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INTRODOCTION

*he "basic human needs" (BHN) approach to development has beeua
concerned with the identification and delivery of goods and services
which are particularly important to the health and welfare of the
poorest people ir pocr countries. Besldes the familiar list of
necessities -- food, wafer, shelter, health care, education -~ bhasic
needs strategists frequently stress access to sustained incoae through
employnent and participation in decision-making as crucial to successful
implenentation. Unfortunately, attempts to mobilize public resources at
a satisfactory supporting level frejuently suffer from an inability to
meet the keavy recurrent costs associated with many BHN projedts.
Fquipment ﬁeteriorntes for want of maintenance; teachers go unpaid;
simple rural mechanization programs come up against unexpected foreign
exchange constraints. In poor societies wher2 income and the ovnership
of assets are very unegually 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 fanding severe endugh
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 suck problems are by no means inevitable. However,
they czn 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



Thile the approach to analysis which has been
report 1s inevitably far frorm complete, it is hoped
represent some contribution ¢to the understanding of
fromn the perspective of recurrent cost support. Tte
need to take account of the revealed preferences of

in project desién and execution. In the absence of

developed in this
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BHN project analysi
mnajo. theme is the
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knowledge about

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

common and BHY projects will be unable to exploit the available

villingness to pay which is undoubtedly the key to sustainable recarren

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

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

to the 3development of appropriate measurement methodologies. Hopefully

the final product will be of assistance to interested planners and

policy makers.



and sanitation services are provided in central places. The problems of
the ujamaa village program in manzania are used to illustrate our
analysis of this unavoidable conflict.

Oonce the fundamental problems associated with recurreat 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 resources by the poor themselves.
Since tke spatial problem is fundamental, tecrritory seeas to provide a
better basis than function for organization 5f resource allocation
across BEN categories. Certain evidant weaknesses of large decision
hierarchies in information-poor societies join with difficulties in
central 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 arban areas transactions are extensively
monetized and (as previously noted) ground rants can be expected té
absorb much o0f the benefits to the poor of BHN projects in the absence
of explicit government intervention. The urban discussion focuses on
appropriate mechanisas for this sort of intervention.

Tn rural areas, the main resource of the poor is time rather than
money. Our examination of project experience has suggested one
expelient which can aid in the translation of the available time of the
pcor into a resource which is significant for the support of recurreat
costs: Fherever possible, it seems appropriate to complement rural BHY
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. 3



redefinition of income and the use of particular econometric techaniques
8s aids to the identification of perceived banefits which nmay be of
assistance in the allocation of subsidies across BHN activities. As 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 coantext of BHN
planning. We propose a form of "net Subsidy analysis™ as one means of"
monitoring the flow of opportunity values into different BHN sectors

through tinme.
J). 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 ir. BHN planning in arban and rural
areas. rn our view, the most important of these issues may well be the
spatial accessibility of BHN delivery services. In urban areas, we
identify a source of financial inadeguacy in the tendency for the value
of access to services such as honéing and water to be capitalized in
paynents from the poor to private land-owners. It is apparent that
recurrent support for BHT projects and the willingness of the poor to |
pay for needed goods and services can be brought much claser together iJ
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 anp understanding of cost problems in the provision of basic needs. A
fundamental conflict can be discerneld betweea dispersed landholding
patterns which are characteristic of low-technology agriculture and the

economies of scale which can be realized if health, education, water,
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in policy areas of concern to BHN planners. The first techaique, based
en the notion of "utility equivalence'analysis", owes much to the
standard microeconometric approach to consumer behavior and is
particularly useful in studies of hoasing, location, and infrastructure
utilization. The second technique reflects a line of inquiry which has
been at the frontier of econometric research until very receantly. This
is the sconometric 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 innovation whose importance to
efficient BHEF planning is likely to be consilerable.

In domains as diverse as health care, education, transportation,
and the choice of residential location, the poor are confronted with
choizes which are discrete rather tham coatinuous. The 1ncompagibility
of this case with existing microeconometric technigues has been a major
handicap to analysis in the past. Recently, hawever, important work on
the analysis of discrete choices has been completed by a group of
econometricians at MIT. Although their work has been inspired by a set
of ilomestic policy problems, it is clear to the authors that it can be
extrenely useful for BHY plénning. The available techniques are as yet
relatively unknovwn in the professional planning community, and reports
in the literature have been cursory at best. Por this reason, discrete
choice analysis is discussed ia great detail in Chapter II. 1In the main
boly of the chapter, the methodology is sketched and its application
illustrated. An 80-page Appendix to the chapter is devotad to a complete
discussion of the state of the art in discrete choice moleling.

Toplicitly, the subjects discussed in these first sections of
Chapter II pertain to the measurement of ben2fits to alternative

activities as these are perceived by poor faailies. We have proposel a
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2) « Methodology

Faving concluded that the revealed preferences of the poor can
provide a superior guide for BAN planning in most cases, we ilevote 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 teopiss which in our
viev are fundamental.

"™he £irst topic is conceptual, and may vel; be the most important
of the three. After considering the existing empirical literature on
the behavior of poor consumers, vé have concluded that the conventional
methods for measuring expendituare lead to biased estimatzs of allocation
across expenditure categories. In the first part of Chapter II, ve
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® can reveal a substantially
different pattern of bebavior than that which is suggested by standard
consamer surveys. It seems apparent that this re-definition ccntributes
further to the view that the poor allocate their resourczs in ways wvhich
are sensible from the perspective of BHN.

mhe second part of Chapter II 'is concerned with th? implementatiort
of a broader view of consumer Yehavior in a way which is usa2ful for
quantitative planning. Two means of gauging the preferences of the pooi
are considered: Direct preference saurveys, and econometric analyses of
data drawn from observations of the actuval behavior of poor families.

Fe conclude that the egonometric "revealed preference"™ apvroach to
measurement kas much to recommend it. The balk of the chapter is then

devoted to the elaboration of technigues whizh are particalarly useful
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ijnformation in fields such as education and health may create a
rationale for this approach in some cases, w2 attempt to show that
planning by fixed targets in the BEN context will all too freqnently bog
down at both the coaceptual and practical levels.

After considering the limitations of the evolutionary approach, we
Jevote a final section of the chapter to a consideration of the
f"peoclassical” view of economic behavior. Its central tenet is sinply
that the poor kmow their ovn self-interest. Although coantrary anezdotal
evidence certainly exists, wve have found little or no careful smpirical
work which supports the conclusion that poor families generally behave
in ways which are deleterious from the perspective of-basic human needs.
Pvidence from the ECIZL study of consumer behavior in ten 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 BHA.

Our conclusion after considering alternative basic philosophies of
BAM provision is that it is better to use the revealed preferences of
the poor themselves vhenever possible as a guide 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 ouf strong feeling that recarrent
support problems‘frequently result from the failure 5f public planners

to take the preferences of the poor into account in a cr2ative way.



appropriate project design in the context of basic human neels. What we
term the "neoclassical viev of economic behavior by poor families
assumes that they are well-informed, adaptiv2, and aggressivaly
gself-interested in their market behavior. Planners whose beliefs are
essentially neoclussical will tend t> push f£or maximal expansion in the
availability of goods and services which the poor evidently prefer,
while emphasizing the exploitaticn of willingness to pay as a way of
minimizing the recurrent cost burden of BHN brojects.

In contrast to the "neoclassical®” behavioral model, the
"evolutionary” model leans toward a view of consumer behavior doaminated
by limited information, uncertain tastes, and inertia. Naturally, thosi
vho holl such views are more likely to accept the prefera2nces of |
goiernment planners in the design of BHN programs. !volutionary
strategists lean toward the adoption of size tacgetls for BHN consumptiot
base® on attempts to define "minimum decent phyéical standaris."”

Recause these "minimua decent standards" are generally bayond the
financial reack of the poor themselves, and because the public fisc
cannot support the extension of these standacrds to the entire populatio
of poor families, evolutionary programs tend t> be run like lotteries.
Some criterion is employed to select particular families in the poor
population who are awarded an entitlament to tae technically-defined
minimur standard. ﬂny tendency of recipient families to use arbitrage
in moving avay from social norms to privately-preferred allocations is
discouraged by some system of surveillance and penalty enforcement.

ITn a series of sections which coaprise the first chapter of tha
report, this theoretical division s considerel ip some letail. We pay
particular attention to the evcolutionary approach, which is more novel
for economists althcagh it has always had many adherents in other

quarters. Fhile admitting the possibility that problems of consumer
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I. EXECUTIVE SUNNARY

"his repbrt is primarily addressed to policy makers wvhd are
concernel with the design and financing of basic hurman needs (BHN)
projects. It stresses three central themes which have enaerg2d from our
research. First, we attempt to demonstrate that BAN program design will
almost inevitably reflect one of two divergeat philosophies of consuaer
behavior. The "neoclassical™ approach regards the poor as active,
knowledgeable consumers and advocates relianze on their revesaled
preferences as a guide to BREN planning. "Evolutionary" theory, on the
other kand, 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 desirﬁble in most cases. .

our second major purpose has therefore been to devalop a
sonsistant approach to planning which incorpsrates the preferences ot
the poor. Fe give major emphasis to methodological guestions wvhich we
think are essential in this context. Our concern with "reva2aled
preference” analysis has lead as to the thirl rmajor praozcupation of the
study: The analysis of the current flow of payments by the poor for BHAN
goods and services acd an investigation of.passible means for making
more efficient use of the resources of the poor themselves in providing

recurrent support for BHFN projects.
1) . Theoretical Issues

mhe first part of the report is devotel to an analysis of the

opposing bekavioral models vhich genesrally motivate debate on 6\
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value of benefits to be appropriated by private interest groups. At the
same time, project costs are wrongly estimated because the full economic
environment is not taken into account. Nothing can be done, ~7 course,
about tragic resource limitations in poor countries. Th2 poor are going
to remain poor for a long time to éome. It is clear, however, that the
poor can be better served with existing resources in many cases. This
report is concerned with setting up an analytical framework within which
it will be easier to generate the maximum on-going project effort vith
available resources.

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 timz expenditure i
clear, the key component in the analysis of BHN projects may well be the
way in which the poor spend their available time. From this, we conclude
that thke standard definition of income has t> be revised before a good
analysis of BHNW projects can be undertaken.

Curréntly, social groups are defined by observaﬁle money income Ol
expenditure, sometimes coupled vith the imputed value of own-production.
ror the purposes of basic needs analysis, hovever, our research has
suggested that this way of categorizing people is inadequate. Rather
than ohservable money income, it is the potential income of poor
families which counts. EFach member of a poor family has a cartain
namber 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 incoama2
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from the BRY perspective.

Fith 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 usel as a basis for comparison
with tke values and expectations implicit in current governmental
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 t7ue recurreant
cost (in an 0pportunitj sense) of particular policies.

This revised approach to family income accounting also suggests a
way of thinking about organizational forms which can.sustain local BHNW
efforts. The underlying principle is in many wafs analegous 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 system of
project resource flows so that internal labor ié exchangad for external
money-equivalents at the best possiblé rate.

In this report, a substantial effort has been devoted to
developing and applying the revised accounting scheme in the general
fashion outlined above. All of this is important for thz 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. We have therefore developed the
outlines of a "net subsidy" analysis, vwhich ptovides a way of tracking
the true recurrent costs of BHEN 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-definet

as "potential income®™ groups).
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I. FINANCING BASIC WEEDS =-- SOMNE 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 5f 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 accunulated experience of two decades supports the first
tvo 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 demrand side, and
they have been much less firmly established by careful empirical work.
Df the two assertioans, ﬁhe 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 spcial calculation of benefits and costs would, after
all, be endorsed by the public under its existing structure of
preferences if thé important linkages could be demonstrated
successfully. Tpé claim that poor consumers sometimes act
"irrationally”, on the other hand, obviously points toward more ominous
terrain. If BHH5pianners adopt this point of view, then the inevitable
dissonance betweég publically-imposed preferences and those of the poor
will be suppressé& only a+ 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 vill have crucial significance for praoject design and the
necessary level of recurrent subsidy, we begin with a detailed

consideration of the demand-side issues (1).

(1) Fhile 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 flowv of the discussion
presented here. We did pursue this subject in some denth as part of the
Basic Feeds Project, because we were unable to £ind a satisfactory
macroeconomic treatment in the empirical literature. The purported
conflict between basic needs expenditures aad national oatput growth wa
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 coaventional investment flows
should be regarded as complements rather than competitors in the proces
of national development.



In the design and implementation of BN strategies, 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, wh.ch
we have called the "evolutionary" approach. The evolutionary model
substitutes a view of consumer behavior dominated by limited
information, preference uncertainty, and inertia.

Fhile a consideration of such abstract issues may at first glance
seém 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 automqtic 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. UNeoclassical advocates will tend to
push strongly for maximal expansion in the ¢general availability of
desiratle goods and services while emphasizing the exploitation of
villingness to pay as a way of minimizing the recurrent cost burden 5f
BREN projects.

Tn contrast to this approach, the evolutionary strategy leans
tovard the adoption of size targets for BHN zconsumption based on .
attempis 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

1
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technically-defined minimum standard. Any tendency of recipient
families to use arbitrage in moving away froa social norms to
privatelé-preferred allocations is discouraged by some system of
surveillance and penalty enforcement.

Evidently, the adoption of a particular viev of behavior
influences the kinds of BAN programs vwhich are adopted. 1In addition,
the choice must have important consequences for the recurreat cost
burden and the levels of benefit to the poor vhich are actually yielded
by projects. A behavioral model which is wrong in particular
circumstances can lead to situations in which few socially-desirahle
benefits accrue to the poor and the entire recurrent cost is borne by
the government. This is obviously a formula for slow progress, since
the ability of governments to use central fiscal mechanisms to support
‘the recﬁrrent components of particular projects will continue to be very
limited.

Tn an attempt to delineate the issues in a wvay vhich is relevant
for policy analysis, this section will discuss the argumeats which are
central to both vievpoints. Although we are willing to concede the
possibility that the evolutionary viev is more appropriate in sone
contexts (and some thoughts on needed field research are included), our
ovn conclusion is that an approach wkich is more neoclassical in spirit
will be ﬁore effective, provided that the economic ‘circumstances of the

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

Econonmics

Rany public programs are designed to operate on quantities rather
than prices, with goods made available either generally or by lot to
those vho can pass some kind of needs test. Iven 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 siting of water facilities, ration shops, free clinics -~-
the list is gquite long and encompasses many 5f the goods vwhich are
conmonly found on lists of "basic needs"™ commodities.

"o the necoclassical economist, such programs seem aisplaced
because they must inevitably doAlittle rore than transfer income to
selecte? poor individtals or families in an inefficient uaj (2). The
poor know what they want, like other people, and they will exhibit a
strong tendency tc arbitrage goods for cash in ordar to expand their
consumption Zf 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 of as
essentially goods lotteries, with the "winning"® tickéts redeemable for
goods or cash (at a discount reflecting transaction; costs) (3J).

(2) Although this point emerges clearly in 3iscussions of consunmer
reaction to transfers, it has not prevented 2conoaists 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 wvhich goods deliveries and price policias have superior
characturistics, see Yeitzman (1974).

(3) In 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 glancé, the logic of the standard neoclassical critique
of goods~based transfer programs seems unassailable. Consider the case
of a poor individual vwho has been selected as the regular recipient of
some subsidized commodity. TFor the sake of analytical convenience, we
will suppose that the individual consames only X {7}, the "baéib"

commodity, and X{2}, the "non-basic" commodity.

Figure 1

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).
A
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In Pigure 1, the initial coqsunption point [X{10},X{20}] is
determined by the individual's preference pattern I{1}, income Y, and
the existing price ratio [P{2}/P{1} ] At the same price ratio, the
indivlidual’s consumption expansion path is gqiven by E{Y}. 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 joap in the
individual's basic consumption through a subsidized delivery policy.
Suppose, for example, that the state delivers an additional increment of
{1} to the individual free of charge, in the hope that the new
consumption combination will be maintained at the "needs-intensive"”
level [X{11},Y{20} ]« As a result of this transfer, the individual with
income Y {2} is able to move to I{2}, and is unambiguously better off.
"he question is, will the individual choose to remain at this point?

Note that the individual has benefitted from a transfer of incone
equal to [X {11} - X{10}) - T], vhere T is the transactions cost of
nonetizing tﬁe goods delivered. V¥hen we draw in the corresponding
budget line [Yf2)}Y{2} ] in Pigure 1, 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 [X{11},X{20}] does ndot represent the point of
raximum attainable welfare for the individual. Rather, this point is
given by (X {12},X[22} ] the tangency of the new budget line and I {3}.
For the state the outcome must be a great disappointment, since the
resulting basic needs increment (X{12} - X{10}) is consilerably less

than the anticipated increment (X{11} - X{10}).

"
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Tnevitably, this kind of apparatus can be employed to discourage
asttempts at changing the behavior of the poor through direct deliveries
of marketable goods and services. Bu.fore closing the case, however, ve
may £ind it worthvhile to reflect on the evidence which is available
concerning people’s actual behavior under such circuamstances.

Few television vievers can have escaped the speactacle of "the
luckg contestants" -- people of relatively modest means vho, for more o
less gratuitous reasons, are given wildly luxurious consamption items
which they themselves could never have afforled. Generally, a subdued
voice accompanies the laughter and tears yith the announcement that the
winners can; if they choose, have an equi;alent 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 somevhat unsatisfactory
explanation for the phenomenon. It certainly offers little
encouragement for the view of human decision-making which is portrayed
in Figure 1.

rd@itional 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 avérage stamp-value increment
to income should be spent on food, the study £inds that the real
proportion is guite close to SO0 (4). It is extremely difficult for the

(3) See TSDA (1978). An ideal food stamp program could generate a ful
substitution toward food by selling stamps ejual in valu2 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 31ifficult, in tact, that it
suggests another look at the theory. Perhaps the simple czalculus
underlying consumer analysis is sieply a poor approximation to the
truth.

It is curicus that neoclassical demand analysis has been so little
questioned during a period in which conventional producer theocy has
been undergoing a fur;ous assault. The critics of received producer
theory have been led by R. Nelson and S. Winter, vhose evolutionary
nodel of firm hehavior 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 irertias
Leff 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 prodﬁction
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.

Mote that in the evolutionary view inertia and satisficing are

"average" level and some of the M"wealthiex™ poor receivé an effective
increment to income. At the obscrved income elasticity of demand for
food, about 20 percent of this increment should be spent on food instead
of the S0 percent which has been observed. For a complete discussion of
such food transfer programs, see Reutlinger and Selowsky (1975).

(5) 1A good summary of the Felson-Rinter Lypothesis, along with a
critical discussion of the received theory, is to be found in Nelson and
Finter {1978) . leibenstein's critique of conventional microecononmic
theory is most fully developed in Leibenstein (1976). Schumpeter's
classic discussion of the role of innovating entrepreneurs can be found
in Schumpeter (1938).
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ordinary and innovation is extraordinary. The salvation of the system
lies in the behavior of the dyramic few. Although this world view does
not seem to have inspired any parallel critigue of consumer theory, it
is easy to argue that consumers should be even wore pronz 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 f£rom owners vho 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-rangiag search is thus removel
for consumers, it would be natural to suppose some presesce 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 alil creatures.of habit," "You can lead a
horse to water but you can't make him drink," etc.. The underiying
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 than
are producers. The conventional notion of utility-maxinmnizing choice ca
therefore be given no more {and probably less) credence than the
conventional notion of profit-maximizing choice.

Ts all of this a prelude to some callow dismissal of the work of
myriad well-informed and penetrating minds in the domain of
microeconnmic theory? This is far from our intention. It does seen

inportant, however, to consider the evolutionary view as an alternative

27
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It may be particﬁlarly relevant for societies whera 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.
Prom the perspective of BHN 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
nind, however, that the appeal of the evolutionary approach is mainly
pragmatic. Fhen the poor are either too passive or too auncertain to
express their preferences, it is easier for the goveranment té impose its
own.

™hus, the phenomenon ﬁhich we need to explain is the apparent
readiness of many people to acquiesce in maintaining extarnally-imposed
patterns of consumption uﬁen 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 arqument before us. Suppose, then, that we continue the
case of the individuval with current income Y who chooses to consume twd
goods,.x[1} {basic) and X{2} (non-basic) in the guantitiss
(X[{10},% {20} ). The standard analysis would identify [X{10},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 alternmative 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 atility,

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

Choose X {13j} such that E[O(Y{J})] is maxinized, given that
(U] = (p(X{13}) J*(U°(T(I}H) ]

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 probahility that a particular
consumption level (X{ij}) maximizes utility, and g*(Y{J}) is to be
thought of as some appropriately-scaled measure of attainable utility.

Graphically, ve are specifying a situation of the following sort:

Pigure 2
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Thus far, there seems to be nothing which really differentiates
this model from the stand~rd approach. she individual freely chooses to
consume X {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
consuaption 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 vwho 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. Fhat happens when
the individual is boosted to an entirely nev domain of potential
consunption experience by a significant transfer of income in money or
in kind? Suppose, for example; that the individual at income level Y({J}
is asked to specify the increases in X{1}-consumption vhich would
characterize a steady growth in his iné;me. Now, there is little
question that the individuval will be able to specify this expansion
path, but once ve admit the psychological principle which generated the
probability distribution at Y{j}, we are left with an undeniable
complication.

Tn asking the individual to project an expansion path with no
prior experience of higher income, we are asking him to forecast his own
hehavior in a domain where no actual observations are available for
consideration. In econometric forecasting, forecast variance grows with
the distance from the region of greatest experience (i.e. the vector of

mean values). It does not seem unreasonable to suppose that the sanme
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thing should be true of izdividuals. Thus, we can think of the
individeal’s expansion path as the locus of marimum likelihood
consunption levels [X?{1;} 1], with.the variances of the associated
probability distributions increasing with the distance from the curreat

income level:
Figure 3
Xy (265)

I
I
!

Again, ithe relevance of this approach may seem suspect. As the
individual becomes richer, he will simply follow the expansion path
X119} (Y{3}), and all off-path points seem to have no operational

significance. This is quite true as long as the individual®s income

.
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growth is experienced in cash. A growth in kind may be guite another
zmatter, 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 lovw 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 twvo arguments mrust be convincingly
defended before such a conclusion can be drawn. First, it nust 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 two claims will be discussed in detail.
B. Pixed Yardsticks in Basic Needs 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 ratiornale for such an

approach (7):

(6) This subject will be considered in more detail in Chapter IV.
(7) 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 fever resources, than by alternative
routesc..

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

social desirability of current consumption patterms (8):

(1. There is some evidence that the poor are not always efficient
optinizers, especially concerning nutrition anl healtha..

{2). The manner in vhich additional incouze is earned may affect
nutrition adverselye..

{3). There is maldistribution within households as vell as betvee!
households: vomen and children tend to be neglected in favor
of adelt 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 owﬁ standards.
A.C. Pigou considerzd this probiem in his classic Bconomrics of Welfare

(9):

eeethe minimum standard...must be conceived, not as a
subjective minimum of satisfaction, but as an objective
pinimum of conditions... Thus, the minimum includes sone
Adefined quantity and quality of house accommodation, of
nedical care, of education, of food, of leisure, of the
apparatus of sanitary convenience and safety vhere work is
carried on, and so on...Purthermore, the minimam is absolute.
Tf 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, t> 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 incone
promotion on the demand side, then it must define appropriate standards
and enforce them. We can see a strong reflection of this approacl in
sone of the most recent thinking about basic needs. 1A recent discussion
of the problem by D.P. Ghai and T. Alfthan for the ILO {(1977) provides a
good case in point. Their werk is largely concerned vwith identifying
expenses in the "core" (food, clothing, shelter (including sanitation),
health, education, water supply) and the "periphery" (transport, fuel
and 01l, contraception, household furniture, etc.) of thez poor
consuner's budget. Because their discussion is general in nature, Ghai
and ARlfthan make no attempt to hammer out the hard definitional probleas
in a particular context. 1In addition, they assert that basic needs
targets shou;d not be "subsistence nminima,"™ but "decent standards" as
defined by some combination of national and international norms.

This general theme has also been picked up by some internafional
donor agencies, including O0SAID. 1In a recent official policy paper, for
exampie, vwe 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 regquirements
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.

margets 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 vwe 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 scratiny. We will begin at the
practical level, by considering this kind of approach as a planning
problen.

mhe 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, loéation, climatic variation, and cultuce
as a minimum'set. Suppose that we control only for 4 age categories, 2
sexes, 3 aétivify levels,. 6 location types, 3 culture groups, and 2
levels of climatic variation in determining "objective" need. Ve are
saddled with the need for enumerating 864 targets for each kind of basi:
consdﬁption. Suppose that we allovw for 2 indices for each of 6 specifi.
categories (nutrition, water, shelter, clcthing, health, education). W
now hg;e the necessity for 10,368 target numbers.

;Uhfortunately, more details must be considered. He must be
concerned with the circumstances under which delivery to paticular
1nd1v1duals would take place. All available evidence shows that joint
consumptxon by families has its own dynamics. Thus, not only the |

ndlvldual's characteristics but the characteristics of his joint

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


http:approaches.to

page 23

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 p£Slicy 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. PEach of these, 15 turn, will be
valued only insofar as it makes a fundamental contribution to the basic
velfare of the individual. Although opinions on its exact pature will,
of course, differ, vwe may usefully think about a "meta-production”
.function which traces the effect cof each kind of consumption on
productivity, lonéevity, and "life circumstances"™ (iancluling 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.

Tow 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 indiviluals, goods and
services, and production possibilities are involved. FWorse, we cannot

even define demand and supply conditions with the usual precision. 1In

%4



page 21

the case of demand, a belief in "sub-optimal" consumption by the poor
throvws the whole basis for estimating demand functions out the window
and we are left vith uncertainty. On the supply side, the introduction
of social desirability into the problem of technical choice leaves us i1
a similar state.
Tn dbrief, 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). FNo apparent exogeneities, either on the demand or
supply sides
Ooptimism about implementing such a system would seem premature, t
put it mildly. UPone of the individual components of the problem is
anything other than a distillation from the general approach, but we
obviously’have'tp forget about anything so complicated. But how, then,
can it be usefully simplified? One suggestion would be the
specification of mucﬁ simpler targets and far fewer aggregative
categories. ™hen, howvever, the Pigovian maxim would come to bear: Phe
subsidized individual consumption patterns are subsequently observed to
depart from those vhich 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 guestion: Phat are allowable exceptions? And it
turns out, of course, that a legally-acceptable definition of exceptior
would lead imsmediately back to the thousands of particular categories
wvhich we had hoped to avoid.
mhus, we begin our scrutiny of targeting by jpdging that the

implied plarning schema is hopelessly complex. At best, any public
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policy vhich builds on this organizing principle will be hopeful and
exploratory; Tt therefore seens appropriate to us to attempt a movement
back toward first principles. Since tlre assumption that the poor don’t
consume "efficiently" is certainly a contributor to coamplexity in

planning, let us consider it directly.
C. Do the Poor Rnow What They Are Doing?

Any asser-.ion that the poor consume "irrationally" must be based
on a sysfem of knowledge and values which purports to be different than
that of the poor themselves. Even strong advocates of paternalist
velfare policies would presumably not argue that the poor were in fact
pathological. Thus, a statement by some obseryer that the poor are
mirrational™ in some context rnuast steﬁ from a divergence along one of
three dimensions: (1) The valuation of the expected results or current
consumption; (2) ﬁxpectations concerning the results of current
consumption; (3) "he relative valuation of fature 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
consunption (This is not to say, of course, that any such measurenments
have ever been successfully undertaken). Finally, the choice of a rate

of time preference is clearly a value judgment.



page 26

vhich divergence serves as the source for most judgments
concerning the jrrationality 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 pnor, largely illerate people mean as vell as anyone
else, but that they are not sufficiently well informed about expected
outcomes to make good choices. Among examples of this kind of judghent,
ve might cite the notion that poor families shortchange infants at
mealtime because tﬁey do not understand the long-run consegquences 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 f£ind anecdotes whose selective
presentation will reinforce a particular point of vievw., For our
purposes, a more_genéral approach would be desirable.” Three guestidns
néed to be ansvered before the notion of "irrationality" on the part of
the poor can really be adopted as a basis for puhlic policy: (1) Does
the general pattern of consumption by the podr suggest any marked
divergences from behavior which seems "desirable" fron the BHY
perspective? (2) For poor countries, isrthete systematic evidence that
representative poor families consume in iays which are relatively
injurious, once their whole life circnméfances are taken into account?
(3) Fven if such unfortunate behavior istobservable, is it likely that
the total results of direct intervention by public planners will be more
desirable than the existing situation? 1

Yt might be supposed that the answét t> the first guestion 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‘

£
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America, and Africa invariably show that a huge propor*ion of "
expenditures by the poor are aliocated to basic needs categories. The
mnost conprehensive work to date is undoubtedly the Brookings-ECIEL
(1978) study of consumer behavior in ten Andean cities. Rotional
estinmates of basic needs expenditures following the Ghai-Alfthan

decomposition are as indicated in Table 1.

Table 1

Basic Needs Expenditures as Percent of Pamily Budgets
for the Lowvest Income Quartiles (Ten Andean Cities) (a)

ffean Income

City of lLovest Quartile Percent (b)
Bogota 1037 89.7
Barranquila 1100 88.7
Cali 1029 88.6
ledellin 1055 87.8
Santiago 982 85.7
Quito 845 80.5
Quayaquil 896 97.04
Lima 1161 80.8
Caracas 1602 80.4
Raracaibo 1852 82.0

{a) Relevant definitions are as follows:

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

"Non-Basic" expenditure categories: Furnishings and operationss;
recreation and culzure; vehicle operaticn; public transportation;
communication; other consumption (tobacco, personal care,
ceremonies) ; insurance; gifts and transfers; other nonconsumption
(ty 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.

"here are obviously some problems with this kind of categorization

(Are ceremonies never basic needs? Are all furnishings ™non-~-basic"?).

g
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‘Pevertheless, it reveals a persistent tendency by'poor fanilies to spend
most of their money on categories which are closely identified with
basic needs. TIn addition, there is a tendency for this proportion to
expand as the median income of the lovest quartile gets lower across

~itina. as avidenced bv Yiqure 8.
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mhe observations for the North Andean countries in this set are
very tightly distributed along a line, vhile the two South Andean
observations determine a lover, nearly parallel line. ®ith this kind o

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 BEN standards.
Fxisting budget surveys for Africa and Asia have not been done as
consistently as the Brookings-ECIEL surveys, but they exhibit the sanme
disproportionate allocation to BHF expenditures by the poor.

