a critique), this section will begin with a simple example.
 

Suppose that we currently have three modes available to consumers in a par­

ticular area and that the evaluation of these modes by consumers has been
 

modeled as a linear function of 4 variables. Tie fitted model has given us
 

the following common parameters of the utility function:
 

=
U. .3Xlj + .8X.2 - .4X3 + "AX4 + ej 

Suppose additionally that the three existing modes have the following
 

attribute values.
 

Mode Xi X2 X3 X4
 

1 1 3 2 6 

2 4 2 1 2
 

3 4 2 

it­
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In the multinomial choice case, we have been specifying the probability
 

that a particular ,ie (K) will by chosen by a particular individual (I) as 

e . , . 

E ej~l
 

Note, then, that the relative likelihood that mode K will be chosen
 

over another node (h)is given by:
 

eZlx / 	 N ZI?SK 	 E e =Z iK (Zi - Zlh) 

(45) 	 = ZPiK e K Z 

-i e. eei. e 
J=l
 

We can immediately see that this relative likelihood calculation is
 

the key to the estimation of shares, since the share of each mode should
 

be In direct proportion to the probability of its use by a representative
 

consumer. Only attribute characteristics count here. We can therefore 

calculate the share quite easily, using any of the three modes as the basis
 

of probability comparisons, For our example, mode 1 will be used as the 

base for 	shares calculations:*
 

- e.3(4-1) + .8(2-3) - .4(I-2) + .V2-6) =e 	 =e.1 

P3 e.3(5-1) + .8(2-3) - .4(4-2) + .1(2-6) 1.2-.8-.8- 4 e8
 

* Here the i's are suppressed because consumer characteristics do not
 
interact with model characteristics to produce a direct effect on modal choice.
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1us,
 

'_ P2 _1.105 and - ..
449 (Here S. is the share of mode i)
 

S + S2 + S3 = S1 + 1.105S1..449S1 =.2.554SI = 1 

S, = .39 S2 .43 S3 = ,18
 

Suppose that we introduce another mode, with the following attributes:
 

X = 2, X2 = 4,X3 = 1, X4 =3
 

Now we see the ease with which multimodal logit models can be empoyed.
 

Since all the cemparisons are binary, the first three ratios are unchanged.
 

Only one additional calculation is necessary.
 

S4= P4 
 3(2-1)+ .8%4-3) ­ .4(1-2) + .1(3-6) eLZ 3.32
 

or S4 3.332SI
 

Now the shares can be re-estimated:
 

S + .105SS + .449S + 3.32S = 5.875S1 = I
 

S1 = .17 S2 = o19 S3 .08 S4 = .56
 

Two things are irAnediately apparent about this solution. First, of
 

course,the relative attractiveness of the new mode nas resulted in a tremen­

dous diversion of demand away from the original three. Of more fundamental
 

importance is a second point: While mode 4 has diverted much of the existing
 

demand, the shares going to the remaining three modes retain their fonner
 

proportions (.17/.19/.08 Vs..39/.43/.19). This result follows, of course,
 

from our modeling approach: Only binary comparisons matter, so that the
 

relative valuation of th.i first three modes by consumers is not supposed to
 

http:Vs..39/.43/.19
http:17/.19/.08
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change as a result of the introduction of another mode. Since the form of the
 

Just

logit model embodies this assumption, we should examine it very closely. 


how bad Is it likely to be in practice? To test its implications, suppose
 

that the new fourth mode has exactly the same characteristics as the orig­

inal mode 1:
 

4- P4= e.3(1-1) + .8(3-3) .4(2-2) + .1(6-6) =e o =1
 

=and S1 + 1.105S1 + .449SI + S = 3.)54S 

=
 SI = 028 S2 31 S3 .13 S4 .28
 

Mode I and the hypothetical new mode 4
Suddenly, thnings look very wrong. 


are absolutely identical. Effectively, then, modes I and 4 together are
 

simply mode 1, and we would expect them to split the former share of mode 1
 

-- .39. Our common-sense prediction would therefore be:
 

= .43 .18 S4 .195
S = .195 S2 S3 

When we compare the two predictions above, ve see how the use of strict
 

The closer
binary comparison in shares calculations can violate common sense. 


a new mode is to an existing mode, In fact, the larger this kind of bias will
 

be. It is major limitation of the standdrd multinomial logit model in cases
 a 


where a new mode is in many i0ays comparable to one which already exists.
 

We have already seen that this problem stems from the binary comparisons
 

which are inherent in the modeling approach. Thus, the model ignores the
 

common-sense restriction that shifts in the.shares of existing modes when a
 

new one is introduced must be related to their similarity to the new mode.
 

The greater the similarity, th larger the loss in existing share.
 

model in which
Because the multinomial logit is implicitly based on a 


modes are totally distinguishable from one another, the underlying principle
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is callcd "the independence of irrelevant alternatives". Since it is clear
 

that alternatives may in fact by. highly relevant for modal switching decisions,
 

J. Hausman and.D. Wise (1978) have critically re-stated this principle as "the
 

independence of relevant alternatives". It is a tremendous weakness of the
 

standard logit model when the introduction of new modes is being considered.
 

It might be supposed that the multinomial logit is on firmer ground
 

alhen interest focuses on the manipulation of policy variables which bear on
 

consumer choice among currently-available modes. Unfortunately, the stan­

dard logit model suiffers from a serious specification problemeven in this 

more restricted domain. This problem also stems from the imposition of the 

"independence of relevant alternatives". In order to understand its nature, 

let us again turn to'a simpler (this time four-mode) example: 

Mode X1 X2 X3 X4 

1 1 3 2 6
 

2 4 2 1 2
 

3 5 2 4 2
 

4 5 2 1 4
 

Recall that our estimated valuation function here is 

U = .3Xij + . 8X2j - .4X3j + .lX 4j + ej 

The standard calculations yield: 

P4 -e.3(5-1) + .8(2-3) - .4(1-2) + .1(4-6) e .6= 1.822
 
PI1
 

S + .05 + .499S + 1.822Sl = 4.426SI = 1 

SI = .23 S2 = .25 S3 = .11 S4 = .41 

Now, suppose that t~e government were to snift the value of attribute 

X2 in mode 2 in order to make that mode more attractive. Obviously, the 

ratio $2/SI would be affected by this shift. However, the independence of 
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"irrelevant" alternatives assumes that neither S3/S 1 nor S4/S1 would be 

(=$3/S1 )/(S 4/Sl ) would not change.affected. Thus, the ratio S3/S 4 

result of a change :1nNow, although the ratio S3/S4 cannot change as a 


the attractiveness of mode 2, it is clear that S3 and S4 will both diminish.
 

In order for their ratio to remain constant, in fact, they must diminish in
 

exactly the same proportion. Since elasticities are defined as ratios of
 

percent changes, we can see immediately that the logit specification implies 

the constancy of most cross-elasticities in the model. A shift in the value
 

of an attribute of mode 2 will always have the same proportional effects on
 

the shares of modes 3 and 4 when mode 1 attributes are used as the basis
 

for binary compaison. More generally, we could say that for N modes,
 

with mode I used for binary comparison, the cross elasticities of response
 

to an attribute shift in any mode j are constant for all other modes in the
 

model. Obviously, this Is highly restrictive and it represents a form of
 

specification bias. 

It is clear that the standard muitinomial logit model has serious
 

weaknesses, both for the analysis of modal Introduction and for policy
 

analysis within an existing system. How can these problems be overcome?
 

At the present time, two approaches are aialable. One, developed by
 

J. Hausman, C. Manskl and others, goes back to first principles and builds
 

a complete model of discrete choice based on normally-distributed rather
 

This approach turns out to have the potential
than Welbull-distributed errors. 


Besides the obvious virtue of building upon .a
for extreme generality. 


plausible model of random errors in the choice process, it also allows for
 

the automatic inclusion of the asymmetric reallocation choices which have
 

This modeling technique is known as the "covariance
just been discussed. 


probit" approach, and It will be fully discussed in Sections VII-X. The
 

\R~1
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state-of-the-art in existing applications software allows for the inclusion
 

of no more than 10 discrete alternatives.
 

Thls computational limitation does not apply to the second approach.
 

which has recently been developed by RS. Hartman. Hartman has generalized
 

the multinomial logit model 'ina way which overcomes some of tne undsirable
 

results of the imposed "independence of irrelevant alternatives". As we
 

will see in the following section, the generalized multinomial logit model
 

offers considerable promise for policy analysis in existing systems, although
 

it does not adapt well to the introduction of new modes.
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VI. 	 The Generalized Multinomial Loq'tJ
 

A brief reconsideration of the logit approach reveals a fortunate
 

coincidence. The computational ease associated with the Iogit results
 

from the assumption that individual departure!; from "representative"
 

valLations of alternative modes are random draws from Weibull distributions.
 

Although the Weibull distribution is somewhat skewed by the comparison with
 

more plausible description of
the normal distribution (which is certainly a 


the random error pattern in this case), it is hard to believe that this
 

small degree of bias can have fundamental consequences for prediction
 

capabil.ity. This is hopeful, since there are clear benefits to retaining
 

the Weibull distribution.
 

The more fundamental reason for biased predictions by logit models
 

lies in the way inwhich the consumer utility function has commonly been
 

specified. For the general class of linearized utility functions, we have: 

Prob[K is chosen] = Prob[ o + ZI1 + . + T + *1+ 

ro[ 0 1 ZiK 0T iK+ cK >O 

BTZ*TT + ei] 

indicates attribute values for the best alternative mode.)
(Here 	* 


or,
 
8T(iK ZT )j


(46) Prob[K is.chosen) = Prob[e* - eK < 01(Z K " * ) .. 


From our previous development of the simple linear model, we know that
 

relative probabilities will be basically determined by the differences
 

[ZiK - Z i] on the right-hand side of the inequality above and all comparisons
 

With 	this in mind, we can ask a fundamental ques­will be effectively binary. 


tion: What happens when, for any individual (i),the utility function elements
 

are the same for two modes which are being compared? Obviously, the answer
Zi 


\Ci2 This section draws heavily on Hartman (1976b) 
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is that they will disappear from (46), since subtraction will yield a value
 

of zero. It is this way of specifying.the utility function which Forces the
 

principle of "independence of relevant alternatives". The model imposes a 

function which evaluates a mode only according to its own characteristics and 

the characteristics of the individual who is making a choice. The hedonic 

specification does not simultaneously incorporate the value taken on by the 

same attribute in another mode. Once this way of looking at the world -is
 

imposed, prediction bias becomes an inescapable companion of share calcula­

tions based on binary comparisons.
 

