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PRICES, CREDIT MARKETS AND CHILD GROWTH
IN LOW-INCOME RURAL AREAS*

Andrew D, Foster

In this paper it is argued that Auctuations in child growth in rural areas of Bangladesh during and
after severe floods in 1988 can provide insight into the structure of credit markets. A model of
intertemporal resource allocation is developed and Euler equations relating growth patterns of
children to the cost of borrowing by household are then derived from the model. The evidence
indicates that although some of the variation in growth patterns over the relevant period may be
attributed to variation in illness and the price of rice, growth patterns for children in landless
households were influenced by credit market imperfections.

This paper links two prominent strands of research in economic development.
The first strand examines the extent to which households in poor rural
economies are able to protect themselves from the adverse weather and other
shocks that importantly influence earnings in underdeveloped areas. While it
has long been thought that credit market imperfections and other forms of
market failure make it difficult for poor individuals in these economies to
smooth consumption both within and across years, there remains some
question about the magnitude and pervasiveness of these imperfections. While
there is evidence that fluctuations in economic conditions result in inefficient
allocation of resources {¢.g. Morduch, 1g9g90; Rosenzweig and Walpin, 1993),
some recent papers have emphasised the fact that consumption patterns of
households in the same village comove in a manner consistent with the idea
that a substantial fraction of idiosyncratic variation in income is effectively
smoothed (Paxson, 1993; Udry, 1994; Townsend, 1994).

The second strand of the development literature addressed by this paper in-
volves health and nutrition, a subject that derives its interest at least in part from
the belief thatlow levels of nutritional intake and high levels of illness in develop-
ing countries adversely affect productivity {e.g. Behrman and Deoalikar, 1988;
Dasgupta, 1994). Maore recently it has been recognised that, because of the
importance of health and nutrition-related expenditures as a share of the total
budget in many households, data on health and, in particular, measures of
body size can provide a useful alternative to data on expenditures or con-
sumption for the purpose of studying many aspects of household behaviour.!

In this paper I extend the literature on health and nutrition by using
anthropometric data to examine issues raised by recent papers on consumption

* This research was supported in part by a grant from the University of Pennsylvania Research
Foundation and by NICHD grant HD28687. Data collection was initiated by the USAID flood assessment
team. and. was carried out by the Maternal Child Health and Family Planning Project of the International
Centre for Diarrhoeal Disease Research, Bangladesh. I would like to thank Michael Koenig for making the
data available to me, Korshed Mazumdar for providing numerous insights into the data, and the ficld
workers in Sirajganj for their hard work under very difficult circumstances. 1 have benefited from the
comments of Duncan Thomas, John Strauss and Jere Behrman on previous versions of this paper, All
remaining errors are my own respansibility.

1 Behrman and Deoalikar {1988) and Scrauss and Thomas {19g4) review this literature.
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smoothing.? In particular, it is argued that fluctuations in child growth in rural
areas of developing countries importantly reflect variation in access to credit.
First, a model of intertemporal resource allocation is developed that
incorporates the assumption that households care about the anthropometric
status of their children. Euler equations relating growth patterns of children to
the cost of horrowing by household are then derived from the model. These
equations are used to examine fluctuations in child weight in rural Bangladesh
during and after the severe floods experienced in that country in 1988. The
evidence indicates that although some of the variation in growth patterns
during the 6-month period following the flood may be attributed to variation
in illness and the price of rice, a basic staple in this setting, growth patterns for
children in landless households in the post-flood period were influenced by
credit market imperfections. In addition the evidence suggests that credit
market segmentation by village is responsible for some, but not all, of the
variation in the cost of borrowing for landless households.

I. THEORY

A standard approach to testing for credit market imperfections using micro-
level data is to derive from a stochastic dynamic model an Euler equation that
characterises how consumption growth should be related to changes in prices
and the interest rate under the null hypothesis that individuals may horrow as
much as they wish at the market interest rate. Data on household consumption
over a fixed interval are then used to test this model against the alternative that
individuals are constrained in the credit market.?