If the first basis for judging poor coansumers to be irraticnal
does not hold =p well, then perhaps the other two possible arguments are
credible. Do systematic studies exist which show obviously injurioué
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 subjecté of immediate interest to themselves. 1In
the absence of a.total consideration of life circumstancass, very few
kinds of behavior can he dismissed as aberrant. Is disproportionate food
allocdtion_to adult males a sign of pure discrimination, or do the men |
of the family simply need a fairly high proportion of a grossly
inadecquate family diet to maintain strength sufficient to keep their
jobé (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. Existiﬁg 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) 1In fact, the common feeling that such disproportionate allocation
occurs is not backed by much systematic evidence. PFor one case
(Xinshasa, Zaire) in which the children of the poor seem to he
disproportionately favored, see Wheeler (1978).
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to support the assertion that the poor behave in injurious ways by BHN
standards.

mhis leads us finally to the third question, vhich 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
self-interest of the poor bettter than they can themselves? First, it
should b~ 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 c¢ounterparts seems very unlikely.

let us suppose for a moment, hovever, 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 éssociated risks and returns better than the pepplé who are directl
affected. I€ an accunmulating body of evidence from the industrial
economies is relevant, the opposite conclusion appears warranted.
Stndies'of the ability of "experts" to outperform the guesses of masses
of "uninformed" players in risk-return analysis are almost always
embarrassing for the experts. By the same token, it is difficult to
believe that a relatively small group of planners in some public agenc
could understand the full life situations of a great variety of poor
people and guess the expected returns to various activities better thar
they could themselves

In summary, ¥e 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 outveighed by the resource costs

21
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of project administration. Thus, we conclude that the revealed

prefererces of the poor generally provide an excellent guide to the

measarenent of relative benefits for BHN planning. Fhere 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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IY. TFULL INCONE ACCOUNTING AND REVEALED PREFERERCE ANALYSIS
A. An Augmented View of Family Income

In Chapter I, ve have seen that very little of ths available
evidence supports the view that the government should attempt to dictate
cousumption choices to the poor. Through supply-side interventioa, it
can certainly offer incentives for increasing BHY 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 degfee to whirh 16ca1 villingness 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. 1Iu 50 doing, we are
lead tc a significantly revised viev of consumption, savings, and
investzment behavior by poor families.

The Pestern microeconomics of Harshall .and his successors
developed during an era in which the industrial revolution had
e;isentially solved the survival problem for many North Atlantic
populations. The resulting theory of consumer behavior is therefore
preoccupied with alternative "tastes" for goods and services vhich are
not directly linked to survival needs. It is perhaps this same
gnconcern with sheer survival which has focused the theory on individual
choices, although it is perfectly apparent that Jjoint consumption by

nuclear families has retained a strong role in most Western economies.
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In the standardl 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 tinme
preference") and available production possibilities.

Thus, the only bridge between consumption now and in the fupure in
textbook microtheory is the simple act of "saviné." Precise definitions
are wanting, probably (as has been noted) because microeconomics
implicitly assumes a level of well-being sufficiently advanced that the
liﬁk betveen current consumption and current productivity {(i.e.
contributions to future consumpfion) is broken.l

This is patently not the case in many poor societies. FRhen fanmily
income is sufficiently low that physical productivity is a variable
function of consumption composition, the story becomes more complicated.
7o the extent that wvorkers perform better and longer with a nutritious
Aiet and superior access to medical care, and to the extant 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 makcs sense to define family economic behavior a little nmore
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

LU/
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all its members {12). In procuring "profit" for itself, the household-
must sell some p:toduct 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 higher
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,
this set of definitions is tricky. Goods and services may be purchased
as "inputs," or as profit items; family labor can be used either
internally or externally, ahd the problem of implicit payment to
jnternal labor services clearly arises. The division of outflows into
nprofit-related,” "input-related," and "capital-relafed“ components may
seem abstract and overly complicated. It is important to note, hovwever,
that the standard distinction between savings and consumption {vhere on
kind of consumption is "leisure" -- not working) is also an abstraction
and not a very helpful one in this context.

Tn the re-definition of c spenses, profit-felated outflows are ver
much like the standard notion of consumption. Some current income is
spent on goods which are only tenuously linked:with productivity or

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

{12) "Profit" and enjoyment (or utility) are obviously linked notions
here but for the moment it seems better to lcave the basic notion in
imprecise form and pass on to a full description of the accounts systen
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cleaning, comic books, attendance at movies or sports matches, 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
connunity 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 thoée 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 iteﬁs in
particular empirical contexts.

Fe are left with operating expenses ani 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 curreant stocks of human and physical capital.

Generally, we may define productivity in the £following way:
Direct =-- a fixed-coefficient relationship with narketed 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

q‘\.\
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which is exemplified by the following .graph.

Pigure 5
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In Figure 5, we see the proportion of potential output (determine
by available stocks of capital, labor, and land) which can be
hypothetically reached at different levels of consumption of calories.
mhe graph is intended princirally to demonstrate that injirect material
inputs are distinguished by the principle of satiation fron the
perspective of production, and the satiation level is well-nigh
automatically reached once average family output (/income) has been

reached. TFactor service inputs are also characterized by diminishing
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marginal productivity, of course, but they are not as obviously subject
to the asynptotic 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
accunulation must occur to maintain prodﬁctivity as gross operating
levels rise. Part of current revenues must be set aside for this
accunulation (and, of course, to compensate for depreciation). The
fanily faces the same problem -- How should current revenues be
allocated among profit, operating expenses, and investment? In the
microeconomic model of business oper&tion, 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 rzvenues should
be allocated so that'the marginal long-run expected consumption value
of expenditure across uses is the sane.

In practice, the family's decision will be determined by a few
crucial values: The discount rate, dictated by the relative preferencs
for the present over the future; the current productivity profile ¢~
various inputs; the expected productivity of investments; the expected
rate of real grovth in the rest of the econoay; ahd 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. 1In
Indonesia, the omiipresence 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 seens
not to be the case. The evidence comes from BOston Onivarsity research
projects currently underway in the two countries mentionad.
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values, the family will shift its allocation around until the marginal
condition is approximately met.

Since the consumption decision will always be sabject to some
f£inite discount rate, some gross revenue will be set aside for "profit
consumption," even by the poorest families. The maximum efficiency
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 rear the asymptotic maximal'contribution
level. "here 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 opera;ing'
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
differentiate betveen "operating” an? "profit" purchases. The former
should exhibit a purchase elasticity with respect to gross revenue vhich
is high at lovw revenue levels and the latter shoulld exhibit an
elasticity pattern vhich is precisely the converse. The pattern for
saving-investment expenditures should be very similar to that exhibited
by "profit" operations.

Yow we arrive at a definitional problem which obviously causes
some ambiguity in our perception of the difference between operating an

investment expenditures. MNany 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.
™hus, some accounting confusion is inevitable. For precise numerical
exercises this might cause probiems, but for analytical purposes this
limited source of confusion is not really very important.

On the expenditure side, then, we have decomposed consumption into
tvo parts and pointed out some discrepancies in 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 generaily been termed "basic needs"
expenditures in recent years. The tripartite definition of expenditure
vhich 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.

Raving examined the outflow side off the family ledger at a rather
general level, .let us nov turn our attention to the income side Ffor a
moment. In thinking about the allocation problem of the poor, we are
immediately confronted vith the need to re-iefine income. Por 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. Tn analyzing the economic behavior of poor families, then, we need
to cousider as income their money income; money-equivalent income fronm
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 infestment. Similarly, ve 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.

s 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. Fe 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 .90/hour. The son could f£ind enployment in the informal
sector for about the same vage, if the family decided to terminatza 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 88 (father) ¢+ 36 (mother) + 36 (somn), or
120/month. This is the income which they could obtain by allocating
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 ' Nother Son
Money Tinme Money Tinme Money Tinme
Profit .10 2 0 2 0 1
Operating .90 2 «30 7 .20 1

investnent 0 0 0 0 .10 7
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mhis yields the following full income calculation for expenditure:.

Table 3
Category Noney Time  Total Value
P M S
Profit «10 2 2 1 .70
Operating ' 1.80 2 7 1 2.50
Investnent «10 0 0 7 .80
Incone 1.60 .60 .90 .90 4.00

fe therefore have the following comparison of expenditure

proportions:
Table 4
Standard Budget Full Income
survey Accounting

Value Percent Value Percent
orofit : «10 6 70 17
Operating 1.80 88 2.50 63
Investnmnent «10 6 80 20
motal 1.60 4.00

In the full income accounting, the expenditure proportion for
profit rises because the opportunity value of leisure time daring the
tvelve-hour "vorkable" 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, ve have generated a very large shift in estimated expenditure
proportions away from operations ard toward profit and investment.
mhere can be little doubt that the resulting iazpression 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 BAY 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 nfrea®™ goods are no
longer free. In the simple example which we have considared, 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 volantarily, 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 earnings stream appears large enough.

Although revised notions of income and price have been introduce?
as aids to understanding economic behavior, we have not yet arrived at
definition of the economic objective of poor families ﬁhich is
appropriate. Juch of the discussion of basic needs has focused on the
fdea that contributions of goods and services to the physical guality ¢
li“e (generally associated with health and longevity) should be valued
in consifering the well-being of the poor. Of course, it seens
perfectly sensible for the poor, as normal human beings, to value thes:
things as well. Therefore, vwe may suppose that for any poor family, ¢t!
objective of economic activity is the maximization of the present vala:
of the total profit-consumption sfream for all living {(or about-to-be
living) family menmbers.

A close look at this definition will reveal that it incorporates

all of the BAY cumponents which have been discussed. 2 family which

N
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gives equal weight to the discounted lifetime consumption of its
youngest members will obviously have a strong interest ia infant
nntrition 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. ™he 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.

Thus, ve adopt as our presumed goal for poor families the
maximization of the present value of profit consumption (PVPC) for all
living Family members, according to the best information available t§
then. If this definition is acceptable, we can move toward an
. analytical framework which will greatly aid us in drawving 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. 1In a
particular area, then, our viev of the family leads rather directly to
the acceptance of utility-equivalence for equivalent families. What
does "eguivalence™ nmean 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 fev other family
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characteristics. Fhen families are actually observed, of course, they
will be seen to have different expenditure patterns. Onder the
assunption of welfare-equivalence, this information can be used to infer
the trade-off ratios which the poor apply across expenditure categories.
Such information can in turn be extremely valuable for 2eternmining
appropriate public projects from the viewpoint of the poor themselves.
tnder some circumstances, this utility-equivalence approach could he
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
from cross-sectional evidence. Since one of the main objectives of
public poliéy 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 wéll be insufficient.

Tt 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.
Tn confronting the problem of variable access to the same commodities,
therefore, the poor are in effect confronting consunptinn possibility
sets at different relative prices. Rather than being restricted to an
unvarying set of price ratios, the careful cross-sectional observer is
in possession of a continuum of prices and guantities for most of the
relevant goods and services.

Fovw can this information be used in practice? Here it is
necessary to go one theoretical step further in the analysis. Ve 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

menbers. Family workers are substitutable in some activities and not i

‘7
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others. .In any case, the family should adjust the time inputs of its
members until the marginal objective gair 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 mentionred). Fortunately, however, it is generally
possible to deduce the marginal costs associated with particular
expenditure types at particular places.

Yor 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 the commodity in question, then, will
be the sum of all three components. ‘Since most kinds of expenditure
fall into regular patterms, it is perfectly possible to standardize all
pPrice méasurements on some time unit which is convenient for aggregation
(rents, for example, are generally éollected veekly or monthly, so other
prices could be calidrated 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 menmbers present a challenge. Both purchase prices
and procurement times can be observed directly. Under the assumption of
equi?alent ntility, the econometric problem can be resolved 1EI
sufficient observations are available. The exact way in which this would
be done involves a rathar technical discussion of utility function
specification and econometric estimation (14).

™hus, the re-~definition of family accounts seems to lead us down a

N
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promising path. Enough information is available to yiell 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: 1R Detalled Look

Tn order to discuss the ways in which the revised definition of
fapily 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 vith 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
savings and : scess advantages in particular confexts (employhent,
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 arrangemeant under all
the given conditions of access, preference, and income. In the account
system whick has been dravn up, these conditions will be strongly
reflected.

A full tableau of the relevant price components for different

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

- - - - s an an s o o o

{18) A nmore 2etailed discussion of the econometric approach will be
included in the next section. '

NN
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Table S

Proposed Accounting System - Family Budget

Category Use Payments Access Payments
Money Time Value Honey Time Value

Rent Travel

Operating-Investment
("Basic Teeds™

"High-Talue Foods (a) - x(b) x x x x
Tmployment x X X
velfare Services
Health X x x x
Fducation x x X 4 x
"Basic Materials" (c) x x x
Density x
Tater x x x
Sanitation B x x
Profit Consumption
("Yon-Basic™
"Low~Value" Foods (a) x X X x x
Other Consunmer Goods X X x X x
Clothing X X X X X
Recreation (including
{leisure tine) x x x x x
Shelter-Related
"Hon-Basic Materials" (c) x X x x x
Furniture x x x X x
Menetary 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" £oods 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. )

{p} The "x's" refer to points in the table where survey information
vould have to be collected.

(c) "Basic materials™ could well te defined in the same manner as
"hasic foods" -- high and declining gross revenue elasticity.
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As previously noted, the primary criterion for discriminating
betveen basic and non-basic items lies in a distinction between
profit-consumption and operations-investment expenditures. Where
anbiguity prevails, a further distinctiom can be made on the basis of

revenue elasticities.
Food

As noted in the preceding chapter, food comnsumption can have all
three characteristics {profit, maintenance, investment). Basic foods
should be those in which the latter two qualities dominate, and such
foods should logically be those with a high benefit/cost ratio as
measured by nutrients/dollar of expenditure. Under the assumption tha
the poor are aware of nutritional value, comparative patterns of
revenue elasticity change work well for discriminating between the
"Basie" and "Yon-Basic" categories. The available evidence suggests,
fact, that there is no great difference between."optimum" diets for thi
poor {nutritionally defined) and those which the poor choose for
themselves. Fhere divergences are apparent, many nutritionists vould
probably be reluctant to reject local practices in the absence of «
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 fimal 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

e
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preparation by some member(s) of the family. The direct calculation of
market-rclated costs must be supplemented by a consideration of access
paynents. 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 tranéportation to and from the market to consider. At 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 or a value-proportion basis even if
direct, detailed observation of unit time-allocations is unnecessarily
complicated.

In the case of own-production, the situation is somewhat more
complicatei. Fere 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 -thich is guite 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 accouplished 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 M"costs" in the accounts. The only legitimate cost

in this context is the time cost 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 bhe subtracted from potential income, as vell.
Employnent

Generally, employment is regarded as a source of income rather
than as a cost. It is both, of course, since fev families can locate
next to sites where ail 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. 1In an
accounting éense, there are two ways to deal with this problem. One is
sinply to enter vork-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 information may in fact be quite
helpful in illuminating the trade-offs which are made by poor fanmilies.
For 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 probleas (vith
the attendant risk of firing in the face of 3isastrous tardinessj,

{15) ™he 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 he 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).

prefﬁlly, this example points again to the overriding importance
of the location problem in a systematic consideration of basic needs
'strategies. Fith 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 lovw social cost.
Pelfare Services (Health)

Tt 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 sérvices are generally offered at
fixed sites (except in the case of mobile vaccination units), with the
usual problems of differential accesg. To the exteat 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. 1Indeed, the problem,of access guarantees that the poor
will always pay for health services.

Once this fundamental notion has béen accepted, certain

cnnclusions must follow. ¥irst, existing patteras 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 2omains. 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 ganmut from
moonlighting surgeons to full-time traditional herbalists and shamen.
mhe latter may vell be sought out (at a fee) by desperately poor
families, even when nydern~sector "free" alternatives are available.

ITn 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 requirel for services, even in
the public sector. Substantial waiting time is often involved as well,
and this will be particularly true for lowv-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. MNedical
service demaﬁds are generally linked to evident need, so that their
distribution within time units is likely to be random. Fevertheless,
their incidence across longer intervals will be reasonably predictable
(and higher, undoubtedly, for the poor than for the rich).

mhus, it would certainly be a mistake to assune that the poor make
little or no provision for medical needs in their full sat of economric
arrangements. The costs of untreated illmness are all too evident to the
poor themselves as personal suffering, vork income lost, and shortened
life expectancy. Again, a full analysis of opportunity flows is required
to reveal the true wi'lingness of the poor to pay for medical services

at different quality levels.
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Welfare Services (Education)

fhile medical expenditures can justifiably be viewed as sonme
combination of maintenance and investment costs, educational
expenditures 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 tidertaken only when the
discounted flow of expected returns exceeds the discounted f£low of
opportunity costs for the family as a whole. 1In fact, the reported
behavior of poor families lends substantial credence to this view (16).
Aigh absentee rates in many Third World schools suggest a conscious
decision by parents to maintéin their perception of an econonmic
allocation of their children's time, as does strong seasonal absenteeisn
in agridultural 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, vhere
they are not). Private schools, school-business arrangem=2nts, and

apprenticeships of many kinds exist in poor cities. In addition,

(16) The presence of investor-like behavior is evident, even if sone
would cleim that the poor calculate costs and benefits inappropriately.
As we have already mentioned, there is little evidence to support the
notion tkat the risk-return analysis of thn experts is likely to be
better than that of the poor themselves.

\o

1.



page 54

current research on entry-level employment arrangements in large
enterprises suggests an important ¢training component, since there seens
to be some willingness on the part of new employees to part with current
opportunity income in exchange for higher coapensating payments as
training and experience increase.

Ton countries where private arrangements for education seem to
flourish in competition with the public-sector arrangements, it seems
fytile to attempt a basic needs policy in education without a thorough
analysis of the perc:ived willingness of the poor to pay for educational

alternatives.

Shelter (Basic mnaterials)

™he problem of sepafating 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
gross-eipenditure elasticity. Building materials with initially high
{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 vwith having a roof (ot
some kind) over their heads, and it is unquestionably tha transition
from "non-shelter™ to "shelter" which has the most impact on physical
welfare, provided that densities are not extreame. 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
shelter while investing ir another. In doing the accounts properly, it

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
cf these materials will be deducible from shelter rentals aloang with
access components. In other cases, they will be directly observable as
families purchase (or produce) materials for their own homes. 1In 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 includes 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 evaluitidn at market rates for
rental units and at resource opportunity costs for units being built.
Although one kind of expenditure is generally termed "coasumption" and
the other "investment,” nothing is lost in this case by aggregating thenm
together as basic needs outlays. By the same principle, any observed
expénditures (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

categorye.
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 wvay. Some evidence suggests
that the incidence rates for many contagious diseases, mental disorders,
crime, and children's learning rates are 111 related to the level of
stress associated with living at densities above some "tolerance
threshold" which is énlturally defined. Thus, the purchase of
resiZdential density by the poor is likely to affect fundauental welfare
patterns.

Density is usually lumped together with structure gquality and
accessibility in the determination of residential rental rates, so that
econometric inference is necessary to determine its separate value in
the market. It is assumed here that few if any truly poor families will
be above the threshold demsity level previously mentionel, so that all

density-related payments can be defined as basic needs expenditﬁres.
Shelter-Related (Water)

Of all the goods and services which have been discussed, vater is
the most important ip a fundamental sense. At the same time, water is a
conmodity whose true cost to the poor can be quite difficult to measure
in many circumstances. Generally, water is available under differing
conditions of guality and access. The full price of available water is
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
is clean and plentiful. The evaluation of water expenditure may alsd

include a monetary charge if it is purchased frcem a vendor or on some

5"
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unit-fee basis. The unit nonetary value will presumably vary with
quality type, and this nmust be defined (all vater types can safely be
termed "basic" for our purposes). Frequently the procurament of water
involves queuing, and the associated opportunity costs must be
evéluated.

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,
ar 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. 1In
addition, the full analyslis of costs allows for a much nmore
comprehensive consideration of alternative approaches to the fingncing

of water-supply expansion.
Shelter—-Related (Sanitation)

~he final component of shelter-related welfare expenditure which
has a strong basic needs iiterpretation 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 (2.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 problenm (particulﬁrly

for children, and for adults at rush hous points in the morning and

\o
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evening), so that time costs may be a factor. PFinally, rent increments
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

Tt has seemed eminently worthwhile to describe the accounting
components for needs-based expenditureé 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 thé other hand, is less
important here. Although an accounting of this expenditure is
necéssaty, it does not need to be presented in any detail at this point.
~hus, it can briefly be éaid that all of the ;isted compongnts of'
current profit consumption have five cost-indices, since some component

of access value is operating in each case.

r—
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C. Planning Strategy: Project Analysis

and Wet Subsidy Accounting

As 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. Pecurrent 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
'0f 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
adjust net subsidy levels across sectors in respoanse to changes in
recurrent cost flows or the levels and social distributions of basic
velfare indicators. The methodology of social benefit-cost analysis will

serve as the conceptual basis for our approach.
(1) . - Project Analysis - Benefit Estimation
TEf vwe 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 reguire:
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-Some hedonic welfare function to be maximized (i.e. some linear
::é??fed suma of components such as productivity, literacy, longevity,

-3 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 enureration of the major objections should prove persuasive. It
is not at all clear what vational basis exists for specifyii ' unit
trade-off veights for the social objective function (vhiczh 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 coatroversial. In addition, it is doubtfal
that the social welfare function should be linear (implying the
utility-independence of hedonic attributes}. TIn addition, the
specification and estimation of an adequ;te hedonic production model is
at present only possible at a very aggregate level (17). In particular
national cases, even the most commonly-addressed questions {such as the
climate-variable relationship between basic nutrients and health) are
not satisfactorily resolved.

mhus, we can probably dismiss "top-down" valuation as a reasonable
approach to BAN benefit estimation. &is a second alternative, we might
consider the approach which is usually taken in projéct analysis: The
evaluation of bepefits at current market prices. Only a momenz's
reflection suffices for a rejection of this approach, as well. Given

local supply curves, local market prices are determined by aggregate

(17) The growth-welfare model presented in Appendix B provides an
exanple of this kind of approach.



page 61

demand curves which.are heavily weighted toward the preferences of the
rick. In poor countries with extreme income inequality, this source of
bias is compounded. Obviously, we have to look elsevhere for a solution
to the problem of valuation.

As we have argued in Chapter I, there are strong reasomns for
supposing that the revealed preferences of the poor themselves provide a
sourd 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 econonic
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 ohvious scarcity of recurrent subsidy resocurces, it does uot seen
very sensible to adopt valuations which are very different than those .of
the poor themselves.

T"he trick, of course, is to determine what these valuations
actually are. T™wo 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 current prices could bz establishei.
Secondly, indirect estimation of preferences £rom comprehensive
household survey information could lte 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 opposcd to the choices

vhich 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 econonmetric
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-Egquivalence Approach

"he 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 BHEW goods and
services by poor families.' As previously noted, a promising possibili:y
~is the use of the full income-expenditure approach in é model which
takes spatial access into account.

T™he key to inference is the assumption of equivalent welfire at
equal potential income levels, and the notion of potential income is an
actuarial one. Allowing for normal distriﬁutions of advantageous
personal zttributes 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
resildency 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, tvo families may behave very

,l‘
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ds.fferently in their allocation of time and money, so that the level of
monetization in their exchange transactiomns (and their observable money
income) is quite different. For econometric purposes, the use of
acutarial equivalence is the key to inference because it allows us to
inpose a specific model of welfare determination. If families have the
same income-e¢arning rescurces (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.

Ts this equal-welfare assunption plausible? If people at the suae
potential income level have good information abou® 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 obviouély two
relevant variables here, and as we have noted, the neoclassical and
evolutionary models make very different assumptions about their role in
econonic behavior.

Its imposing of the equal-welfare criterion makes the econometric
approach inherently neoclaésical; 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 necclassical assumption. 1In
Lagos, Nigeria, for example, as many as 1/3 of all poor families shift
locations in any given rear. This saggests a very substantial
willingness to adapt to newly-perceived opportunities and to experiment
with new circumstances.

gnder such conditions of high mobility, the assumption that
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velfare 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 thé
absence of information on time allocation, marginal rates of
substitution at average time-mo:ey price ratios can be inferred (18).
fhen time allocations are known as well, price-responsiveness can also
be calculated.

vhile 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
estiﬁates of.willingness to pay and the consequent level of recurrent
subsidy necessaryAto particular'activities, under the assumption that
appropriate recovery mechanisms can be established. 1In order to
jllustrate the possibilities, one'fairly sinple (and therefore probably
implementable) version of this approach will be presented here, along
with a discussion of thé way in which it could be used as an aid to
planning. The treatment will be general, because data appropriate for
such an exercise have siﬁply been unavailable.

me begin with the problem of selecting an appropriate subsample of
fapmily observations. The families in question would not have to be
precisely identical, alfhough they should be closely matched. Thus,

equivalent status could be assigned to two families of five with the

(18) Tror pioneering work in this area, see Fheaton (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, ve could define equivalent utility in the following

way (19):

() 1n Ufo} = 1n (A + R) + Sm{i,n}[B{i3} * ln X{ij}]

wvhere

M = Total money expenditure (on goods and
services for the family

R = 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
mhe imposition of welfare equivalence aloows for thé 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 urhan market) and time spent in
pursuits other than direct money-earning. The form of separability
imposed on the ﬁtility function seems defensible in this case, under the
assumption that money income (which equals N+R -- money expenditure) is
freely transferable among competing uses.
Tt is possible to re-formulate (1) as a stochastic equation in

the following way:

(1° ) In this report, sm{i,n} will be used t> denote summation from i=1
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(2) ln (M+P) = 1ln Ofo} - Smfi,n}( B{iJ}*x{iJ} ] + e(id}

Fhen 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 B's, as vell as a
value-equivalent estimate for 1ln Ufo}. In this simple specificatioan;
the assumption is maintained that the stochastic error term (e) is
randonly (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 estinmates of equation parameters allow for the
gstimation of the money value imputed to time in particular uses by
family members (generally reflecting reant adjustments as proximity
changes) as well as marginal rates of substitution between tinme
allocations within the family. Once this approach has been used to
obtain a set of time-value estimates, these can be combined with prices

{vhere the latter are charged) to obtain full-price demand schedules for

(20) The imposition of a log-limear utility function, of course,
represents several strong assunptions. Nothing in this way of
formulating the problem precludes the imposition of a more complex
functional form such as the generalized CES:

(3a) OUfo} = (M+R)**BO + sm{i,n}( B1{iJ} * (X{ij}**B2{i]} ]
(3b) N+R = [ Ufo} =- Sm{i,n}( B{ij}*(X{i]J}**32{ij} ) I**(1/BO)

Fere, of course, non-linear regression is necessary to obtain
parameter estimates.
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particular goods and services. It is these schedules, in turn, which
should allov 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 Bstimation: 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.'rull
income analysis has been suggested as a means c¢f improving the planner's
ability to deduce the true‘allocation of resources across profit,
maintenanée, and investment activities. Undoubtediy, this way of
measuring consumer prefzrences can be very useful in the deteraination
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.

In analyzing the activities of the poor, the analyst confronts the
set of general issues which must always be faced by the aﬁhliea
microeconomist. In the set of implicit and explicit markets for goods
and services thch 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. 1A good example is provided by the

/\\D



page 68

measurement of valuation of residential attributes which was discussed
previously. The use of continuous econometric models based on the
principles of substitutability and equivalent utility is to be
recomnended in such cases. |

Unfortunately, many of the choices faced by public planners cannof
be informed by this sort of continuous analysis. Whenever basic needs
activities are.strongly associated with public goods, deliveries must b
organized through public institutions which take on particular
characteristics. Education, for example, can be organized iﬁ a finite
number of ways, an? the government must make explicit choices for
institutional development. Sinilarly, medicﬁl care can be organized in
a variety of ways. In deciding what kinds of schools and medical
facilities to build, and vhat kinds of persoanel to train, the
government js forced to make discrete choices. When the institutions
themselves are in place, poor consumers will thexrselves then have to
make decisions governing the incidence and freguency of use.

Such problems are not exactly unknown in microeconomic analysis.
of course. 7any of the classic consumer choice problems involve the
choice among commoditie§ which are "lumpy," so that the standard model
o€ continuous substitution does not readily apply. Ontil the preseat
decalde such discrete ‘choice prohlems were largely ignored by applied
microeconomists, largely because because eristing methodologies wefe
simyly inadegquate for proper analjsis.

Recently, hovwever, this situation has changed. Beginning in the
19€0's, an interest in urban mass traasit led to a consiiderable
expansion of the empiriqal literature on "™modal choices™ by consumers.

Tn 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 preferénces of consumers. ®hile preserving the basic structure of
revealed preference theory vwhich underlies all of aicroecononic
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 séction will include a consideration of the gemeral approach
to modeling which is appropriate in the context of discrete choice, Qnd
a relatively brief description of the modeling technique. The
applicabilify Of the technique wiil be illustrated with a description of
a project currently underwvay in rural RKenya which was inspired by the
student-~faculty seminars at Boston University which were conducted as
part of this Basic iceds 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 froam any other source. Much of the pioneering work
in this field has only been published in the professional journals

during the past two years, and several of the technigques discussed in
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the Appendix have only now reached the stage of application in on-going
research at NMIT and elsevwhere. Obviously, ve would not have devoted so
much time and attemtion to this subject if ve did not juldge it to be of
fundamental importance to BEN analysis. It is difficult to see how
further progress in the analysis of service mode choices by poor
consumers can be made unless the fanmily of technigues described in this
section is brought to bear. Although the Appendix is highly technical in
parts, wve hope that it will be useful to USAID specialists in the

application of econometric techniques to policy problems of this type.
a) Discrete Chcices 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 for
the provision.of goods and services into accouni. In both rural and
arban areas, poor people generally have at least sone choice in

determining what kinds of provision they will enjoy. In the field of
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 nedicines bought over the
counter in local market areas or traditional medicines produced fronm
local materials. In the case of the latter, traditional healers with
various specialties may perform a role in the process. Curative medical
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 medical. services

kas sprung up, centering on the provision of care by mursing graduates

1
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vho have experiecce but are not formally licensed to practice medicine.:
At the same time, public authorities may Qperate proximate dispensaries
or hospitals with out-patient services, and mission societies may offer
conplementary facilities.

Tn the field of health care, then, it would be . mistake to
characterize the choice environment of the poor too simplistically.
Fducation provides anothgr example of this kind of multifaceted
phenorenon. Two educatioral choices available to the poor are obvious:
Primary education in some form is now available in many .ocations
throughout the Third World, and those families which judge the
opportunity cost of such education to bé too high can always choose to
introduce their young to {raditional modes of agriculturas or animai
husbandry. Some reflection, hovever, reveals that other educational
‘modes are also.comuonly available to the poor.