Hartman's generalization of the multinomial logit attempts to circumvent 

the problem by fundamentally respecifying the underlying choice model. The 

Hartman model incorporates two methodological innovations. First, the valu­

ation function is respecified so that the valuation of a particular mode is 

sensitive both to its own measured value of a particular attribute and to 

the values of that same attribute which characterize other modes. Thus, 

suppose that three modes are being considered. We could generalize the 

valuatior function as: 

() 0 11 1E W1 29 W131 + ... +BTZT [WT 1 2 13w+ e 

At first glance, this formulation of the utility model appears to contain 

a paradox. If the Z-functions are all the same, and all modal attributes are 

in every utility function, then all the modal valuations are identical and
 

the whole logit approach collapses. This obviously doesn't occur, and the
 

apparent paradox has been introduced only to denonstrate the inevitability of
 

another change in specification once all system variables have been put into
 

each valuation equation. This is a change in the S's. In Hartman's generaliz­

ation, the valuation weights are assumed to vary across modes. Thus, the
 

appropriate specification is:
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(48)V 0+1 (1+0 +j (WT) + = z + 

This re-casting makes itclear that we can no longer think of (48) as
 

a utility function in the same sense that this idea applies to a formulation
 

like (47). Rather, we should think of (48) as a prediction model which is
 

in some ways analagous to a consumer demand function for a continuous (non­

case are
discrete-choice) case. However, demand functions in the usual 


derived from a stable, underlying utility function inwhich continuous trade­

offs are possible. Inthe Hartman model, on the other hand, the implicit
 

utility function heis parameters which are themselves random variables within
 

the relevant population. Thus, particular modes are chosen because different
 

subgroups of the population apply different value-weights to observable
 

modal attributes and are themselves characterized by different kinds of
 

choice behavior, even when identical personal attributes are observed.
 

Once the inherently predictive character of the generalized multinomial
 

logit isaccepted, it can be quite useful for policy analysis. To see how,
 

we have only to substitute the valuation function (48) into the Weibull-based
 

modal comparison system which has already been developed.
 

1
1zOK
eVK 

(49) Prob[X ischosen] = = Nj j'-"NN K) N Zy 

Ee F,.e EeeEZe 
i=l j=l j=l j=l 

Since we know Z, the matrix of multiple attribute values, we can estimate
 

the values of the parameters YjK as long as we have sufficient degrees of
 

freedom. Since each YjK is equal to a difference in underlying valuation'
 

parameters (si - BK), we can not deduce the parameter' values themselves from
 

our results. The model isprimarily useful for prediction, however, so this
 

indeterminancy presents no real problems. Recall that all attribute values
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for all modes are in each modal choice equation, so that predicting the 

consequences of an attribute shift for shares allocation is stiaightforward. 

The result of maximum likelihood estimation in this case will be a
 

set of estimated coefficients which characterize differences in responsive­

ness across modes with respect to each common attribute. There is no arbitrary 

constraint on cross-elasticities, so that the generalized multinomlal logit 

can come closer than the standard logit to an unbiased prediction of share
 

adjustments to price changes.
 

While the generalized multinomial logit approach represents a clear
 

improvement for policy analysis within existing choice environments, it
 

does not adapt weli to the introduction of new modes. To see why, we only
 

have to glance at (48) and (49). The Yjk'S which are estimated are specific 

to particular existing modes. Obviously, no such coefficients exist for a new 

mode, and we therefoieT have no way of predicting its share. In order to 

hdndle this difficulty, we nave to turn to the second and more complex approach 

-- the covariance probit. 
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VII. Covariance Probit Estimati~n3 

the generalized multinomial l.ogit (GML) approachAs previously noted, 

provides d useful alternative to conventional logit models when existing 

systems are being analyzed because it allows all modal alternatives to have 

.an impact on binary comparisons. The parameters of GML equations are more
 

specific, however, so that this approach cannot be used for forecasting
 

demand diversion to new modes. The logit specification :appears to be in­

herently incapable of yielding satisfactory predictions when new modes are
 

being considered.
 

Thus, we find ourselves confronted with a di'fficult choice. Ifwe 

opt for Weibull-distributed errors, we become capable of modeling choice 

when many modal alternatives are available but incapable of accurate demand 

forecasting wnen a new mode is proposed. Abandonment of the WeibOll distrib­

ution and the accompanying logistic probability function however, threatens 

In the
to undermine our ability to estimate moaal choice models at all. 


search for an unbiased prediction methodology, we must now return to our
 

original specification of utility and examine our options more closely. 

The analysis will be developed using three existing modes as the basis for
 

valuation. When a better approach to forecasting has been developed, consid­

eration will be given to the demand for one additional mode.
 

Suppose that three modes are currently available to individuals in a
 

an additive utility
particular context, and that the basis for valuation is 

function whose two arguments are X and X2 . For any : "representative" iidivid­

ual in the population, the familiar approach to utility modeling leads to the
 

3The following sections represent a very detailed re-working of Hausman (1978)
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following three valuation functions:
 

U1 = 11 + ai2XIz + e 

(50) U2 0 2 22 + e2
BX 21 + 


U 3 = 8X31 + 82X32 + 3
 

Notice that all three alternatives are being evaluated with the same 

utility function, so that the parameters (I,$ 2) are assumed to be fixed 

across modes. As previously mentioned, this approach is based on the notion 

of a "representative individual" who typifies the deciiion-makers in a 

particular population. At the same time, we have recogrized the existence 

of a random error which characterizes the degree to which individual valua-' 

tions differ from the typical valuation. There are at least two different 

ways to rationalize the phenonemon which this error term describes. In the 

preceding sections, the error term was taken to represent the impact of
 

unobservable individual and modal characteristics. With equal plausibility,
 

however, we could re-specify the error by revising the utility model. 

Some reflection about the nature of personal valuations leads to the 

conclusion that the "representative individual" in a population does not 

really exist. Rather, the parameters of any gereral utility function can
 

best be thought of as central tendencies in distribution of individual 

valuations. Thus, we could plausibly re-specify (5U) as: 

1 2 +Uil " (l + ' 1 )X11  + (T2 +.02 1)X vi, 

(51) U12 = ( + ' li)X21 + (T2. + 021)X22 + vi2 

+U13 =(TI + 1i)X31 + (T2 + 021)X32 vi3 

Here, a and 72 could be thought of as the mean values of the marginal 

valuations present in the population. Similarly, 8li and 821 could be thought 
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of as the deviations form the norm which characterize any individual i in the 

population. Ifwe adopt the assumption that these deviations are normally­

distributed, then we know that 

OI N(O, a2 ) and 02 N(O,a2) 

Since itis clear that individual valuations do dffer considerably in
 

a population, this way of approaching the problem seems to be quite plausible.
 

Undoubtedly, the problem of unobservable modal and personal attributes will
 

continue to exist, however, so that it also makes sense to continue to add
 

an error term vji, which will be assumed to be .normally-distributed. Thus,
 

2
vj " N(O, 'rj 

We can re-write (51) generally 	as
 

U1 - Ylx +.72x12 +. ('lX11 + 	 2xI2 '+vI) 

(52) '2= -*xl21 + 72X2 + ('1 + 02x22 + v2) 

U3 = Yix31 + 72X32 + (OiX 31 + 	02 + v3) 

are all normally-distributed, then so isNotice that if 819 02: and vj 


1Xji + '2Xj2 + vj). This weighted sum isequivalent to
their weighted sum (0


Ej, the error term in the first model of valuation. Inour treatment of the
 

(e1, £29 £3) to this point, we have always assumed that they are inde­errors 


Itis not time to see whether some alternative speci­pendently distributed. 


fication is not more appropriate.
 

brief discussion of the concept of
Itseems desirable to begin with a 


We can characterize all the patterns
independent variation inthis context. 


of individual and joint variation for the errors inour 3-equation model
 

using the following covariance matrix:
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Var(el) Cov(e 1 2 ) Cov( 1C3 ) " II a12 a1 3 

(53) V(e) = Cov(ze1) Var(e2) Cov( 2c3) a2 1 a22 a2 3 

Cov(C3 e.)Cov( 3 2) Var(c3) a31 32 a33
 

We know that the variance of a normally distributed random variable is a
 

measure of the degree to which its values are dispersed around the mean value.
 

The covariance of two normally-distributed random variables, on the other
 

hand, is a measure of their tendency to vary together. In the utili-y model
 

which we employed in the preceding sections, the assumption of error indepen­

dence was maintained. For (53), this is equivalent to assuming that all error
 

covariances are zero.
 

In the "variable coefficients" model which has just been specified, how­

ever, the error covariances will not be zero. The structure of the model 

makes it relatively easy to understand why this should be so. Suppose some 

individual places a much higher marginal valuation on attribute X than is 

characteristic of the population, while his marginal valuation of X, is at 

the norm. Thus, for the individual in question, we have: 

P( + 1) P(72 + 021) 

1 * (1 + 011) 02 (*)(2 + 021) 
Ifwe know the true values for the typical valuation parameters 81 and 82 

then the systematic valuation of each choice by the "representative individual" 

is:
 

0 



X 

A-49
 

U1 = 1X11 + 02X12 + I 

154) U2 '0 X2 + AA0 X2 + e2 
'U . 222 2

2 1 2 1 

A. A. A 
+
U3 1X31 2x32 + e3 

As an illustration, we will suppose that for modes 1 and 2 the value of
 

is very large and that of X2 negligible, while the converse is true for
 

mode 3. Since our individual has a 01 value which is much higher than the
 

norm, his valuations of modes 1 and 2 will both be above the norm (and for
 

£1 and £2 for
mode 3, his valuation will be below the norm). Thus, both 


For some other individual with
 our individual will be large and positive, 


the converse would
 a substantially below-normal marginal valuation of X1, 

AA 

and e2 would be large and negative.
be true -- El 


This outcome may be understood more fully with the aid of a few numbers.
 

Let the typical valuation equation be as follows:
 

AU1 = (3+ aI)X11 + (-2 4 2)X12 +v1 

(55) U2 = (3+ )X21 + (-2 + 2)X22 +v2 
AA
 

3 = (3+ aI)X31 + (-2 + $2)X32 +v3 

For our individual, the marginal valuation of X is substantially above the norm
 

0). For the "represen­(01 = 2) while the valuation of X2 is at the norm (a.= 


tative individual" and our individual, the valuation equations are as follows:
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Typical Individual
 

U1 = 3Xll 	" 2X1z 

(56) 	 U2 = 3X21 - 2X22 

U3 = 3X31 - 2X32 

Our Individual
 

S( 1) 11 - 2X12  V1 (1 )
 

(57) 	 U2(1) = 5X21 - 2X22 + V2(1) 

=U3 (1 ) 5X31 - 2X32 + v3(l) 

Now, let us suppose that modes 1 and 2 have the same measured level for attribute 

1(X11= X21 = 4) and that its level is much lower for mode 3 (X31 = 0). We 
A A A 

e
now have sufficient information to cAlculate the values of :1, C, and for 

our individual. 

=1(1} = UI(0) - UI = 5X11 - 2X12 + V( 1)." 3X1l + 2X12 2X11 + Vl(l) = 8 +v 10) 
A A A 

58) c2(1) 	 = 2() " 5X21 3X21 + 2X22 = 8 + V2l)=U2(l) U2 = - 2X22 + v2 (1 ) - 2X8) 


£3(l) = U3 (l) - U3 = 5X31 - 2X32 + V3 (1 ) - 3X31 + 2X32 = 0 + v3 (0)
 

Thus, we can see that modes 1 and 2 have the same large, positive error
 

component (8). The component is there for two reasons. First, the individual
 

in question has a preference for attribute 1 which issubstantially above the
 

important 	common characteristic
norm. At the same time, modes I and 2 have an 


(X11 = X31 = 4) which makes them similar from the perspective of the indivi.dual.
 

Hopefully, the general implication of this illustration is clear. Because individ­

ual deviations from normal valuations wili be the same across equations, the error
 

terms for modes which are similar will have substantial positive covariances.
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Large negative covariances are obviously also possible wnen modal attributes
 

are negatively rather than positively co-related. Only when modal attributes
 

are effectively orthogonal (uncorrelated) would we expect error covariances
 

to approach zero and the assumption of independence to be approximately 
sus­

tainabl e. 