The most important distinction between this paper and others testing for
credit market imperfections is that it focuses on the derivation of equations
relating body size at two points in time. The use of measures of body size rather
than consumption for the purpose of studying credit market structure has both
advantages and disadvantages. The advantages stem largely from issues related
to data and measurement. First, in contrast to data on consumption,
anthropometric data can be collected very easily in only a few minutes’ time.
One problem with the existing literature examining credit market imperfections
in developing countries is the fact that very few developing-country data sets
contain detailed longitudinal consumption data. Those data sets that do
contain sufficient information generally cover relatively few villages, making it
difficult to evaluate the extent to which there is inter-village variation in access
to credit among villages in the same region.* As is evident from the present

¢ While this is the first paper of which [ am aware that uses anthropometric data to examine formally
credit market imperfections, the observation that fluctuations in child growth may result from credit market
imperfectians is not new. In his recent book on well-being and destitution, for example, Dasgupta {1994, p.
254} reports, * There is also anthropometric evidence of credit constraints in a number of countries... Adults
and newborn children in poor househalds there often display seasonal fuctuations in weight. This does not
look much like consumption smoothing to me.’

3 Zeldes (1gB8g) provides a good example of the application of this approach using micro-level survey data
from developed countries. The first version of this paper, dated October 1989, was among the first
applications of Euler-equation methods using micro-level developing country data.

4 The subset of the [CRISAT data used by Townsend (tgg4), for example, includes only three villages
in three distinct agroclimatic areas. While data on three villages can be used to test for credit market
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paper, an approach based on body size can permit an assessment of credit
market imperfections with much more limited data.

Twao other advantages of using anthropometric data are that they refer to a
specific point in time and to specific individuals in the household. The former
is especially relevant for studies of intra-year consumption smoothing but may
also be of importance for studying infer-year consumption smoothing if there is
substantial seasonal variation in prices or other factars. Individual-level data
are useful because they provide a way of sidestepping a potential criticism of
much of the existing consumption-smoothing literature — that it does not
adequately account for the potential effects of consumption on income.
Specifically, since anthropometric data can be collected for each individual in
a household, it is possible to focus on individuals such as children for whom the
productivity effects of consumption are negligible.

The main disadvantages of using body size arise from the nature of the anthro-
pometric ‘production function’: (1) body size is affected by inputs other than
consumption and (2) body size is a kind of stock variable. Concerning the for-
mer, because body size may be affected by illness and activity, variation in con-
sumption level does not necessarily imply that there is similar variation in body
size: consumption may be increased in periods of high illness or activity to mini-
mise variation in body size. The latter point, that body size is a stock variable
simply means that increases in weight or height in ane period will ceteris paribus
increase weight or height in subsequent periods. As is well recognised in the
literature on consumer durables, this distinction has significant implications for
the interpretation of data on fluctuations in consumption.®

.Because body size is a stack variable, simple equations relating body size
cannot easily be derived from a model in which preferences are defined with
respect to consumption levels. It turns out, however, that such equations can
be derived, even for quite complex anthropometric production functions, if
preferences are defined with respect to the body sizes of its members. For the
purposes of this paper I therefore assume that parents care about the weight of
a child but not other aspects of the child such as consumption, illness or height
and that preferences are separable across time and across children at any point
in time.® Thus, the expected discounted utility of household j at time s is
assumed to be

T N;
= B3 4o+ Xucwn|, ()
t=g
imperfections within villages (e.g. Morduch, 1991}, they cannot provide much insight into the extent of
ctedit market segmentation across villages in the same region. By contrast the present survey contains
information on 109 of all households in a contiguous area of 74 villages.
® Deaton and Muellbauer {1g80] provide a concise description of the neaclassical model of consumer
durables. Grossman {1572) first considered the implications of the theory of consumer durables for an
empirical analysis of health-related behaviours.
¢ It is worth noting that even if households did nat care directly about body size, they might behave as
if they did if body size were used by the household (asitfrequently is by clinies) as a readily measurable signal
of attributes of a child that are not themselves easily measured such as health, mortality risk, and even calorie
intake (if, for example, the child is breastfeeding or cats some meals outside the hame]. The question of
whether households act as if they care about the body sizes rather than the consumption is, of course, an
empirical one that cauld in principle be addressed with a data set thac included information on consumption
and activity as well as body size and illpess.