"he analysis of rural-urban migration patterns frequently reveals
the importance of apprenticeship arrangements as the first stage in the
novement of young workers from rural agriculture to full-time urban
enployment. 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 systenm, and many commercial schools produce
goods and services for profit. Although exploitafive arrangements
undoubtedly exist, the persistenée 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 mﬁde in a multimodal context. In
determining policies for the expansion of education, it would seen
appropriate for public plamners to look at the revealed preferences of
the poor before deciding on the shape of future institutional offerings.
mhis 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 prograams has been appropriated by
the Cubans as a part of their educational systen. The Caban government
has long emphasized its commitment to npractice™" as well as theory in
the education of the nation's youth. In rural areas, pupils from the
primary grades on up spend part of each day in agricultural production.
Tn urban secondary schools it is not uncommonr 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
tte "profitn" geoes to the state rather than to educational eantrepreneurs.

From one perspective, the Cuban approach can be seen as an
imaginative partial solution to the recurrent cost problem in the
provision of educaticnal 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 %o
more traditional instruction, but the rate of absiciteaism 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
basic needs policies. The Cubans have decided that the externalities
associated wth education are so large that they have enforced relatively
faithful attendance at educational institutions. At the same time, thej
have in effect expropriated a sigmificant proportion of the labor tiame
of poor families in order to support these educational activities. 1In
the Jamaican case, laissez-faire is aore prevalent. As could be
expected, poor families left to their own devices choose to rstain some
of their ckildren's labor time as a contiibution 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
pelieve in tremendous externalities associated with educatior, unless
they simply support the notion that the state knows the self-interest of
the poor better than they kmow it theaselves.

Q|
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residential choices, it was proposed that the statistical approach to
revealed preferences is likely to yield more reliable results than *he

kinds of direct consumer surveys which are fzasible 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. With all consumption possibilities available at
positive opportunity cost (measured in money- or time—equivalents), and
with goods and services substitutable for one another as sources of |
satisfaction, rational consumers in the continuous case can be expected
to adjust their resource expenditures until they have equéted (narginal
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 arong competing "lumpy" forams
of a good or service, we caﬂ adopt the usual near-tautology by asserting
that the choice made will be superior in the perception of the consumer
in guestion, 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 expecé identical consumers to make the
same choice among identical modes.

In the case of continuous choices, it is possible to use
vell-established econometric methodologies t> estimate the reslative

valuation accorded incremental units of alternative goods and services
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by the "representative" pocr family. In the section on residential
choice, an approach originally due to JTheaton (1977) was used to
jllustrate the measuresment of relative valuation in his context.

Here, the problem is somewhat more difficult.l When the consuner
chooses among a set of goods or services which are complete, rutually
exclusive competitors, all possibilities save one will be exclnded in
the result. “he classical analysis seems to break down in such
sitnations, and the notion of "hedonic" choice becomes findamental o an
appror~iate re-structuring of the analysis.

Tor half a decade now, the tieory of consumer behavior has moved
progressively toward Felvin lancaster’s hedonic specification of choice.
According to this notiom, very few commodities have direct value to
consumers. Rather, almost all goods andﬁservices are actually bundles -
of attributes which themselves enter into constmer utility fanctions.
pifferent foods, for example, can be regarded as alternative
combirations of nutrients and tastes. It is possible to make sensible
decompositions of almost all imaginable goods and servicas in this
hedonic sense.

Fhere comsumptioﬁ possibilities are continuously divisible, this
tancastrian viev of consumer behavior can aid in.simplifying tbhe choice
set which is beihg nodeled. In c¢ases of multimodal choice, the use of
the hedonic specification turas out to be even more helpful. Rather‘than
regarding alternative modes as discrete entities, we can regard them as
alternative combinations of valued attributes. It is then possible to
regard the ultimate choice of one mode in a vay which is consistent witth
the theory of revealed preference -- the ccubination chosen nust

represent a vector sum of hedonic valuations which is superior to that

o
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-associated with any other available combination.

mhis hedonic specification is the real key to the generation of an
effective measureaent methodoloéy in the discrete choice case. Suppose
that we regard alternative means of providing health and educational
services, not as distinct entities, but as alternative combinatiomns of
valued attributes. From the perspective of public policy, it is clearly
the attridbutes themselves which are of fundamental importance. Once
alternative patterns of valuation are understood, then the minimization
of recurrent support cost would imply a strotg preference for the
provisiLa of modes whose attribute "scores" are superior for particular
target groups. At the same time, the ase of clevrer nmeasurement should
make it possible to discuss the provision of modes which, while they nay
not curreatly exist, wvould be supericr to any existing modes in the eyes
of interested poor consumers.

Obviously, vwe have not.yet arrived at a concrete methodology which
would actually permit the kind of measurement mentioned above. 1y
compining hedonic specification with an appropriate understanding of the
terr "revuresentative consvmer” in microeconomics, however, we can move
to an understanding of the general statistical approach to measurement
which is required.

As in the stand#fd microaconomic case, the key to modeling
discrete choices lies in the notion of a utility function which
characterizes the "representative consrmer.” Since individuals ou
families are never perfectly identicul, of course, this is an idealized
construct. Since sociél planning must be directed toward prerceived
central tendencies in targét groups, however, this construct remains an

essential-one. TFor the planner, the problem is to specify the
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components cof the consumer's atility function which have relevance for
public policy, to adopt a specification of the utility function wvhich
nakes senée behaviorally, and to use an appropriate econometric
technique with dataz on consumer choices to deduce the relative
valuations placed on releva components by the "representative consumer.”
mhese 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.

Tn 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
jndexed for available alternative modes. At the same time, the
characteristics ‘of consumers which may bear on the formation of
preferences must be recorded. Finally, the modal choices actually made
by the consumers surveyed aust be registered.

Tt is at this stage that the major econometric puzzle presents
jtself. Pather than observing some level of consumption of each
available modal offering, ve are confronted with a very discontinuous
set of observations for each consumer. One mode will have been chosei;
the rest will have been ignored. How should such a result be recorded
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 notionm in this context can

undoubtedly be communicated with the aid of a simple example. Suppese
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that ve are observing the behavior of several consumers who car choose
between two alternative rodes of consuaption. In a pure random sample,
we observe that in 2000 cases, mode A is chosen 500 times. When asked
to predict the behavior of another consumer drawn at random when.
confronted with the sanme choices,Awe would naturally ansver in a
contingent mode: The probability that the consumer will choosr: mode A is
approximately .25. We would expect mode B to be chosen by approximately
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 1 and B, we can simply take advantage of random sampling and
the law of large nuabwers to produce a simple prediction of behavior in a
bimoAal coutext. The same basic principle can be applied to our
consumer choice problem, except that conditional probability becomes the
operative principle. If we know the hedonic attribute values for
particular modes and we have complementary information on the
characteristics of consumers vhose choices have been observed, we should
be able to improve our predictior. In producing the statistics necessary
for conditional prediction, we will also have produced the information
on relative hedonic valuation vwhich is useful for policy plannicg.

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 thatlthe process of calculation is automatic, it is
apparent on reflection that the unconditional probabilities mentioned
above were produced as follows: PFor mode A, a choice by some consumer
in the sample results in the avarding of a score of "1" for A and "Qn

for 2. ™he converse results when B is chosen. The unconditional
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-probability that A will be chosen by a consumer selected at random is
simnply the mean score fo! in the sample (that is, the sum .of the 1'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 thaﬁ the
others. Fere we do not base econometric inference on measured gquantities
of goods or services consunmed. Rather, we use a score of 1 ("chosen")
or 0("not c#osen") as the unit of observation of consumption. 1In
econometric.work with this kind of binary data, estimated coefficients
have an interpretation which is diffeizent in form but not in substance
from those which characterize st;ndard utility analysis. Rather than
measuring rélative contribution to utility in the sense exanined for
residential analysis, coefficieants 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 conpctitors.

Once a full set of probability coefficients has been estimated for
an appropriate set of consumers, then prediction becomes possible.
iven a set of ccapetitive modes with known attribute values, it shoald
be possible té use the estimated parameters to determine the mode which
has the highest probability of selection }y the representative consumer.
In fact, the 6alcn1ation of relative coanditional probabilities allows us
to stand the original unconditional calculation on its head: Once we
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 pbtential rates of
utilization of service modes by representative populations in particular
areas, the valve of such predictions is obviously far from negligible.
The preceding paragraphs have incorporated an attempt to suzmmarize
a relatively complex, sophisticated approuch to measurement. 3Juch has
fallen by the wayside in the attempt, and an illustration drawn from a
typical basic needs planning problem will be usel1 as a means for further
amplification of the approach. Before passing to the illustration,
hovever, it should be pointed out to the interested reader that a
careful perusai 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 valvation in discreta choice cases, along with a detailed explanation
of the major ccmpetitive techmiques which are currently available.
is hoped that this detailed explanation will be of interest to those who
are concerned with the effective use of survey data for Facilities

planning in the context of basic needs.
c) An Illustration: FEealth Mode Choices by the Rural Poor

A good example of the utility of discrete choice aralysis 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 Hwabn, a doctoral
student at 3oston University, for thesis work by the laiter 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 BHN
projects from the perspective of recurrent cost. The poor will always
have to pay for access to any scarce good or service, vhether in direct
paymen’, time, or grcand rent. The rapid expansion of BHW provision at
snpportible standards depends crucially upon the ability of public
planners to identify the ways in which tie poor are already paying for
basic needs, and to translate these implicit or explicit payment flﬁws
into forms which can absorb a substantial piction of the recnrrent'costé
associated with BAYN provision.

~he planning of rural health facilities provides oae concrete
example of tkis sort of policy problem. As in aost other BHN categories
which depend on recurrent government support, rural health care systens
in many poor céuntries are in a state of disarray. Siting is frequently
done arbitrarily; personnel go uﬂpald for long periods, with coasegquent
impacts on morale and service eftficiency; crucial medicines are
frequently unavailable; and even those services which are available ure
often underutilized by those for whom they vere intended.

On¢or these circumstances, rural health plange:s face a

multifaceted problem. They must provide service facilities and

Oniversity, was proposed by iIr. fwabu as a resul: of his participation
in the workshop which formed one focus of tb~ Basic Reeds Project. In
qr. fwabu's case the inspiration proved gquite fruitful, since he is
currently on-site in rural Renya collecting sample information with the
full support of the Rockefeller roundation. UOpon his return to Boston
mniversity, 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 vwill 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 attractincg

the poor.

1
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personnel which are simultaneously appropriate for local conditions,
snppbrtable under local finaﬁcial constraints, accessible to target
populations, and acceptable to the people whom they are intended to
serve. OUnder the best of circumstances, such a planning problem would
not be an easy one. In the case of rural health care, all problems ar~
conpounded by substantial ignorancg concerning the preferences of the
client population itself. Although health facilities are intended to
serve the rural poor, planning is frequently done in a2lmost total
ignorance of the preferences of the poor theaselves,. 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.

An appropriate information base would obviously represent a
desirable starting point under such conditions, and discrete choice
nodeling seeﬁs 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. 1In fact, the
nunber turns out to be surprisingly large. Pecple in rural areas can
simply self-treat, either with traditional medicines or with drugs
purchased over the counter in nearby markets; they can comsult
traditional healers, who may well be specialized; they can visi’ 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. =Zach 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 clinics, the coast wi)l be in

©
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tige 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 guite lengthy in such
facilities.

Coupled with the problem of cost in the choice of health care amode
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 undoubtwdly
differ. Differential availasility of medicines.will be ‘a factor. as will
be the speed, efficiency, and courtesy of the éervices offered by
alternative modes. In addition, the credentials of the service personnel
themselves will weigh in many decisions conceraning modal choice when
particular symptoms arise.

Hodal characteristics will be joined by personal characteristics
in influencing the £inal choice of service. Education and prior urban
residency vill have a bearing omn the perceived desirability of
traditional modes, ceteris paribus. Undoubtedly, family income will
have an ir)ortant 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 particulaf rural area can be
drawn and observed. All relevant modes cau be registered and modal
choices in response to various symptoms recorded. Once data on modal
choices, modal characteristics, and fanmily 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

al
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estimation -exercise are potentially of great assistance to rural health
pPlanners vho are attempting to maximize coverage at mianimum cost. 1In a
particular area, for example, analysis of the data may well reveal that
the poor are extremely sensitive to the opportunity cost assoclated 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
kealth planners to be capable of distinguishing between proximity and
dependabilitf effects in the choices of rural health consumers. If is
in this contex: 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. "hen 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.

Prom the perspective of recurrent cost analysis, the sort of
econometric approach outlined here seems to offer the possihility of
relevant measurements which ave both invaluable and nnobtainab;e by
other means. %hen 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

0
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take advantage of alternative modes once chey are made available. Since
cost and coverage are the two essential criteria in tbis 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 secems easier at first glance to approach the
preference problem more directly. It is alwvays possible to survey the
opinions of those who will be the immediate beneficiaries of Bﬁﬁ
programs. Of course, such surveys must be truly econonic in nature to be
relevant. Not only the project options, but their direqt cost to the
client group must be specified. In fact, informaﬁion which is truly
comparable toc that supplied by the econonmetric 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 'pothetical
price-variable conditions, and some experiments have been run in West
Africa and FMexico (23). Because of the rapid escalation in
price-quantity combinations as the choice set is enlarged, this approach
seens to be feasible only undér certain relatively limited conditions.
Tn both cases cited, choices were elicited for basic residentiai service

projects (variable-guality housing, vater, and sanitation arrangenments).

- -man os

{23) Good Qdescriptions of these exercises have not been published, but
ve have obtained much relevant information in the course of
conversations with Nichael Cohen of the Forld Bank (West Africa) and
Tomasz Sudra, an independent consultant-planner, who has been
responsible for much of the work in MNexico.
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A Comparison

It is possible to define circumstances under which each approach
makes sense. Fhen a particular type of BHN program (e.g. residential,
health,education) has already been chosen and the client pdpulation is
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 particularvministry. When any ci the
three basic conditions -- sectoral focus, small group size, and group
stability -- is violated, howeve#, the appeal of direct surveys begins
to erode very rapidly. |

~he relative advantage of sample-based inference is nost
immediately apparent in the opposite case. If strategic BHN choices are
to be made across sectoral categories for the urbanr poor, sample-based
econonmetric inference is probably the only feasible way to approach'the
préblem. Cnly actual observation can yield reliable evidence concerning
economic behavior when the available choice set is so large and varied.

In adﬁition, the abseunce pf 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 BHN investment, the state
has efféctively chosen the currernt residents of that area as lottery
vinners., Onder these conditions, poor clients arwz apt to push ‘survey
results in directions which will'maximize'their potential windfall.
Thus, a poor family head in a favored arez 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

oA
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value *n resale once they have been provided. Hopefully, it is pot
unduly cynical to suppose that such an eanasis on careful calculation

may dominate simple gratitude om the part of the poor (2%).
{2). Project Analysis - Cost Evaluation

Although benefits in the BEN context are more difficult to
estimate than is usually the case, the estination.of costs can draw
almost totally orn existing methodologies for projevt evaluation (25) .
rrom the goveranment's point of view, the true cost of the project in
each period is the social value of the resources which it uses up. In
the social egqunivalent of cash flow analysis, costs are generally divided
into capital (project construction) and.recurrent {project operation)
categories,'subtracted fron estimated yearly berefits, and the present
'value of the net benefit flow to the end of the project is caleculated.

In orinciple, comparative present value calculations provide a
good basis for choosing worthwhile projects. In reality, of course, {ew
governments in poor countries have made coansistent use of cost-benefit
analysis as a tool for sncial evaluation. This is partly because
skilled@ analysts have been quite scarce and partly because broad

allocations across 3HN sectors aave been determined politically at the

(?28) Again, come Porld Bank experience with housing projects in West
Af'rica supports this view. In one case known to ctaff members, rent
levels almos: immediately doubled in a squatter settiement 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), Lit!le-mirrlees (1978), Squire-van der Tak (1979),
or Schydlowsky (1973). A good discussion of the underlying differences
can be found in Lal (1978).

c{>
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highest levels, with subsequent programs for BHY delivery replicated in
roughly standardized fora.

Tn practice, this somewhat haphazard approach to progr.m design
and implemenfation has made at least tvo major contributions to the
recurrent cost problem. The foremost contribution has been a promounced
tendency to underestimate or simply ignore the recurrent cost component
of BEX prodjects in long-range budgetary planning. The unfortunate
association of "development" with capital budgeting alcme has resulied
from a failure to pay much attention to true production functions for
BEY goods and services. As a result, yearly non-defense allocations
have tended to be disproportionately devoted to the canpital budget in
the name of rapid prbgress.

mhe second major recurrent cost problem which has been created by
inattention to prior project analysis is somevhat more deeply buwied but
no less real. Even BHN planners who have attémpted 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 meaniugful in this centext is the.social valqation. Generaly,
recurrent cost elements in prior project planning can be subdivided into
three brnad 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 incladed
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
appreximately known.

There are really two aspects of this second problea which are of

Q
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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 wé have repeatedly asserted, a critical component of basic
needs satisfaction for the pcor is the problem of access to appropriate
delivery sites, and the basic needs delivery problem is critically
related to the distribution of activities over space. In urban areas,
it may be particularlly important to take opportunity cost into account
vhen locating some BEN delivery site. From the goverameat's
perspective, the opportunity value of the Jand is generally the
potential “ax revenue foregone in tle most valuable alternative use.
Unless this value is considered as part of the project planning account,
one true but invisible recurrent cost component for a BHN delivery site
may be very large.indeed.'

 mhas far, we have been ccnsidering oniy the prior planning
problers associated with BAY projects. We have recommended that a heavy
emphasis on valuation by the poor be coupled with the social valuation
of recurrent (aé well as capital) costis in thinking about the true »n:t
subsidy burden which will have to be borne by the state. In the spirit
of benefit-cost analys%s, one further poiat concerning the evaluation of
social benefits must be added. The relevant basis for valuing the true
social value of a project is the net contribation to delivery capacity
which it makes. As ve noted previously, no service is really free to the
poor, and well-developed markets for all BfN goods and services will
exist even if the government does nothing. In, most cases, the
implementation of a nev project will result in some diversion of demand
from existing suppliers. In cases (e.g. education) wvhere competitors are

declared to be illegal or patronage of government-sponsored programs is

4
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required, the true welfare gain for the poor may be a good deal less

than anticipated.
(3. Project Monitoring - Vet Subsidy Accounting

It is important to organize BHY 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
recurrent-cost minimizing approach to this problem, we have emphasized
the importance of input opportunity values as the Lasis for calcwlating
true anticipated recurrent costs. Unfortunately, few. projects turn out
wvholly as expected. In poor countries, even well-elaborated project
plans admit to very substantial degrees of uncertainty, and subsequent
even:s often overturn the original calculations entirely {26). Thus, it
is oot only to be feared but expected that many social projects will
have surprising outcores.

As noted in USAID (1978), program planners are unavoidably cast in

an cxperimental role (27). Although they can initiate projects witlk

(26) TFew treatments of this subject surpass that of Hirschman (1967).
His discussion of the Pakistan RXarnaphuli paper mill case is
particularly entertaining. )

{27) ™he discussion in this section {and in the sector-specific
chapters) is intended as a complement to the standard OSAID Evaluation
Fandbook (1978) rather than as a critigue. The Handbook is designed to
introduce field workers %to statistically-based methods for running
experiments, and its discussion of ways to evaluate the relatiomnship
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 tieasury) and the apparent
results of projects to which the subsidies are tied. Thas, we focus
more on payment flows. In addition, we are more concerned with the
measurenent of opportunity values as an adjunct to more conventional
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certain models of social and econonmic behavior in mind, it «s not at all
clear that either the modals themselves wiil tura out to be valid or
that variables vhich they hve assumed to be exogenous will remain so. As
we have seen, BHEN projects have particular problems because t.actions in
which BEY inputs combine to produce observable welfare outputs are
complex and generally unknown. Another large degree of ancexrtainty
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 BHN projects with "lottery-like"” characteristics. The net
result of such activities may be the capturing of long-run subsidy flows
by income groups who vwere never intended to be beneficiaries. Thus, a
uséful approach to BHEN project monitoring must have two basic
characteristics: It must be capable of revealing the annaal flow of
true net subsidies, and of determining the apparent pay-off to this flow
with respect to both impacts on thé 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
npreferred” allocational patterns where the incidence of costs and
benefits shifts continually amd 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 analysis. However, we are
interested in recurrent rafher than capital cost, so that the focus is

on the pricing'and disposition of on-going public welfare activities.

financial flows data. Basically, hovever, we are still concerned with
the on-~going evaluation of relative costs ani benefits, and the design
and evaluation questions considered by the Handbook are certainly
iaportant elements in this same process.

C{ﬁk
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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 svystenm
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 inpnts (net subsidies) and
outputs (basic welfare indicators) over tinme.

Fhat sort of accounting system would be appropriafe in this
context? The following elements are obviously srucial:

(1). Fey 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 nust 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 flowvws, where all relevant inputs and outputs are
appropriately shadow-priced.

-Incidence calculations, wvhich 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 sone

notion of major systen componenfs,
Felfare Indicators

mhe major indicies of project benefits in a social acwounting
system must remain suggestive, since their true relation to ganderlying
conponents of vwelfare can only be.guesseda Revertheless, the
availability of project (or area) specific data or a relatively small
set of social indicators would certainliy be helpful. If a relatively
comprehensive accounting system is to be established, the prevalent
skill constraints in LDC's dictate a very small nunber of indicators and
a willingness to accept indicator approxipations from "windshield
surveys® and otker rough sampling methods in many cases. Since the wnain
purpose of the whble system is to suggest trends in benefits and net
subsidies at the level of first approxzimations, sach an approach may he
perfectly adeguate. For the BHN issues vhich have been of comcern to us

in this report, a representative small set for a particular area is
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presented in "able 6.
Table 6

Indices

RPesidence
Density
Health

Infant dortality Rate
Chronic Illness Rate

Bducation

Conpetency Scores
Unenployment of Graduates by Curriculum Type

Vater

Daily Consumption Rates
Cleanliness

Sanitation
Sewerate Arrangements
Garbage Disgposal

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 whe are concerned with yearly budgetary

allocations. In the absence of such information, it is 3ifficult to see

\DQ,
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how any reasonable discussion of altmarnatives -would he pogsible. It is
particalarly important to note that the suggested approach is area
specific rather than famrily specific. 3y copparizon with familyespecific
experimental approaches, it gains in cor vesience but loses in validity.

Since the main interest hers ljies in adjusting net subsidy levels across

areas as local circumstances change, the area approach seems preferable.
The Fet Subsidy Accounts

As previously mentioned. three kinds of accounts are suggasted ia

this contex%. They will be presented here in order.
rinancial Subsidy Accounts

Although the ultimate concera of public plannéts should be with
opportunity flows, it is impractical to adninister development proje.'s
' vithout specific attention to cash flow accounts as well. 1
representative counbined (capital-tecurrent) net subsidy accounting

;s5ystemr is presented in Table 7 {29).

{299 ™he best approach here seens to be to regard all investnent
allocations as untied, so that ianvestmeat costs are incurred during the
period of project comstruction in all the accounting tables.

N~
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Table 7
REVENUES

Priced Services

Source
Rich
Hiddle
BPoar
Tares

« RECURREN™ COS5TS
Operations
Domaestic
Labor (by Recipient Incone Group)
Sich
Jiddle
oot
fatevials
Inported
{Same Breakdown)
Overhecd
[Some Breakdova)
= CAPIT™AL COSTS
Demestic
Labor (by Recipient Iuncome Group)

Equipment
Haterials

imported
{Same Breskiown}
= H¥T SUBSIDY
If such accouerts cowld be iagtegrated across arcas and across

sectors, they could be combined with area-specific distribetion and
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welfare indicatnrs to provide a good sense of use efficiency for
recurrent subsldies in different contegts. Rnother cdvantage of this
gysten vwewld be its ability to highlight beth the results of government
investnents and the adjustasle policy instrupents at the government’s

disposal. Central apong these would be service prices, property and

sales tazes, and the current vate of investment in new projects. If
sufficlent flscal contrsl cowld he maintained, available taxes and
prices could be adjusted iz ways which yielded an engoing investusent
fupd. TF such s system were instituted, the job of governmeat financial
manacers and policy planners would be greatly eased, since iaforned
discussion of alteraatives would be wossible.

Fith on-going monitoring of benefit distribution. it should be
possible for the goverament to identify projects vhose henefits have
begn pesentially captured by more affluent groups with the fassage of
tire. Such projects coeld be “ynloaded®” into the priéate marﬁet throvgh
anctions, yielding the addition of capitalized bepefiits to the
investnent Zund and the elimination of the public subsidy burden. G°ven
the scarcity of administrative rezsources, such an approach would
probahly nake sense even if captured projects vere yielding some nrofit
for the governpent. Instant capitalization and reallocation to projeucts

directly benefitting the poor would seen to be called For.

.
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Cpportunity Accounts

Although the financial accounts are important, they should be
supplenmented by a parallel set of opportunity accounts. These accounts
vould 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 enphasizaed.

First {and this is particelarly true £5r residential development
projects), the opportunity taz flov should be incorporated as a cost.
Secondly, labor should be appropriately shadow~priced by type. Pinally,
an appropriate shadow value should be attached to foreign exchange. 2n
obvious advantage of this approach would be the adijustment of shadow
rates as the external situation changed. Thus, it would be posgible for
planners to identify trends in the opportunity value of net subsidies %o
particulag activities; Again, this might allow administrators to adjust
the application levels of policy instruments (prices, tax rates, auction

sales, nev investment rates).
fet Incidence Accounts

Finally, a set of accounts skould be developed which provides
2xplicit inforuation on net bhenefit distribution. Essentially, this
kind of information would represent a re-arrangement of the elements in
the f£7rst set of accounts, with some important differences. TFor
exanple, an additional obvious benefit of resideantial development
projects is the Increment in income (net of taxes and rentals) provided

to project proprietors through market-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

fellowing:

{1). Government {already known): Rents ¢ Taxes - Domestic
fages -~ Haterials ~ Foreign EZxchange

{3 - ITncome Classes: Extra Rent + Hages (this is under the
gssunption that "villingness to pay® is opervative, so that the
prevailing rest level in the parallel market s an index of
perceived benefits).

Although it ¥ould always be somewhat incomplete, this "net flows®

information would provide a very desizable coazplesent to information

about the distribution of benefits as indexed by welfare indices.
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ITI, FULL INCOME ANALYSIS AND RESOURCE JOBILIZATION:
STRA™EGIC ISSUES

™he precesaing chapters have been designed to establish a general
frarework withia which our approach to recurreant cost analysis can be
consistently developed. Huch attention has been paid to the basic
planning approach becaﬁsa most program recomnmendations must follow
loically from choices made at this higher level. Thus, our advocacy of
f£ull incone analysis as a basis for BAW policy formulation follows from
our conclusion that the best guide for BHN intervention in most cases is
provided by thé econcnic behavior'of poor families themselves. The
Zull incoume approach seans particularly important to us because it
feccuses 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
paynent be most effectively mobilized as a source of support for current
and future BHY efforts? |

As we hope to have made clear in the preceding sections, our
empbasis on paymenf by the poor does not mean that ve advocate
increasing their burdems. Rather, we vould argue that a full analysis
of income and expenditure simply reveals the smagnitude of the effort
which the poor themselves are making; Onder existing fiscal
constraints, thely continuing assumption of much of the cost of BHR
delivery is inmevitable. The challenge for policy research in this area
is to identify ways in wvhich government subsidies can most usefully
complenent payments by the poor in assuring a growing and improviag £low

of BHW goods and services.
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~his chapter will be devoted to identifying the crucial policy
issues at a very gemeral level. &1l stem from one ceatral problém:
Under existing arrangements, payments provided by the poar cannot
effectively utilized. The general source of this problen, 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
ovnership of land and shelter services, for which the poor must bid in
the attempt to gain access to employment and sites vhere 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 BHN service provision and
land-tenure patterns associated with low-techrnology agricultural
produétion. In both urban and rural areas, andther major barrier to
rapid improvement in BEY £lows is the absence of capital assets which
can be combined with local resources to provide higher lesvels of inccae
and recurrent cost support.

A. The TJrban Problem: et Subsidy Flows
and the Capitalization Process

™his report was 6riginally inspired by the monotonous regularity
of recurrent cost problems in public projacts intended to help the poor
Although investments in utilities (e.g. weter, sanitation, housing) are
generally characterized by a lower celative recurrent cost component
than hupan services (e.g. health, education), all share the problem of
serious shortfalls in the ability to pay for on-going maintenance,

personnel, and pa+terials. In urban settings, the problems of water

\ &
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provision provide a classic case in pnint. Public-water aanthorities are
frequently given guasi-independent financial status, which nmeans ﬁhat
their rate of service expansion is directly linked to their ability to
recover costs. In spite of effective aonopoly 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 slov rates because they perceive that the payments which they
car extract from the poor for water provision will not even cover
long-run average cost.

Under this constraint and the regquirement 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 poosl. Thus, the
most basic of needs -- clean water --.is provided to the poor at a.rate
vhich is frequently disappointing. It 1is true, of coursé, that other
Eiscal mechaqisms could be brought to bear and the shortfall to the
vater authority made goqd by the 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 vould simply be
subtracted from other BHY projects.

Thus, the situation is made to seem nearly hopeless.  However,
vhen 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 freqguently been
ohserved that poor families who have no access t¢ piped water will pay
vater vendors for inferior deliveries at a price which would be

sufficient to cover the average costs of installing piped service (30).



At the sane time, water atthorities alsoc report that the poor who live
near their nevly-installed lines sufler from a nanifest inability to pa:
for the service.

"he paradox is, of course, no paradox at all. The poor wha Iive
near water lines cannot afford to pay the vater authority because Lhey
have already paid for the water. The collectors, howevér, are thein
landlcrds. EZxisting empirical work on the contribution of water
valuation to rental payments by the poor are scarce, although exizsting
econometric studies suggest that a large component of shelter veant 1s
paid by the poor for proximity to good vater. If these results can he
generalized (and observed water-vendor payments in cities as varied as
taqos, Figeria, and lLima, Peru, certainly suggest that they can bej .
then the recurrent cost problem im urban water provision may not Dbe as
formidable as it appears.

mhe case of water has been chosen because it provides an extrame
example of the phenomenon in qdestion, 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 cccur jointly with their use of
éssets wvhich are in private hands, some proportion of th2 total subsidy
will be transferred to assets owners through a process of bidding. It
is in the interest of public policy, therefore, to give specific
attention to the |istribution of assets ownership in determining l
appropriate financial policies for the sectors vhich are in question.