Now that error dependence in the variable coefficients model (or random 

as it is commonly called) has been established intuitively,coefficients model, 

it should be relotively easy to follow the mathematical development of the 

same result. We have three statisticalassumptions to go on at this point: 

v N N(O,a2 
a - N(Oa2
0 N N(O,a2 
1 1 02 ,
 

For the three modes and two attributes wh'ith we have been employing in our 

example, these assumptions generate the following covariance matrices: 

2 ' U 
a 2 0 1 

2 

v(a) = [01 V(v)= 0 aV 0 

22 
a13 U 0 a2av
 

In addition, we impose the assumition that 81, 825 and vi 'sare independently
 

distributed, so that the mathematical expectation of any of their crcss-products
 

0). With the aid of a little matrix notation
is zero (e.g., E( 1Vl) = E(02V1 ) = 

we can now establish the covariance matrix V(e) which is of interest. 

S11 XI12 vl 

Let X= X1 Xl :V 1'= 

x21 x22 2= v2t 

v v
xDS321x2
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From (52) we know that
 

el= 8IX 11 + 02XI2 + v.1 

(59) £2 = 8'1X2 1 + 02X22 + v2 

C3 = aIX 31 + 02X32 + v3 

Inmatrix form, this same three-equation set can be written as
 

.(60) e X+v
 

It is easy to establish that the mathematical expectation of e is zero:
 

E(e) = E[X +,v] = E(Xo) + E(v) = XE(O) + E(v) = X(O) + 0 = 0 

This in turn makes it relatively easy to determine V(s), the full error
 

covari ance matrix:
 

(6) vce) = E[e - E(e)][e - E(e)]' = E(e - 0)(c - 0)' E(e')
 

= E[XO + v][Xa + v]' = E[Xa + v][S'X' + v']
 

= E[XOO'X' + X~v' + vB'X' + vv']
 

= E.(X88'X') + E(Xov') + E(v$'X') + E(vv')
 

= XE(Oa')X' + 0 + 0 + F(v.v')
 

= xv()x' + V(v)
 

The -interior expectation items in the fourth line of the deviation are
 

zero because we have imposed the assumption (which seems quite reasonable) that
 

the a's and V's are distributed independently of one another.
 

We can write out the expression for V(e) in this case by substituti:ng from
 

the original matrix defininitions:
 
F1 2
 

a 2al a1=1.X1 X12 o1 2 X11X21 i 

(62) V() '21'22 23 X 1X22 10 a82 l2 22 32+O0 a20 

31 a32 033 X X32  -0 0 2 
L 0 
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2a 2 
a0) in the population, it 

Thus, given a fixed parameter variarce (a 

is the relative sizes of particularmodal attributes 
which determine the
 

'ith two modal attributes. How-

Here we have been wOrkiln
covdriance matrix. 


to the case of K attributes and N modes:
 ever it is easy to expand (61) 


11 al 0X1 IK 
ee 

NI v 
0v 

08X	 1o 

' 2
2 X1K• XNK -

XNI • . . XNX 	 K 


*X' + E 

completely general formulation of the error covariance 
matrix,


We now have a 


under assumptions about the random coefficients model 
which have already been
 

specified. This completes part of the story which must be told 
in	order to solve
 

Now that we
 
our problem. Obviously, however, the tale is far from completed. 


error covariance matrix for our
 have arrived at a characterization of the full 


to produce unbiased predictions of demand
 valuation model, how can we use it 


diversion when a new mode is introduced?
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VIII. Modeling with Multivariate NormalFUnCtions
 

It is atthis juncture that we need to step back and draw some parallels 

between the current problem and the one which we have already solved in the 

case of the multinomial logit. Recall that in the case of the logit, a tauto­

logical statement of utility-superiority and modal choice led to a fundamental 

stochastic inequality in which the relevant error term was the difference 

between error terms in the valuation function. Thus, [Zl - Z2)0 > l(e2 - e1)] 

is the fundamental inequality for modes 1 and 2. Under the assumption that 

C and £2 are Weibull-distributed we are led to the logistic distribution as 

an appropriate measurement of cumulative probability. 

In this case, we have abandoned the Weibull distribution for the normal
 

distribution, but much of the story must remain the same. We must therefore
 

present a brieF development of the normal-distribution-based choice model.
 

In the present case we have in matrix form):
 

=
(63) 	u XT +
 

=
where 	e X0 + v
 

E(e) = 0
 

V(C) Xz X' + zv
 

As we have seen previously, the choice of a particular mode will depend upon
 

whether its utility-superiority over other modes outweighs any countervailing
 

random error effects for a particular individual. Thus, for example, we know
 

that modae will be chosen in preference to mode 2 if U1 > U,, which implies that
 

U2 > £2 	- CI Since we have our characterization of the valuation functionU1 - . 


and the error term, we can employ them to express the inequality above as:
 

(64) TiXll +'Yx12- 7-,x21 - 72422 >F-- FlW=nl)-

I (X 11-	 X2 1 ) + _2x12 - X22 ) > n1 
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Since both e,and £2 are normally-distributed random.yariables.with .fixed
 

Infact, itisrelatively easy-to calculate
 means and variances, so is nl: 

the two moments for ni: 

Ifw' [-1 1 0], then n,= w1€
 

E(nl) = E(wie) = w'E(e) 0
 

V(ln) V(wie) = E(wie)(c'w) wiV(e)w1
 

Similarly, if wj = [-l 0 1], then n2 = £3- £l w2C 

E(nz) = w E() 	 = 0 

V(n2) = wiV(e)w2
 

and Cov(nn 2) 	" E(we)(c'w2) = wiV(c)w2
 

Thus, rather than giving direct consideration to the covariance matrix 

V(e), we can consider the covariance matrix of the n's, which are normally­

distributed variables found from differences in the e's:
 

R~v(£)w 1 wjv(c)wj
 

= w'V(c)w(65) 	 V(n) = , 


Lv£)w I wV(e)wj
 

where w = [wI 	w2] 

now use the symbol "y" to refer to variancesFor the sake of brevity, we wi:ll 

and covariances inthis context.
 

(66) V(n) = w'V(e)w = Yil Y12 

Having reduced a three-error case (el, £2' E3) to a two-error case (n1, n2)
 

Since
consideration of the multivariate normal distribution. 
we can pass to a 


we are considering a case with two normally-distributed variables n, and n2,we
 

wili give specific attention to the bivariate normal distribution. We will
 

D 
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continue to use V to represent the associated covariance matrix. Then the
 

technical definition of the probability density function (p.df.) character­

izing the Joint normal distribution of several random varlab'ies is:
 

1.2
 

(67) f(X)= n/2 e 

where X = an n-row vector of random (normally-distributed) variables.
 

= an n-row vector of the means (expected values) of those variables. 

This rather complex-looking formula becomes more comprehensible ifwe 

examine it using a simple example. We will use our two normal variables n, 

and n2, and assume that they are independent of one another. Thus, under
 

the assumption 	that
 

(68) V(n) = Ll 0y2]
 

we have
 

" ' 

1 l/ l("O)i( OP) 1L0 -i n1 ­

(69) 	 F() e'2 

(210 ~ l -i21
 

0 


0 l/Y22 [' 2l 

2 VY' 11 Y22 eC 

1e -1/2[l/-Yllnin 1 + I/Y2ni T2]
 

2.r ryll 22" 
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1.. -l/2nln /T1 1  I." -l/2n'n 2/y 2 2  f()f() 

12 " 	 '.2.8Y22 

Here, independence gives us a diagonal covariance matrix, and after a few
 

mathematical manipulations we arrive at what we Know should be the result. The
 

probability of joint occurrence of any two values of n,and n2 is the product
 

of their individual probabilities, where both of these individual probabilities
 

are generated by the standard equation for a single normally-distributed vari­

able. Inother words, we have the familiar case:
 

(70) 	 P(AB) = P(A) P(B) where A and B are independent draws
 

Inthe case of our choice model, of course, the problem is that there are
 

very good reasons for supposing tnat the random error terms are not independent.
 

The general statement of joint probability which isanalogous to (70) is:
 

(71) 	 P(AB) = P(A) P(BIA) = P(B) P(AIB)
 

Inthis more general statement of probability, room is left for the exis­

tence of conditional dependence between A and B(i.e., knowing that A has taken
 

particular value will be helpful in predicting the value of B and conversely).
on a 


The 	covariance matrix inthe p.d.f. for the multivariate normal distribution
 

specifies this dependency exactly. Separately, the random variables inthe
 

vector X are normally-distributed (e.g., for particular fixed values of
 

X2,...,X N, the values taken on by X1 are normally distributed). Some dependence
 

exists among them, however, so that the probability of occurrence for any partic­

ular 	value of one variable will be affected by the values taken on by the other
 

variables in the joint distribution.
 

Having said all this, we can ,now go back and examine the bivariate normal
 

distribution for the case where n, and n. are not independent of one another. 
 .i 
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Any multivariate distribution is sufficiently complex to cause problems for
 

maximum likelihood estimation because multiple integrals are involved. We
 

are therefore going to'examine the model intensively by moving through a
 

series of handy simplifications. The notation will be changed slightly for
 

expositional convenience:
 
2
 

(72) V(n) 


[21 Y2
 

We can now introduce the first substantial simplification which is
 

possible in this two-variable case. For any two variables, X1 and X2, we
 

know that the coefficient of correlation between XI and X2 is defined as:
 

Cov(X1,X2)
 

VVar(XI )Var(X2 )
 

In our case, the correlation coefficient for nI and n2 can be written
 

as:
 

Y12 Y12 Y21
 

2 Y2 l Y2
/ 


or Y2= = = PYZYI 

Thus, we can re-express the covariance matrix as:
 

(73) V(n) = Y PYIY2 
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-Recall that in the bivariate normal distribution the covariance matrix
 

We can therefore simplify the full probability
V makes two appearances. 


density function expression by solving as follows:
 

2
 
2
2 YY 2 


1v1 Y PYYZ 2 2 p2

2 P Y1Y2
2IYIY
 

PY2Yl YZ
 

The inverse of V is also easy to calculate it,this simple two-by-two
 

case:
 

I (Recall: ForA 1a1a12 A-= 1 a22 -a12
 

1 Y22- 1A
a
: a 

I-p(IPz _Pl 

SB .. 

T=-l 


_V 11kyl YI 2 
21 1 1 

2 2z 

This leads us to:­

/y~
 

122
 
nI _, 1 e -[- 1 -T [ . 1
-,,


(74) f(n2) = e2 
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At first glance this doesn't seem like much help. After a small 

see that this way of formulating the p.d.f.digression, however, we will 

is in fact extremely useful. 

We can begin to solve our problem by converting n to its 

"standard normal" form: 

rn 2,F ' 21 

We can establish easily that
 

(75) nI/y, u" 1 

[This Is because n,/y" N(0,1) and n2/y 2 N(0,l), so that 

V= Fl)2 p(l)W(lP 

E(1n1) (1)2 P1 

-Thus ,1 r "22 1r 
1 -p 

Given this result, it is easy to set up the joint p.d.f. for the "stan­

dard normal" vector . nTi 
Y-1 

112
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] n2 

niT 
 T 
Y, e Y2
 

(76) F T2 =2r/WF 

1 1,2,e-P 1 P 122 

__e 

21 -i 

_____ 2pnln 2 
.2
1 e 

-P") [ YlY2(1 Yl T2 
2="1 -p
 

Thus, we have established the joint p.d.f. for two standard normal
 

An additional mathematical
variables n1 , n2 whose covariance isgiven by ,. 