© Royal Economic Society 1g05
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where E, is the expectation conditional on information available at time s, £ is
the discount factor, wy, is the weight of child  at time ¢, and x,, is consumption
of goads other than those that are inputs in the production of weight. Single
period utility is assumed to be increasing and concave in child anthropometric
status (u'(wy,) > 0, u”(wy,,) < o). The stock of assets net of debt is updated
according to

N
Ay = (1 +7;) (Ajt_xjt —b iil 5jéz)+§}e: (2)
where 7; is the single-period interest rate that applies to household j, p, is the
price of food for children, ¢, is the quantity of food consumed by child  at time
t, and y,, is income between periads ¢ and ¢+ 1 which may depend on x,;, but not
ON ¢y, OF iy,

Finally, it is necessary to specify the weight production function, which
characterises how weight at time ¢ is determined. Existing models of durable
goods consumption assume simply that the stock of durable goods depreciates
at a constant rate and is augmented directly through additional purchases.
This assumption is problematic in the context of child weight because the effect
of consumption on weight (or an index of weight) as well as the ‘depreciation
rate’ of weight may be affected by attributes of the child such as his/her sex and
age. Moreover, sick children are likely to lose weight faster than healthy
children and, if ‘catch-up growth’ is important (Prader ¢ al. 1963), then the
pace at which the body depreciates may also depend on body size: low-weight
children may grow maore rapidly on average than higher-weight children with
the same consumption and illness. Thus, I assume

Wigerr = S Wy, Ziiss Qi) F ol Q) €44 (3)

with £, = flwy, 21, 40} /Oty > 0, frn = O*ftys1, 2400 Qgey) /By 0z, < 0,
where 4, represents age and sex and 2, represents illness. The term f,(a,,,)
incorporates the idea that the effect of calories on body size may vary with age
and/or sex, while the assumption that f,,,; < o captures the idea that body size
depletes more rapidly when a child is ill. While this model is not completely
general, it captures the most important features of the process of growth while
still providing a structure that can be applied using data on weight and illness
at only two points in time.

Consistent with the interpretation of child weight as a kind of consumer
durable, first-order conditions for this problem incorporate the marginal rental
price associated with increasing weight over a given interval. In particular,
suppose one wants to increase nutritional status in period r by dw,. Since
parents can only have a direct effect on levels of consumption, this temporary
change can be provided by increasing consumption in period o and then
decreasing consumption in period 1 $0-.as to leave nutritional status in the
subsequently period unaffected:

div; = foq dty (4)
dwy = [y dw, + 1, dey = o,

& Royal Economic Saciety 1995
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where f,o = f.(ay0)s for = felts1), a0d fu3 = Of(wyy, 24, 4j0) /Oy For positive
dw,, this change will deplete assets in period 2 by

d4, = R(Rpydeg+py dey) = R[Rpo/feo— 1S ir/fer] divn, (5)
where R = 1+ and the subscripts ¢ and j have been dropped for notational

simplicity. The marginal cost or rental-equivalent price of this temporary
increase in nutritional status evaluated at time 2 is therefore

1= Roulfa— s = tolfo| R—fun {2 (22)] ©)
bo c0
Note that the rental price is increasing in the interest rate r, current prices, and
illness (through f,,,) and decreasing in the rate of growth of prices p, where
I+ f, = pi/pe- It is assumed that price variation is sufficiently small given f,,
that 7, and all subsequent values of 7, are positive.

The interpretation of the first part of this expression is straightforward.
Increases in the price of rice in the current period {,) and decreases in the rate
at which consumption is translated into weight gain {f,,) directly increase the
cost of reaching a given weight. The second part of this expression describes the
costs associated with storing food in the body rather than investing the money
and receiving a return r. If, for example, prices are rising then future
expenditures on food will provide fewer nutrients than expenditures today; if,
in addition, the rate of depreciation of anthropometric status (1 —£,,) is low so
that the benefits of an increase in consumption today will persist into future
periods, there will be little reduction in future body size associated with this
transfer of resources toward the present. Illness raises the rental price of weight
by decreasing the extent to which current increases in weight translate into
future weight.