™his principle has relevance for all three kinds of productive l
assets -- physical capital, human capital, and land. In poor urban

(30) ™tis observation has beconme rather comnmon for all three poor
continents. See for example Grinmes (1977) .
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areas, hovever, the recurrent cost problem seems most inescapably tied
to the guestion of land ovnership. land is of major importance because
#ost 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 nmust 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
& 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 produciivities, anmong other things (31).
Thus, the poor will undoubtedly play an important role in determining
the famiiiar urban bid-vent 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 oT service guality vhich are not captured by user fees will be
partly captured by shelter owners. The degree of capture will depend,
of course, on the prevailing priée 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.

{31y 7™his subject has already been discussed in the section on full
income analysis.

4
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Yhat is true of land is also trne of human and physical capital ir
other contexts. The nse'of scarce public resources in the training of
doctor, for example, allovws a private person to acguire an
jacome-earning asset at essentially no cost. In the subseq
distribution of returns among the state, the poor, and the doctor, the
state and the poor will ﬁnqueStionably emerge as the losars. Since the
state will not be able to recover its cost, supply expznsion will be
relatively slovw and monopoly pricing arrangements will be likely to
prevail.

It is one thing to identify a general problem und 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 recaptﬁring the
capitalized value of net government subsidies. This issue will be
explored in'depth in the next section of the report. For the @moment,
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
communities of some size, and the existence of an approximate rank-size
ordering for these conmmunities, any division between urban and rural is
somevwhat arbitrary. There is, howvever, a relationship between the
aggregate stock of available communiiy resources and the stochastic

deterrination 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 poocr will
be considered rural for our purposes. lLarge rural settlesents will be
classed as "urban" if land owrership is nomn-commuanal and aggregﬁte
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. Tvo particnlariy visible
differences are important for the analysis which will underlie our
recurrent cost approach. .

First, the spatial continuity of urban settlzment patterns is
disrupted in rural areas. Villages are distribured in response to
randon 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 3desirable
facility at a particular location, rural people Tace a discontinuous
decision: Co-locate, or do without the service.

"he second characteristic w@ich distinguishes rufal 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 exanmple, whiie small, semi~-communal villages dominate the
landscape of rural Africal'. 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. Landilords will again have control of an
important ancillazy resource, and they can be expacted to extract a
proportionate share of the net benefit flow generated by projects. In
seni-commanal sitvations vhere viilages are videly distributed, the
gituation 1g different, of course. The net subsidy flows from projects
will still be present, but the bensflciary may well be the village as a
collective group. Scarcity bidding will neot be as prevalent ia small
rural villages vhere ethnic and family ties are likely to play the najo
role in determining the right of settlenment. Redistribution within

families through movement hetween villages may ccour, but this is of no

£

great conseguence since the people helped are likely to be of the sane
class as those vho were originally benefitted.

C. "he RPural Problem: Spatial Discontiruity and
Opportunity Cost in BHY Provisioa

Fith at least a rough distinction between residential groups at
our disposal, we can now turn our attention to the "village,™ which wil
serve as a convenient term for rural groupings under our definition. 1R
mentioned earlier, our exaaination éf BRY progra®s in poor rural areas
has led us %o the conclusion that a major source of financial failure i
the difference between the optimal distributioms of agrizultural land
holdings and BAY delivery sites. Pe will begin with a consideration of
the sinmple economics underlying this difference, and 1illustrate the
principles involved with a discussion of some recent attempts to
implenment intégrated rural development plans.

Phile BHN advocates generally list the same set of bhasic needs ir

urban and rural areas, a few differences seem to have emerged Dby

/

/
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congensus. Host fundamentally, the Phousing problea® for the poor is
geaserally not considered in a rural context, although shelter-related
problens of vater provision and sanitation are certainly on @vnﬁyon@'
list. Since the ruval poor are oftes sore Wﬂ?umh@alf housed thamr thelr
urban woanterparts, this onission sesns cewivus. Altheugh it is pever

discussed, the obvicous Implication iz that ooly resgidestial density is

o

of Tundanental Interest {32). Zn most cases, bthe relative dispersion of
spall living groups in rural villages is sufficient to suppress the
density proeblem. With housing eliminated frow the list and adequate
veral space availalle for rudimentary waste dizposal, the primary
subjects for BHY analysis (besides foowd, vhose production econoumics 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 immé&iat&ly led to a problem of warying
critical scale wvhich is stochastically deternined.

Fithin any appreciable unit of time, all the people in a
particular area will demand weter. The denand for educational services
will involve fever people (but on a very regular basis), vhile the
demand for health services will come from even fewer people per unit
tine. Since each expected demand level is sensitive to the "full price®
{in the sense vhich we have defined) of acquisition, it is necessary to
consider the supply side as well. If village residents wish to augnent
traditional sources of water, education, and health care they will
confront an unavoidable relationship between levels of delivery systen
respousiveness and cost. As a general proposition, it is reasonable to

{327y If this is correct, then many suggestions for housing the urban
poor as a contribution to "basic peeds™ are simply inappropriate.

.x“
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assert that the recurrent cost of a delivery systea will rise as systenm
responsiveness increases (33). A well neads no built-in responsivenes
once it has bzen dug, and its operational cost is therefoﬁe
negligible. Hedern health and education services, on the other hand,
azre costly at any level of responsiveness. It is well- astablished tha
cost rises faster than effective resunsiveness.

Thus, the hasic economics of supply and Aemand would dictate very

different rural service zvailabilities for villages ir the absence of

recurrent subsidieé“ The combination of universal demand, a high-pzice
alternative, and negligible recurrent cost would guarantse a JTITORg
tendency towvard the installation of wells. Since all variable values g
the other way for health and education, however, the opposite is to be
expected. Significant individual scale economies for health and
education are augmented by iateractive effects vhich make the Jjoiat
provision of services highly desirable. Phis kind of coznectivity
greatly enhances the appeal of integrated rural developnent programs
which attempt ¢o collect scattered rural. villages into larger serviced
settlements. IB theory, the social desirability of such projects is
great because large groups will exhibit a stochastically-deterunined
willingness to pay for basic. services which will significantly redace
the level of recurrent subsidy necessary for providing them.

Tf the analysis could truly be concluded at this peint, then a
broadly acceptable approach to the recurreat cost problea in rural area
would be available. However, the analysis is faulty because it has pai

insufficient attention to opportunity costs. It is this failure, is

{(33) in obvicus illustratiom of this principle is the classic adage
about running a successful restaurant -- keep the menu limited.
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Fact, vhich seens to have lad to many of the prublems common to rural
developnent scheses. Unfortumately, the dlscontinuity assooiated with

fized-site provision ip surzl leaves favmers vith 2 dlscontinunas

choles, Dither they relocs

T

Googn Sa by emes -, Py 4 & ay o oy P . TN a7 2,
o the seovice site, sbandoping the fields

which wers previously evliivated, op they

gty g o PP Y b & o Y
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aﬁvantage of the new service. Thas, the trte sogd of & rural prodect
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which attracts sufficient clients 4o perfovs ab an apprugRiate suale pay
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be gailte high, a2t lepst in ¢he shoerd vun.  Somns idze abhowt this can be

-

giesued from Plguvre 3, vhich deseribes the alleeation of & Fized labor

sepply betwesn twe villages and the Luﬁalﬁmwg productivity pattern.

Pigure 6

ALy

-

{,




page 110

Let the total labor supply for “he twe villages be measured by the

o

lezgth of ¢he horizontal axis ip this diagras. Under curvent

profuction technigquas, each village basz a declining scheduls forn

-

svage labor prodectivity which reflects the application of pore labor

I

2o land whese gquality diminishes with expansion and the timps los

8

iprolved in facping land vwhich is farther and farther frnn the willaga.
tnder the assusmption that village ethics ace redistributional and that
1o irreconcilable differences {ethnic or othervise) divide the two
groups, the YOﬁgwrun allocation between the tun villages should be
around i3}, the point of sgual average labor produstivity. (This is not
necesszarily the ontput-marimizing alleccation, simce we are not assuping
narginal-productivity-bazed paynents).

As previously noted, this ig an expected long-ruz allocation vhic!
should ocenr sleowly enocugh to keep sigratiom-based conflicts ko a
pinimum. Yov consider the problem which.must result if the government
attempts %to set up a rural needs program whizh focuses on centers large
enoiagh to capture major scale ecoropies in the relevant service
piovision. Suppose village f2} is chesen as the site for investment.

In the long run, the Joal is to raise the APL curve from APL {20} to

APY. {2F}. This result is expected to come from the cumulative effects of

hetter health and education services, along with the benefits provided
by superior vater accesc and ephanced food production from the use of
better techniques.

Tn theory, the contribmntion to prouctivity made by all of these
jnvestments could be at least rartly recapturad through appropriate
institutional arrangements, and a substantial component of recarrent

cost along with fixed costs could be provided from the flow of project

\1%
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bepefits in the long run. The probl n, of course, is that long~run
prospects will do little %o sulve the financial problem in the 3hcrt

#

rur. If the villagers from {2} artive in T{¥}, it i5 rzasc “HLw to

suppose that theln epticn will wery cold if woy redustion in currsnt
iuncome iz anticlipated. The V{2} people, on the other hand, will be very
difficult to aproot if their medium~term sypectation in the naw avea is

below the same in their forper village. Zn the shoert rew, the gouvelnment
will fage an agricultural output loss of EFGH which will kawe to be
compensated if the transfer is to be made volumtarily. In fact, some
villagers will remain irn Village {2} until compensation is maised to at
least NCGH, since the average productivity of labhor in village {27 will
rise %o this limit as the population begins moving %o wvillage [1i.

Obviocusly, a voluntary transfer in cases vhere public and private
discount rates and (what is probably more important) public and privaﬁe
expectations concerning average payoffs to the project differ
significantly is likely to be a very expeasive propesiticn.

Dxfflcgltles and the need for additional compensation will undouabtedly
arise as a result of: (1). Urwillingness on the part of ¥{2} resideats
to abandon agricultural land; (2}. Political and social problens
associated with combining two village structares intd ona: {(3}. The
sudden assertion of property rights by current villagers in the face of
a sudden influx and the attempt to extract reants from the nevconers.

The last problem could be approached by establishing a coapletely
nev village, but most 2f the c¢ther problems would simply be compounded.
#ith all this said, it should not be imagined that the evident
difficulty of implementing such an integrated approach has preveated

various countries from attempting it. A tremendous numbar have in fact
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tried this approach at some level. It is of interest here simply %o
give a brief review of some of the resulis for countries where very

apbitioes attenphs alsng these lines have been nade.
D. ZIntegrated Reral Development: Some Tllugtrative Bxperiences

Anong noa-communist poor nations, the rural development efforts ol
wanzaniz are perhaps the best kmown (34). In underliying raticnale, the
gjamaa program was established for reasons which are almost exactly
jdentical to those previously mentioned. The ujamaa vilages were to he
communal operations run at sufficient scale to capture significant
econosies while allowing for productivity advances through the promotio:
of iafzastructur@g’extemsion services, and marketing. Although a
strougiy«ezgyessed commitment to this approach was evident in the.late
i260%s, by 11973 the prégram had broken dowu so badly that it was
abandoned. In its place, the government initiated a "yillagization®
prograr which concentrated on the assenbly of small villages inte lurnge
ones in order to capture service scale economies. Thae present status o
the latter program is not entirely clear, although it is obvioug that
difficnliies are being encountered.

Geperal discussions of the failure of ujamaa tend to focus on
shree issues: ({1). The reluctance of villagers tov novej (2} . The
fallare of agricultural productivity to rise as anticipateds and (I} -
~he igposition of a recurrent cost load which was gipply unsupportable.

Phile climatic problems and fluctuations in foreign exchange earnings

- - . 4D KN GDGIE AT AP W RE T

- (38) ©Tor a detailed treatment of recent Tanzanian experience, see
Tyerere (1975), Sabot {1975), Clark {1973}, and Cliffe (1975}.

V\ "l'. i
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certainly added to the difficulty during this period, there can be
little doubt that the systes as originally planned could not have net
its recurrent cost burden anyway. |

The original analysis of the economics of this kind of program nay
reveal part cf the underlying problem. At the mest fundamental level,
the governnent was asking Tanzanian peasants to chaﬁge their
consumption-savings allecation ﬁzastiéally in fulfillment of a plan
taned to the government’s expectation of investnment pay~off and the
goeverneent's discount rate. The graphical app&ratug ia Pigure 6 attempts
to analyze the resnlt. 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.

Yot surprisingly, many peasants proved to be reluctant
participants in ujamaa, apd this has continued to be the case.f0£ the
villagization program. In spite of persiéﬁent instructions from
President Nyersre to avoid the use of force, many breaches of discipline
at local levels have been reported. In some cases, peasants have
reportedly beer burned out of their existing villages.

The ™anzapian governmnent haé also proved unable to mruster the
aduinistrative, financial, and technical resources necessary for a rapid
up~shift of labor productivity in'breject areas. The result has been
unZortunate in many cases: & deadweight loss in agricultural output,
borne nostly by the peasants, continued rapid rural-urban migration by
people attempting to escape from these sitvations, and, undoubtedly,
increasad hostility on the part of the peasants to the whole notjon of
nontraditional programs and policies.

Ar interesting parallel to the Tanzanian case is provided by the

v
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Cuban newv comnunities prograﬁ, 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. A&s part of
the program, reral nev tovas are constructed with many amenities {new
apartments, well-staffed schools, clinics, etc.). PFarmers in the areas
surrounding these developments are given the option of sarrendering
their land in exchange for housing and employment in the new
copmunities. The long-run plan is to combine small plots into large
areas where agricultural preduction can he "rationalized® (i.e. where
critical scale can be achieved for the aﬁplicatian of fertilizers,
equipment, etc.), while excess labor will be absorbed in new industries
which will co-locate in the new towns.

fost of the available evidence suggests that little or ne coercio:
hés heen used in the Cuban program, but the new communities are not
lacking for in-migrants. If older farmers in the countryside choose to
~ remain on their privatg plots at a level of living substantially bclow
that offered by the nev conmunities, their children very frequentl; nak
the opposite decision.

One obvious conclusion in the Cuban case is that the short-run
subsidy to such operations must be huge. gnier the assumption thai the
extremely generous subsidies fron the J.S.S.R. are essentially untied

N WS M) A VAL NTD B SAD TN T3 QW WD OO AN dM AR W I D) aID W ec

(35) Prart of the informatiom sunmarized in this discussion {as well asg
that included in the housing sector discussio, of the Cuban experience
which fellows in section IV) was provided by participaants in a summer
field study in Cuba sponsored Jointly by the M.I.T. Department of Urban
studies and Plapring and the Cuban ¥inistry of Construction. The Cuban
rural nev towns program was one of the primary subjects of the study.
particularly useful information was provided by Katrinka Ebbe, a stnder
participant, and paticioating H.Il.T. professors Bennett Harrison and
raren Polenske. Useful background material was obtained fromn Dominguez
(1978), Oorawetz (1977), and teontief (1971).
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specific projects, therefore, the opportunity cost of the rural new
communities operation must b2 very high. The long-run benefits are
8till unproven, since productivity growth in Cuba has not been véry
ncticeable wntlil recently. %he Cubans® gamble (aside from the
ideological appeal of vural cogrunal arrangements as opposed to private
ares) is that the long-zun boost in the productivity and velfare of
the wural population will validate the whole operation. In this, they
may“be corre tt. Two guaestions, however, remsin: (1). Could soune other
investment program have nade everyone ({including the target rural
population) better off? (2). Coeuld the recurreﬂt and capital cost of
this operation during the critical first decade of its coperation have
been bofne by the government in the absence 9f such genercus Soviet
subsidies?

Such questions seem relevant for BHN planning for several reasons.
First, most "rird ¥World countries are much poorer thaz Cuba was in 1960,
and the hase of life expectancy and literacy on which they are building
is nmuch 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
infrastructurelaud 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 traditiorn) into centers
vhich can provide services at appropriate scale, It is also certain,
however, that very poor countries cannot afford such subsidy levels
(36) .

Tn tke African context, some further support for the above
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assertion is provided in a rather perverse way by the recemt experience
of the village development program ir Botswana {37y . Because Botswana
largely arid, villages have naturally tended to grow (o substantial siz
near good vater 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 jroup of major chiefs. From the perspective o
goverament planners this situation vas fortuitous, since the rural
people were already collected in groups large encugh to allow for the
provision of relatively high-quality social services at appropriate
gcale. The simultaneous appearance of these services in villages and
the advent of a program.for providing new tube wells at points videly
scattered over the landscape, however, have led to a new situation.

At the well sites, the expected return to agriculture and herding
is obviously a lot highér than formerl}. 2t the same time, the
provision of education and healti services ia the large villages
provides conditions which are particularly advantageous for children.
mhe result has been a rapid out-migration of men in response to higher
potential earnings near new well sites, vhile women and children are
disproportionately left in the serviced village sites. The fact that

fapilies have already coexisted in large villages for long periocds of

[4})

{36) TFor evidence on some more typical (and less successful) efforts
nev community development in Latin America, see Smith (1969), Nelson
{1978) , and Dozier (1969). One exception which may prove the rule -- 2
" private set+lement project in Northerm Parana, Brazil -- is discussed i
fatzman (1978). In his discussion of the Northerm Parana experience,
®atzman pakes 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 of
3otswana in a study of certai. aspects of this program under USAID
auspices.

Y
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time sesns to make it possible for such an arrangément to persist.
Conclusion

In this overview of the problems associated with integrated BHN
efforts in the countryside, certain themes seem to dominate. It is
indoubtedly worthwhile to recapitulate them briefly. At lov levels of
capital accumulation, there is a marked dissonance between the
distribution of land holdings which is optimal for agricultaral
production and the distribution which is optimal for basic needs
investments. To the extent that prcocduction is in the hands of adults
2nd the nmost important needs-based investments are focusad on chiidren
of primary school age or below, the dissonance could be overcome, of
course, by breaking up families. Any non-coercive alternative involves
a substantial direct recurrent cost in the form of subsidies to
campensate'farmers £nr 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
guite likely to result in an atmosphere of cynicism or bitterness whiéh
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) Fven the Chinese have nov been forced to admit this prohlen.
Pecent dispatches from Peking make frequent references to a growing
informal sector dominated by young people who have fled from rural
conmunes. For good current background, see Eberstadt (1979) and Norawetz
{1977).
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to maintain it. Frequently, the travel pass under these circumstances
becones sinply another ancillary resource rejuired by the peasant family
£o retura to what it considers to be a superior arrangement. Like all
suchk resources, it allows the proprietors (the police} to extract part

of the resulting flov of net benefits as reant.

2!
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I7. RECURRENT COSTS AND PROGRAZ IOPLEYENTATION

T™he central issue in this analysis of the recurrent cost problea
is the need for increased annual support levels for basic human needs
projects. As alvays, there are tvwo vays of zttaining this goal: Either
the current required level of net subsidy cam be increased through
improved utilizatien of available resocurces and cost reductlons, or the
total level of available resources can be increased. 1 complete
apalysis of the role of public finance in BEN policy implementation
reguires 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 valunation of
benefits and costs. This subject has explored in detail in Chapter II.
For monitoring omn-gong projects, it is very desirable to elaborate a
systen for obhserving project impacts and the evolution of
project-specific net subsidy levels to particular inccme groups through
tinme. Pe have concluded that the evaluation 9f benefits should be
strongly guided by the preferences of the poor, as revealed by
statistical inference or direct. preference surveys. The avaluation 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. We have concluded that two major

issues nust 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 dgmain of
organizational responsibility and apéropriate institutional designu
After exanminiug the available evidence, we have concludeld that the

- appropriate domair for organization is gemsrally territorial rather tha
sectoral, and that both the national planning environment and the
observed behavior of preject clients create a strong argument for small
scale in fundameatal rescurce allocation units.

Along with the basic planning and institutional strategies,
cost-effective BHY progsam design must include a well-articulated
delivery strategy. In our view, two approaches to deliverf are
possible., If it adopts the Pigovian appreoach, the govermment can defin
"ninimum decent standards," and exhaust'its recurrent budget by awaidin
entitlements to these standards to some group of poor families. In the
discussion which follows, we have chosen to continue calling this the
"lottery" approach. As an alternative, the government can preserve
horizontal equity by promoting maxzimum expansion of relevant supplies
under fairly general conditions of access. Although lotteries have bec
gquite common in BHN-type programs, ve conclude that the argument for
maximal supply expansion is stronger.

T™he three gﬁestions of organizational design which have just beer
outlined are not only important for the efficient operation of BIN
projects. They are also partially interdepenient with strategies for
jncreasing the total level of recurrent resources available for the
sﬁpport of BEY projects. Two basic resource mobilization schemes are
possible. First, the government can implement policies for

redistribution, either through the central fiscal system or through th«

\f!f-f'?.
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tse of cross-subsidy schenmes wifhin sectorally- or territorially-defined
organizations. Secondly, the government can aid in the buailding of
organizations vhich enable the poor themselves to assure higher'levels
of recurrent support.

In considering these tvwo problems Jjointly, we have concluded that
three principles are important to their solution. PFirst, in many cases
the goverament could redefine the legal nature of its recurrent support
obligation %o particular projects by assigning project clients the
ownership of appropriate capital assets as a steady support source.
Secondly, %HI delivery organizations shouldhminimize the recurrent
subsidy burden and administrative overheads wherever possible'through
one-shot recovery of the capitalized value of net subsidy flows.
Finally, any inplementation of cross-subsidy policies by BHN delivery
organizations should be based on the classic principle -- tax where
demand is iﬁelastic and subsidize where it is elastic -=- bat under the
revised "full price" definition of elasticity for poor families which

has bkeen developed in the preceding sections.
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i. Organizational Strategy: Planning Flexibility

and Local Control

fn Chapter II, ve discussed what is in effect the information
gathering and precessing apparatus which would be appropriate for a BHY
delivery system. The efficiency with vhich this information system can
promote  the accumulation and allocation of resources is not, of course,
independent of the organizational structure withiu which it operates.
The organization is simultaneously the arbitor of BEN flows and fhe lin
with a broader.deveiopmental environment, and this dual role suggests
one broad principle'vhich underlies the guastion of hppropriate
organization in this céntext. Both the external and internal linkages
of BEW organizations are inescapably subject to high levels of
uncertainty. Fhen generalize@ uncertainty ig tied éo a high éhadow
value of skilled management, two characteristics of effective delivury
systems seem apparent: Their domain oﬁ responsiblity should generally
be territorial rather than sectoral, and the lowest units in the
decision hierarchy should be granted a substantial proportion of thé

total resource collection and spending powers of the systen.
(1) . Domain of Responsibility

1s ve have noted, one substantial element of undertainty in the
operation of BEN systems lies in the poorly-understood links between
particular 3HY inputs and welfare results. In any particular
environment, however, it is possible to accumulate daseful experience al
to act on it effectively if both the information and resource-~flow

o |
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systems are appropriately organized. In this contexzt, the prinmary
response to uncertainty must be an organization which is capable of
learning and vhich retains broad allocational flexibility.
Sector-specific bureaucracies are almost certain to be inappropriate in
such cases. Inevitably, they become increasingly mfmpic and
self-serving in their inférmation use: and demands for resources with the
passage of time. Given the need for learning and relative flexibility,
then, the appropriate domain of responsibility for BEHN¥ organizations
should go across sercors.

If organizations are to have cross-sectoral decision aut§ority,
then what should be the gundamental unit of organization? an important
key is provided by the inherently spatial nature of many basic needs
problens. The BEN problem for the poor is frequently a problem of aczess
to appropriate'delivery sites, and the opportunity cost of co-location
in both urban and zural contexts is often high. Thus, the anit in which
‘many BEn-related values are created and distributed is territorial, and
territory naturally suggests itself as a substitute for secter as the

basis for 2EN organization.
(2) . Structure of the Decision Rierarchy

Since large variations in life circumstances within and across
territorial units are inescapable in ﬁoor countries, it is clear that an
effective BHN organization must have the capacity to accumulate and
transfer resources both interpersonally and interregionally. The
guestion, as always, is the distribution of power over resource flows

within the decision hierarchy. In order to determine the appropriate

\ Y
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scale for decision-making in the BHY context, we have only to exanine
the relationship between a few simple principles of organization theory
and the emvirovament which is characteristic »f LDC*s. Our-canalusions
are reinforced by some general observations about willingness to be
raxed and the accountability of the tazing authority.

Tn any systen of organization which has pore than one hierarchica
level, the guestion of cptimum size and complexity is inevitably tied ¢
a rough calculus of costs and benefits {39). The benefits to large
organizations may include the ihterﬁalization of various externalities;
the potential for processing a large.amount of informaﬁion afficlently;
the provisiocn of incentives for honest communication which may not exis
in a system in which short-term contracts are drawn betyeen ancaymous
units: and resource allocation under conditions of relatively full
information.

On the other hand, large organizations suffer f£rom 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
communications and information-processing facilities, many organization
have experienced declining marginal net benefits heyond 2 certain size.
In poor countries, two factors combine to preduce an organizational cos
structure which is gquite disadvantageous. Obviously, existing
comunications links are frequently very poor. At the same time, the
financial environment is generally subject to coasiderably Qreater
uncertainty. large fluctuations in foreign exchange earaings provide

(39) A full discussions of the costs and benefits associated vwith
organization size can be found in Filliamson (1975).
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one example of the problen.

3oth off these factors, coupled with a gemeral lack of experiesnce
with large-scale management techniques, dictate relatively snall-scale
organizations as the fuudanental ianstrunents for resourca transfers.
These arguaents take on more streagth when they are joined with some
propositions concerning the willingnesz of poor communities to be taxed.
Generalily, experience with development projects has suggested several
reasons for supporting locally~orientzd fiscal arrangements.

Fhen taxation f{either implicit or explicit) is in guestion, there
appears to be a relationship between the local willingness to be taxed
and the local visibility of results. In a2 society with poor
communications and very unequal representation of separate community
interests, the link between taxes lost to the central treasury and
returp payments is guite easily broken. Partly, this is undoubtedly due
to the direct expérience of costs without any concommitant ability to
gauge the level of benefits. Another contributior tc reseatment of
centralized tazing-spending mechanisms is made by the perception that
sech of the money is simply absorbed at higher levels (80).

“he éroblem of linkage between taxing ard spending is undoubtedly
compounded by the high rate of corruption characteristic of many poor

TR D AR T ¥ S D ¢ SE AN D W D D D P8 WD D B ARY W OB WD WD

(230) In ifrica, the problem of central absorption has la2d to results
which are paradoxical in many cases. Governments vhose announced
policies have been explicitly socialist have frequently created large
allocative-administrative bureaucracies charged vith overseeing welfare
progrars for the poor. Consequently, much of the money allocated to
"basic neseds’ expenditures has been routed into vwelfare expenditures for
menbers of the bureuwcracy itself. The public housing programs of states
such as Tall and Tanrzania provide good examples of this phenomenomn. At
the sanpe time, states such as Upper Volta which are much less socialist
in orientation have not experienced this pattern of bureaucratic growth.
less noney may therefore be allocated to "basic needs" projects, but a
higher portion of the benefits often reaches the truly poor.

_,‘: .‘\.,\l
’



page 128

societiss. Some combination of cccupatinnal inseenrity for publice
officials and their rasponsibility %o central srganizations rather than
local communities undoubtedly centributes to this ghencmanaﬁe In any
case, it can generally be said that the mozetization of resource £lows
alvays creates opportunities for corruption, and that flows vhich are
a0t nonetized are often preferable when they are possible. |

¥inally, the problem of state-~community transfers on capital
account needs o be addressed. In the case of general taxation, the
fiscal systez at least has the advantage of familiarity with the
principle and a more or less passive acceptance of paynent at some
level. In many cases, however, (and pariicularly for BHN projects), the
phenomenon may be reversed. Pather thae delivering current financial
support. in exchange for current taxatiocn, the state nay daeliver a
capital asset to a community under sonme arrangement fof repayment;
Field experience with willingness to pay under such circumstauces
suggests very strongly that thé terms of repayment must be clearly
wvorked out and agreed to bj'the comnunity in question before the as et
is delivered. Attempts %o impose payment schedules after asset services
have become regarded as "free" by poor clients have not net wvith much
success (81).

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 BHY context. Territory provides a better bhasi:

{(81) Harold Lubell of USAID supplied an excellent example of this
phenomenon in a recent exchange with the authors. Lubell recounted the
experience of the Oxfam tubewell drilling rig teanm 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. d
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than function for corganizaticn when trade~offs-across vwelfare categories
are important. At the sape time, relatively swall scale, majo:ilocal
resource rasponsiblity, and non-nonetization vherever possible have
aﬁbsﬁantial appeal. Finally, experience suggests that fisrcal relations
hetveen regionmal/national aad lscal ovganizations be based on clear
agreepents ik advance concezning the repayment of capital allocations.
The latter arrvangenent seems approprite because of the apparent way in
which expectatiopns-—forpation affects wiilingness to pay.

iany of the features Just cited hkave in fact been characteristic
of organizations which bave undertaken at least some BHN-type
activities in very different contexts. The provision of education,
sanitation, health, and housing services by independent communities in
the United States is certainly one exémple. Another is provided by the
Chinese conmunes. In both cases, territorially-organized.ﬁnits 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
redistribution between coumunities and provider of high-level technical
services. To the Chinese case, alternatives to money flows (such as

vork points) have also been widely employed.
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B. Delivery Strategy: Horizontal Equity

and Arbitrage Problems

Both of the preceding sectisns have been built aroannd the premise
that some kind of targefing strategy is important to BHN deliveries.
Fhether the emphasis is on the supply side or the demand side, the
whole apprcach is based on the notiomn that strtegic intarvention will
yield greater returns for the poor than attempts to mobilize the fiscal
system for pure income redistribution. Thus far, the emphasis has heen
on the design of a planning strategy and an organizationai format withi
which targeted deliveries can take place. Before ﬁroceeﬂing further,
however, it is important to determine the kind of targeting strategy
which seens most sensible.

As previously mentioned, two basic approaches can be identified, -
and each stems fron a particular set of assumptions about the behaviora
basis for family econonmic activity. The neoclassical approach gives
considerable weight to the revealed preferences of the poor in
determining strategy and emphasizes changes ip 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 naximal rate for BHY good
and services.

ms the extent that BHY 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. BRecause geographical unevenness is inevitable with limited
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resources, a strong fiscal principle must be the recapturing of a
substantial portion of the net benefit f£low generated for poor
recipients.