Y1 Y2 

trick, an appropriate "transformation of variables," must be introduced 
at
 

this point. Suppose that we define a new variable, r2 , such that 

r2 =n2 _ pl 

Yi
Y2 

= Itis relatively easy to establish that Fr 2 ) f Fn2 in, 

LY2 Y1J
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Recall that f( = ) f) n1Imust always be true. Thus, demonstrating 

tha Y(2) f(T)f(r2) isequivalent to demonstrating that
 

f
~r2) = f
n 
 -


The demonstration is as follows:
 

Fllj Y1
 
V2--2­

1- (0,1) F= e in 

For r2,we have
 

E(r2) = E( - =E- } p =0 
ni
"l 2 

V(r2) =E i2-1 E(7) - p~t 
L2 

- 2 n2- "I -Et1 -I
V(r 2) -11 


p"p-+F' = E ­
1 nln2 2 ni-"
 

F( Y YY2 


KY2 I Y2) Y
 
E ±K -2pE +
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Since V(n2) = E(nin 2) = y2, and E(nY = Coy (n1,n2) pYi2, 

the above expression is equivalent to: 

2
 
1 -2p2 + P2 -p


=
V(e2) 


Therefore r2 . N(O,l-p") 

-1 rjr22r~


and f(r2) = e 

211(1-p ) 

It follows that
 

-l
 

f l ff(r = e Lj ­
2) 1 


,2 1-p
 

2 -- 2
 

+p
2-p 


1 2
 
Yl2 211 I lY' + 2 

Y2 y 2 

e P )LYI2 

21r 1-p2 

F ynl n2

2(I-p,I -P + 


r(1y 

I 
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Thus, we can write our bivariate normal function either as F [1-2
 

Ior as F F p . However, it quickly becomes apparent that 

the latter form has one very strong advantage. It greatly facilitates
 

the combination of Integration with maximum likelihood pro-..ures.
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IX. Maximum Likelil, od Estimation of Covariance Probit Models
 

Recall that we began this entire exercise with an attempt to characterize
 

modal choice probabilities In a meaningful way. The fundamental undei­

lying notion employed was that of cumulative probability: Given a
 

mathematical characterization of modal valuation up to some determinate
 

error factor, the cumulative probability that a particular mode 
will be
 

chosen over some alternative mode can be systematfcally related to 
the
 

As we saw
difference in valued characteristics between the two modes. 


in the logistic case, much of the analysis rests on the specification 
of
 

the stochastic properties of the errors in the valuation model. Once
 

specific probability density functions (p.d.f.'s) have been imposed,
 

the link between cumulative choice probability and differences in
valued
 

characteristics is established through the dpplication of integral
 

The development of binary and multinomial logistic models of
calculus. 


choice provided one example of this process.
 

Now we are ready to have a second look, this time in the context 
of
 

A major portion of the preceding Section has
normally-distributed errors. 


been devoted to the analysis and simplification of the multivariate 
normal
 

density function which results when errors in the valuation model 
are assumed
 

to be characterized by normal distributions and some dependence upon one
 

a formal way through our
another. We have introduced this dependency in 


chardcterization of a non-diagonal covariance matrix for the 
multivariate
 

With this as our model, we have addressed ourselves
normal distribution. 


We have now passed through two simplifying
specifically to a three-mode case. 


steps in considering our characterization of the three-mode problem.
 

First, recognizing that the probler is essentially comparative, we
 

o,
 

tU
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have reduced a three-variable problem to a two-variable problem by examining 

the relationship between differences in valued modal attributes and the
 

associated errors. Thus, we began with a 3 x 3 error covariance matrix:
 

V(C) = XEaX, + Ev 

We re-expressed this as a 2 x 2 covariance matrix of the error 

differences, n, and V LY21Pyli]
V(n) = wV() w =2
 

Now this re-expressed error covariance matrix can be joined to the 

problem at hand. Recall that:
 

= E n d Prob (I is chosen] Pr La ulI > U 3 UI "2 u3 X>€3 " CI(=n2 

We can also express the probability that mode I will be chosen in 

the following way: 

Pr(l) = Pr [(u I - u2 > nl)(U i - u3 > 2)] 

su 1 f(n)dn 

T11 l n2 =. S~ n]difVr1 

u u2 
 U 
 3 2IU1 ­ e 
 dn2dn1
n1 = n2 .=n 2=V= 
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Because we are working with the cumulative probability of a joint
 

double integral.
distribution of two variables here, we have to employ a 


But since we know that all such probability statements are destined for
 

likelihood function whose maximization will determine
entry into a 


It is clear that simpli­parameter values for our utility specification, 

is a necessary prelude to econometrics.fication of the double integral 

In the 	pages immediately preceding this Section, two simplifications 
were
 

undertaken with this end in view.
 

First, the double integral was transformed into an equivalEat value 

by converting the problem to standardized form:
1 ,e(1o'm'm 

(77) 	 u1-u2 ul-U 3 1(p'' 2 dml (where21 i 

r 21r 1-p 
nI = .= n =. 

We saw in turn that the joint density function in the above expression
 

was equal to a product of two separate density functions:
 

f(mlm 2) = f(ml)f(r2) = f(ml)f(m21ml) where r2 =m 2 - pml 

Thus, we could also write the double integral in (77) as:
 

U -U 33_Pu
pm
2 	 ul -p 
(78) 	 r l 

-F f ~ f(ml1)f(m2lml)dm2 dl 

m = -. r 2 = -I 

Now we achieve an opportunity for major simplification. Notice that
 

the double integral above must be evaluated from the inside out, 
so that
 

the first integral to be evaluated is:
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u 3 Pm- - r2r , 

(79) 1 l e dr2
 

r22 =. 2nzi-p2 

Again, the principle of standardization is useful in performing one 

further simplification. We have already established that V(r2) = 1-p2 . 

Thus, if we define the standardized variable q2 =yr2 2 

we can translate (79) to an equivalent integral value:
 
.
U.I 
-u 

pm
 
(80) Y2___1___ 

i-p - 1 e 2 dq2
 
=
q27" 

Notice that (80) is simply an expression of the cumulative density
 

function for the standardized variable q2 , which is distributed normally 

with mean zero and standard deviation one. For expositional convenience, 

we can write the cumulative distribution function evaluated at q2 as F(q2). 

Thus, (78) can be re-written as 

Ul'U.__. pm

J7 f(mI) F 


dm1 

At this point,, we have reached a stage of simplification from which econometric
 

estimation is possible.
 

Before going any further, we can take into account the mathematical
 

specification of the utility function which we have actually been employing:
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u = X6 + £ 

So that in our case
 

uI - u2 = (XI - X2)0 

and u, - u3 = (X1 - X3) 

-~ Y,11)Fu-u P
 
/ --7Thus, Pr(l) = J 

mI
 

(XI-X 2)0 

Y1X 1.X3) p(X1.X2)0 m (0) 
f(ml)F - . f[mI (o)].F[q2 (0)]dm1 

= M= -w l2"p y1 i-p-P j 

Notice that since we have been working with a double integral here, we
 

could obtain an exactly-equivalent expression by reversing the order of
 

integration: 
m2(o)-pm 1
 

(81) f(m1 ) =4 1-p 	 f(m2jm.1 )f(m)dm2ddm, 

m,($)-pm 1
 

m( -p f(mllm,)f(m2)umdm, 	 f(m2)
 

fVV
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Both of these expressions are equal to the probability that mode 1
 

will be chosen in a particular context. Now, we have P1 F(B), so that
 

we know that when maximum likelihood is employed we are really going to
 

be taking the following derivative:
 

dPI af .a mI f am2
 

do am1 + am2 a0
 

For f(mI) in (81) we have
 

(X1-x2),
 

Conversely, 
df f 1- 3 
d[2 f 3 

f 8 

J 
F 

2 (xY2 .xP 
do dm dm 

At the same time,m 3 [XI'X2) x..x 
BB2 

Xl-X 2 

an "E = L Y2 3) 

38 

a Y 2 

= Y 

-J = Y I 
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Therefore, we know that one whole set of equations used as first-order
 

conditions for maximum-likelihood estimation will have the following form: 

2)01 (X-X
(82) dP1I TXX2)0 (X1-xP o (X-X 2) 
-LVIYF V17 V2 Yl 

Y2 ___ 

fL~F LlP2
 

Note that this expression has replaced indefinite integrals with sums
 

of products of standard normal probability density functions and 
cumulative
 

Since the values of these functions are easy to
density functions. 


approximate numerically, it is quite possible to evaluate the expressions
 

a-vector.across alternative values for elements of the 

It is important to notice, of course, that the a's are not the only
 

One of the main strengths of the approach lies
unknowns in this system. 


as the
in its inclusion of the error covariances in the system, as well 

valuation parameters themselves. For each choice-probability, then, we 

also have to determine the gradient of first partial derivatives with 

respect to the (unknown) covariance parameters. The calculation of this
 

gradient depends on recalling that although p is not a function of the O's
 

in this problem, it is a function of the variances of the B's.
 

Recall that in our case
 L I
V(r2)= P = w'XE X'w + W'Ivw where EB 

0 21
F_ 2 

P2Y]: Y2 0B2 
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It is clear that the value of P( Y72) can be regarded as a function2£ 
of the y i Therefore, the full gradient must be: 

dF 2_ aml BF am2 F a 
2 am am - a"

dd0 1 
 aa am2 aa01 aa0 

9 and are as before.
 
am1I am2
 

For -4 we have a (Xl-X 2)0(yl)
 
01Y1 - : 2i 

2
I (X -X2)8 


2 _ 1 2___ '31
2Y7 a7 

1 - 3 2Similarly, 2 
ay, 2y 2ay -

Finally, for the third term, we make use of a theorem in mathematical 

statistics which assures us that the partial derivative of a bivariate normal
 

cumulative density function with respect to the associated correlation co­
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efficient is simply the bivat"iate normal probability density function,
 

Thus,
 

•dF d 	 f m1 )f(q 2 )dm2dm] 

(83) 	 dp. L= f(M1)f(Q2) 

dp 

So in our case,
 

dF (1 IX 1-x2 )0 (XI-X 3 ) 

p f Y2-F /7 - p V=LI L I ° 	2i-p 

Recall that
 

-1/2 -1/2 
p -- = 2 2 

Yl Y2 

Thus,
 

=2 l 2 

ayy1 2 Byl0 1 y al BY2 all 

1 1 2 1 1 Y12 ay2 

V' i2 T 2 f2 all 2v" 2 all.2 y 

/Y7 2al 21T 2 O 22fTF aiYl 


2 2 
1 ay12  p By1 p ay2 

0 2y2 ByVYlY 2 Byl01 21 By8 0 

I5 
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Our gradient of first partials for can be written in the following way:
 

.4.:(X'XlX
[.X ) ..(XgX) 2)8 1 
___](. 2 .
(84) . -f 1 2 F 


dy0 F 7. 2P/-772 2YI 

JF - - __ )77
1N22y - 2d 


(X1-X3) F _ _iF2 2 , (X-X2)0 p(x1-x3) 1 ­_1


fV/~F 
___ 

~ 21K 
I2 ay0 2y 2
L. ALpJ1: IP1 1 By~ 01 

Having moved through an admittedly staggering set of transformations,
 

we have now arrived at a series of gradient equations which define the first­

-order conditfons necessary for maximizing the likelihood function. Recall
 

that the general form of this function is:
 

M N yij
 
[-1 j1l ij
 

or (inlog form)
 

M N 
L(e) = E yi


i=1 j=l iiog
 

Thus, the first-order conditions for maximization are given by
 

_ M N ik dP1(85) dL Yik d i = 0
de P7 dei=l j=1 i 

,r
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of the kinds of gradients which must beWe have jsut developed two exampoes 

calculated for this exercise: 

dP1.dP
1
V d 

A full specification of the first order conditions simply requires 

same formulas for the other probabilitiesapprcpriate substitution into the 

in the model.
 