To proceed further it is necessary to consider a subsequent pair of deviations
in consumption that will lower weight for a single period and, in so doing,
return the stock of assets to its original path:

dd,, = R7'dA,—m, dw, = o, (7)
7, = Rpy 3/ forms — b unl Terr (8)

Along the optimal path, and assuming that the optimal consumption path is
bounded away from zero, this pair of deviations (or corresponding deviations
in the opposite direction) cannot lead to an increase {or decrease) in expected
utility:

where

U,y oy + Eq f7 00, dw, = o, (9)
where, by equations {7) and (5),
dw, = R'dA,/n, = R'm dw,/m,. {(10)

One is thus provided with an Euler equation that provides a necessary
condition for an optimal solution

Bl = (BRYE, (r1)

G5! ¢

© Royal Economic Society 1995
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Because the ratio of the marginal utility of weight (u,,) to the marginal rental
price of weight (m,) is just the marginal utility of income in period £, this
equation simply states that the marginal utility of income in period one must
be equal to the expected marginal utility of income in period ¢ after discounting
appropriately.

Assuming constant absolute risk aversion (CARA) in child weight:

Ulw) == exp(—yu) (12)

for v > o and reintroducing subscripts for child ¢ in household j, equation {11}
hecomes

T BR)TVIE = (e, (13)
Tiis
where A, ) = wy, —w;, and ¢, with Eg{e,, ) = o, captures unanticipated
shocks experienced by the household between periods o and &7
Assuming that the variation across households in interest rates (r,) and the
interval between weight measurements (¢,) is small, that prices change slowly
(Ap/# is small), that the rate of depreciation (1—f,,) and the effect of
consumption on standardised weight {f,,) do not vary a great deal across
children or over time, that the stochastic term e, 1s small, and that the
depreciation rate does not depend on weight (f,,, =9),° a linear ap-
proximation to equation {14) may be constructed,

Ayt R Got G (G— 1)+ BBy 1 a0+ B, A0 250 (14}
+Pp 8 1 In (o) + BB 1 Pot s

where w;,, = (=T} + 65, €, = I0(1+4,,)+0,/2 (see Zeldes, 1989),

?Sp_: (1/v), ¢ﬂ = (1/Y) [/ (R—=Fu}]s ¢ = (1/y)In(RB), and §, = {t—1)/

(yR). The residual of equation (14), u,,,, which measures growth net of prices,

illness and child characteristics will henceforth be termed residual growth.

In the absence of credit market imperfections each household will face the
same implicit cost of transferring resources across periods (r, =7) and thus
expected residual growth conditional on characteristics known at time o,
Eqo(#;43;), will be zero. This restriction implies that equation (14} may be
estimated using an instrumental variables procedure, using as instruments any
variables known to the household as of time zero including illness, assets,
income, borrowing, prices and price growth at time &

By including one or more of these instruments on the right-hand side of
equation (14) it is also possible to test the model and in particular the
assumption that households face the same implicit cost of transferring resources

? Equation (rg) is related to equations derived by Miron (1986), which examines the seasonality of
durable goods purchases, and by Mace (1991] in a discussion of tests for full insurance using durable goods.
The primary distinctions between the appraach used here and that used in these other studies is the use of
a more complex equation characterising depreciation {equation 3} and the focus of the estimation on stocks
{hody size) rather than flows {consumption].

® That is the depreciation rate does not itself depend on weight. The implications of this assumption are
discussed below.

€ Royal Ecanomic Socicty 1995
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across periods. As these included instruments must be uncorrelated with ¢,
they should have a zero coefficient in the absence of variation in the cost of
horrowing.? In previous studies the variable that has generally been used for
this purpose is initial-period household income {e.g. Zeldes, 1989; Morduch,
1991). The argument is that credit market imperfections will result in a
correlation between income and u;), because households facing a low-income
period are more likely to be constrained in the credit market.

A useful alternative to data on income in settings where credit markets are
active 1s data on recent borrowing. Not only is information on recent borrowing
straightforward to collect but because both borrowing and interest rates are
directly affected by changes in credit-market structure the relationship
between borrowing and interest rate variation is likely to be relatively direct in
the presence of credit market imperfections. In order to fix this idea as well as
to aid in the interpretation of the estimates of equation (14} when measures of
borrowing are included as right-hand-side variables, it is helpful to construct
expressions for the theoretical covariance between residual growth and
borrowing under different models of credit market structure.