™he evolutionary approach to family behavior suggesis a very
different targeting strategy. Because of its assumptious concerning the
role of inertia and information gaps in determining the behavior of
consumers, this viev leads to the design of "appropriate standards” for
*he poor and the design of specific coasumption targets as.a means of
assuring the attainment of thouse standards. Evolutionary strategies
therefore frequently become "lotteries,”™ in that some relatively small
group of poor fapilies 1s selected for the enjoyment of "appropriate
standards™ at a level far above what they formerly could have afforded.
"he exhaur *ion of bﬁdgetary resovrces lnevitably entails substantial
aorizontal inequity, since only lottery winners receive any direct
benefits from the approach.

In practice, the lottery approach to BEN allocation has been guite
commen. Public housing for relatively few poor families at high.
resource opportunity cost is frequently pointed to as an exanple.
Righ-quality clinics and schools provide others. Although horizontal
equity problems are obvious, a common preference for lotteries seenms
generally to stem from two sources., The first is a notion of decent
standards on the part of key administrators vho frequently look fo
wealthy nations for examples. Si-wce 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 (8%2). 1A second source of the appeal of provision at "decent

standards™ is undeniably political. In many communities, the awarding
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of elaborate entitlements to a relatively small group of recipients nmay
be sufficient to retain the support of large (ané hopeful) masses of
poor families.

Although the appeal of visible and rslatively glamorous projects
is obvious, the lottery approach has been strongly criticized by
supply-ezpansion advocates on two grounds. The first is essentially
philosophical =-- the attendant horizontal ineguity is simply rejected a
inappropriate by assuﬁption. mhe second obijection is practical. It
holds that BAY 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. FWhere BHW
deliveries are primarily in the form of goods (housing, food, medicine)
they can always be resold. Wheﬁe delivery comes in the form of access
to'superior services (particularly in urban areas), the right of access
can also be arbitraged.

In either case, the practical critigue of the BHN lottery
strategies is that arbitraging will inevitably make them inefficient
jncome transfer strategies. The poor will move to the same allocation
which they would have enjoyed had they simplf received a noney

supplement, and botkh the horizontal equity principle and BHY goals will

(82) =n a recent PForld Bank housing mission to N¥igeria, for example,
proposals for housing constructior at low cost freguently generated
hostile resistance from Nigerian administrators on the grounds that suc
proposals were condescending-- the mission experts, it vas asserted {an
accurately, of course), would not have reconnended 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 exanmples o
slum clearance projects which have replaced dynamic but unsightly
squatter settlements with housing designed at "decent™ (and extrenmely
costly) standards.

\ g
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be violated in the process.

If lotteries nust result in the elimination of any unigque BHN
component in redistributional strategies, then they are obviouslj not
vorthy of consideration as 3BHN programs. Sincz 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 guestion. Some level of arbitrage is probably inevitable, but it
is not clear whether this is a major problem (33). Neoclassical critics
Jenerally maintain that massive arbitrage is inevitable unless a large
surveillance force is employed to easure that poor clients retain what
they have been allotted. If this were the case, any beaefits to a
particular BRY allocation wuld be heavily offset by the ccosts of
naintaining it. An evolutionist respoase might well be that the
assﬁmption of utility-cecstainty on the part of poor families is
. fallacious, and that the costs of enforcing a particular consumption

pattern would therefore be guite small.

(23) BAnecdotal evidence abounds, of course, and its megsage is
generally that arbitrage is commcn. For housing examples, see Harris
{1989 and Wheaton (1979). ©Nutrition examples can be foand in

Rustin (1976). Again, 0. Cohen's experience with land speculation in
anticipation of Forld Bank squatter-upgrading investments is obviously
germane.

\W
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C. Recurrent Financing and Local Resource Hobilization

Having considered the general strategy of BEN delivery from the
perspective of recurrent cost savings, we are nov ready to examine
appropriate forms for programs at the local level. Our approach to thi
problen has been generated in response to an apparent contradiction in
BEY budgeting procedures. During the past two decades, the general
approach to recurrent BHN support by natiomal governnmeats 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.
tnfortunately, social expenditures are tied to growth ip national incom
at constant revenue-effort levels, while desired growth in the
nutrition, health, and education levels of the population is fregquently
higher than the growth rate of incone.

International donors have frequently provea willing to under.rite
the capital costs of BHN projects, but have shown no concommitant
willingness to assure recurrent costs. There is a certain mathematical
jnevitability to the result. With BAN recurrent expenditures tied to
the gemeral growth rate of national income and BEN capital expenditares
heavily underwritten by foreign don: s, the number of personnel aad
gquantities 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 atandoned as underpaid personnel begin drifting away; or 3).
"mhere can be some shift in the proportion of recurrent support provided

by recipient comrunities, either by contract or through the

B3
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intermediation of corruption (%8).

Heither.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 mobhilization 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 ru;al areas are bheing considered, a central element of the
analysis is'the'use of time by poor families. When BHN 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 tinme 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-npohetized rural economic settings, the time saved will be
reallocated among other activities =-- own-production, household work,
education, and leisure -- as preferences dictate.

"hus, the first key element in thinking about enhancing support

(33 In many poor countries, corruption seems to be a common and
nnfortunate 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 RKinshasa and the mining areas
of sShaba Province. In one "free" provincial hospital known to the
authors, helpless hospital patients must provide fees for service from
doctors and 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 a2rratic and
steadily eroding ip real terms may also have a good deal to do with the
problem. ™he 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 comnsideration in the classroon.

WV
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for RHY projects is the element of resource translation.
Onquestionably, BHN projects yield net benefits for the poor which they
themselves acknowledge. I¥n principle project clients would be willing
to part with a very substantial portion of the realized net benefit flot
as a means for assuring continued suppoft. The degree to which poor
 families can actually provide direct support, however, depends on local
circunstances.

Generally, it can be said that the provision of some degree of
direct support in urban areas isfeasible, while the form taken by the
iovw in rural areas is inappropriate. In both cases the primary |
savings to the poor are in tinme. The scarcity of space and the
importance of access to BHN 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. Rdral
village economies, on the other hand, are non-monetized to a much
greater extent. “ime savings for the poor are therefore not freely
exchangeable for the labor and materials expenses vhich comprise the
bulk of BHY recurrent costs. From the perspective of poof communities,
nany of tﬁese expenses are effectively imports. Thus, thé primary
problem for rural areas is the conversion of a net benefié £low in loca
exchange units (labor time) into a monetized flow wbich can be used for

imports.
Urban Resource Nobilization

Tn an urban area, any public project whose output is valued by

\%jb
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consuners will geanerate 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 commenly thought of im this context, but the same reasoning applies
to water lines, sevwerage lines, schools, and clinics. Because it is
inpossible to builld projects which discrimirate by income class in fluid
urban parkets, bhid-rent shifts will reflect the sum of valuations by all
groups in the urban market. VNevertheless, poor families represeant a
very high proportion of the population in poor cities, and the valrne
vhich. they place on the cutputs of.particular projecﬁs will have an
inportant impéct on the resulting bid-rent shifts.

At first glance, the whole notion that poor families could have
éuch an impact on urban land values seems implausible. The people in
question are, after all, extremely poor, and it nmight be claimed that
they will sinply have no disposabie incoms above “he subsistence margin
to pay additional rents. This sort of reasoning is fvndamentally
incerrect 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 BREFN 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. ®hen 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 rmuney 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 BEX sites will
lead to substantial increases in land values.

For BHF projects which are operating under potentially heavy
recurrent cost burdens, this shift in hid~rents seens to offer a
promising surce of additionmal support. Lest this prescription appear
unnecessarily cruel to financially-strapped poou’ families, ve should
reiterate: As long as urban land is largely in private bands and access
is valuable to poor families, they are going to pay anyway. The only
relevant gquestion is: Who will receive the payments? Here it is
necessary to point agaia tce the fundamental difference betwveen lottery
and supply expansion strategies in providing BHEN goods and services.
feither strategy would, of course, advocate leaving these payments in
the hands of rich landlords. To the degree that poor families have
entitlenents to fired areas or unique access to BHY deliveries, however,
the lottery approach would leave the resulting payment f£low {explicit or
implici%) inm their hands. In so doing, it would add another relatively
small group to the urban middle class.

The supply expansion approach, on the other hand, would attempt t¢
recapture the payment flow as a source of recurrent support. Three
basic options are available in this regard; it the newly-installed
site, BEr deliveries can simply be provided for unit fees.
Alternatively, the increase in local bid-rents can be rgcaptured through
a regular levy on the property wvhose value has been increased by the
project. Finally, an attempt can be nade to recaptﬁre the whole
capitalized value of the net benefit stream from local landlords through
the imposition of a one-time valorization charge.

Tach of these options may have merit in particular circumstances.
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Some obvious disadvantages attach to the Zirst twe, howéver. If the
poor can pay mostly with timn and density, them the levying of unit fees
for BHYW deliveries is & form of pricing vwhich discriminates heavily in
favor of richef families (Xt 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 oa adjacent property is, of course, the
Aperican system (generally organized at the town level through property
taxes), bﬁt its applicability is doubtful in cities vwhere administrative
systems are very poorly developed. Cecentralized tax collection of any
kind is notoriously difficult under such circuﬁstances.

™his brings us to the third option, vwhich has considerable appeal.
Fhen administrative capacity is very limited, the convenience of
valorizatiqn charges is undeniable. If the public authority can at one
svwoop recapture the capitalized value of the expected net benefit flow
from a BPY 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
{cublic or private), so that a multitude of payments from landowners is
effectively replaced by one regular payment from an institutional
borrover.

It may justifiably be objected, of course, that this suggestion
flies in the face of imperfections in Third forld 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 nmay be forced into a position of de facto expropriation. 3If the

S\
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landlords are relatively wealthy, the fact of expropriation may not
trouble public authorities, but the vesult certainly would. %Yhe state
as landlord would probably be in a worse position than the state as tax
collector, because it would be necessary to sollect rents more
frequently and from more than one family on each parcel of land. 4In
addition, many "landlords® are poor families vho zent part of their
meager space to even poorer peoplé. It is certainly not in the interes
of anyone to expropriate such people.

Fe are therefore left with a paradox. If credit markets are
poorly developed ard de facto expropriation is undesirable, the only
remaining option is for the state to grant loans to landowners. It ray
seen justifiable to vonder whether the state as creditor is really in a
better position than the state as tax collector or landlord. The
substitution of ome kind of valorization payment for another may seenm
ﬁore like a conceptual sleight of hand than an effective policy.
*hether this is true or not will depend largely on the legal system
whichk is in place.

Tn many cases, the foreclosure lavs are more highly developed and
readily enforceable than the tax delinquency laws. If this is the case
it will be administratively convenient to aaapt‘a systen 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 deterniring
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appropriate charges for particular BHYN delivery sites. The laﬁfer
prechlen seems particularly difficult, bﬁt two &efenses.may be offered.
Pirst, 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 naintain delivery
systens particularly suited to the needs of the poor, and then allow a
coﬁpetitive bidding process to determine the location.

Even if this expedient is not available, the problem of value
estimation is not insurmcuntable. A system of valorization charges has
been in place in at least one Third forld city -~- Bogota, Colombia =--
for guite some time now, and extensive documentation by the World Banrk
suggests that it vorks reasonably well. In Bogota, valorization charges
have been primarily used in association with water lime 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
procgram has been encountered and repayments have apparently been
adequate (85;.

"hus, a system of valorization charges seenms feasible, and it
night prove to be a valuable part of BHN policy in poor urban areas. In
sone cases, of course, technical and administrative problems might

sinply be too burdensome, so that user charges would have to be

(85} One reason for this seeming passivity is undoubtedly the fact that
charges ia Rogota are ounly 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 diZferential is large in many cases.
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utilized. Tf 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 paynent
credits by offering coustruction labor as a way of diminishing BHN
expenses. If central allocations for BHN projects are primarily om
capital account, it should be possible for local planners to work oat a
internal money exchange of capital support for recurrent support, vith
the money savings transferred to participating families as access

credits (46).
Pural Resource Hobilization

Generally, the problem for rural communities is the lack of
certain essential capital and managerial resources which would
complement the resources currently at their disposal. At the same
time, central governments have an obvius tendency to expand their
capital budgets more guickly than their recurrwnt budgets. Thus, an
expedient suggests itself: Fherever possible, it would seem appropriat
to complemen£ rural BEY projects with an ancillary capital resource
vhich can ie combined with local labor to produce revenues sufficient t
cover a large proportion of recurrent labor aad materials costs.
several variations on this same theme can be imagined, and the capital

in question does not have to be a direct jJeint input to local productic

{(86) various ad hoc versions of this procedure have been employed by
public agencies. . In nany Brazilian states, for example, the wvater
authorities give pre erence to poor communities which volunteer labor
time sufficient for system installation. 1In 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 vell provision in rural areas.
The value of such a project to a particular village is primarily the
opportunitj cost of the time (generally that of village women) currently
aliocated to water-hauling and the additional net benefits (improved
sanitation, health, nntrition) associated with the increased use of
~water at a much lower full price.

Once a well is installed, large guantities of female labor time
are suddenly freed up. Under appropriate conditions, the result can be
a sizable productivity increment captured by the village. The actual
size of the iacrement 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 cduld 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 he resented as burdensome if payment were claimed after the net
henefits 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 péckage vhich included some
technical agsistance to the women concerned and a guarantee that some
proportion of the resulting earned income {private or commpunal) would be
earnarked for the support of recurrent costs associated with a cervice
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
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describe than to provi&e. Rural areas are freguently characterized by
chaotic ﬁransport,'ﬁhe lack of storage facilities, and the absence of
the relevant technical expertise. Putting together the right kind of
wpackage” can thereforz 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
abandoned. Chaotic Ffiscal conditions have begun spontaneously
generating exﬁctly t£his kind of approach in meny poor countries. The
authors are Familiar with the case of a rural RNigerian university whose
.current chancellor {an economist) has moved the university away fron
dependence on an erratic public fisc by attracting agcillary capital
resources., The univefsity currently operates a hydroelectric project,
selling substantial excess supplies to a local city. At the same tine,
it owns a large farm vhich is simultaneously a site for agricultural
experiments and a substantial sourcé of revenpue for the campus.

At the opposite extreme, we might cite the case of small-scale
private aid organizations such as the Plarnned Parenthood Federation of
America (PPFA), which has undertaken family planning projects in South
isia. In two villages in Bangladesh, PPFA money is being used to
deveiop fish ponds vwhose revenues will be used to provide recurrent
support for continuing family planning activities in the area. 1In
cther South Asian villages, PPFA resources have been used to cdevelop a
rice~husking mill and a nustard-oil press, with the same end in mnind
(87). At small scale, then, the capital resources vhich are sufficient

to support BHN projects are not necessarily toco complex for management

(37) See Nounat (1979).

VOt
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by local personnel.

In summary, ve might term this the Tassets" 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. fWhen
physical capital is placed iz 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 recognized that
such drawing down of the capital budget is necessarily taking place at a
high shadow cost. Enviroamental probiems may force this approach, but
it seems highly doubiful that the optimal distribution of physical
investments will bear a close resenblance to thé distribation of BEW
projects, at least from the perspective of pure income earning. 1In
adaition, local managerial inadequacies are likely to erode the exﬁecfea
returns to such decentralized investment even further.

Thus, a further expedient may be called for in come cases. Fron
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-hearing 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 scarce
capital to be allocated to sites wheré it would yield the highest rate
of return.

Both these approaches to strategic asset provision can serve the
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function of recurrent cost support, although their implicationms for
enployment may differ subs:antially. There is probably nothing
categorical that can be said about their relaive preferability. In many
cases, the long~run benefits to local employment creation and skill
formation may warrant the parceling out of ancillary physical capital.
Tn other contexts, high rewards to the use of scarce capital at
particular sites may justify the establishment of financial portfolios
for the support of BHN projects.

Since the focus of the discussion here is 6n 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 agjencies as capital bhudget
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 small allotments of capital to videly-scattered
communities. JXn the past, high overhead costs have frequently
discouraged international donors from involvement in such small efforts.
Phere organirvations such as Cxfan hav? already.ventured, however,
large-scale aid organizations might consider following.

e have one further thought on this subject which is not offered
vholly with tongue in cheek. If the argument about scarcity value and
management difficulties applies to locally-provided capital, it also
applies to the international equivaleat. If local management is
inadequate, then a default will shut off the major source of recurrent
support and strongly diminish the effectiveness of any BEAW project.

mhus, international donors might want to consider the "portfolio©
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approach in some cases, as well. At first glance, the notiom of a
Bangladeshi village in possession of a few USAID-purchased ATET bonds

sezns a little bizarre, but beauty is in the eye of the beholier.
Cost Hinimization

¥hile our research has underlined the importance of net benefit
recapture as a source of recurrent support, it is important to consider
the prohblem of cost minimization, as well. 1In the evaluation of
alternative BHN facilities, the appropriate criterion, as alvays, is the
‘present opportunity value of the resources used up in establishing and
" running the project. The ability of unassisted poor communities to carn
soney is often quite limited, and the relatively low shadow values of
local labor and locally-available material inpﬂts should pull the choice
of techrique for BEW delivery toward the facilities whose construction
and operating characteristics are intensive in local resources.

T™hus, cost minimization and the resource translation problem
conbine to enhance the appeal of BHN proiects whose recurrent (and
capital} support can be largely assured by local resources. Two
iaplications follow from this. First, materials used for BAN projects
must be locally-producible to the maximum extent possihle. Secondly,
service delivery personnel (teachers, health workers, water technicians,
agrononmists) nust be supportable at levels which are not too far above
those of local poor inhabitants. Given a small income differential and
basically-similar tastes, much of the income of BHN project personnel
can then be supported by locl residents through donations of labor {e.q.

construction of residences) or products (food, clothing, household

oy
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impleﬁents, etc.) .

mhis sort of reasoning is far from new. of course. It has been
particularly highly developed in China, where support of "barefoot
doctors® and simply-trained pégmary educators by urban and rural
comnunes has facilitated a rapid expansion in the provision of basic
'health and education services to great numbers of people. Barefoot
doctor programs particualarly are attracting increasing attention as an'
.appropriate approach to medical service provision for the poor. In sonl
cases, rural comrunities have proven capable of offering adequate
sapport to simply-trained primary eduwcators (48).

vrom the perspective of cost, the conclusion seems unanbiguouss:
mhe best BHY projects are those which can be constructed and maintained
using local materials alﬁost exclusively, with support personnel traine
to levels such that their expected incomes (ard associated demands for
goods 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 diffeting sharply.

Y S W @ S OGP G A O I P TP B TR AT G SON W S S WY @

{38) S.I. Figgundu, presently a Professor of Rconomics at lakerere
University in Kampala, Jganda, has first-hand knowledge of the
circumstances under which rural education vwas provided during the
fiscally-catastrophic period at the end of the Amin regime. Local
teacher incomes vwere often simply terminated during this period, bat
rural communities frequently mustered resources sufficient to persuade
teachers to continue their work. Three reasons for this successful
shouldering of the recurrent support burden by local comaunities can be
cited. °Tirst, 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, poocr comnunity members
assured teachers a continuing flow of essential foods and some
additional services.
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Insofar as some items are concerned, of cour~e, there is no
controversy. Blackboards are generally necessary for teaching, drugs
for healing, and appropriate materials for tube wells. Somne
possibilities for local input-substitution may exist in this regard, but
it is obvious that at least some of the nmaterials must be imported for
almost any project. Such materials will not, however, be the main |
component of cost in many cases. Rather, personnel will carr; the most
financial weight. With respect to the provision of medical and
educational services particularly, the controversy rages over the
relationcship between personnel costs and associated benefits. Unless
medical and educational personnel are simply conscripted Ffor service to
the poor'(in which case the quality of the services which they provide
is apt to he extremely poor), the relevant notion is their own
perception of opportunity cost. This,Ain turn, will vary with the
degree of training which they have had.

Since clieht benefits obviously vary to some degree with service
personnel training, the connection is complete. For BHN planners, the
real guestion must be the relative shape of benefit curves for
particular:kinas of BHY service provision.as training times increase.
To advocatesAof "barefoot doctor-teacher” arrangements, the expected
benefit cufée is logistic, with the second inflection point at fairly
low trainiﬁg ievelsu Critics of this approach may agree that the curve
is logistic;’but they would argue that the szcond inflection point and
the maximuﬁ:net benefit point are reached at much higher training
levels. “his question will be comnsidered in substantially more detail
in the next éecﬁion. For present purposes, the main issue centers on

the problen of necessary money support. The higher the training level



APPENDIX A

Maximum Likelihood Estimation of Modal Choice Models

x
—



page 16438

of BHN personnel, the higher will te their perceived opportanity 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 esfimation techniques might be called
"classical™ and "likelihood", in deference to the ooposing philosophies
which have produced them. The c¢lassical family is better known fhan 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 eqﬁations. The mechanics of least squares reflect the clas-
sical philosophy, in which 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 nofma1ity 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. 1In
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 gtochastic process to be the value
which makes the probability of the sample drawn greater than that of any

other sample of equivalent size.

s
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Inevitably, this approach is more probabilistic than its classical
counterpai't. In order to make any progress at all, the 1ikelihoodist has
to have a model of the stochastic process which is generating 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 differeance between these approaches, it may be
useful to Tock 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 =y + €g
where Yi 1s the ith random draw, u is the true mean value of Y1 and €4
is some random error (distribution unspecified) which causes Yi to depart
from p in each sample observation. To the classicist, a logical approach
to estimation in this context is ordinary Teast squares. Given the sample
of size N, an appropriate estimator of p is the value ; thch minimizes

the sum of squared residuals: (ze? = ;:(Y1 - ;)2),
i

The general specification of the least squares estimator for the model

Y= "N B + ¢
(Nx1) (NxK) (Kx1) (§x1)
is 8= (x')"Txy.
In our case, Y = i u + ¢ (where i is an N-row vector of ones),

(Nx1)  (Nx1)(1x1)  (Nx1)
and the "“degenerate" least squares estimator is:

A

(1) n= @Gy =)l =4
i1 R

Thus, the classical approach leads to the conventional estimate of the

population mean.

L



In considering 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 nas to impose a model of the error-
generating process. Suppose that he imposes the assumption of nofma]fty :
-- that is, e; N(O,gz) - 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 is given

by the probability density function for a normally-distributed variable:

1 "(Y.i'l'l)z
(2) P(Yi) = o 202

2l
In this case, N draws have been taken from the population. The joinf
probability that two independent sample draws will take on values X and Y
is given by P(X,Y) = P(X)P(Y). Similarly, the joint probabf]ity for N

independent draws 1s given by:

'(Yi“U)z "(YN'U)Z

1 Zcz— 2o
P(Y],""YN) = P(Y-l) L P(YN) = e see @
2lo~
'E(Y1-u)2
i
202
ZHGZ

At this point, the sample and the stochastic model have been fitted together.
There are only two unknowns in the problem, ; and cz, and the likelihoodist
approaches estimation in tne familiar way. Since the sample £(Y1,Y2,---,YN)
was actually drawn, the underlying true parameters u and 02 are taken to be those

which make the sample more Tikely than any other. The joint probability can

\&!
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be relabeled the "1ikelihood" of the N-observation sample, and a simple problem

2

in calculus results: Choose p and ; to maximize the value of the likeli-

hood function:

z(Yi‘u)é
T
‘ e ZO'

(3) L=
Y oma?

Thi; 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 Ingarithms, the estimates of ﬁ and g2 which max-
imize the logarithm of L will also maximize L. The logarithic form of (3)

is much more tractatle mathematically.

- 1 . 1 2
(4) log L = log —— = = L(Y,-u)
?

The appropriate values fbr'; and ; can be read from the first-order condition

for maximization. At present, only ; is of interest.

Q.(..&.ng L= -'—2- ) x(Yi-ﬁ) =0= z(Y.,-ﬁ) =0= I¥,- Nu = 0
% 1 1

(5) p=1i'=Y

Obviously, the classical and 1ikelihoodist approaches do not necessarily
lead to conflicting results. Maximum likelihood pafameter 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 1s therefore natural to wonder why an.rne would choose the relative
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computational complexity of the maximum 1ikelihood approach, along with the
. necessity for imposing a particular stochastic model. The answer is that

in many applied cases least squares estimation is simply 1mpracfica1, while
maximum 1ikelihood methods can be app]ied; The modeling of discrete choices

provides an excellent case in point.

II. Modeling Discrete Decision Problems

Microeconomié theory has focused on decision problems in which easily-
divisible godds and services are consumed; produced, or marketed. In many
interesting cases, however, quantities are indivisible and discrete choicés
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.

fhese 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 saﬁe time, it is recognized that unobservable characteristics
of individuals and comnodities can have significant effects on valuation and
choice. In discrefe decision models it is these unobservable characteristics
which can cause otherwise-identica] people in seemingly-identical situations
to choose different. alternatives. Since both observable and unobservable
characteristics are 1mpdrtant to the modeling approach, it is advisable to

develop this set of notions more formally.
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For the representative individual i taced with j alternative cone

sumption modes, the utility function can be defined as:

(6) UIJ(x'iJ’S'l) * e_ij(X”,Si)

Here Uij(xij,si) is the determinato component of uti]ity; xij is a vector
of the levels of relevant and observable attributes of mode j from the
perspective of individual 1, while Si is a vector of the relevant and ob-
sarvable 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 Se
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
econométric analysis can be derived from the nearly-tautological statement
of a fundamental inequality. Suppose that for mode 1, the associated utifity
for a particular individual i is:

(7 Ugq = Ugg(X4q085) + eqq(X4q08;)
Suppose that for mode 2, the associated utility for the same individual is:

(8) Ujp = UjplXsynSy) + £45(X;5,54)
Under the postulate of rationality, we know that the individual will choose

mode 1 over mode 2 if Ui] > U12' By substitution, an equivalent expression is:

(9) Uy (Xypa84) + &3 (X4385) > Upa(X30uS5) + ey, (%5 584)

N
\& 4



By rearrangement, we have:

00 )10 530 = U3Kyge87) > eqp(KipaSy) = g (XypuS)

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
superfority 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 course, 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 moded 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. |

UtiTlity 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 levél,

an appropriate utility function can be specified as:

11 =2 LR X

This function is linear in its parameters (BO, By» °--.BT) but its argu-
ments (Z], XTI 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, e;c. Thus, a utility function
of type (11) could be as simple as a purely linear (and quite unrealistic)

specification:

,.‘:\ .‘
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(12) Uy = 8+ Bykyg * ooe ¥ Bhgy * BgmSyy * oo + BrSy

On the other hand, the same general specificaticn encompasses the
translog function:
T T T

(13) 2nU,, =8 + & 6. 4nWH,. + £ T8, nW, 2nW

where wij = {xij’si}'

The translog funciion is additive in the fir:i powers, squares and cross-

products of tha 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 cpnvenience, we can adopt the follotw.ing notation
in the stochastic model:

(14) Uy = 2,8 + g4 where Zi = [V 2y e Z14] B! = (8, <=* Byl

This imposition of a general utility function specification leads immed-

jately 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 uny 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.

Ve !
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As long as a fair number of these characteristics are independently distributed
it makes 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 number of
independently-distributed unohservable characterisfics.

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:

- I Ve o -
Usq (Wyq) = Ua(Hi0) > 55 = ey

Now if e;q and e, are ncrmally-distributed, so must be their difference.
After substitution from the linearized utility mode1 (14), this inequality
can be re-written as:

Zi1B = Zyp8 > nyl = €45 = &4y
or
(18) (241 = Z;5) 8 > n;
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 nye Obviously, the greate; the weighted sum of the dis-
tances between values, the greater the probability that it Qi]l be larger

than the value taken on by the associated random draw. The horma]ity of n,

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 Ny does allow for defjnite
_statements about probabilities. In fact, once the normality of ns has been
assumed, the description of the choice problem in (15) above is simply a
description of the cumulative ncrmal probability furctian,

The probability that the choice of mode will dictate 1 rather than 2
is the same as:

Prob[(Zq = Z;,)8 > n;]

Since the distribution of Ny is normal:

Fny) 68% of all values
X \Y 27% of all values

5% of all values

/ ./4 TTH‘
Fig. 1
This distribution can be re-expressed as a cumulative probability function

N3

which specifies the probability that ny is less than any particular value.

P [('Z_” - Z1'2)B > ni]

1.0 -

(Z;7 = Z35)8

Fig., 2
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Thus, the normal distribution of the error term in the original model of
utility leads to a nice, regular function which relates differences in the
modal attribute valuations to the probabi]fty that mode 1 will be chosen over
mode 2. Unfortunately, the practical utility of the normal distribution of
the error terms ends at this point. The cumu]ative'normal probability func-
- tion can only be expressed as & mathematical integrai, and all the subsequent
operations which lead to econometric estimation of the g's are vastjy com-
plicated by this fact. Thus, the o}igina1 ease associated with normal error
distributions evaporates when ap-lications are considered,

The actual derivation of apsropriate estimators of the g-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 sdphisticated computer algorithms for the numerical approxi-
mation of integral values. As this discussion progresses, it will become
apparent that the use of‘the'norma1 prﬁbabi]ity model does in fact héve_so
many conceptual advantages that its application is indicated even in.the face
of great complexities. However, a continuation of the reasoning using
mathematical integrals would certainly prove more confusing than en]ightening
at this stage. |

We will therefore take another branch along the path of progressive
simplification in orcer to preserve comprehensibility. Another characterization
of the error-generating process will be used to i11ustrate the procedure for
deriving maximum 1ikelihood estimators for the s-values in this kind of
problem. Although this revised view of the error;generating process will be
an admitted source of some bias, it has such attractive practical qualities

that they provide at least partial compensation for the loss.

¢
A
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III. The Logit Model!

Our candidate for the revised view of the error-génerating 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 Weibull
distribution satisfies this criterion. Its shape is fairly close to that
of the normal distribution. At the same time, it is generateéd by a function
which is much less complex than that of the normal distribution. The
frequency distribution for the bésic Weibull function is given by the

following:

- (n*a)
| [~(nta)-e ]
{16) F(n} = e

where n is the value of the random variable which is Weibuli-distributed

and « is the parameter which sets the modal (most frequent?y—observéd) value
in the digtribution. For purposes of.comparison Fig. 3 shows a comparative
plot of a Weibull frequency function with mode o« = 0 and a normal distribu-
tion with mean = ,5 and standard deviation = 1 (=variance, in this case).

The mean value for the Weibull-distribution variable is .575, so that the
illustration is designed 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 in McFadden (1975).
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Figure 3

© Normal Frequency Function

Function \‘ (Mean value = .5)
(Mean = .575
Mode = 0)

By comparison with the normal frequency function, the Weibull fur.....
is somewhat skewed to the left, so that negative values of ny descend more
rapidly in frequency than positive values. Nevertheless, if we want to
consider thé 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
functioﬁ»associate& 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 is the stochastic foun-
dation of the choice model, this sfmp]e result greatly facilitates maximum
1ikelihood estimation. Before this can be clearly seen, however, it will
be helpful to show how the above result has been established.