The advantage of the derivations which we have Just performed Is 

that even the rather complex-looking equations which have been developed
 

of the included variables. The onlyincorporate known values for most 

are the valuation­parameters which have to be estimated in the model 


(the a's) and the variances of those coefficientsfunction coefficients 
(the s). Therefore, the available degrees of freedom will always
 

be N-2T, where N Is the number of observations and T is the number of
 

parameters in the valuation function.
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X. Prediction with Covariance Probit Models.
 

Now that we have explained the basis for estimating the parameters
 

of covariance probit models, we must turn to the question of model use. 

For this, we must turn our attention again to the known and unknown 

elements. Two prediction problems are of interest here; (1) The use 

of parameter estimates to predict the impact of a shift in the value 

of some attribute ol the choice probabilities associated with each mode; 

and (2)The use of the parameter estimates in forecasting the demand for 

a new mode. 

(1) Shifting Attribute Values in the Existing System 

Recall that our probabilities are specified as double integrals in 

the three-choice case, and the upper limits to integration are generated
 

by systematic differences in modal utility generated by differences in
 

modal attribute values and their interactions (ifany) with personal
 

characteristics. In order to see how the prediction system works, let
 

us review the state of our knowledge after maximum likelihood estimation. 

The known elements in the system are as follows:
 
r -2 

--U, 1-2 %22 _ 0 0
00X 2l X22  A 0 

x xY 2 = 2 v2 

X2X31 32 00---- -0 
 0 Yv3
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Recall 	that
 

Vn w'XE^ ax'w + W'ZvW
 

and (using mode (1)as an example):
 

(86) 	 Pr(l) =1 r f- di 
^-J27r/ 

Here we have all the numbers we need to calculate the value of the
 

double integral which measures the probability of mode 1. The same thing
 

is true for the probabilities of modes 2 and 3.
 

anoThus, given a matrix X of observations in particular moaai 

personal characteristics, we can construct an appropriate covariance matrix, 

choice probabilities.set the limits of integration, and calculate modal 

By the 	same logic, we can examine the effects of a shift in one variable
 

value 	by repeating the probability calculations with the altered X-matrix 

that the altered X has an impact both on the covariance matrix(note 

on limits for integration in the new calculation.)estimates and the upper 

(2) The Demand for a New Mode 

Covariance probit analysis is obviously helpful in the analysis of 

demand shifts in response to attribute value changes in the current system. 

The use of a non-alagonal covariance matrix in the calculation of modal 

choice probabilities does away with the "independence of 'irrelevant' alter­

natives". The problem of constant cross-elasticities which exists in the 

In itsstandard multinomial logit model is therefore done away with. 


ability to model shifts within the curreait system, however, covariance
 

probit is largely duplicated by the generalized multinomial logit. It is
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the ability to predict the demand for new modes which really distinguishes
 

covariance probit. Inorder to see why the technique handles this problem
 

so neatly, we will consider a case inwhich a hypothetical fourth mode is
 

added to the three existing modes. We will again use the choice probability
 

of mode 1 ds the basis for comparison.
 

Two questions 3re relevant indeciding whether we can predict the new
 

choice probability. (1)Can we establish the numerical values of the upper
 

bounds for the relevant integrals? (2) Can we set up the relevant covariance
 

matrix? Fortunately, the answer to both questions isyes. Once we have
 

set the two attribute values for our hypothetical new mode, as well as any
 

interactions with personal characteristics of the relevant decision-makers,
 

we h;'ve a new X-matrix; 

X Xl2 

X= 	 X21 X22
 
X31 X32
 

X41 X42 

Here X and X are the new attribute values, with the rest of the
 

X-matrix as before. 

Since we have a new mode which isbeing valued!, we also have to extend
 

our error vector:
 

3
E'


4j
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For integration, we have an additional error difference: .4
 

n)
Thus, we have to establish a new w-matrix (such that w'e 


In this case,
 

-1 1 00 	 1" 

=wI =fi1 0 1 andw' £2" n1 

3 1 In2 

n44£4 


With a new X-matrix and w-matrix, it is clear that we have a new 

covariance matri x: 

V = wXEX'w + wEW 

and Ev are just 	as always. We need no
Notic , however, 	that E 

new parameter estimates in order to build the new covariance matrices,
 

given the model 	of random utility with which we began. Notice, in
 

addition, that we can still set all the necessary upper limits to inteoration
 

since the utility function parameters are just as before. 

Thus, armed only with attribute values X41 and X42 and suitable re­

our cumulative probabilityadjustnnts of w, e, and n we can set up new 

calculation as a 	triple integral of a trivariate normal p.d.f.: 

,..(X2)0
(xi-x 4)s (xi-x30 1-X	 -1'-in 
(87) 	 Pr(l)= s I f e dn
 

O- - 2n7i ­

a little vexatious, all the essentialAlthough a triple integral may be 


numibers are in hand and the calculation of modal choice probabilities is a
 

straightforward 	matter. Thus, covariance probit appears to provide an
 

attractive way of modeling the demand for new modes which avoids the predic­
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tion bias Inherent in the multinomial logit approach. At present, the main 

weakness of the method lies in the limited ability of existing algorithms to 

handle more than a few modes. In this chapter, we have worked out a 3-mode
 

case, and even here a rather involved transformation of variables was
 

necessary for:'the generation of a probability function appropriate for 

maximum likelihood estimation. 

The same general approach has been extended by Hausman and Wise to the 

case of 4 modes, with the claim that further extension to five should 

create no major difficulties other than those associated with computation 

Beyond five modes, however, this approach seems (at present) tocost. 


lose tractability. Albright, Lerman, and Manski (1977) have developed an
 

alternative estimation routine which offers the promise of extension to
 

at least ten modes, but the method for calculating system parameters appears
 

to be substantially less efficient (and therefore more costly) than the
 

Hausman-Wise procedure. As prccessing costs continue to fall, however,
 

the cost-benefit calculus may well shift favorably.
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Appendix B
 

Basic Needs Fulfillment and Economic Growth:
 

A Simultaneous Model
 

Recent discussions of basic needs satisfaction in the 
process of
 

development emphasize the importance of changes in the physical 
quality
 

Although this approach introduces at least one
 of life for the poor (1). 


novel element by supporting a broader definition of social justice, 
it
 

does not explicitly relect the conventional distinction 
between growth
 

Thus some basic needs proponents
and equity as development objectives. 


advocate the provision of essential goods and services 
to the poor
 

regardless of productivity effects, while partisans of 
rapid growth
 

Common to both
 
predictably reply with opportunity cost arguments (2). 


positions is the implicit assumption that changes in national 
output an
 

the basic welfare of the poor are separable in the short 
run, so that
 

the choice of development strategy must ultimately depend 
on
 

politically-determined value weightings.
 

In the particular case of basic needs, this intellectual
 

distinction between "welfare" and "productivity" may be very misleading
 

Streeten and others have argued that improvements in 
health, nutrition,
 

Good

)he literature on basic needs is already quite extensive. 


introductions can be found in Ghai (1977) and Lisk (1977).
 

(2) The strongest critics of the basic needs approach 
dismiss it as
 

In this view, basic needs policies resemble the
 misguided welfarism. 
 Durit
 
"consumption" scenario provided by Ahluwalia and Chenery 

(1974): 


an extended period, substantial consumption transfers 
to the poor at tf
 

expense of capital formation leave the poor worse off than 
they would
 

have been under a policy of non-intervention.
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and education have labor-augmenting productivity effects, so that basic
 

needs expenditures strongly complement capital accumulation in the
 

development process (3). Conversely, it can be argued that additional
 

resources from output growth will generate widespread improvements in
 

the physical quality of life, even when money incomes remain unequally
 

distributed.
 

No one would deny, of course, that some sympathetic interaction
 

exists between productivity and the general state of health, nutrition,
 

and education in poor countries. It is the significance of this
 

interaction which is at issue, and quantitative research has been
 

hampered by the relative scarcity of appropriate time-series data.
 

Pecently, however, the publication of a large and reasonably consistent
 

set of social indicators by the World Bank has made it possible to begin
 

econometric work (4).
 

This section attempts to contribute to a more integrated view of
 

the development process by specifying and estimating a growth model
 

which is explicitly simultaneous in national output and generalized
 

measures of health, nutrition, and education. Consistent and relatively
 

efficient parameter estimates are obtained through the application of
 

three-stage least squares, using data from a large sample of poor
 

The results give
countries in Africa, Asia, and Southern America. 


support to the hypothesis that chaages in basic welfare are strong
 

In addition,
contributors to labor productivity change, and conversely. 


resource
(3) See Streeten (1979). A strong case for basic human 

development as a pre-condition for equitable growth is made in Adelman
 
and norris (1973).
 
(4) "he two publications which are used extensively for the empirical
 
work reported in this Appendix are IBRD (1976) and IBED (1978).
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they-suggest substantial differences in the pattern-of 
simultaneous
 

In two illustrativi
 
interaction at different income and welfare levels. 


experiments, total response elasticities are used 
to demonstrate the
 

apparent importance.of initial conditions in aetermining 
the impacts of
 

alternative policy approaches.
 

(1). A Simultaneous Model of Welfare 

and Productivity Change
 

as a basic need, then the existence of at
 If education is defined 


least one link between needs satisfaction and 
economic growth is well
 

Work by Denison (1967,1974),

known 4n industrial societies. 

and Barger (1969) has established the importance c 
Intriligator (1965), 


embodied education as a labor-augmenting component 
of technical change
 

Any direct inference from these result
 in the U.S.'and Vestern Europe. 


to the relationship between truly basic education 
and productivity
 

growth in poor countries would, of course, be unwarranted. Of more
 

obvious relevance is a recent paper by G.R. Saxonhouse 
(1977) which
 

clearly demonstrates the impact of primary schooling 
on labor
 

Other studies of
 
productivity in early twentieth century Japan. 


educational effects in poor countries have been 
plentiful, but they ha
 

yielded mixed results (4).
 

Ruttan (1970)

(4) Vork on agricultural productivity by Hayami 

ana 


suggests an important role for technical and 
general education in
 

On the
 
explaining the differential between rich and 

poor countries. 


other hand, Fadiri (1972) concludes from a survey of the literature 
th
 

education has generally been unimportant as 
a determinant of
 

differentials across poor countries, although 
within-country
 

contributions often appear significant. An implication 
of this somewha
 

paradixical result is that education interacts 
strongly with other
 

http:importance.of


Comparable efforts to examine the productivity impacts of health.
 

and nutrition at the aggregate level have been rare. In part this
 

scarcity is due to difficulties in measurement and data acquisition, and
 

in part it undoubtedly reflects a neglect of the problem in the
 

mainstream growth literature. One notable exception to the general
 

trend is a study of Latin American countries by Correa, who finds a
 

strong correlation between nutrition and health mesures and output
 

growth (as well as an apparently insignif*cant role for education) (5).
 