Consider first a model in which regional credit markets work well in the sense
that most households can borrow and lend at a fixed regional interest rate 7 but
some households face higher rates of interest as a result of an ahsence of
collateral, higher transactions costs, or imperfectly competitive markets. Under
these circumstances one might expect households facing a relatively high
interest rate to borrow less and, given equation {14), experience more child
growth than those facing a lower interest rate. To establish the conditions
under which this result holds, it is helpful to consider the implications of small
deviations from the perfect credit markets assumption. Let the function B,{r)
denote the amount that household ; would borrow in some fixed interval
preceding period 1 if it faced an interest rate of ¥ and approximate the amount
actually borrowed as a linear function of the amount that the household would
borrow at the regional interest rate, B,(¥) and the deviation of the actual
interest rate face by j from the market interest rate,'®

b; = By(7) —8y(r,—7), (15)

where 8, = — (8B,/dr) {F). Treating B,(7) and r; as jointly distributed random
variahles,

Cov (b, 1y,,) = ¢ ACov [B,(7), 1] — 4, Var (fj)}s (16)

# The usual approach is to assume that the carrelation hetween residual consumption growth comes from.
credit constraints at a fixed rate of interest as in Zeldes (198qg) rather than variation in the interest rate.
Although the two approaches are analytically distinet, the distinction matters little in the context of an Euler
equation because the cost of borrowing is derived implicicly: a child in 2 household that faces a binding eredit
constraint in the inidal period will, ceferis paridus, borrow less and subsequently grow more, as will a child
in a houschold facing a high cost of barrowing. The assumption that there is variation in the interest rate
rather than explicit credit constraints is both analytically more convenient and cansistent with direct
evidence on the terms of credit in rural Bangladesh (Malaney and Ahmed, 1488).

19 Note that &, denates borrowing not ‘herrowing net of lending’ and thus will have a concentration at
zero. The linear approximatian is therefore problematic in the neighbourhaod of 4, = o, although the main
implications are not substantially affected. The reason for setting up the problem in this way is that the data
used in this study report only loans received.

@ Raoyal Economic Society 1995
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where Cov and Var denote covariance and variance, respectively and ¢, > o
is the coeflicient on r, from (14). Assuming that borrowing is decreasing in the
interest rate {8, > o), this equation indicates that when there is variation in the
cost of borrowing (Var (7,) > o}, there will be a negative correlation between
borrowing and residual growth if those facing higher interest rates would
borrow less than average at the market rate (Cov [B,(7),r,] < o) and the sign
is indeterminant otherwise. While ret of credit demand (as measured by B,(7})
higher interest rates will be associated with lower borrowing, a positive
covariance between borrowing and the interest rate may obtain if those facing
higher interest rates also have high credit demand.

A second interesting model is one in which credit markets are segmented by
village. This model, which is a credit-market analog to the perfect village
insurance model of Townsend (1994}, assumes that credit markets clear at the
village level but that there may be substantial village-level variation in the
equilibrating interest rate. The basic idea is that an adverse village shock and
thus a high demand for credit in some villages will push up the interest rate in
these villages relative to the average rate. In this case, instead of being
determined by characteristics of a particular household, the cost of borrowing
is determined by the supply and demand for credit in the village as a whole.
Equating the per-household average supply of credit in village v,.5,(r), to the
per-household average demand in that village, B,(r) = X, B,(r)/ N,, where N,
is the number of households in the village, carrying out a linear approximation
around the regional interest rate and solving yields r, = [B,(F) —8,(F)1/ (8, + 4},
where B,(7) and S,{F) are the average borrowing and credit supply at the
regignal interest rate and d, = (85,/8r) (7). The covariation between aserage
borrowing and residual growth is

Cov (B, i) = (3{3—) [8, Var (B,) + (8, — 8,) Cov (B,, S,) —8, Var (S,)].
{17)

Thus if the variation in the supply of credit is sufficiently small relative to the
variation in credit demand at the regional interest rate then higher levels of
borrowing will be associated with higher interest rates in a village. Two other
testable implications follow from this model of segmented credit markets. First,
household borrowing should not be correlated with the village interest rate net
of village average borrowing; a test of this implication establishes whether there
is within-village variation in the cost of borrowing. Second, if there is no
independent {of B,()) variation in the per-houschold supply of credit {8,(7))
at the regional interest rate and there is no new village-level shock between
periods o and ¢, residual growth among children in the same village should not
be correlated net of village average borrowing.' This latter implication is of

'Y The first implication follows from the fact that the village interest rate depends only on village aggregate
demand and supply for credit, not on the demand for credic from a particular household. The second
implication fallows by noting that if there is no new village-level information, the only source of covariance

@ Royal Economic Saociety 1995
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interest because it addresses the possibility that the same attributes of a village
that determine credit demand (e.g. the severity of a recent shock) also
determine the availability of credit.