Suppose that the cumulative probability function for Weibull-distributed
variablg né is being considered.

\JWR

\
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Recall that for any continuous random variabie, the cumulative probability
function (also called the cumulative distribution function, or simply the

distribution function) is defined as

F(n) = __I" F(n)dn

This is a mathematical representation of the proportion of total area under

the probability density function (p.d.f.) from -= ton. Thus:

F(n) =§%;

SN

It is also clear that the p.d.f. can be defined as the first derivative of

the c.d.f., evaluated at n.
F'(n) = (n) [This follows from F(n) fwf"F(n)dn]

Thus, we can see that for a Weibull-distributed variable, the c.d.f. is:

~(n*a)

F(n) = e

-(n+a) ) ")

F'(n) = dl:e-e ]/ dn = (=1) [-e ]e

F(n)

= (nta)
L
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We know already that bhis latter formula is the frequency function for a
Weibull-distributed variable. Thus, the c.d.f. for Neibu11-distributed

variable Ny is given by:

={n+a)
-e
(16) F012) = Prob[n2 <nl =e

This c.d.f. als? has a name -- it is called the Gnedenko distribution. Thus,
for the Weibull variable Nos the probability that any draw frrom its distrib-
ution will be less than a particular value is given by F(nz) above, As n
(the combarison value) rises, so (logically enough) does the probability
that a random draw from ihe nz-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 WQibull
shape.

Now, let us suppose that the comparisor value is itself a draw from a

Weibull distribution, so that its relative frequency is given by:

=(n+a)
-(nta) -e
(17) F(n]) = @ e

Consider thé comparison problem in two-step sequence. Each value of n, can
vary from -« to +w, anhough not all comparison values are equally probable.
The relative frequencies can be read out of the Weibull distribution for nye
For each of these comparison values in turn, there is a definite probability
that Ny is smaller. This probability can be read out of the Gnedenko distrib-

ution for nye Thus, for any givén pair of values, we know that the probability

\17
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that the n draw will be greater than the Ny draw is given by:
(]8) Prob [n]im” > "IZ] = PY‘Ob(n-h) J P?‘Ob(ﬂﬁ > nz)

The joint probability is the product of the individual probabilities
here because the draws on Ny and n, are independent of one another. Now,
(18) gives us the joint probability for one particular value of nye There
are, however, an infinite number of possible values of ny (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 fys We would have

' m
Prob[n]] OF nypy OF =+e 1y ] = Prob(n]]) + oeee & Prob(n]m) Tiz]Prob(n]j)

Similarly, we would have

(]9) pmb[(n]]’ ﬂ'” > ﬂz) or (ﬂlzsﬂlz > T'Iz) or eee. (ﬂ]m, T'I]m > “?)]

= Prob(nll) Prob(n]] > “2) + ees & Prob(n]m) Pr'ob(n]m > "2)
m
= j§1Pr0b(nlj) Prob(n]j > ”2)

In our case, of course, we have an infinite number of such possible
draws on nye Recall that f](n) is another way of representing the p.d.f.
for nps and Fz(“) is another way of representing the Gnedenko distribution
for Noe We can therefore replace the discrete probability expression above
with an analogous integral to represent summation along values of the con-

tinuous variable nye

+o
(20) Prob[n]’ n >yl =S F1(n)Fy(n)dn

o
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Ke now have the probability function which we actually nead to get a determinate

solution to the Weibull case. Substituting, we obtain

'(n+°") . (“n+dz)

) +oo -(n+a-]) -e e
,w" f.!(n)FZ(n)dn = __Q" e e e “dn
“n -a -a oo -n
“(nta,) -e [e | +e 2] ~a, =n -6e
= e e dn=_Je [P
=0 +o -p -0@ " ey =0y
= e f e e (e=[e '"+e ]

o

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

-ge "

@ |-
m

el -1 -ee'“]

- d, 1 - -9 -
[Thus, 4[5 e ] = 5i-oe M(-1) e =e"e

The joint probability turns out to be:

%1 te -n e-ee““ dn = e

-l

T ) Fplnddn = e

-Q i
8 = [e Vi 2]

Thus, we have

\"\>
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u-a_‘ - +ﬂ -a,] "’W
S . gme " :} . __e L :]
-C g ' ~-Ci =q .|
e l+e 2 - e 14 2 8 af -
e
- - -Q
= e L R - 2 - 2 ! [1-0]. e !
- -t 8(1/=) 8{=) -Q -a -a -a
e l+e 2 ¢ e e l+g 2 e 1*tg 2

Th(s is a truly remarkable result. For two independent, Weibull-distributed

variables with modal values ay and Gy we have

(g
i
—

Prob (nys ny > n,) =

This is a binomial result because we have been considering the problem of a
simple choice between modes. Howiver, we can generalize this result greatly
by establishing a few relatively simple propositions.
(1) If n; has a Weibull distribution with mode s then for any
scalar V, ny +V has a Weibull distribution with parameter o, - V.
We can establish this most easily by using the c.d.f. of the Weibull
distribution (the Gnedenko distribution) for "1;

Since ny + V <n=pny < n -V, we have

Prob ["i +V < n] = Prob[ni <n-=V]
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But we know that ny has the Gnedenko distribution:

(=n+ay)
=g
Prob [1'1_i <qn] =e

Here, we simply replace nby n - V:

=(n-V+a, ) ~(nta =V)
-e -e
(21) Prob[n1 <n=-V]=e = @

We can immediately see that ny + V is distributed as Weibull with mode ag - V.

(2) If Nys *°°.my 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 imagine 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 n; < n] = Prob[(n; < n)se*=, ny <n] = Prob{n; < n) +* Prob(ny < n)
(=1, 00 <M)

This formulation holds because the draws are independent. But the latter

product equals:

-(n+a,) -(n+a,) -(n+a,,) -n+a -nta
-e 1" e 2 -e M -le  teert e M
e . e © ees o€ = @
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-en(e 1 + e0e + o aM)
= e ,
-n M -ai
- I e
i=1
(23) =e
* ~oM
But since e ",eee, @ are all fixed values, we can find an a« such that
M =
e®= 1 e |
i=1

We can therefore substitute (21) into (22):

-n_-a, -n -a =(nta)
-2 ze -2 e -2
(24) Prob[max ny < n] = e i =e =@

1-],”‘,.

which is distributed as Weibull with modal value a.
Now we can use propositions (1), and (2)., just demonstrated, to generalize

our binomial comparison probability to a multinomial probability. Recall that

u“]
Prob(n1 > “2) = e
=0

e l+e

where a1 and @, are the modal values for the two distributions,

By (1) above, Qe'know that

e e
(25) PrOb(ﬂ] + V] > n2 + Vz) = y -q




A-21

since (n] +'V1) and (“2 + V2) are both distributed as Weibull with modal values

(a1 - V1) and (a2 - Vz), respectively. From (25), we have

V,~a
.e.'l..'l.

(26) Prob [r|.l + V.l > n, +.V2] = Prob [n2 = < \l.l - V2] = ;V.l-a.l . eVZ-az

1
=) = V=V
. e(al 02) ( 2 1)

1
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 U11 = 2118 + €41 and U12 = Z1.2 + €599 then the probability that 1 will
be chosen ovér 2 is given by
Prob [Uil > U12] = Prob[ZiIB + €40 > Zizs + 211] s Prob[(Zi] - 212)8 > €49 - 511]

Now, if we suppose that both errors are distributed as Weibull rather than
normally, we can see where our results have brought us. Since Zi] and Z1.2 are
known attribute vectors and the -g's are to be thought of as fixed parameter values,

we can think of B'Zﬂ and 3'212 as our scalars V] and V, and substitute into (26)
(27) Prob(1 chosen over 2] = Prob[e;, = €54 < (Zi] - 212)8 =

1

(2y=a,) + (Z,,-2)8
A B LR .

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 g-values. First, however, let's generalize (27) using (24) and (21).

T
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Vy=ey
% ¢ UE] = e

- B Y-

where n? + V? = Max(ni + Vi)
1”]9...,”

Translating this.into a form which 1s convenient for our work, we have

V.=q V. =g
(28) Prob[n¥ - '<V-V*]=e1 1 =e] :
TN 1 i V.'-'m1 -a M Viwm.
e e I e
j=1

This allows us to. reformulate our binary choice model as a muitiple choice
model. Suppose that M choices are availabie to the consumer instead of two.
Then the consumer will choose 1 over tne other (M-1) alternatives only if
i * * %
(29) Uij(Li]) + eil.? Max[uij(iij) + Eij] or ”11(211) *eg 2 Uij(zij) + €%
ja]yoooyi "1

Thus, the probability that mode 1 will be chosen by the ith consumer, given

M-1 other choices, is given by

(30) Prob[1 is chosen] = Prob[U, (211) ij U* (Z* ) + 1J]
= Problef; = eqq < Uyq(Zyy) = U(ZH;)1 = Problefy = eqy < (24 = 2,)8
,“V -a V.=a
1™ . 1z 1
.M 8L M B=a:
ze W4 gt
=]

g1 J

Expressions (30) and (27) will serve as the foundations for our discussinn of
maximum-1ikelihood estimation of the g-values in the binary and multiple choice

cases, respectively.



A-23

IV. Parametric Estimation vwith the Logit Model

At this point, it may be worthwhile to turn back to pp. 3-5 to review
the essentials of the 1ikelihoodist approach. In brief, we can say that the
11keiiﬁoodist regards the sample of observations which has been drawn as the
mest 1ikely of all possible samples of the same size. Thus, the appropriaté
estimates for the underlying parameters in the system model are regarded as
being those which maximize the 1ikeldhood of the sample. Maximum 1ikelihood
estimates are always determined from the application of the caloulus to a
1ikelihood functior spécified with 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 1ikelihood function. As a
prelude, we will introduce the most common general specification of the like-

1ihood function:
AL T
(31) L{e) =m m Py
1=1 k=1
where the 1ikelihood function L(8) is defined over all households (1 = 1,...,M)
and alternatives (K.= Tyeoesh)s Yik = 1 if household i chooses alternative K
o . .N
and 0 otherwise. I PiK = 1 for any individual i.
K=1
We can begin our explanation of this function by considering a simple un-
conditional case. Suppcse that there are two households in our sample (M=2)
and two modal alternatives under 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

o
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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 probabiiities hold (here P(i,j) means the probabi]ity
that household 1 will choose mode i and household 2 moc: j simultaneously):
P(1,1) = 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 common-sense sets of totals {n this problem. For each family,
= 1 [Family 1: 1/3 +.2/3.= 1; Family 2: 1/4 + 3/4 = 1]

In additicn, the sum of all the joint pribabilities is equal to 1:

P(1,1) + P(1,2) + P(2,1) + P(2,2) = 1/12 + 3/12 + 2/12 + 6/12 = 1

Again, of course, thisiis no accident. Under the criterion that some choice
be made, the four joint 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 svecification of
joint pﬁobability outcomes which we have just presented and the general speci-
fication of the 1ikeiihood function in {30). Recall thit the 1ikelihood
function itself is nothing more than a statement of the joint probability of
a set of sample draws. Tlie challenge 1ies in specifyirg a general jikelihood
function whic'i charécterizes the full set af possible draws for a set of

households. For our 2-household, 2-mode case, 4 such joint draws are possible.
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When we examine (31), we can see that it is actually designed to include all
of these possibilities simu]taneous1y;
In order to see how, we will wiite out a full version of (31) for our
2 x 2 case.
2 2 vy y y y. y y y

() L(e) = L 1 Py =Py = Prg = For * Fae

y y
(174) 21 (3/4)7 %

The actual value of the likelihood function will depend on the values taken
by the Yike Recall the original definition: Yig © 1 for ;he alternative which
a household actually chooses and O for the others. Thus,w?or our case we have

the four possibilities which we have already observed:

Choice Yip Y2 Vo1 Yoo ~ L(e)

(1,1) 1 e 1 o (3 @3 s 38 =112

(1,2) 1 o o 1 (3 (23° asa)° /e = 32
2,1) 0 11 0 (30 @) s (3ra)° = 212
(2,2) 0 10 1 (/3% @3 (174)° (/0! = 612

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 1ikelihood estimation
in the current context, let us continue the assumption of uncorditional prob-
ability and observe the way in which we woifld set maximum-1ikelihood estimates

of modal choice pfobabi]ities for a set of hcuseholds whose choices have been

1

\% 7



A-26

observed.
We will suppose that we are observing viie choice between two modes made

by five househoids. The general likelihood function is

5 2 vy y y y y y y
Ley= 1 K Pyrl = P 1 (1-p) 12 L p'21 (g p)22 ,, p782(q p)752
=] K=

(Note: Since P is unconditional, it doesn't vary across households and modes., )
In our sample, we 6bserve the following choices:

Household: 1 2 3 4 5

Mode: 1T 2 1 1 2

Now we have a 1ikelihuod function which is tied to the choices already made:
(33) L(e) = P!(1-P)%%(1-P)1P1 (1-P) %" (1-)%F0(1-p) = P3(1-p)2

We are interested in estimating P. In the likelihoodist view, P should be the
probability which makes'the‘likelihood (joint probability) of the sample drawn
the highest possible. One further trick is useful in sb]ving 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 1ikelihood
function with its Jogarithm without changing anything. Thus, we can rewrite
(33) as

Tog(L) = 3logP + 2lo0g(1-P)

An application of simple calculus yields the result which we are seeking:

d(;gg L) o202 23232 L gy 355 ang P = 3/5
P 1-P  P(1-P)

Thus, 3/5 1s the "maximum 1ikelihood estimator"; of P, the unconditional prob-
ability that a household in our sample will choosé mode 1, Refefring 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
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5 houses choose mode 1, our reflexive estimate of the unconditional probability
would alsc be 3/5.

Hopefully, this simple set of exampl~< has communicated the flavor of
maximum 1ikelihood estimation (MLE) in modal choice situa;ions. 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 vy
L= 10 = Pi?j
j=1 =1 1J
or (in logarithmic form):
M N

(3)L= 11 =& y,,logP
j=1 g=1 11

Before going further, we have to specify the conditional probability
function'which is to be put into the 1likelihood 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) Pr°b[uik(wix) + ) + e$j]

sk > Uy Mgy

where U?j(wij) tefs = ?;XK[Uij(wij) * g4

As in (30) we obtain

Z.i KB-U-K
(36) Prob[K is chosen] = ﬁ 8=a
137 77
L e

J=1
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 (zijs - “j) has two constant terms. Since it is more convenient expositionally
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fand since we cannot in any case estimate two constant terms in the same func-

tion), we will simply absorb the «'s into the constant components of the utility

function definition, so that we can rewrite (36) as:

ZiKs
(37) Prob[K is chosen] = ""'7?""
138

I e

J=

With tnis general specification of the conditicnal probability that one

mode will be chosen among several, we can fill in the likelihood function:

-
| MoN "o :. ik
(38) L= 1n n y,. logvr,, ¥, . llog
11 g MO0 S 0 T 2 VI
J=1

which can also be written as:

N Zi.ﬁ
Le
MoN =
L== T I y..log iz-—---
i=] j=1 "N T 48

Through additional manipulation of the probability term we obtain:

MoON N Z,8 7,8
(39) L=- ¢ I i log [(Z e ) {e J ) ]
i=1 j=1 W j=1
M N
== L L yi; 109 [g(8) g,(8)]
j=1 j=1 W

In the unconditional problem which we used to introduce MLE methods, the
probability was the parameter which we sought and we solved 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 parameters (8). The unknown g-values can be determined
by the set of first-order conditions for a maximum value of (39) with respect

to B:

. MON, | |
875 5 Y gy 9i(R9() * g(e)g(e)]
DL ) . 0,(8)
RE 321 Yij G(8) " 3,(8)
N zijB
3 ,if‘]e N ZijB
Here g(8) = 3 = 1 7.

=1 1

-1
Z..8
[Qi:fil._] = 7. “Lik®

Va) o 2
and  9,(8) 5 T8
N Z.:8 .
1] L,.8 Z.uB
' Z..€ il iN
ThUS, g'l (B) - j=1 Ij - Zije :coo + Z]-NE
7
3=1 j=1

A glance at (37) makes it clear that the expression above is equa: to

+000+Z,P

Zi1Piy iNiN

In addition,
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Thus, we have

o mon 9y(B) - 9,(8) -;? gly {N - 7,
9B E L Vi) g(B) . 92(3) i=1 3=1 W “13 P13

i=1 j=1 .

M ( N ' N N

== g [(22Z P,y) I y - ]
i=1  j=1 ij 1J j=1 id j’“] 1j 1j
N
Recall that £ y1J 1, since each family can choose only one of the available
J=1 '
modes.
M N N
Thus, 3L _ _ -
| 28 i§1 [lezw 1j j§1 Yighig )
or equivalently,
M N M N
(40) L -
La. 1 z(Z -y ) B> (P - ¥i3)Z
IS E It S FI A 1373
M N )
= 5 3z (y - P,
=1 3= 1371

Since the MLE estimates of the 8's are obtained from an evaluation of the
first partial derivatives at the point where the 1ikelihood function is sta-

tionary, we have:

(a) -
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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:

(40 oy L p L= & [y = Pe)le = (Yag - Pas)Zes]
28 W " Piglhy T2 Wi 7 Finlen T Wiz T Tia/442
j=] j=1 i=1
M
= iz'l [(.Vﬂ - Pﬂ)zﬂ + [(] - .V-“) - (] = Pﬂ)] z'iZ]
M

£ Uy - PyydZyy - gy = PpdZg]

M
= I Wit Pl(Zy - 2p) = 0

Vector equations (41) and (42) define the simultanaous sets of nonlinear
equations which can be solved to yield maximum-l1ikelihood 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 3L
3B

is a vector of first partial derivatives and that the Z's are corresponding
transformations of personal and modal characteristic variables which enter
into the deteriination of utility in each case.

As a preliminary 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 samble.- We have a set of T

equations:

W
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q a7 M - =1
(43) 3L _f 3L | & - 1. .4
Il I B T
. TT
. Ziy - Z12L
2 o -
38
o ol
or,
C o1 . C 1 . ezﬂa
(2) £ (Zgy = Zy5) = I (243 = Z;p) = =0
i=] 2" 4= 1,8 2.8
' e 'l' e
. Z..8
i1
C . C e
(T’ 121(211 - Zgz) - iz](zL - 21T2’ SRR 0
ISILONCT.

We can now extend this same logic to the more compiex, N-mode case.

Here, we will use C.,, cees CN to indicate the number of households who

have chosen modes 1.,..., N . [n addition, we will assume the housecholds

to be ordered by choice {1+ N} for expositional convenience.

(44) oL - - - =1
3 4 7
1 11 iN
9__[_._ = : = Ig (y - P ) : 5> + (.Y - P ) :
3% . LA At 1 L coet Wiy = Pyl |
aL T T
— Z Z
a8 . A 'iL " 1N_Jm
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or, _ h
N z}je
C1 | Cz : CN : " jglzij.e
Te 1]
. ] -
» - ] ’:_,]
._ Ny
- C c "C rZ..e !
1 T 2 T N T M 4=1 ij
(T) = Zﬂ + I ZlZ ¢+ vee P L Zi - I -
LU N Z).8
LI e 1j
J=1

In each of the preceding cases, we have T non-linear equations in T
unknowns. Since the equations are noniinear, the solutions must be generated
from iterative progedures. 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 significant uses. To the
extent that the relative attractiveness of a particular mode is dependent
upon the value of some policy variabie: a fully estimated choice model reveals
the sensitivity of modal choica to poiicy changeé, At the same time, the
fact that choice models relate the attractiveness of alternatives modes to
measurabie 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 under1y1n§ characteristics. Thus, after a full choice model has been
estimated for the existing alternatives, the new mode can simply be inserted
as an additional 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 mddé?

(and as a prelude to a critique), this section will begin with a Simp]e 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. The fitted model has given us

the Tollowing common paremeters of the utility function:

Uy = .3Kq; + .8

5 A%, + .1X4j + e'j

25 = 733

Suppose additionally that the three existing modes have the following

attribute values.

" Mode X. X

i 2 3 4

1 3 2 6

4 2 1 2
3 ) 2 4 2
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In the multinomial choice case, we have been specifying the probability

that a particular .cde (K) will by chosen by a particular individual (i) as

zikB
Z B
z @
3=1
Note; then, that the relative 1ikelihcod that mode K will be chosen

over another mode (h) is given by:

o, N Z,.8
iXs/ 13
e Le Z . B -7
(45) Pyy _ e K ik ™ Tan¥
Pih TR ;Z-Ih“
J=1

We can immediately seé that this relative likelihood calculation is
the ke? to the estimation of shares, since the share ef each mode should
be in direct proportion to the probability of its use by a representative
consumer. Only attribute characteristics count hers. Ue can therefore
calculate the share quite easily, using aﬁy of the three modes as the basis
of probability comparisons. For our example, mode 1 will be used as the -

base for shares caiculations:*

P

p£= o+3(4-1) + .8(2-3) - .4(3-2) + .1{2-6)  ,.9-.B+.4-u4 _ .1
i
P3 . o-3(5-1) + .8(2-3) = .8(4-2) + .1(2-6) _ Sl.2u8=.B=.0 _ .8
B
1

* Here the i's are suppressad because consumer characteristics do not

interact with model characteristics to produce a direct effect on modal choice.

47
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s,
52 P2 ..33...P3 :

g;-a ?;-~ 1.105 and §;~ ﬁ;’f'-449 (Here Si is the share of mode 1)
S] + S2 + 53 = S] + 1.10551 + .44951 =_2.554S] =

SI.= .39 52 = 43 S3 = ,18

Suppose that we introduce another mode, with the following attributes:

X, 22, X,=4,X, =1, X, =3

1 2 3 4

Now we see the ease with which multimodal logit models can be empioyed.
Since all the cemparisons are binary, the first three ratios are unchanged.
Only one additional calculation is necessary.

S P ' .
_S_q_'__. 'Pi= el3(2"]) + .8\4-3) - 04(]—2) + -](3"’6) = e]od = 3.32
1 1

ior 54 = 3.33251

Now the shares can be re-estimated:

1° 5.87551 =1

S-I = .17 52 = .19 53 = ,08 54 = 56

S; *+ 11055, + .4495, + 3.325

Two tﬁings are immediately apparent about this soluticn. First, of
course, the relative attractiveness of the new mode nas resulted in a tremen-
dous diversion of demand away from the original three. 0Of more fundamental
importance is a second point: While mode 4 has diverted much of the existing.
demand, the shares §o1ng to the remaining three modes retain their forwer
proportions (.17/.19/.08 vs..39/.43/.19). This resu]t‘follows, of course,
from our modeling approach: Only binary comparisons matter, so that the

relative valuation of th: 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
logit model embodies this assumption, we should examine it very closely. Just
how bad is it 1ikely 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_. ;1 o-3(1-1) + .8(3-3) < .4(2-2) + .1(6-6) . 0 .

1

and S.I + 1,1055, + .449S, + S, = 3.354S, = 1

1

S1 = ,28 S

Suddenly, things look very wrong. Mode 1 and the hypothetical new mode 4

1 1 1

are absolutely identical. Effectively, then, modes 1 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:

= ,195 S2 = .43 S3 =,18 S4 = .19

When we compare the two predictions above, ve see how the use of strict
binary comparison in shares calculations can violate common sense. The closer
a new mode is to an existing mode, in fact, the larger this kind of bias will
be. It is a major limitation of the stand&rd multinomial logit model in cases
where a new mode is in mahy Ways comparable to one which already exists.

We have already seen that this problem‘étems from the binary comparisons
which are inherent in the modeling approach; Thus, the model ignores the
common-sense restriction that shifts in thg:§hares of existing modes when‘a
new one is introduced must be related to thejr similarity to the new mode.

The greater the similarity, thz lacger the TBss in existing share.
Because the multinomial logit is 1mp1icit1y based on a model in which

modes are totally distinguishable from one another, the underlying principle

\A4>
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{s called "the independence of irrelevant alternatives"., Since it is clear
that alternatives may in fact.by.high1y 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 log1t'mode1 when the introduction of new modes is being considered.
It might be supposed that the multinomial logit is on firmer ground
-when interest focuses on the manipulation of policy variables which bear on
consumer'choice among currently-available modes. Uhfortunate]y, the stan-
dard logit model suffers from a serious specification problem‘even in this
more restricted domain. This problem also stems from the impocition 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 X X X, X

1 2 3 4
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

4x,. + X

3] 4 *®

U, = .3X,. + .8X

J 13 2j "¢ J

The standard calculations yield:

P

_p_i= e.3(5-]) + -8(2-3) - 04(]-2) + 31(4"6) = e.6 = 1.822
1

+ 1,105S, + .499S

S + 1.82251 = 4.4265.l =]

1 1 1

S, = .23 S, = .25 S, = .11 54 .41

Now, suppose that the government were to snift the value of attribute
X2 in mode 2 in order to make that mode more attractive. Obviously, the

ratio 52/51 would be affected by this shift. However, the independence of



A-39

njprelevant” alternatives assumes that neither 53/5.I nor 54/51 would be
affected. Thus, the ratio S./S, (=54/51)/(S4/5¢) . would not change.

Now, although the ratio 53/54 cannot change as a result of a change .fn

the attractiveness of mode.z, it 1s‘c1ear tnat S3 and S4 will both diminish.

In order for their ratio tc remain constant, in fact, they must diminish in
exactly the same proportion. Since elasticities are defined as ratios of
percent changes, we éan 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 comparison. 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
modal. Obviously, this is highly restrictive and it'represents a form of
specification bias.

It is clear that the standard muitinomial Iogif mode! 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‘aVailab1e. One, developed by

J. Hausman, C. Manski and others, goes back to first principles and builds

a complete model of discrete choice based on normally-distributed rather

than Weibull-distributed errors. This approach turns out to have the potential
for extreme generality. Besides the obvious virtue of building upon a
plausible model of random errors in the choice process, it also allows for

the automatic inclusion of the asvmmetric reallocation choices which have

just been discussed. This modeling technique is known as the "covariance

probit" approach, and it will be fully discussed in Sections VII-X. The

\"
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state-of-the-art in existing applications software allews for the inclusion
of no more than 10 discrete a]terna£1ves.

This computational limitation does not apply to the second approach.
which has recently peen developed by R;S. Hartman. Hartman has generalized
the multinomial logit mode]'iﬁ:a way wﬁiqh overcomes some of the undesirable
results of the imposed "independence of irrelevant alternatives“. As we
will see in the following section, the generalized muitinomial legit medel
offers considerable promise for policy analysis in existing systems, although

it does not adapt wéll to the introduction of new modes.
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VI. The Generalized Multinomial Log:t

A brief reconsideration of the 1logit approach rgveals a fortunate
coincidence. The computational ease associated with the logit results
from the assumption that individual departures from "representative"
valcations of alternative modes are random draws from Weibull distributions.
Although the Weibull distribution is somewhat skewed by the comparison with
the normal distribution (which is certainly a more plausible description of
the random error pattern in this case), it is hard to believe that this
small degree of bias can have fundamental consequences for prediction
capability. This is hopeful , since there are clear benefits to retaining
the Weibull distribution.

The more fundamental reason for biased predicfions by logit models
1ies in the way in which the consumer utility function has commonly been

specified. For the general class of linearfzed utility functions, we have:

- 1 T * |

Prob[K is chosen] = Prob[B0 + 8, ZiK + oeee BTZiK t e > B, + 8121 +eeot
*T *
BrZy *+ &4l

(Here * indicates attribute values for the best alternative mode.)
or,

. _ _ 1T _ ™ T _ 2*T
(46) Prob[K is. chosen] = Prob[e* - €, < 31(Z1K Z; ) +ooot BT(ZiK Z;')]

From our previous development of the simple linear model, we know that
relative probabilities will be basically determined by the differences
[Z1K - Z:] on the right-hand side of the inequality above and all comparisons

will be effectively binary. With this in mind, we can ask a fundamental ques-
tion: What happens when, for any individual (i), the utility function elements

Z1j are the same for two modes which are being compared? Obviously, the answer

2
This section draws heavily on Hartman (1976b) \QC\
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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 "i1ndependence 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 lodking at the world s
imposed, prediction bias becomes an inescapable companion of share calcula-
tfons 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 methodoldgical 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 afe being considered. We could generalize the
valuatior function as:

= n 1 1 T T T

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 ufi]ity function, then all the modal valuations are identical and
the whole logit approach collapses. This obviously &oesn't occur, and tae
apparent paradox has been introduced only to demonstrate the inevitability of
another change in specification once all system variables have been put into
each valuation equation. This is a change in the 8's, In Hartman's generaliz-
ation, the valuation weights are assumed to vary across modes, Thus, the

appropriate specification is:
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J

= ad 4 o 1 . J T =
(48) v1j By * B Zl(wi) oo T 8T ZT(”i) * ey ZgY + €

This re-casting makes it clear that we can no longer think of (48) as
a utility function in the same sense that this idea applies to a fcrmulation
1ike (47). Rather, we should th}nk of (48) as a prediction model which is
in some ways analagous to a consumer demand function for a continuous (non-
discrete-choice) case. Huwever, demand functions in the usual case are
derived from a stable, underlying hti]ity function in which coﬁtinuous trade-
offs are possible. In the Hartman model, on the other hand, the implicit
utility function has 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, evin when identical personal attributes are observed.