Until recently, the same scarcity has characterized the literature
 

on linkages among the basic welfare indices themselves. As the
 

publication of comparative social indicators by various international
 

agencies has increased, some cross-section studies have begun filling
 

the gap. Existing regression results demonstrate, for example, that
 

differences in indices of public health across countries are.
 

significantly correlated with differences in per capita income,
 

nutrition, and education (6).
 

Unfortunately, these studies suffer from two deficiencies which
 

limit their usefulness for policy discussion. First, they compare
 

levels across countries at one point i time and are therefore
 

particularly susceptible to the argument that observed correlations mask
 

the effects of unobserved variables. Cross-section regressions which
 

suggest strong correlations often suffer an embarrassing loss of
 

(unobserved) variables in augmenting productivity.
 
(5) See Correa (1970). Some micro-level studies of nutritional effects
 

See, for example, Basta and
on productivity are also available. 

Churchill (1974).
 
(6) Recent pioneering work by norawetz provides much useful
 

for example, his regression results
information. In o (1978) 

indicate a strong correlation between literacy rate and life expectancy
 
across poor countries.
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"explanatory" power when levels are replaced by iatertemporal 
changes
 

(7). The second weakness of linkagQ studies (shared by most 
of the labor
 

productivity research) is their assumption of uni-directional 
causation
 

when regression equations are estimated, although it 
is obvious that
 

The
 
welfare and productivity changes are simultaneously 

determined. 


existence of simultaneity guarantees some degree of bias 
in coefficient­

estimated by ordinary least squares, and it is tnerefore 
difficult to
 

interpret many of the results which have been reported 
in the
 

literature.
 
more plentifulA
Since the requisite data have recently become much 


it is now possible to do empirical work which contronts 
both of the
 

problems mentioned above. If cross-section estimates are to be truly
 

useful for policy discussion, they should be able to 
survive the
 

At the same time, they should be
 translation .from levels to changes. 


obtained from models of welfare-productivity interaction 
which are
 

Here both criteria are applied. Attention is
 
explicitly simultaneotis. 


focused on a simultaneous four-equation model of productivity 
and
 

!orawetz illustrates this phenomenon.
(7) ~Again, recent work by 
In 

he presents results for a large number of regressions
rMorawetz (1977), 

relating indices of basic needs fulfillment to levels 

of per capita GNP
 
a
 

?or 30 of 32 regressions run using levels for 1960 and 
1970, 


When changes

statistically significant relationship is evident. 


(1960-1970) in basic needs indicators are regressed 
on changes in per
 

however, only 5 of 16 regressions exhibit a significant
capita G!!P, 

relationship.
 



,welfare determination whose general form (for countrl i during period t) 

is given by (8): 

(la) Q[it] = Qtit)C Ktit], LI it)(Ltit) Rlit),Ntit),E(it}), A(t) 

(ib) N[it) = H[it) Q tit) /P (it)
 

(ic) Etit] = Etit]tC [it) /P tit), GEit)
 

(1d) Hlit) = Hlit)C Q tit) /P tit], V[it), E(it), G Hit) )
 

where Q[it] = Output 

P[it) = Population 

Ktit), L lit) = The use levels of capital and labor 
services
 

L' tit] = The use level of "effective labor" 
(i.e. the measure of labor which
 
accounts for productivity 
improvements). 

Hcit], ftit), H[it] = Measures of general levels of health, 
education, and nutrition, respectively 

GtEit], G[Hit3 = neasures of capacity levels for the 
provision of public education and
 
health services, respectively 

Alit) = Some measure of the general state of 
production technology during period t
 

As is always the case with simultaneous models, the specification
 

National output, health,
incorporates an explicit notion of causality. 


education, and nutrition are endogenously determined, while capitai and
 

labor inputs, population, and public capacity levels in health and
 

education are taken to be predetermined. The predetermined variables
 

-eeeeeeeeeeeeeee 

(8) In th'.s report, brackets of the form "( )" will be used to denote 
subscripts. 

1Q 



are viewed as reflecting decisions by individuals 
and governments which 

are not systematically related to contemporaneous values 
oZ the
 

endogenous variables.
 

The fixst equation is a generalized form of the production
 

function which incorporates the labor-augmenting effects 
of health#
 

The three welfare equations reflect the
 nutrition, and education. 


income-elasticitY of consumption patterns which promote 
nutrition,
 

They are themselves quasi-reduced-form
education, and health. 


equations, since per capita income enters as the primary 
determinant of
 

demand and the associated supply conditions are taken 
to be either
 

perfectly elastic (ib)or exogenously determined (ic
and id).
 

where the link is obviously through the income-elastic
In (ib), 


demand for food, the potential availability of imports 
is taken to imp1
 

Equation (ic)presumes that the demand
 a flat nutrient supply curve. 

for education (G[Eit)) is considered'to be a major determinant of the 

supply of services. In (id), the prevailing nutrition level is assumed 

Increased education alsc
 to have an automatic impact on public health. 


enters, through its effect on dietary and sanitary 
practices. In
 

addition, the demand for other goods and services 
which are
 

health-promoting (e.g. safe water, sanitation systems, fly screens) 
is
 

taken to be income elastic, so that a direct impact 
of per capita incoi
 

on health should be observable. On the supply side, the level of publ4
 

provision of health personnel and facilities is 
regarded as the major
 

constraint.
 

Specification
 

C, 
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Since the proposed growth model is explicitly simultaneous, the
 

four equations must be specified compatibly. Existing work provides
 

little guidance for the imposition of particular functional forms on the
 

welfare equations. The properties of alternative production functions,
 

on the other hand, are quite familiar. Attention has therefore been
 

focused on the production equation, with the welfare equations specified
 

in the form which is appropriate for system estimation.
 

In modeling the production process, it is necessary to give
 

simultaneous attention to the labor-augmenting role of welfare inputs
 

and the role ot capital and effective labor in determining output. The
 

labor augmenting contributions of health, nutrition, and education are
 

assumed to be characterized by unitary elasticity of substitution (9):
 

(4) L' It] = LIt] * (H[t)**B1) * (Nt)**B2) * (E t)**B3) 

Two alternative specifications of the production function itself
 

have been considered:
 

(5a) Augmented CSS: 

Q t) = A4t) * Ca* (K t) **p) + (1-a)*(L' t)]p) ]**(1/p) 

(9)The notation "**" will be used to denote exponentiation in this
 
report and "*" will denote multiplication.
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( b) Augmented Cobb-Douglas: 

QIt) = AIt) * (KIt)**g1) * (L t) **g2) 

yielded the conclusion that (Sa) is
Empirical testing has 	 not 

(5b) as a representation of production in thi!
 significantly better than 


Thus, production is assumed to exhibit unitary elasticity 
of
 

case. 


substitution 	throughout:
 

(6) 	 Att) = tt) * (K~t)**gl)
 

I.tt)*(H tt) **bll*(Iq(t **b2)*(E[t) **b3) ]**g2

* 

Here gl and g2 can be interpreted as the output 
elasticities of capital
 

and effective labor, while the b's are the labor-augmenting 
elasticitie
 

of health, nutrition, and education.
 

Equation (6) 	 would be appropriate for estimation if time series fo 

a single country were being considered. However, only two sets of
 

(for 1960 and 1970) are available for each country 
in the
 

observations 


sample, and the model must be specified to reflect 
the consequences of
 

The time derivative of (6) is
 
one-period changes across countries. 


therefore used as the production equation (10).
 

(7) <dq> = <da> + gl*<dk> + g2*<dl> + g2*bl*<dh> + g2*b2*<dn> 

+ g2*b3*<de> 

-

will be used 	to denote time derivatives in th
 (10) The notation "< >" 
report.
 



where <dx> = [dX [t) /dt ]/X (t) 

,"his equation is linear in percent changes, and the same structure has 

been imposed on the three welfare equations. The resulting model is 

presented in Figure 1 in stochastic form, along with the definitions of 

the variables actually employed.
 

Figure 1 

Interactive Growth Model
 

Equations
 

g12*<dl> + g12*bl*<dh>(8a) <dq> = C<dal>+<da2>*c] + gll*<dk> + 

+ g12*b2*<dn> + g12*b3*<de> + v1 

(8b) <dn> = g20 + [g21 + g22*lnTtio]] * [<dq>-<dp>] + v2 

(Sc) <de> = g30 + [g31 + g32*lnE[io] * [<dq>-<dp>] 

+ Cg33 + g34*ln![io)] * <ds> + v3
 

('qd) <dh> = gtO + [g1 + g42*lnH[io]] * [<dq>-<dp>]
 

+ [g43 + g44*lnH[io)] * <dd> + [g45 + g46*ln[io)] <dr> 

+ [g47 + g48*lnH[io]] * <dn> + Cg49 + glO*lnR-io) ] <de> 

+ v4 
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Variable Definitions (11). 

<dq> = Change in gross domestic product
 

<dk> = Total investment (1960-1970) divided by national output
 

in 1960 (See explanation in text)
 

<dl> = Change in total labor force
 

<dd> = Change in population per doctor
 

<dr> = Change in population per nursing persoa
 

Change in per capita calories available
<dn> = 


<de> = Change in adult literacy rate
 

<ds> = Change in primary school enrollment ratio
 

<dp> = Change in population
 

<dh> = Change in life expectancy at birth
 

(c = 1) of

A dummy variable accounting for the presence
c = 
substantial manufacturing investment by multinational 

firms
 

r!to},E[o],R (] = 1960 levels of calorie avoilability, 
adult
 

literacy rate, and life expectancy at birth,
 

respectively
 

(assumed to be additive and
 v1,... ,v = Stochastic error terms 

normally distributed)
 

All variables defined as percent changes from 1960-1970, 
except


(11) 
The data are taken from IBED (1976) and IBR
 

where otherwise indicated. 

{1978}. 
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The production equation is precisely as-specified in (8), with the
 

exception of a shift dummy which has been introduced to allow for
 

possible productivity increments in countries where multinational firms
 

have played a dominant role in manufacturing investment and technology
 

transfer (12). he welfare equations include several measures of public
 

resource availability. In (8c), the change in the primary school
 

enrollment ratio is used as a proxy (admittedly a poor one) for the 

change in government promotion of basic education. Since rising
 

literacy converges to an asymptote at 100 percent and primary
 

enrcllments are likely to have the greatest impact at low literacy
 

levels, (8c) is specified to allow for a declining response elasticity.
 

-he same kind of reasoning applies to the introduction of variable
 

as
response elasticities for medical personnel availability in (8d), 


well as for the effects of nutrition and education on health.
 

In all three welfare equations, the change in per capita income is
 

assumed to play an important role. In the nutrition equation, the
 

income elasticity of demand for nutrients is expected to decline as the
 

Similarly, the income
nutritional status of the population rises. 


responsiveness of demand for health-promoting goods and services should
 

be highest where initial health levels are low (13). Finally, it is
 

assnmed that the income elasticity of demand for basic educational
 

services will drop as basic educational needs are satisfied.
 