II. DATA

In the autumn of 1988, Bangladesh experienced some of the worst floods in
recent memory. Three major rivers that crisscross the country experienced
peak levels at approximately the same time and inundated 609, of the land
area of Bangladesh during the first week of September. There was severe
damage in many parts of the country, particularly in areas where river
embankments broke. In many areas more than 509, of the autumn crop was
destroyed. Although the prices of grain were not excessively high (in part
because of successful harvests in other parts of the country and in part because
of sales from government stockpiles), there is evidence of a substantial decrease
in the agricultural wage (10—30%,) in some arecas because of a loss of
opportunities for work in harvesting and transplanting. Also in the immediate
post-flood period there was a rapid rise in diarrhoeal disease that can be
attributed in part to the contamination of water supplies.'

One of the hardest hit areas was Sirajganj in which the International Centre
for Diarrhoeal Discase Research in Bangladesh {ICDDRB) has been registering
vital events and carrying out special studies on a 109, sample of houscholds
since 1982. To aid in flood assessment, a questionnaire was incorporated into
the regular rounds of the ongoing system. During the first round, running from
15 October 1988 to 14 January 1989, data on damage during the flood, asset
losses and sales, grain stocks, and borrowing were collected from 1,698 sample
households. Weight data and diarrhoeal disease measures were collected from
children aged 6—46 months in the study household during this and a subsequent
round (15 January-t4 April). After restricting the sample to one child per
household, weight and diarrhoeal disease data from both rounds were available
for a total of 1,118 children in 74 villages.'? Data on child weight were linked
to regional weekly data on rice prices collected as part of the flood assessment.
Because approximately 809, of calories in Bangladesh are provided by rice
{Ahmad et al. 1977}, this single price is a useful measure of variation in the cost
of consumption.

Table 1 provides means and standard deviations for the variables used in the

in residual growth hetween two households in the same village is the fact thac they share the same interest
rate. If in additcion the average village supply and demand for credit at the regional interest rate are perfectly
correlated then to a first-order approximation 7, is perfectly correlated with the average level of borrowing
in the village. Thus net of average borrowing, residual growth will be uncorrelated for the two households.

12 This discussion of the food is drawn largely from Foster {148¢). .

2 Only 6 children were lost to follow up as a result of mortality between rounds. Figures from another
part of rural Bangladesh indicate that the child mortality rate over the relevant period ranged hetween 20
and 30 per 1,000 person years (Phillips ¢ af,, 19g93). Given that each child was observed for approximately
13 weeks, a mortality rate of @025 implies that one should have expected 703 deaths. While these deaths
may be selective with respect to access to credit the numbers are too small to have greatly affected the results
{or to attermpt a selection correction). It should be noted that this level of mortality is similar to the levels
chserved in other years when floads were less severe.

@ Rovyal Econaomic Society 1995
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Table 1
Means and Standard Deviations

Children in landowning Children in landless

households (N = G56) households { ¥ = 462)

Mean* 5.D. Mean 5.D.
Weight growtht 1658 6261 1851 6-399
Weightt — 34421 13941 —37473 14436
Age (maonths) 24333 8077 29370 8107
Male @590 0499 @515 500
Diarrhoeal disease} o285 0451 0274 @447
Rice price (Th/Kg) 12561 o487 12:585 o485
[nterval between rounds go-481 6180 91566 8226

{days)

Some barrowing a 462 o409 o640 o 480
Amount borrowed given 1'az9 oflog o715 o628

some borrowing [ x 1o Tk}

* All means except for weight growth and interval are from the first round of the survey.

t Weight and growth are standardised for age and sex by taking too times the log of the ratio of a child’s
weight to the carresponding WCHS standard.

+ Diarrhoeal disease refers to proportion of days in previous two-week period.

analysis that follows. The sample has been divided into two groups. The first
group consists of 656 children in households owning at least 10 decimals of land
(‘landowning households’) while the second group consists of 462 children in
households owning less than ten decimals (‘landless households’). This latter
group consists largely of households with no land in which the primary
occupation of the household head was as a casual agricultural worker.