Once the inherently predictive character of the'generaiized mﬁltinomia]
logit is accepted, 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.

oK 76X : :
(49) Prob[X is chosen] = = —= - S
NV N Z8] N J_qK N Zy.
| red re g eZ(B°-B7) g o 3K
=1 j=1 j=1 3=

Since we know Z, the matrix of multiple attribute values, we can estimate

the values of the parameters Yjk 35 Tong as we have sufficient degrees of

freedom. Since each YjK is equal to a difference.in underlying valuation’
parameters (Bj - BK), we can not deduce the parameter values themselves from
our results. The model is primarily 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 choize erquation, so that predicting the
consequences of an attribute shift for shares allocation is stiaightforward,
The result of maximum 1ikelikood 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 multinomial logit
can come closer than the standard logit to an unbiased prediction of share
adjustments to price changes.
While the genera]iied multinomial logit approach represents a clear
improvement for policy analysis within existing choice environments, it
does not adapt wéii to the introduction of new modes. To see why, we only
have to glance at (48) and (49). The ij's which are estimated are specific
to particular existing modes. Obviously, no such coefficients exist for a new
mode, and we therefore have no way of predicting its share. In order to
handle this difficulty, we have to turn to the second and more complex approach

-- the covariance probit.
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VII. Covariance.Probit Estimation®

As previously noted, the generalized multinomial logit (GML) approach
provides a useful alternative to conventional logit mocels 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 ave
being considered. |

Thus, we find ourselves confronted with a difficult choice. If we
ppt for weibu11~distr1buted errors, we become capable of modeling chdice
when many modal alternatives are available but incapable of accurate demand
forecasting when a new node is proposed. Abandonmert of the Weibull distrib-
ution and the accompanying logistic probability function however, threatens
to undermine our ability to estimate moaal choice models at all. In the
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 developéd 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
particular context, and that the basis foé valuation is an additivé utility
function whose two arguments are x] and Xz; For any ' "representative" individ-

ual in the population, the familiar approach to utility modeling leads to the

3The following sectinns represent a very detailed re-working of Hausman (1978)

-2

7{()"
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following three valuation functions:

Up = ByXpq + Bk v gy

(80) Uy = ByXgy + BaRyp * &5
Uz = ByXqy + Bokgy + €3

Notice that all three alternatives are being evaluated with the same
utility function, so that the parameters (B]. 32) are assumed to be fixed
across modes. As previously mentioned, this approach is based on the notion
of a "representative individual” who typifies the decision-makers in a
particular population. At the same time, we have recogrized the existence
of a random error which characterizés the degree to which individual valua-'
tions differ from the typical valuation. There are at least two different
wavs 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 (50) as:
Ujy = (By * ByqdXyy + (By + 8y5)Kqp *+ vy
(81)  Ugp = (By + £1)¥p *+ (By + Bpy)hpp * ¥y
"w’(§+3ﬁ“m*‘%+ﬁﬁ”ﬁ*vw
Here, E} and Eé could be thought of as the mean values of the marginal

valuations present in the population. Similarly, Bg and By could be thought
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of as the deviations form the nérm which characterize any individual i in the
population. If we adopt the assumption that these deviations are normally-
distributed, then we know that
' 2 2
By v N(O, 081) and B, ™ N(O’GBZ)

Since it is clear that individual valuations do differ considerably in
a population, this way of approaching the pnoblem seems to be quite plausible.
Undoubtedly, the problem of unobservable modal aﬁd personal attributes will
continue to exist, however, so that it also makes sense to continue to add

an error term vj, which will be assumed to be normally-distributed. Thus,

vy ~ MO, osj)

We can re-write (51) generally as

u

)= Bk Bty * (ByXqq ¥ BKyp + vy
(82) Uy = Bykyy + Bp¥py * (8y%y * B¥pp * Vo)

Uy = ByXgy + ByXgy + (ByXgy + Bpkyp + V3)

Notice that if 31, 32, and vj are all normally-distributed, then so is
their weighted sum (leji + Bzsz + vj). This weighted sum is equivalent to

€59 the error term in the first model of valuation. In our treatment of the
errors (e], €95 53) to this point, we have always assumed that they are inde-
pendently distributed. It is not time to see whaether some alternative speci-
fication is not more appropriate.

It seems desirable to begin with a brief discussion of the.concept of
independent variation in this context. We can characterize all the patterns
of individual and joint variation for the errors in our 3-equation model

using the following covariance matrix:



(53) V(e) =

We know that the variance of a normally distributed random variable is a

r B
Var(e]) : Cov(e]sz) Cov(e
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Cov(eze1)-Var(sz) Cov(eze3

_?ov(esei) Cov(e3e2) Var(es)

153)

——g

%11 %12 %13

921 922 %23

931 932 933 ‘

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.
which we employed in the preceding sections, the assumption of error indepen-
dence was maintained.
cov&riances 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 modal

makes it relatively easy to understand why this should be so.

individual p]dces'a much higher marginal valuation on attribute X.l than is

characteristic of the population, while his marginal valuation of X2 is at

the norm. Thus, for the individual in question, we have:

P(E}

l

g

* (B * Bqy4)

P(8,

In the utiliy model

Suppose some

* Boy)

For (53), this is equivalent to assuming that all error

5 e

(B, + Byy)

If we know the true values for the typical valuation paramaters B] and 82

then the systematic valuation of each choice by the “representative individual"

is:
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Uy =By Y Bt
(54) U = 8o Xy + 8K * €5
| Uy = ByKyy + BA0p ¥ &5

Ug = ByXg) + ByA3p T &3

As an illustration, we will éuppose that for modes 1 and 2 the value of

X, is very large and that of X2 negligible, whilé the converse is true for

1
mode 3. Since our individual has a B value which is much higher than thé
norm, his vajuations of modes 1 and 2 will both be above the norm (and for
mode 3, his valuation will be below the norm). Thus, both e, and e, for

our individual will be large and positive. For some other individual with
a substantially below-normal margina] valuation of Xl, the converse would

be true -- ;1 and e2 would be large and negative.

This outcome may be understood more fully with the aid of a few numbers.

Let the typical valuation equation be as follows:

Up = (3 480Xy + (=2 + 8%, + v

>

(65) Uy = (3+8)%y + (-2 +8,)Xp *V,

Ug = (34 8))kgy + (-2 + By)kg, +
For our individual, the marginal valuation of X1 is substantially above the norm
(e,.| = 2) while the valuation of X, is at the norm (Bz = 0), For the "represen-

tative individual" and our individual, the valuation equations are as follows:
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Typical Individual

Uy = 3%, - 2,
(56) U, = 3%,y - 2%y,
Uy = 3ty - 25,
Our Individual
U1y = 5%, = 295 7 vy ()
(57) Up(1) = By - 2Xpp * V2(1)

~

U3(]) = 5X 2X

v3(1)

Now, let us suppose that modes 1 and 2 have the same measured level for attribute

1(X = 4) and that its level is much Tower for mode 3 (X3] 0). We

n = Xy
now have sufficient information to cdlculate the values of e], ed, and ¢ for

our individual.

L) ~

&y <%y 101).
(58) ep(qy = Up(qy = Up = 5Ky = Xpp * V2(1) - Ky 2y, =8 F vy
Uy = 5

- U + 2X

5X;7 - zx]z +v - X

1= %% 11 ¥ 2yp = gy Fvgq) =8 V)

2X 3(]) - 3X + 2%, =0 + v

e3(1) = Y3(1) ~ 31 32 3(1)

Thus, we can see that modes 1 and Z 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 is substantially above the
norm. At the same time, modes | and 2 have an important common characteristic
(X

= X., = 4) which makes them similar from the perspective of the individual.

1 31
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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arge negative covariances are obviously also possible wnen modal attributes

are negatively rather fhan positively correlated. Only when modal attributes

are effectively orthogonal (uncorrelated) would we expact error covariances

to approach zero and the assumption of jndependence to be approximately sus-

tainable.

Now that error dependence in the vairiable coefficients model (or random

coefficients model, as it is commonly called) has been established intuitively,

it should be relatively easy to follow the mathematical development of the

same result. We have three statistical assumptions to go on at this point:

2
By v N(0’°B])

Ba

n N(O,ogn)

2
vy N(O,cvi)

For the three modes and two attributes whiuh we have been employing in our

example, these assumptions generate the following covariance matrices:

v(B) =

V(iv)

——

Oy

c

'0‘

————rry

In addition, we impose the assumntion that By» B> and vi's are independently

distributed, so that the mathematical expectation of any of their crc¢ss-products

is zero (e.q., E(B,V,) = E(B,V,) = 0). With the aid of a little matrix notation
11 21

we can now establish the covariance matrix V(e) which is of interest.

Let

b

X1

X31

X2
X22
X

32

P

2



From (52) we know that
ST VI PR

(59) €2 = Biky *BpRpp * Yy

e3 = Brig Bt V3

In matrix form, this same three-equation sgt can be written as
(60) e=XB8 +v
It is easy to establish that the mathematical expectation ¢f e is zero:
E(e) = E[X8 + v] = E(XB) + E(v) = XE(8) + E(v) = X(0) +0 =0
This in turn makes it relatively easy to determine V(ec), the full error
covariance matrix:
(€1) V(e) = E[e - E(e)1[e - E(e)]' = E(e - 0)(e = 0)' = E(ee')

E[X8 + v][X8 + v]' = E[X8 + v][B'X' + V']

E[X8B'X' + Xgv' + vg'X' + vv']
E(XBB'X') + E(XBV') + E(vB'X") + E(wv')
XE(BB')X' + 0 + 0 + E{w')

XV({B)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 8's and V's are distributed independently of one another.

We can write out the expression for V(e) in this case by substituting from

the original matrix defininitions:

= - . x1 012 o Ix. x. x o2

91 %2 %3] 1 M2 By 11 21 "33 v,

(62) V(e) = |21 %22 %23| = [*21 *22| |o a§ X2 %22 %321+}0
1
c c c. X X - -

31 %32 %3] " e | 0

L
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Thus, given a fixed parameter variance (o;l. ogz) in the population, it
is the relative sizes of particular.modal attributes which determine the
covariance matrix. Here we have been working with two modal attributes. How-

ever it is easy to expand (61) to the case of K attributes and N modes:

——d

1 ’fn( g] 0 ’fn P ’fm °3]
V(e) = . . e
x 0 ‘2 ’.‘n( « oo X ?
‘_N'l E.IS OBK | NK -
= Xsz‘ + Iy

We now have a‘comp1ete1y general formulation of the error covariance matrix,
under assumptions about the random coefficients model which have already been
specified. This completes part of the story which must bg told in order to solve
our problem. Coviously, however, the tale is far from comp]efed. Now that we
have arrived'at a characterization of the full error covariance matrix for our
va]ﬁation model, how can we use it to produce unbiased predictions of demand

diversion when a new mode is introduced?
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VIII. Modeling with Multivariate Normal Functions

It is at this 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 thét in the case of the logit, a tauto-
logical statement of utility-superiority and modal chéice led to a fundamental
stochastic inequality in which the relevant error term was the difference
between error terms in the va]ua;ion function. Thus, [Z] - 22)8 > n.l(e2 - e])]
is the fundamental inequality for modes 1 and 2. Under the assumption that
£ and €, 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 thergﬁore
present a brief development of the normal-distribution-based choice model.

In the present case we have !in matrix form):

(63) u=¥8 +¢
where e = Xg + v
E(e) =0

V(e) = XzBX' ti,

As we have seen previous]y,'the choice of a particular mode will depend upon
whether its utility-superiority over other modes outweighs any countervailing
random arvor effects for a partiéu]ar individual. Thus, for example, we know
that moda 1 will be chosen in préference to mode 2 if U] > UZ’ which implies that
Ul - U2 > €y = €ye Since we ha&élour characterization of the valuation function

and the error term, we can employ them to express the inequality above as:
\ = f— - _— - =
(64) BIXqq * BpX p - By Xy = Bpkpy > €y = gql=ny).

By (Xqq = Kgp) + BylXy5 = Xpp) >y

v
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Since both €] and € are normally-distributed random yariables viith fixed
means and variances, o is ny In fact, it is relatively easy to calculate
the two moments for nj:

[ S = w!
If W [-110], then ny = Wpe
E(n]) = E(wie) = wiE(e) =0
V(“l) = V(wie) = E(w;e)(e'w]) = in(e)w]
Similarly, if wé = [-1 0 1], then N, ¥ €3 7 € = wée

E(“z) = wéE(e) =0
V(nz) =2 WéV(S)Wz
- ' ' = w!
and Cov(n]nz) E(wle)(e wz) w]V(e)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:
= -1
] !
wTV(e)w] w]V(e)w2

(65) V(n) = = w'V(e)w
wéV(e)w] wéV(e)w2
|

where w = [w1 wz]

For the sake of brevity, we will now use the symbol "y" to refer to variances
and covariances in this context.
(66) V(n) = w'Vle)w = |vq7 Yy

Y21 Y2

Having reduced a three-error case (e], €5 e3)’to a iwo-error case (n1. "2)
we can pass to a consideration of the multivariate normal distribution. Since
we are considering a case with two normally-distributed variables n and ny» We

wili give specific attention to the bivariate normal distribution. We will

e

o)
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continue to use V to represent the associated covariance matrix. Then the
technical definition of the probability density function (p.d.f.) character-

1zing the joint normal distribution of several random variabies is:

[s(xau)'g*‘(x;u)l
(67) £(X) = n}z e

(27) VT

where X = an n-row vector of random (normally-distributed) variables.
u 2 an n-row vector of the means (expected values) of those variables.
'This rather complex-~looking formula becomes more comprehensible 1f we

examine it using a simple example. We will use our two normal variables Ny

and Nos and assume that they are independent of one another. Thus, under

the assumption that

(68) V(n) = [, O
B L P

we have

-]/2 [(n]'o);(nz'o)'] Y]] 0 -1

n ! 0 vl | M
(69) F(ny) = —77 == e
{2r)

n-l"o
-0

~1/2[ny npd {1/vy O n
0 vgall M

2m yyq Y22

1 '1/2[]/Y]]nin] + 1/722né n2]
= — e

2m YY1y Y2

N
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L =Uzmimiryy T V2l ) e
B i @ e = Fnq)+T(n;)
Ay IRRGLRPY:

Here, independence gives us a diagonal covariance matrix, ahd 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 L0 and Ny is the product
of their individual probabilities, where both of these 1ndividua1 probabilities
are generated by the standard equation for a single rormally~-distributed vari-

~able. In other words, we have the familiar case:

(70) P(AB) = P(A) P(B) where A and B are independent draws
| In the case of our éhofce model, of course, the problem is that there are

very good. reasons for supposing tnat the random error terms are gg;_ihdependent.
The general statement of joiat probability which is analogous to (70) is:
(71) P(AB) = P(A) P(B]A) = P(B) P{A|B)

In this more general statement of probability, rocm.1s left for the exis-
tence of conditional dependence between A and B(i.e., knowing that A has taken
on a particular value will be heipful in predicting the value of B and conversely).
The covariance matrix in fhe p.d.f. for the mu1tivari$te normal distribution
specifies this dependency exactly. Separately, the random variables in the
vector X are normally-distributed (e.g., for particular fixed values of
Xz,...,XN, the va1ues:taken on by )(.l are normally distributed). Some dependence
exists among them, hoWever, so that the probability of 6ccurrence 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‘n1 and n, are not independent of one another.
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Any multivariate distribution is sufficiently complex to cause problems for
maximum 1ikelihood estimation because multiple 1ntegrhis are involved. We
are therefore going to examine the mode! intensively by moving through-;”»
series of handy simplifications. The notation will be changed s1ightly for
expositionai convenience:

(72) Vi) = 5 v,

2
Y21 Y2

We can now introduce the first substantial simplification which is
possible in this two-variable case. For any two variables, x] and XZ’ we
know that the coetficient of correlation between X] and x2 is defined as:
Cov(Xl.Xz)

/Var(X]IVar(XZ)

In our case, the correiation coefficient for " and n, can be written

as:

p="12 2 Y
;2.2 NY2 MY
Y v

or Y?.] = Y-Iz = OY]YZ = PYZ'Y]

Thus, we can re-express the covariance matrix as:

T2 2
(73) V(n) 7 Y2 1 PY{ Yy
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Recall that in the bivariate normai distribution the covariance matrix
V makes two appearances. We can therefore simplify the full probability
density funcﬁ_on expression by solving as follows:
¥ oY1y, |
=] 12 | 4 Y%Y% oz‘rﬂg = 7172(1 - %)
PYyYy Yy

The inverse of V is also easy to calculate ir this simple two-by-two

case:

-1
Al= 1 |2, -3

(Recall: For A =
TAT

"3 N

-1 2 _ ]
v = ] rYz "971 Yo

7172(1-9 ) L"f*z"]

'V21
a1 "I -p
1 2 2 ,
=-p: 'Y'l Y]Yz
=
. iy
This leads us to: — ) com
]/Y] =p
- 1 Y2 | In
-Z-T-T[niné] o 1
( “p ) -2 /vy ﬂz
Yo' 2
] e hos el
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At first glance this doesn't seem like much help. After a small
digression, however, we will see that this way of formulating the p.d.f.
is in fact extremely useful.

We can begin to solve our problem by converting [?f} to its

2

"standard normal" form:

— —

2
If {n 0 Y PYqY
L T, N 1 1'2
Ny 0 2
PYZY] Y]

We can establish easily that

LB B

[This 1s because n]/Y] ~ N(0,1) and né/yz ~ N(0,1), so that

ve= M2 e
o(1n1) (1)?

stz e

Thus, V pLI TVT 22
V21

Given this result, it is easy to set up the joint p.d.f, for the "stan-

dard normal" vector /nﬂ
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(o)
m ol oy deT
o -L |- "
Y'l 1 ) ",;"
. ———e 2
(76) F ny ol TV L)
Y
LZJ ’;12
L) .J__Z[] I
z|n Y2l1-f 1P i
1 . 12
= =
2n 1=p
!
I B T P I
. 2(1-p°) Y% oMY
3—-—'—'—"8
2n 1=p

Thus, we have established the joint p.d.f. for two standard normal
variables nq s ny whose covariance is given by p. An additional mathematical
Y2
trick, an appropriate "transformation of variables," must be introduced at
this point. Suppose that we define a new variable, ros such that

270 o1
Y2 N

It is relatively easy to estéb]ish that F(rz) = f I-ju n]:[

3\9
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-1-) must always be true. Thus, demonstrating

Ny n n N, [0

Recall that fl—- 2= fl-L} f[-=
Y1 Y2 1 Yo |1
fl— %)= f{—} f(r,) is equivalent to demonstrating that

t(r,) = f{02 | M),
Y2 | N

The demonstration is as foﬂows':

N

. My, .. .7
N N(0,1) ::i} F’(}{) JEE"E y]

For Tos We have

-
P oy
1
N
S
fi
m
|
NIy
[ ]
O
'.:1
Sy
]
<1 3
N N
!
©
-<i:l
—-I-lI
]
r 21 3N
N Y
1
O
-<|.=
ot [ ol
]
m
<l 3
nNIre
]
O
-<':l
ol i

non nqn nin
22, "%, 2 MM

= E
non nqn nin
PN WL L) W A ) ]
Y2 . Y1Y2 Y2
2 1
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Since V(n) = Engny) = a5 and Enyng) = Cov (nysnp) =617y

the above expression is equivalent to:

V(rz) = ] -‘2p2 + pz = 1-p2

Therefore r, ~ N(O,l-p"")

-1 rol's
1 3 ]_pf
and f(rz) T e €@
2H(1-p!)

It follows that

. 2 Z T
F .—.lf(r ) = ] e 1
g 2
2n 1=p
nin -
-1 121(1-02) + 1ol
2 T ) ‘
_ 1 7
e 1-p
21 1-p
nin nin nan NN , NN
‘J. _Lzl-pZ_J_zl,; 22-2;3_1..-2-+;,‘g 11
Ll Y Y "2 Y
1 1 2 ]
=.__...L-—— ] -p
e
2r 1-p
1 MY _, M2 M2
_ ! 2(1-07) | ¥§ vz Yg
. 2 ¢
2r 1=-p
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n, N
Thus, we can write our bivariate normal function either as F [%l-;%]

1 Y2

n n n
or as F L.oF =z p-—l . However, it quickly becomes apparent. that
Y-l Yz Y‘]

the latter form has one very strong advantage. It greatly facilitates

the combination of integration with maximum 1ikelihood pro.. .ures.
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IX., Maximum Likelilhood 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 unde: -
lying notion employed was that of cumulative probability: Given a
mathematical characterization of modal valuation up to some determinate
error factor, the cumufative probability that a particular mode will be
chosen over some alternative mode can be systematically related to the
difference in valued characteristics between the two modes. As we saw
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 1ink between cumulative choice probébi]ity and differences in valued
characteristics .is established through the application of integral
calculus. The development of binary and multinomial logistic models of
choice provided one example of fhis process.

Now we are ready to have a second look, this time in the context of
normally-distributed errors. A major portion of the preceding Section has
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
another. We have introduced this dependency in a formal way through our
characterization of a non-diagonal covariancé matrix for the multivariate
normal distribution. With this as our model, we have addressed ourselves
specifically to a three-mode case. We have now passed through two simplifying
steps in considering our characterization of the three-mode problem.

First, recognizing that the probler is essentially comparative, we

o~

A
P sined
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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

assaciated errors, Thus, we began with a 3 x 3 error covariance matrix:

Y(e) = Xz X' + zv

8
We re-expressed this as a 2 x 2 covariance matrix of the error

differences, ™ and "2:
Y] DY] {2
= ¢ =
V(n) = w'V(e) w o1, Yg |

Now this re-expressed error covariance matrix can be joined to the

problem at hand. Recall that:
U > Uy =D Uy = Uy > gy = (eng)
Prob [1 is chosen] = Pr

L]

and Uy > uy Uy = Uy >eg - e](=n2)

We can also express the probability that mode 1 will be chosen in
the following way:
Pr(1) = Pr [(u] - u, > n])(u] - uy > nz)]

U=y, Uy=ts
f(n)dn
n.I - = n2 = w0
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Because we are working with the cumulative probability of a joint
distribution of two variables here, we have to employ a double integral.
But since we know that all such probability statements are destined for
entry into a likelihood function whese maximization will determine
parameter va]hes for our utility specification, it is clear that simpli-
fication of the double integral is a necessary bre]ude to econometrics.
In the pages 1mmed1ateiy preceding this Section, two simplifications were
underfaken‘with this end in view.

First, the doub]ewintegral was transformed into an equivaleat value

by converting the problem to standardized form:
- m'm

(77) u;-u Uy=u 1 _.2
172 173 — e 2(1-0") dm,n, (where m, = 11_)
2r 1-p Y;

n] =2 a8 nzz-m

We saw in turn that the joint density function in the above expression

was equal to a product of two separate density functions:
f(m]mz) = f(m])f(rz) = f(m])f(m2|m1) where ry = my = oMy

Thus, we could also write the double integral in (77) as:

u,-u u,=u
1"Y2 13_pm]
1 2

(78) i
-r f f(my ) (m, |m; )dm,cimy
m1 = wm rz = wm '

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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Uy =U
1 73
Y, oM 21 2™
(79) 1 2 .58
— 0 dr,
rg = =% Yon(1-°)

Again, the principle of standardization is useful in performing one

further simplification. We have already established that V(rz) = l-pz.

r r
Thus, if we define the standardized variabie 1 = ;g- Sp—
Ty 1=p

we can translate (79) to an equivalent integral value:

(80) [_12___‘”"‘

-7 -1 9.9
o 2

9 * =

Notice that (80) is simply an expression of the cumulative density
function for the standardized variab]e'qz, which is distributed normally
with mean zero and standard deviation one. For expositional convenience,
we can write the cumulative distribution function evaluated at qz'as F(qz).

Thus, (78) can be re-written as

gl
Y
1 Uy=u pm
‘(~ f(m]) Fll3—. dm]
m.l = - Y2 1-92 l=-p

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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= X8 + ¢
So that in our case
up = Uy = (X = X;)8
and uy - ug = (X1 - X308

Uy=Up
Y Uq=U pm
1 f(m)F |3 - ]
Thus, Pr(1) = ™ — /7 dm
m]f-w Yz ‘ 1‘9 1
( ]-XZ)B
) m, (8)
(X;-Xq)8  p(X,=X.,)8 1
i fm F | - L] fm, (8)1F [9,(8)]dn
. | — —— 1 2 1
= m1= - Yzyi-pz Y1 1-p :!a

Notice that since we have been working with a double integral here, we

could obtain an exactly-equivalent expression by reversing tha order of

integration:
2(8)'pm]

S ———————

m, (8)
= 1 '
(81) f(m,) f f - f{m, |m, )F(m, ) dm,dm,

m, (8)=pm,
m1(B) 'thTZ
) f f P fim ) Fimy)um dny = Fimy)

“\
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Both of these expressions are equal to the probability that mode 1
will be chosen in a pérticu]ar context., Now, we have P1 = F(g), so that
we know that when maximum likelihood is employed we are really going to

be taking the following derivative:

dP af ] m1 3'F

amsmme @ s _0.-.—?-
B

dB 9 1 a8 am2

For f(m1) in (81) we have

(X,-X5)8
= Y. (X,=X,)8  o(X,=X,)8
gf__= d 1 f(m1)F 173/ - PA\M 7% , dn,
" LK 1 mp?
= 72 “p Y‘l -p
QL

" L 7 T
Yo 1-p7 Y 1-p

Conversely,

df (X1-x3)§\ (X;=X,)8 _ ‘(x]-x3)a
= f F 0
2 Y2

3 1-92 Yo 1-p

mam—

At the same time,
-x )
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Therefore, we know that one whole set of equations used as first-order

conditions for maximum-1ikelihood estimation will have the following form:
'1 Zy m
-p

, sl fogxds - oxgtgds | (oK)
3 /—? /"’2‘ T2
1h

Note that this expression has replaced indefinite integrals with sums
of products of standard normal probability density functions and cumulative
density functions. Since the values of these functions are easy to
apprbximate numerically, it is quite‘possib1e to evaluate the expressions
across alternative values for elements of the g-vector.

It is important to notice, of course, that the B's are not the only
unknowns in this system. One of the main strengths of the approach lies
in its inclusion of the error covgriances in the system, as well as the
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 8's
in this problem, it is a function of the variancés of the g's.

Recall that in our case

V(n) = y% YY) = w'XzBX'w + w'sz where zB = y§1 0

PYpYy Yo 0 ¥
2’ 2 B,

———
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It is clear that the value of pc Y_];) can be regarded as a function
Y2

of the Ygi' Therefore, the full gradient must be:

oF  _oF M o M2 oF 3
dc‘:?3 am, ;E am, ;:g % aog
i i i i
oF 3F
Ty and ey are as before.
1 2
am 3 1 (X,~4,)B -1/2
For -%- we have il d (X]'XZ)B(Yﬁ)
308 14 2 = 5
i A o0
8
802 i
85
1 (XX,)8 a2
] 17277 ;
2y
1 /;T g
~ i
am, N ¢ RS ST 87§
Similarly, —y = - . 3
oY 2 2 v 2 ay
B'i' Yz Yz B.]

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 15 simply the biva:iate normal probability density function.

Thus,
M Qo
1
(83) g§-= d =£: ;l- rim)faglangm | f(4,)(Q,)
dp

So in our case,

P B il 1 "z’“- (Xy-X3)8
d P
Y2 1=p
Recall that
Y12 -1/2 ) -1/2
p = _ = .
v’T‘z— Y~|2(Y‘|) (Yz)
P |

ag, Mg, M g, g g,

2 2
1w, g 2™ 1 TNe 2
T T T2 7 WIZ we P T 2y
Y Y2 g, N N2 i Y2 M2 i

s - 379 ok avf _° avg

7 v A 7 2

/%172 ayB 2 1 3 8, 272 ays
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Our gradient of first partials for can be written in the following way:

n W . . 2
any T1 Lo %R0 (e elgip)e L Uh)E Y o
e 7 TETR T ™ =z |2
B |8 Yz 1= i drg
- i
| e ) 2
¢ | (X-Xg)8 c (X;=X,)8  o(X,=X;)8 ._'I.Z(X1 X3)B dv}
Tz /—‘/"7 ,_._', 212 >3 dy?
Y Ye
| T2 ! i
[-k =X )8 7% )B p(XI-Xa)B ] v, av? : aYg
* f T - —3
TVhE| e e B Yy, B g

Having moved through an admittedly staggering set of transformations,
we have now arrived at a series of gradient equations which define‘the first- -
-order conditions necessary for maximizing the likelihood function. Recall

that the general form of this function is:

M N
L(e) = m = Pi‘i
, b1 §=1 Y

or (in log form)

0) M N :
L(e) = £ I Y.;log P
j=1 g=1 W

Thus, the first-order conditions for maximization are given by

(8s) a_ o N ik kP R
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We have jsut developed two exampoes of the kinds of gradients which must be

calculated for this exercise:

FP]] --"dp]
da, -2
B.k _‘_"'ek

A full specification of the first order conditions simply requires
appropriate substitution into the same formulas for the other probabilities
in the model.

' The advantage of the derivationswhich we-have just performed is-
that even the rather complex-looking equations which have been developed
incorporate known values for most of the included variables. The only
parameters which have to be estimated in the model are the valuation-
function coefficients (the 8's) and the variances of those coefficients
(the ys's). Therefore, the available degrees of freedom will always
Ee 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 wé have explained the basis for estimating the parameters
of covariance probit models, we must turn to the question of model q#e.
'For this, we must turn our attention again to the kﬁown and unknown
elements. Two prediction problems are of interest here: (1) The use
of parameter estimates to predict the impact of é shift in the value
of some attribute 0¥ the choice probabilities associated with each modes;
and (2) The use of the parameter estimates 1n-forecast1ng 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-chjice case, and the upper 1iﬁ1ts to integration are generated
by systematic differences in modal utility generated by differences fn
modal attribute values and the1r~fnteractions (if any) with personal
characteristics. In order to see how the prediction system works, let
us review the state of our knowledge after maximum 1ikelihood estimation.

The known elements in the system are as follows:

- _ ~ -
i % 2 5 T, 0 0
= - = B A: - = ~
X=Xy Xpp1 - Z4 ! .2 - 2= | o ys 0
= — = 0 0
|
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Recall that

“=|"|+|
Vn W XzBX W+ wIw

and (using mode (1) as an example):

(X;=Xp)8  (XX3)8 Tat i

(86) Pr(1) = f f —l_ e dn

Zo Zo 21

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.

Thus, given a matrix X of observations in particular moaa! ana
personal characteristics, we can construct an appropriate covariance matrix,
set the 1imits of integration, and calculate modal choicg probabilities.
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
(note that the altered X has an impact both on the covariance matrix
estimates and on the upper lihits for integration in the new caiculation.)

(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-diagonal covariance matrix in the calculation of modal
choice probabilities does away with the "independerce of 'irrelevant’ alter-
natives". The problem of constant cross-elasticities which exists in the
standard multinomial logit model is therefore done away with. In its
ability to model shifts within the curreat system, however, covariance

probit is largely duplicated by the generalized multinomial logit; It is

W
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the ability to predict the demand for new modes which really distinguishes
covariance probit. In order to see why the technique handles this problem
so neatly, we ﬁi]I consider a case in which 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 are relevant in deciding whether we can predict the new
choice probability. (1) Can we establish the numerica1 values of the upper
bounds for the relevant integrals? (2) Can we set up the relevant covariance
matrix? Fortunately, the answer to both questions is yes. 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 have a new X-matrix:

1 %2
X.. X
v = |21 f22
X31 X3
 Xa1 Kz |

Here X4] and X42 are the new attribute values, with the rest of the
X-matrix as before.
Since we have a new mode which is being valued, we also have to extend

our error vector:

F\
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For integration, we have an additional error difference: g, -cey
Thus, we have to establish a new w-matrix (such that w'e = n)

In this case,

-1 100 A .
1 R '
w'=1-1010 and w' | = r;2 ‘i ";1
—1 0 0 ] 2 53 - E] n2
€
3
g b b
L4

With a new X-matrix and w-matpix, it is clear that we have a new
covariance matrix:

"N = ' "N ] 'A
v w XzBX wtw sz

Notice, however, that EB and Ev are just as always. We need no
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 intearation

since the utility function parameters are just as before.
Thus, armed only with attribute values X4] and X42 and suitable re-
adjustments of w, e, and n we can set up our new cumulative probability

calculation as a triple integral of a trivariate normal p.d.f.:

(x -X4)8 (x]-XB)B (X]‘XZ)B .l lv'1

(87) Pr(1) = J"‘ J‘ J’ L, A .