Among the 54 countries for -hich complete data are available, the
(12) 

following 12 have been dominant as regional centers for multinational
 
investment: South Korea, Taiwan, Malaysia, Indonesia, Thailand,
 
Pakistan, Iran, Kenya, Ivory Coast, Mexico, Panama, Brazil.
 
(1i) One source of ambiguity here is the probability that part of the
 
measured effect of per capita income increases will represent the
 
greater availability of public resources for health programs, although
 
such resources are not necessarily forthcoming at higher income levels.
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Dat a 

The data for this study have been drawn from observations 
from 77
 

poor countries in Afric., Asia, and Southern America 
which are included
 

By combining data fror
 in two recent IBED publications (1976 and 1978). 


these tables, it has been possible to construct complete 
variable sets
 

listed in the appendix. In most cases, the
 
for 54 countries, which are 


variables smployed for estimation (summarized in Figure 1) can only be
 

aefended as the best available.
 

welfare equation
The input and output measures in the three basic 

are all national averages, so that substantial differences 
in
 

more
TVis problem is apt to be
distribution are masked by the data. 


severe for the measurement of availability of medical 
personnel than fo
 

the other indices. Aggregative measures of population per doctor or
 

" utsing person" say nothing about differences in the
 population per 


length or efficacy of training programs, the consistency 
with which the
 

term "nursing person" is defined across countries, or 
the Sographical
 

Thus, the two
 
distribution of medical personnel within countries. 


are not very satisfactory as indices of generalized access 
to
 

measures 

medical care.
 

The measures of health, nutrition, and education, on 
the other
 

too bad. life expectancy at birth seeis to have been 
hand, may no, be 

accepted as the best available indicator of the general 
health status c 

the population, and the variances around national means 
are certainly
 

much lower for this measure than for income per capita 
(14). As a
 

(14) See orawetz (1977). 
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measure of nutritional status per capita calorie availability is a
 

reasonable approximation. It is now generally accepted that calorie
 

sufficiency is much mere likely to indicate nutritional adequacy than
 

any other index. At the same time, available microeconomic studies
 

always show a rapid drop in the income elasticity of calorie consumption
 

across income classes within countries, so that it is reasonable to link
 

expansion in calorie consumption with increases in the nutritional 

status of the poor as per capita income rises (15). Among measures of 

the change in embodied basic education, the change in the adult literacy
 

Primary school enrollment
rate is undoubtedly the best available index. 


ratios, on the other hand, are not very reliable as input measures since
 

they mask considerable variance in actual student attendance rates and
 

student-teacher ratios across contries.
 

mhe conventional economic indices in the study are subject to many
 

of the usual strengths and weaknesses. 'The measured change in gross
 

domestic product seems acceptable, aside from the usual index number and
 

exchange rate conversion problems. Similarly, the change in total
 

population presents no particular problem. The way in which <dk> and
 

<dl> are employed in the simple productio model is unfortunately much
 

less satisfactory. The use of percent changes in capital and labor in a
 

profuction model incorporates the assumption of full utilization of the
 

available services. This is obviously wrong (and particularly so for
 

can be done about it because
labor in poor countries), but nothing 


reliable information on capacity utilization rates and unemployment
 

rates for these countries simply does not exist.
 

(15) Complete discussions of these and related issues can be found in
 
?eutlinger and Selowsky (1975). 

,y. 



An additional complication is introduced by the 
complete
 

non-availability of reliable and comparable capital 
stock figures for
 

these countries, so that it is impossible to obtain 
direct measures of
 

percent changes for the period 1960-1970. Available data on yearly
 

investment and output do allow for estimation under 
the assumption
 

general capital-output ratio for the
 (admittedly heroic) that the 


countries in question did not change significantly 
during the period
 

Some manipulation of the labor-augmenting production 
model
 

1960-1970. 


yields:
 

[Q[oi/K [o] )*[ (dK/dt)/Q (o))
[dQ/dt]/Q [o] = [dA/dt ]/A [o] + g11 

+ g12*CdL'/dt]/L' Co) 

or
 

(7) <dq> = <da> + gll*[(Q/K)*<dk>] + g12*<dl'> 

Since we can observe C(dK/dt)/Q[')]) for the period 
1960-1970,
 

degree of bias is possible. It is
estimation with some unknown 

comforting to note that the mean capital output 
ratio must be somewhere
 

in the range (2-5) and the combined output elasticities for 
capital and
 

one so th. can somewhat greater than at most,
effective labor be 

econometric results must conform to certain obvious 
restrictions.
 

Estimates(2) The Interactive Growth Modeli 3SLS 

all of the equations are
 In the growth model as specified in (8), 


Second-stage parameter estimates were obtained 
using


over-identified. 


the predetermined variables in the model and the 
1960 levels of
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A series of dummy variables
population per doctor and nursing person. 


for major sub-regions were also introduced in the second stage to aid
 

was .-Lear that local culture
in absorbing unexplained variance, since it 


and natural conditions could have an important influence on the
 

(16). The third stage estimation applicd the
 processes being observed 


conventional procedure, constructing the estimated error variance matrix
 

from the residuals of the second-stage estimates and using the
 

multi-equation equivalent of generalized least squares to generate more
 

efficient estimates for the full set of model parameters (17).
 

A
Three-stage estimates for the full model are presented in Figure 2. 


brief sketch of the results will be presented first, followed by a more
 

detailed discussion for each equation.
 

(16) The sub-regions defined for this work were the Caribbean, Central
 

America, the Andean countries, the rest of South America, North Africa,
 

the Sahel, Fest Africa, East Pfrica, West Asia, South Asia, Southeast
 

Asia, East Asia.
 
(17) The classic discussions of this approach can be found in Zellner
 

and Theil (1962), and Madansky (1964).
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Figure 2 

35LS Estimates: Interactive Growth Sodel(a)
 

(5.4 observations)
 

R*SE 

Productivity
 .252 .52
 
<dq> = 2-.203 + .36,°cl + .184<dk> + .238<dl> 


(.091) (.063) (.035) (.179)
 

.0078<de>
+ 1.697<dh> + 2.652<dn> 

(.042)
(.751) (.391) 

Nutrition
 
.086 .15
 

<dn> = .019 + [2.932 - .6261nN ol]*<dq>-<dp>] 

(.018) (1.402) (.310)
 

Literacy
 
.685 .19 

= .568 + [1.630 - .4201nEto)3*C<dq>-<dp>]<de> 

(.180) (.952) (.293) 

+ 	 t2.470 - 1.0881nECo] l*<ds>
 
(.706) (.283)
 

Health
 
.049 .01 - .0281nH to) ]*[<dq>-<dp>)< =h>.099 + .71 


(.015) (.436) (.115)
 

+ C-.756 + .205lnR[o}]*<dr>" C-.320 + .085lnHE(O]*<dd> 
(.614) (.161)(.802) (.208) 

+ C.707 - .2001nH[of]*<dn>" C3.110 - .803lnH[o)*<dnl> 
(.487) (.134)(2.864) (.724) 

parentheses

(a) 	In the reported results, standard errors 

arp in 

under the estimated coefficients. 

, : 
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The productivity equation suggests a very strong labor-augmenting
 

role for health and nutrition in the determination of output (income)
 

change for poor countries. Conversely, when income change outpaces
 

population growth it has a significant impact on general levels of
 

Some impact on health may also be present, but
nutrition and literacy. 


multicollinearity from the large number of interactive terms in the
 

health equation has generated standard errors which are too large for
 

In the first two welfare
much confidence to be placed in the results. 


equations, the indicated effect of change in per capita income is
 

substantial at low welfare levels and declines to values near zero at
 

relatively high levels (100 percent calorie adequacy; 50 percent
 

A similar pattern of declining income responsiveness appears
literacy). 


in the health equation, although the impact of income does not seem to
 

be large even at very low health levels.
 

Among the policy-determined variables which have been introduced
 

(<Os>,<dd>,<dr>), the results are generally as expected, with an
 

apparent pattern of declining elasticity as initial welfare levels
 

rise (18). In the case of education, the results suggest a significant
 

but rapidly declining responsiveness to enrollment changes. The
 

standard errors in the health equation are again quite large, but the
 

same sort of pattern seems to be present. The indicated impact of
 

change in nursing persons is particularly high at low health levels,
 

which supports the notion that such personnel make their most valuable
 

contribution in raising basic standards of hygiene and child care.
 

it should be borne in mind that the indices for medical personnel
(18) 

have been entered as population/doctor and population/nursing person, so
 
that the expected value of the associated coefficients is less than
 
zero.
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In the health equation, the simultaneous relationship with 
income
 

In both cases, the
 is complemented by those of nutrition and education. 


suggested responsiveness is quite high at low levels of 
health and
 

Although the
exhibits the familiar pattern of marginal decline. 


cofficients represent the best estimates in the usual sense,
 

multicollinearity has again generated standard errors which 
are
 

uncomfortably large.
 

Generally, then, the hypothesis suggested by Streeten and 
others
 

appears to be supported by the data, even over relatively 
short
 

periods. Changes in the physical quality of life appear to have a
 

The
 
strong effect on productivity in poor countries, and conversely. 


one unexpected result is the seemingly negligible impact of 
literacy
 

This problem will be considered again after
 change on productivity. 


some attention has been given to technical detail in the 
results.
 

In the productivity equation, imposition of constant returns 
to
 

= 1) yields an estimated output elasticity of .76 for
 
scale (g11+g12 


4.14. While the latter
capital and an implied capital-output ratio of 


measure is unsurprising, the indicated magnitude of the 
oatput
 

elasticities precisely reverses the pattern generally 
observed in
 

It seems that the growth of available labor
 industrial societies (19). 


a relatively minor impact on output
at constant quality levels has had 


The effects of changes in basic labor quality, on the 
other
 

change. 


hand, appear to have been dramatic. The labor-augmenting elasticities
 

of health and nutrition implied by the parameter estimates 
(7.13 and
 

For wealthier countries, the estimated elasticities for 
labor ani
 

(19) 

capital are generally around 0.70 and 0.30, respectively. 

See for
 

example Barger (1969).
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11.14, respectively) are the most important impact3 observable in the
 

results (20). When the measured contributions of capital and augmented
 

labor to output are calculated using the sample mean values, the impact
 

of basic welfare changes leads to a labor contribution which is
 

approximately equal to that of capital.
 

The nutrition equation results imply no systematic unexplained
 

component of improvement, although the proportion of unexplained
 

variation is obviously large. The implied response elasticity with
 

respect to per capita income is .27 at 70 percent of average adequacy
 

(the minimum world figure in 1960) and almost zero at the 100 percent
 

level. In the literacy equation, the results suggest a large increase
 

in the general rate of literacy during the 1960's which can be
 

attributed neither to rising per capita income lvels nor to changes in
 

the available measure of basic schooling (21). It the same time, a
 

(10) "he 3SLS parameter estimates for <dm> and <dn> are relatively
 
efficient from' a systems perspective, but a look at the two-stage
 
estimates leads to the suspicion that the impact of nutrition is
 
somewhat exaggerated in the final stage by estimation problems in the
 
literacy equation. It has been necessary to specify this equation as
 
linear in percent changes for compatibility with the productivity
 
equation. Unfortunately, five African countries exhibit grossly
 
disproportionate percent changes for the sampling period because of low
 
initial levels (5 percent or less). When these five observations are
 
deleted from the sample and the entire system is re-estimated, the error
 
of the third equation, the constant term, and the estimated impact of
 
enrollment changes at low literacy levels are all substantially reduced.
 