-0 -00 =i 21“ lG '

Although a triple integral may be a little vexatious, all the essential
nunbers are in hand and the calculation of modal choice probabilities is a
straightforward matter. Thus, covariance probit appears to dprovide an

attractive way of modeling the demand for new modes which avoids the predic-

’L)
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tion bias inherent in the multinomial logit approach. At present, the main
weakness of the method 1ies 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 1ikelihood 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 majdr difficulties other than those associated with computation
cost. Beyond five modes, however, this approach seems (at present) to
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 preccessing costs continue to fall, however,

the cost-benefit calculus may well shift favorably.

- ‘ <) :x
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Appendix B

Basic lleeds Fulfillment and Pconomic Growth:

A Simultaneous Nodel

Recent discussions of basic needs satisfaction in the process of
development emphasize the importance of changes in the physical quality
of life for the poor (1). nlthough this approach introduces at least one
novel element by supporting a broader definition of social jusfice, it
does not explicitly redject the corventional distinction between growth
and equity as development objectives. Thus sone basic needs proponents
advocate the provision of essential goods and services to the poor
regardless of productivity effects, while partisamns of rapid grovwth
.predictébly reply with opportunity cost arguments (2). Common to both
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
éolitically-dete:mined value weightings.

‘In the particular case of basic needs, this intellectual
Qistinction between "welfare™ and "productivity"™ may be very misleading

sfreeten and others have argued that inmprovements in health, nutrition,

(1) "he literature on basic needs is already quite extensive. Good
jntroductions can be found in Ghai (1977) and Lisk (1977).

(2) The strongest critics of the basic needs approach dismiss it as
misquided welfarism. In this view, basic needs policies resemble the
"consumption" scenario provided by Ahluwalia and Chenery (1974): Durir
an extended period, substantial consumption transfers to the poor at ti}
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 synpathetic 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 beén
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 (&).

mhis section attempts to contribute to a more integrated view of
the development process by specifying and estimating a growth nodel
which is explicitly simultaneous in national output and generalized
peasures 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
countries in Africa, Asia, and Southern America. The results give
support to the hypothesis that chauges in hasic welfare are strong

contributors to labor productivity change, and conversely. In addition,

(3) See Streeten {1979). 1A strong case for basic human resource
development as a pre-condition for equitable growth is made in Adelnman
and forris (1973).

(3) The two publications which are used extensively for the empirical
work reported in this Appendix are IBRD (1976) and IBRD (1978) .



they ‘suggest substantial differences in the pattern-of simultaneous .-
2nteraction at different income and velfare levels. In two illustratiw
experiments, total response elasticities are used to demonstrate the
apparent importance of jnitial conditions in determining the impacts of

alternative policy approaches.

(1Y A Simultaneous Hodel of Welfare

and Productivity Change

Tf education is defined as a basic need, then the existence of at
jeast one link between needs satisfaction and economic growth is vell
knowr *n industrial societies. Work by Denison (1967,197%),
Intriligator (1965), and Barger (1969) has established the importance @
enbodied education as a labor-augmenting component of technical change
in the U.é.‘and Western Europe. Any direct inference from these result
to the relationship between truly basic education and productivity
growth in poor countries would, of course, be unvarranted. Of more
obvious relevance is a recent paper by G.R. Saxonhouse (1977) which
clearly demonstrates the impact of primary schooling on labor
productivity in early twentieth century Japan. Other studies of
educational effects in poor countries have been plentiful, but they ha
yielded mixed fesults (8).

(8) ¥ork on agricultural productivity by Hayami and Ruttan (1970)
suggests an important role for technical and general education in
explaining the differential between rich and poor countries. On the
other hand, ®adiri (1972) concludes from a survey of the literature th
education has generally been unimportant as a deterninant of
differentials across poor countries, although within-country
contributions often appear significant. An implication of this somevwha
paradixical result is that education interacts strongly with other

u
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http:importance.of

Comparable efforts to examine the productivity impacts of health.
and nutrition at the aggregate level havé been rare. In part this
scarcity is due to difficulties in measurenment and'data acquisition, and
in part it undoubtedly reflects a neglect of the problem in the
mainstream growth literatufe. One notable exception to the general
trend is a study of latin Américan countries by Correa, who finds a
strong correlaiion between nutrition and health mesures and output
growth (as well as an apparently insignificant role for education) (5).

Until recently, the same scarcity has characterized the literature
on linkages among the basic welfare indices themselves. AsS 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 incone,
nutrition, and education (6).

fnfortunately, these studies suffer from two deficiencies which
1imit their usefulness for policy discussion. First, they compare
jevels across countries at one point i %time and are therefore
particularly susceptible to the argument that observed cqrrelations mask
the effects of unobserved variables. Cross-section regressions which

suggest strong correlations often suffer an embarrassing loss of

{unohserved) variables in augmenting productivity.

(5) See Correa (1970). Some micro-level studies of nutritional effects
on productivity are also available. See, for example, Basta and
Churchill (1978).

(6) Recent pioneering work by NMorawetz provides much useful
information. In Morawtew (1978), for example, his regression results
indicate a strong correlation between literacy rate and life expectancy
across poor countries. ‘



mexplanatory"™ power when levels are replaced by intertenporal changes
{7Y. The second veakness of linkage studies (shared by most of the labor
productivity reseérch) is their assumption of uni-directional causation
when regression equations are estimated, although it is obvious that
welfare and productivity changes are simultaneously determined. The
existence of simultaneity guarantees somne degree of bias in coefficients
estimated by ordinary least squares, and it is tnerefore difficult to
interpret many of the results which have been reported in the
literature.

since the requisite data have recently becone nuch nmore plentiful,
it is now possible to do empirical vork which contronts both of the
problems mentioned above. 1f cross-section estimates are to be truly
useful for policy discussion, they should be able to survive the
translation.froﬁ levels to changes. At the same tinme, they shoﬁld be
obtaiqed from meodels of welfare-prodnctivify interaction which are

explicitly simultanpeous. Fere both criteria are applied. Attention is

focused on a simultaneous four-egquation model of productivity and

(7Y Again, receat vork by Morawetz illustrates this phenomenon. In
moravetz (1977), he presents results for a large number of regressions
relating indices of basic needs fulfillment to levels of per capita GNP
?or 30 of 32 regressions run using levels for 1960 and 1970, a
statistically significant relationship is evident. When changes
{1960-1970) in basic needs jndicators are regressed on changes in per
capita GI'P, however, only S5 of 16 regressions exhibit a significant
relationship.

}\\



- yelfare determination whose general form (for country i during period t)

is given by (8):

(1a) Qfit] = Qit}[ K{it}, L'[it} (L{it},H{it],N{it},B{it}), A{t} ]
N{it}[ Q{it}/P(it} ]

E{it)[ Q[it}/P(it}, G{Eit} ]

H{it}{ Q{it}/P{it}, W{it}, E[it}, G{Ait} ]

(1b) N{it)

{(1c) Efit)
(1d) HB{{it}

vhere Qfit)} = Output

P{it} = Population

K{it}, L{it) The use levels of capital and labor

services

The use level of "effective labor"
(i.e. the measure of labor which
accounts for productivity
improvenments).

LY (it}

Measures of general levels of health,
education, and nutrition, respectively

E{it}, Blit}, N[it)

G{Zit}, G[Hit} Neasures of capacity levels for the
provision of public education and

health services, respectively

Afit)

Some peasure of the general state of
production technology during period t

As is alvays the case with simultaneous models, the specification
incorporates an explicit notion of causality. Yational output, health,
education, and nutrition are endogenously determined, while capital and
labor inputs, population, and public capacity levels in health and

education are taken to be predetermined. The predetermined variables

{8) In this report, brackets of the form "{ }" ¥ill be used to denote
subscripts.

¢
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are viewed as reflecting decisions by jndividuals and governments which
are not systematically related to contemporaneous values of the
endogenous variables.

mhe first equation is a generalized form of the production
function which incorporates the labor-aungmenting effects of health,
putrition, and education. The three welfare equations reflect the
jncome-elasticity of consumption patteras which promote nutrition,
education, and health. They are thenselves quasi-reduced-fornm
equations, since per capita income enters as the primary determinant.of
demand and the associated supply donditions are taken to be either
perfectly elastic (ib) or exogenously determined {(ic and 14d).

In (1b), where the link is obviously through the income-elastic
demand for food, the potential availability of imports is taken to impl
a flat nutrient supply curve. Equation (1c) . presumes that the demand
for education (G{Eit}) is considered’ to be a major determinant of the
supply of services. 1In (1d) , the prevailing nutritioﬁ level is assumed
to have an automatic impact on public health. Increased education alsc
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 vater, sanitation systems, fly screens) is
taken to be income elastic, so that a direct impact of per capita incor
on health should be observable. On the supply side, the level of publi
provision of health personnel and facilities is regarded as the major

constrainte.

Specification

A2



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 eguations specified
in the form which is appropriate for system estimation.

Tn 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):

(3) LUt} = L{t} * (E(t}**B1) * (N({t}**B2) * (E{t}**B3)

mwo alternative specifications of the production function itself

have been considered:

(Sa) Augmented CES:

Qrt} = A{t} * [ax(K[t}**p) + (1-a)*(L'{t}**p) ]**(1/p)

{9) The notation "*#*7 yill be used to denote exponentiation in this
report and "*" will denote multiplication.



© {Sb) RAugmented Cobb-Douglas:
Qft} = AQt} * (K{t}**xg1) * (L' (t}**g2)

Empirical testing has yielded the conclusion that (Sa) is not
significantly better than (Sb) as a representation'of production in this
case. Thus, production is assumed to exhibit anitary elasticity of

substitution throughout:

(6) A(t} = At} * (K[t}**g1)
® [ L[t)*(H[t)**b1)% (N [t} *+b2) * (B[t} **b3) ]**g2

Here g1 and g2 can be interpreted as the output elasticities of capital
and effective labor, while the b's are the labor-ahgmenting elasticitie
of health, nutrition, and education.

BEquation (6) would be appropriate for estimation if time series fo
a single country vere being considered. However, only two sets of
observations (for 1960 and 1970) are available for each countrf in thg
sample, and the model must be specified to reflect the conseguences of~
one-period changes across countries. The time derivative of (6) is

therefore used as the production equation (10).

(7) <dg> = <da> + g1#<ak> + g2%<d1> + g2%bI*<dh> + g2#b2%<dn>

+ g2*b3*lde>

{10) The notatiom "< >7 will be used to denote tinme derivatives in th
report.
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where <dx> = [AX[t}/dat /X {t})

mhis equation is linear in percent changes, and the same structure has
been imposed on the three welfare equatioms. The resulting model is
presented in Figure 1 in stochastic form, along with the definitions of

the variables actually employed.

Figure 1

Interactive Growth Nodel

Squations

(8a) <dg> = [<da1>+<da2>*c] + g11#<dk> + g12#<dl> + g12*b1%<dh>
+ g12%h2#<dAn> + g12%b3*<de> + v1

(8b) <dn> = g20 + [g21 + g22*1nT{io} ] * [<dg>-<dp>] + v2

(Sc) <de> = g30 + [g31 + g32¥1n3[io}] * [ <dg>-<dp>]
+ [g33 + g38%1n={io} ] * <ds> + v3

(31) <ah> = gB0 + [gh1 + gh2*InAfio}] * [ <dg>-<dp>]

+ [gh3 + guu*1nA{io}] * <ad> + [ghS5 + gu6*lnAfio}] * <dr>
+ [gh7 + gu8*lnR{io} ] * <dn> + [gB9 + g810*1nA(io}] * <3e>

+ vh

) i
N



variable Definitiors (11).

<dg> = Change in gross domestic product

<dx> = Motal investament (1960-1970) divided by national output
in 1960 (See expianation in text)

<d1> = Change in total laboer force

<3d> = Change in population per doctor

<dr> = Change in population per nursing persoh

<dn> = Change in per capita calories available

<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 = A dummy variable accounting for the presence (c = 1) of

substantial manufacturing investment by multinational firms

¥ {o},Efo},H {0} = 1960 levels of calorie avonilability, adult
literacy rate, and life expectancy at bpirth,
respectively

v1,...,7v8 = Stochastic error terms (assuned to be additive and
normally distributed)

{11) All variables defined as percent changes fronm 1960-1970, except
where otherwise indicated. The data are taken from IBRD (1976) and IBR
{1978) .



mhe production equation is precisely as ‘specified in (8), with the
exception of a shift dummy which has been introduced to allow for
possible pfoductivity 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. 1In (8¢), 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 élasticity.
mhe same kind of reasoning applies to the introduction of variable
response elasticities for medical peréonnel availability in (8d), as
welli as Ffor the 2ffects of nutrition and education on health;

Tn 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
nutritional status of the population rises. Similarly, the income
responsiveness of demand for health-promoting goods and services should
be highest where initial health levels are low (13) . Pinally, it is
assumed that the income elasticity of demand for basic educational

services will drop as basic educational needs are satisfied.

(12) Among the 58 countries for *hich complete data are nvailable, the
following 12 have been dominant as regional centers for multinational
investment: South Rorea, Taiwan, Malaysia, Indonesia, Thailand,
pPakistan, Iran, Kenya, Ivory Coast, Hexico, Panama, Brazil.

{13) One source of ambiguity here is the probability that part of the
neasured 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.



Data

mhe data for this study have been drawn fronm observations rfrom 77
poor countries in Africc, Asia, and Southern America which are included
in two recent IBRD pubiicatiOns (1976 and 1978). BY combining data fror
these tables, it has been possible to construct complete variable sets
for 5% countries, vhich are listed in the appendix. In most cases, the
variables 2mployed for estimation (stmparized in Figure 1) can only bhe
defended as the best available.

mhe input and output measures in the three basic welfare equation
are all national averages, so that substantial differences in
distribution are masked by the data. Tais problem is apt to be more
severe for the measurement of availability of medical personnel than fo
the other indices. Aggregative measures of population per doctor or
population pef "nursing personﬁ say nothing about differences in the
length or efficacy of training programs, the consistency with which the
term "nursing person" is defined across countries, or the ¢:ographical
distribution of medical personnel within countries. Thus, the two
measures are not very satisfactory as indices of generalized access to
medical care.

The measures of healtn, nutrition, and education, on the other
hand, may no* be too bad. Life expectancy at birth seeas to have been
accepted as the best ayailable indicator of the general health stutus ¢
the population, and the variances around national means.are certainly

much lower for this measure than for inconme per capita (14). As a

(18) See Norawetz (1977).



pmeasure of nutritional status per capita calorie availability is a
‘reasonable approximation. It is nov generally accepted that calorie
sufficiency is much more likely %o indicate nutritional adegquacy than
any other index. At the same time, available microeconomic s*udies
alvays shov a rapid drup 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
rate is undoubtedly the best available index. Primary school enrollment
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.

~he conventional economid indices in the study are subjecf 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
<d1> are employed in the simple éroduction model is unfortunately much
less satisfactory. The use of percent changes in capital and labor in a
production model incorporates the assumption of full utilization of the
available services. This is obviously wrong (and particularly so for
labor in poor countries), but nothing can be done about it because
reliadble information on cgpacity ptilization rates and unenmployment
rates for these'countries sinply does not exist.

{15) Complete discussions of these and related issues can be found in
veutlinger and Selowsky (1975).
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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
jnvestment and output do allow for estimation under the assumption
{adnittedly heroic) that the general capital-output ratio for the
countries in guestion did not change significantly duxing the period
1960-1970. Some manipulation of the labor-augmenting production nodel

yields:

[dg/dt)/Qfo} = [da/atl/afo} + g11*¥[Q {0} /K (o] 1% (dK/dt) /Q {0} ]
+ g12#%[ aL' 7dt )/L" [0}
or

(7) <dg> = <da> + g11*[ (Q/K)*<dk>] + g12%<d1">

Ssince we can observe [ (@R/dt)/Q17} ] for the period 1960-1970,
estimatien with some unknown degree of bias is possible. It is
comforting to note that the mean capital output ratio must be somevwhere
in the range (2-5) and the combined output elasticities for capital and
effective labor can be somewhat greater than one at most, so the

econometric results must conform to certain obvious restrictions.
{2y The Interactive Growth Model: 3SLS Estimates
In the growth model as specified in (8), all of the equations are

over-identified. Second-stage paranmeter estimates were obtained using

the predeternmined variables in the model and the 1960 levels of



population per doctor and nursing person. A series of dummy variables
for major sub-regions were also introduced in the second stage to aid
in absorbing unexplained variaﬁce, since it was ~iear that local culture
and natural conditions could have an important influence on the
proceszes being observed (16). The third stage estimation applicd the
conventional procedure, constructing the estimated error variance matrix
from the residuals of the second-staye estimates and using the
nulti-equation equivalent of generalized least squares to generate more
efficient estimates for the full set of model parameters (17j).
mhree-stage estimates for the full model are presented in Figure 2. A
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 vwere the Caribbean, Central
America, tte Andean countries, the rest of South America, North Africa,
the Sahel, Vest Africa, East pfrica, West Asia, South Asia, Southeast
Asia, East Asia.

(17) ~he classic discussions of this approach can be found in Zellner
and Theil (1962), and Madansky (1968).
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FPigure 2

3S1LS Pstimates: IYateractive Growth Hodel (a)

{58 observations)

Productivity
<dg> = [=.203 + .3552] + .188<ak> + .238<4l>
(.091) (.063) {.035) (.179)

+ 1.697<ah> + 2.652<dn> +.0078<de>
(. 751) {.391) (.082)

Yutritien

<an> = .019 + [2.932 - .6261n¥{o} J*[ <dg>-<ap>]
(.018) (1.802) (.310)

literacy

<dqed> = .568 & [1.630 - .8201nE fo} J*[ <dg>-<dp>]
(-180) (.952) (-293)

+ [2.870 - 1.0881nE {o} ]*<ds>
(.706) (-283)

flealth

<an> = .099 + [.171 - .0281nH (o} ]*[<dg>-<dp>]
(-015) (.836) (.115)

SE

«252

. 086

.685

. 049

4+ [-.320 + .0851nf {0} ]#<dd> + [-.756 + .205lnfl {o} J*<dr>

(.802) ({.208)

“(.618) (-161)

+ (3.180 - .8031nH fo} #<dn> & [.707 - .2001nH (o} ]*<dn>

(2.864) (.728) (.887) (.138)

D P D G D D P P S I G G D P WD D

RE®]

«52

« 15

- 19

«02

(a) In the reported results, standard errors are in parentheses

under the estimated coefficients.

Y.
V.o

2N

P



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 or general levels of
nutrition and literacy. Some impact on health may also be present, but
_ multicollinearity from the large number of interactive terms in the
health equation has generated standard errors which are too large for
mﬁch confidence to be plaéed in the results. In the first two welfare
equations, the indicated effect of change in per capita incone is
substantial at low welfare levels and declines to values near zero at
relatively high levels (100 percent calorie adequacy; 50 percent
literacy). A similar pattern of declining incone responsiveness appears
in the health equation, although the impact of income does not seenm to
be large even at very lov health levels.

Among the policy-determined variables which have been introduced
(<@s>,42d>,<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 lov health levels,
wvhich supports the notion that such personnel make their most valuable
contribution in raising basic standards of hygiene and child care.
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(18) Tt should be borne in mind that the indices for medical personnel
have been entered as population/doctor and population/nursing person, so
that the expected value of the associated coefficients is less than
Zero.



In the health equation, the simuitaneous relationship with income
is complemented by those of nutrition ard education. 1In both cases, the
suggested responsiveness is quite high at lov levels of health and
exhibits the familiar pattern of marginal decline. Although the
cofficients represent the best estimates in the usual sense,
multicollinearity has again generated standard errors which are
unconfortably large.

Generally, then, the hypothesis suggested by Stgeeten 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
strong effect on productivity in poor countries, and conversely. The
one unexpected result is the seeningly negligible impact of literacy
change on productivity. This problem will be considered again after
some attention has been given to technical detail in the results.

In the productivity egquation, imposition of constant returns to
scale (g11+g12 = 1) yields an estimated output elasticity of .76 for
capital and an implied capital-output ratio of .14. While the latter
measure is unsurprising, the indicated magnitude of the octpat
elasticities precisely reverses the pattern generally observed in
jndustrial societies (19). It seems that the growth of available labor
at constant gquality levels has had a relatively minor impact on output
change. The effects of changes in basic labor quality, on the other
hand, appear to have been dramatic. The labor-augmenting elasticities

of health and nutrition implied by the paranmeter estimates (7.13 and

(19) For wealthier countries, the estimated elasticities for labor an
capital are generally around 0.70 and 0.30, respectively. See for
exanple Barger (1969).



11. 14, respectively) are the most important impacts observable in the
results (20). Fhen the measured contributions of capital and augmented
labor to output are calculated using the sample mean values, the impact
of basic velfare changes leads to a labor contribution which is
approximately equal to that of capital.

The nutrition equation results imply no systematic unexplained
componenf 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 adeguacy
{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 1l.vels nor to changes in

the available measure of basic schooling (21). it the same tinme, a

(20)  ~he 3SLS parameter estimates for <dm> and <3dn> 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
lipear 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 ar2 all substantially reduced.
111 coefficients remain significant at the 95 percent level, however.

In the productivity equation, the resulting estimates for the
coefricients of <dm>, <dn>, and <de> are changed from 1.697 to 1.729,
2.652 to 2.235, and .0078 to .181, respectively, and the last estimate
hecomes 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 siome over-estimation of the effect of health
on productivity and an under-estimation of the effect of literacy when
the Sull sample is employed. Although the full sample results will be
used here, this caveat should be kept in mini.

{21) This is true whether or not the five literacy outliers are in the
sample although the estimate is smaller vwhen they are deleted.
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substantial marginal impact for changes in income and schooling is
indicated at very lov levels of literacy. At a rate of 3 percent, for
exanple, the implied elasticities are 1.17 for per capita income and
1.27 for primary enrollment, while the marginal contributioms decline to
<ero at literacy rates of &8 percent and 10 percent, respectively;
obviously, the systematic part of this eguation is relevant only for
countries whose literacy rates were low initially.

vn the health equation, a significant part of the systematic rise
in world health during the ?960's remains unexplained. In the sanple
ander consideration the mean increase for the period 1960-1970 was about
10 percent and the maximum somewhat greater than 20 percent, so an
estimated constant of .099 is substantial. The fit for this equation is
generally the worst of the lot,.although pulticollinearity has greatly
affected the standard error estimates. All signs in the equation are
as expected, but only putrition responsiveness appears to be ver
sizable at low health levels. 1ll elasticities seem to decline to the
vanishing point at a life expectancy in the early 80°'s, which was about

the international median in 7960.

motal Impact Evaluation

mhe size of the unexplained variance in the three welfare
equations 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
alternative approaches which are suggested by the data. Although the

pestimates 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,
jt 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 béen re-estimated to allow for
sensitivity to initial average income levels in the productivity

equation parameters. The results are presented in Figure 3.
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Pigure 3
3S1S Estimates: MNodified growth Hodel
(54 observatiouns)

SE R*%2
Productivity

(2118) (.092) (-058) (-222)

+ [8.027 - 1.3921n(Q/P) {0} }*<dm> + [-5.970 + 1.5391n (Q/P) {o} 1*<d
(3.256) (1.027) (8.352) (.833)

+ [~.510 + .1021n(0/P) [o} J*<de>
(.662) (. 186) '

Futrition
<dn> = .025 + [3.158 - .6791n¥ {0} ]*[<dg>-<dp>] .086 .16
{.018) {1.558) (.383)
Literacy
<de> = .602 + [1.881 - .5181nE {0} ][ <dg>-<dp>] .680 .21
(.178)  (-906) (.275)
+ [2.331 - 1.0261nE{o} J*<ds>
(-670) (.272)
Health
<aw> = 096 + [.257 - -0531nHE{o} ]#[<dg>~<dp>] .050 .22

(-016) (.863) (-122)

+ [-.298 + .0781nH {0} 1*<3d> ¢ [-.643 +.1741nH {0} J*<Ar>
{.881) (-218) (-688) (.170)

+ [2.938 - .7331nA{o} ]*<dm> + [.783 - .2211nH {0} J*<de>
(2.989) (.758) (-896) (.137) |

No significant change in the welfare éguation estimates is
generated by this re-specification of the first equation. In the
productivity equation itself, some interesting patterns seem to emerge.
As per capita incone jncreases, the impact of health changes declines

sharply, while the respoanse elasticity for nutrition evilently



increases. A similar pattern of increase is evident for literacy
responsiveness, although the estimated standard errors are quite large
and the coefficient values relatively small for characteri:tic sample
income levels.

vhen the total pattern of results is considered, an interesting
response hierarchy suggests itself. The very poor countries which
improved health conditioms rapidly‘seem to have gotten the biggest
productivity response. With movement up the jincome scale toward 150.00
per capita, there is a steady gain in relative importance for nutrition
improvement, while sonme posifive role for literacy is suggested at
incomes higher than 300.00 per capita. Although any structural
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 with movement up the incomeé 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.

Whether or not this structural interpretation is correct, the
estimates in Figure 3 can be useful for comparing the apparent impacts
of alternative investment and welfare policies. However, the total
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 frcm any once-for-all
shift in a particular policy variable. It is in this context that
steady-state solutions become interesting. For purposes of
illustration, two sets of total elasticities have been calculated using

representative values for countries in the lov and middle ranges of the



sample.

The results are presented in Figure G..-



Pigure &
Total Response Elasticities
(i) Low-Range Country

(Q/P = 70.00, E = 3, B = 30 ye:

Policy Variable

<dk> <dh> <dn> <dd> {dr>
<dg> 1.964 4.7238 3.381 -.157 -. 2042
<dn> .528 1.178 1.909 -.082 -« 065
<de> 2.898 6.027 8.301 -.209 -.308
<dh> .151 1.365 - 705 -.085 -.070

{b) Hid-Range Country

(Q/P = 200.00, ¥ = 85, E =‘20, H = 40 years)

Policy Variable

<dk> <dh> <dn> | {de> <ad> {dr>
<dg> 1.3648 1.015 3.582 .016 -.010 -.001
<dn> .187 - 139 1.491 .002 -.001 ~.0001
{le> .394 «293 1.035 1.005 -.003 -.0003
<dh> .083 1.062 « 397 -.030 -.011 -.0011

"hree characteristics of the estimates in Figure 4 are of



particular interest. First, they demonstrate the simultaneous oreration
of the system. In set (1), for exam*le, the predicted impact of a 1

percent decrease in population per nursing person is an 1ncrease in life

expectancy {.07 ), but also 1ncreases in output (.24% ), nutrition (.065
), and literacy (.308 ) as the resulting health change works its effect1
on the whole system. Similar patterns are evident for the other policy
variables which have positive impacts.

mhe second evident claracteristic of the estimates is a general
decline in system responsiveness at higher welfare levels. A comparison
of the results for (A) and [B) reveals only one elasticity which is
higher in the latter set, while most are substantially smaller. This
follows,.of course, from the general pattern of declining elasticities
which was evident in the individual estinated equations.

Finally, tﬁe +Wo sets of estimates provide A good illustration of
the changing response hierarchLy ﬁhiéh characterizes the
welfare-productivity Linkage (and ali other linkages in the nrodel,
because of simultaneity). Tn set (A), both health and pnutrition
changes have substantiaily higher response elasticities than changes in
the capital stock, and the measured responsiveness to changes in medica.
personnel is guite small. In set (B), nutrition changes generate highe:
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 mafginal benefits do not necessarily lead to higher
marginal net benefits, of course, and it is of interest to touch briefl
on the policy options from this perspective. If the numbers in set (A)

are to be believed, the case for health prorotion seems quite stronge.



For a small dereloping country with a popqlation of 10 million, a per
capita income of 70.00, and a capital-output ratio of 8.0, a 1
percent shift in the capital stock would cost approximately 28 million
and the final result ({according to the estimated impact nrultipliers)
would be a 1.96 percent increase in total output.

q;ven the respouse elasticity associated with health improvements
{3.738), generalized investment would be preferable to health
expenditures only if it cost more than 68 million tc raise life
expectancy by 1 percent. For a very poor country vith a life expectancy
of 30 years it seems doubtful that a marginal improvement in life
'expectancy wvould regaire resources of such magnitude. Even if this were
the case, a decision in favor of generalized investment would imply a
zero margiral valuation on the change in life expectsicy itseif, vhich
would be disproportionately higher under the health =xpenditure option.

Ssimilar comparative calculations can be done for policies which -
promote nutrition or educate medical personnel. In case (1), the
general conclusion is that almost any velfare investments seen
equivalent or superior to general capital accumulation at the margina.
mhe relative desirability of the health option has clearly declined by
the time stage (B) is reached, although the impact of nutrition changes

iz still important.
{3) Conclusion
The econometric cstimates 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

,.2/\(,,\4’



to develop impact multipliers which jllustrate the apparent economnic
desirability of health and nutrition improvements in very poor
countries.

mhus, the available data are shown to be consistent with the
notion that some basic needs expenditures can legitimately be regarded
as investments in human capital. On the other hand, it must be
remenbered that the available data are still very poor. The general
indices of health, nutrition, and education are subject to large
measurement errors. In addition, they are only crude proxies for the
measures of labor force guality which would ideally be used in such a
study. ™he data.vill undoubtedly get better witﬂ the passage of time,
and much more precise modeling exercises will become possible.

At this point in time, it seenms fair to say that a detailed
examination of the evidence gives considerable sdpport to the notion
that external benefits do flov from basic needs improvenments.
rurthernore, the results contain at least 2 suggestion that optimal
targeting strategies nmay 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, vhile
relatively ¢reater concentration on education may hold the key at highe
levels. FWhile the staging results which have emerged from this study
are too weak to serve as a policy guide, they do sﬁggest the need for a
close look at the quesfion of time-phasing in particular national
contexts. If the most important meaning of recurreht cost is "recurret
opportunity cost"® and the level of net social subsidy is the measure of
primary concern to the gsovernment, thenm it makes perfect sense to move

resources toward the highest relative level of current resturn.
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