All coefficients remain significant at the 95 percent level, however.
 
In t~e productivity equation, the resulting estimates for the
 
coefdicients of <dm>, <dn>, and <de> are changed from 1.697 to 1.729,
 
2.652 to 2.235, and .0078 to .i4i, respectively, and the last; estimate
 
becomes significant at the 90 percent level. While selective?
 
elimination of outliers is generally not a very good idea, their removal
 
in this case does suggest nome over-estimation of the effect of health
 
on productivity and an under-estimation of the effect of literacy when
 
the full sample is employed. Although the fall sample results will be
 
used here, this caveat should be kept in mini.
 
(71) This is true whether or not the five literacy outliers are in the
 
sample although the estimate is smaller when they are deleted.
 



substantial marginal impact for changes in income and schooling 
is
 

At a rate of 3 percent, for
 indicated at very low levels of literacy. 


1.17 for per capita income and
 example, the implied elasticities are 


1.27 for primary enrollment, while the marginal contributions 
decline to
 

zero at literacy rates of 48 percent and 10 percent, respectively.
 

obviously, the systematic part of this equation is relevant 
only for
 

low initially.
countries whose literacy rates were 


in the health equation, a significant part of the systematic 
rise
 

in world health during the 1960's remalins unexplained. 
In the sample
 

under consideration the mean increase for the period 
1960-1970 was about
 

10 percent and the maximum somewhat greater than 20 
percent, so an
 

The fit for this equation iE
 estimated constant of .099 is substantial. 


generally the worst of the lot, although multicollinearity 
has greatly
 

All signs in the equation aro
 error estimates.
affected the standard 


as expected, but only nutrition responsiveness appears 
to be very
 

sizable at low health levels. all elasticities seem to decline to the
 

was about
 
vanishing point at a life expectancy in the early 

40's, which 


the international median in 1960.
 

Total Impact Evaluation
 

-he size of the unexplained variance in the three 
welfare
 

ecuations makes it clear that specific national factors 
have had a lot
 

to do with changes in basic welfare. From the perspective of public
 

policy, it is of interest to examine the patterns 
of total response to
 

suggested by the data. Although the
 
alternative approaches which are 


estimates for the structural model cannot yield information 
about
 



relative costs, they can indicate the marginal benefits associated with
 

investment and basic welfare changes. Using some notional cost figures,
 

it is possible to obtain extremely crude estimates of the relative net
 

returns to alternative approaches. As an aid to investigation in this
 

context, the structural model has been re-estimated to allow for
 

sensi.Civity to initial average income levels in the productivity
 

equation parameters. The results are presented in Figure 3.
 

:2V 



Figure 3
 

3SLS Estimates: Modified Growth Model
 

(54 	observations)
 

SE R**2
 

Productivity
 
.64
.228<dk> +.121<dl>
<dq> = C-.143 + .382c] + 	 .22r 

(0118) (.092) (.058) (.222)
 

+ 1.5391n(Q/P, to) 1*<d
­

+ (8.027 - 1.3921n(Q/P) o ]*<dm> + (-5.970 
(4.352) (.833)(4.256) (1.027) 

+ 	[-.510 + .1021n(Q/P) to) ]*<de>
 
(.662) (.146)
 

rutrition
 
.16
 

= .025 +. 3,154 - .6791ntoE]*(<dq>-<dp>) 	 .086 
<dn> 

(.018) (1.554) (.343)
 

Literacy
 

+ 1.841 .518lnE to* <dq>-<dp>) 	 .680 .21 
<de> .602 


(.178) (.906) (.275)
 

+ (2.331 - 1.0261nE(o)]*<ds> 
(.670) (.272)
 

Health
 
.050 .22
 

+ (.257 - .053lnHto) ]*[<dq>-<dp>]<dh> = .096 

(.016) (.463) (.122)
 

.17LnHo}]*<dr>
" (-.298 + .078lnH[o}]*<dd> + (-.643 


(.841) (.218) (.648) (.170)
 

C.783 - .221lnHto)]*<de>" - .733lrH to) *<dm> +.(2.938 

(.496) (.137)
(2.989) (.758) 


no significant change in the welfare equation 
estimates is
 

In the
 
generated by this re-specification of 

the first equation. 


productivity equation itself, some interesting 
patterns seem to emerge.
 

As per capita income increases, the impact 
of health changes declines
 

sharply, while the response elasticity 
for nutrition evilently
 



increases. A similar pattern of increase is evident for literacy
 

responsiveness, although the estimated standard errors are quite large
 

the coefficient values relatively small for characteri'2 ic sample
and 

income levels. 

?hen the total pattern of results is considered, an interesting 

response hierarchy suggests itself. The very poor countries which 

improved health conditions rapidly seem to have gotten the biggest 

150.00
productivity response. With movement up the income scale toward 


per capita, there is a steady gain in relative importance for nutrition
 

improvementr while some positive role for literacy is suggested at
 

300.00 per capita. Although any structural
incomes higher than 


interpretation of these results must be tentative, to say the least,
 

they may :eflect the shift away from subsistence agriculture toward cash
 

cropping and manufacturing vith movement up the income scale. If
 

literacy makes a significant contribution to productivity, it may well
 

be at this higher level, while poorer countries experience the greatest
 

output gains from improvements in basic health and nutrition.
 

hether or not this structural interpretation is correct, the
 

estimates in Figure 3 can be useful for comparing the apparent impacts
 

However, the total
of alternative investment and welfare policies. 


impact of exogenously-induced changes in the capital stock, health,
 

nutrition, and education cannot be read from individual equations,
 

because successive rounds of changes will result from any once-for-all
 

It is in this context that
shift in a particular policy variable. 


steady-state solutions become interesting. For purposes of
 

illustration, two sets of total elasticities have been calculated using
 

representative values for countries in the low and middle ranges of the
 



sample. The results are presented in Figure I.
 



(QIP = 

Figure 4 

Total Response Elasticities 

(A) Low-Range Country 

7000, E = 3, H = 30 yee 

Policy Variable 

<dk> <dh> <dn> <dd> <dr> 

<dq> 1.964 

<dn> .528 

<de> 2.498 

<dh> .151 

4.738 

1.178 

6.027 

1.365 

3.381 

1.909 

4.301 

.705 

-.157 

-.042 

-.200 

-.045 

-.242 

-.065 

-.308 

-.070 

(b) Mid-Range Country 

(OJp = 200.00, N = 85, E = 20, H = 40 years) 

Policy Variable 

<gq> 

<an> 

<de> 

<dh> 

<dk> 

1.364 

.187 

.394 

.0?3 

<dh> 

1.015 

.139 

.293 

1.062 

<dn> 

3.582 

1.491 

1.035 

.397 

<de> 

.016 

.002 

1.005 

-.030 

<dd> 

-.010 

-.001 

-.003 

-.011 

<dr> 

-.001 

-.0001 

-.0003 

-.0011 

Three characteristics of the estimates in Figure 4 are of 



First, they demonstrate the simultaneous operation
particular interest. 


for example, the predicted impact of a 1
of the system. In set (A), 


percent decrease in population per nursing person is an increase 
in life
 

but also increases in output (.24 ), nutrition (.065

expectancy (.07 ), 

), and literacy (.308 ) as the resulting health change works its effect 

on the whole system. Similar patterns are evident for the other policy 

variables which have positive impacts.
 

The second evident characteristic of the estimates is a general
 

A Gomparison

decline in system responsiveness at higher welfare levels. 


(A)and (B)reveals only one elasticity which is
of the results for 


This

higher in the latter set, while most are substantially smaller. 


follows, of course, from the general pattern of declining 
elasticities
 

which was evident iu the individual estimated eq.uations.
 

rinally, the two sets of estimates provide a good illustration 
of
 

the changing response hierarchy which characterizes the
 

other linkages in the nodel,
welfare-productivity linkage (and all 


(A), both health and nutrition
because of simultaneity). in set 


changes have suhstantially higher response elasticities 
than changes in
 

the capital stock, and the measured responsiveness to 
changes in medica
 

In set (B), nutrition changes generate highe
personnel is quite small. 


proportional responses than any of the other variables, 
the positive
 

effect of literacy changes is just beginning to appear, 
and the effect
 

of changes in medical personnel has all but vanished.
 

Superior marginal benefits do not necessarily lead 
to higher
 

marginal net benefits, of course, and it is of interest 
to touch briefi
 

on the policy options from this perspective. If the numbers in set (A)
 

are to be believed, the case for health promotion seems 
quite strong.
 



For a small deieloping country with a population of 10 million, a per
 

capita income of 70.00, and a capital-output ratio of 4.0, a I
 

percent shift in the capital stock would cost approximately 28 million
 

and the final result (according to the estimated impact multipliers)
 

would be a 1.96 percent increase in total output.
 

Given the respouse elasticity associated with health improvements
 

(L.738), generalized investment would be preferable to health
 

expenditures only if it cost more than 68 million to raise life
 

expectancy by 1 percent. For a very poor country with a life expectancy
 

of 30 years it seems doubtful that a marginal improvement in life
 

expectancy would require resources of such magnitude. Even if this were
 

the case, a decision in favor of generalized investment would imply a
 

zero marginal valuation on the change in life expectrucy itself, which
 

would be disproportionately higher under the health sxpenditure option.
 

Similar comparative calculations can be done for policies which
 

promote nutrition or educate medical personnel. In case (A), the
 

general conclusion is that almost any welfare investments seem
 

equivalent or superior to general capital accumulation at the margin.
 

The relative desirability of the health option has clearly declined by
 

the time stage (B)is reached, although the impact of nutrition changes
 

i- still important.
 

(3) Conclusion
 

The econometric estimates obtained by this study seem to reveal
 

some strong patterns of interaction between growth and basic welfare.
 

In a simple numerical exercise, the full set of equations has been used
 



to develop impact multiplierz which illustrate 
the apparent economic
 

desirability of health and nutrition improvements 
in very poor
 

countries.
 

.hus, the available data are shown to be consistent 
with the
 

notion that some basic needs expenditures can 
legitimately be regarded
 

On the other hand, it must be
 as investments in human capital. 


The general

remembered that the available data are still 

very poor. 


indices of health, nutrition, and education are 
subject to large
 

In addition, they are only crude proxies for 
the
 

measurement errors. 


measures of labor force quality which would 
ideally be used in such a
 

study. "he data will undoubtedly get better with the 
passage of time,
 

and much more precise modelinS exercises will 
become possible.
 

At this point in time, it seems fair to say that 
a detailed
 

examination of the evidence gives considerable 
support to the notion
 

that external benefits do flow from basic needs 
improvements.
 

Furthermore, the results contain at least a suggestion 
that optimal
 

targeting strategies may shift as the process 
of development continues.
 

At the lowest level of development particular 
attention to basic
 

nutrition and health may yield the highest 
net benefits, while
 

relatively creater concentration on education 
may hold the key at highe
 

7hile the staging results which have emerged 
from this study


levels. 


are too weak to serve as a policy guide, they 
do suggest the need for a
 

close look at the question of time-phasing 
in particular national
 

If the most important meaning of recurrent 
cost is "recurrer
 

contexts. 

measure ol
 

opportunity cost" and the 3evel of net social 
subsidy is the 


primary concern to the Sovernment, then it 
makes perfect sense to move
 

resources toward the highest relative level 
of current return.
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