The measure of weight used is one hundred times the log of the child’s actual
weight divided by the NCHS (1977) standard weight for children of the same
age and sex. Thus the mean of —34-4 for the landowning households indicates
that the children were roughly 34-4 9, smaller in terms of weight than a healthy
child in the developed world. Children from the landless hauseholds were
smaller, but not substantially so. Weight growth refers to the difference in
standardised weight between the two rounds of the survey. The positive sign of
the weight-growth averages indicates that children in this population grew
faster in percentage terms than dictated by the NCHS standard, suggesting
that some of the adverse effects of the flood on child weight were compensated
by relatively rapid growth over the subsequent three-month period.

A disaggregated picture of weight growth is provided by Fig. 1, which plots
the change in standardised weight by the week of the initial observation. There
is a general decline in growth over time, suggesting that the weights of children
in the immediate post-flood period were especially low and therefore that
children weighed in this period grew faster than those first interviewed at the
end of the first round. It is also apparent that the growth patterns of children
in the two sub-populations were roughly similar: they exhibit similar trends
and, to some extent, similar fluctuations around the trend. While Fig. 1 shows
that there was variation in the growth patterns of children following the flood,
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Change in standardised weight

1 2 3 4 5 6 7 8 9 10 11 12 13
Week of initial measurement

Fig. 1. Change in standardised weight by week of first measurement for children by landholding
sratus. , Landowning households; ~——, landless househaolds.

it does not in itself say anything ahout resource availahility or credit markets.
The problem is that ather factors might lead to this pattern of growth including
fluctuations in illness and prices.

" One particularly striking feature of Table 1 is the high proportion of children
fram households that reported borrowing in the post-flood period for
consumption purposes. In particular, 46-2 %, of the landowning households and
64:0%, of the landless households took out a loan. The average amount
borrowed by thase who did borrow was 1,029 Thaka (about US §40) and 715
Thaka for the landowning and landless households, respectively. The high
proportion of households obtaining loans in this survey suggests that credit
markets played an important role as a response to the flood and that even
individuals with few assets were not ‘rationed out’ of the credit market,
although they may well have borrowed less than they wished and/or paid a
high rate of interest.

III. RESULTS

The principal results of this paper are obtained from random-effects (by
village) instrumental variables estimates of equation (14) augmented by two
variables, household and village average borrowing,

Ay & ¢o+¢z(%“ D)+ @By dn+ .4, 2459 (18)
+¢pAt—1 In (#4) +¢5 ﬁc~1ﬁ0+¢b byt b, te;,.

Since crop damage could be assessed by the time of the first round of the survey
and prices followed a standard seasonal pattern, rice prices at time {—1 and ¢
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were assumed to be known as of period o and thus treated as exogenous. By
contrast, since illness in period ¢—1 may have heen affected by (or been an
important component of) shocks experienced by the household between periods
o0 and ¢ and thus be correlated with ¢, the change in illness from time o to time
t— 1 was treated as endogenous; first period illness was used as an instrument.

One additional empirical issue deserves some discussion. The fact that village
average borrowing is included as a regressor in equation (18) raises the
possibility of measurement error bias because the average borrowing in
surveyed households is a noisy measure of the true average borrowing in the
village. Thus in addition to using standard random-effects instrumental
variables methods to estimate equation (18], 2 maximum likelihood procedure
that controls for measurement error by treating the true village average of
borrowing as a latent variable was used. The procedure fits the theoretical
covariance matrix (£2{e)) given the model and its parameters (@) to the actual
covariance matrix of the data X under the assumption that the variables are
drawn from a joint normal distribution.* The theoretical covariance matrix
was derived by substituting a latent variable, 5, {or the sample village average
borrowing, 4,, in equation (18), and combining the resulting equation with a
measurement equation relating household borrowing to the latent variable,
b, = b} +e, for cach houschold in the village. A number of additional
covariance restrictions consistent with the interpretation of the latent variable
as village average borrowing were also imposed.’® The hypothesis that the ¢,
were uncorrelated across households in the same village was tested.

The coefficient estimates for equation (18) are given in Table 2. Three pairs
of results are presented, with separate coefficient estimates for landed and
landless households in each pair. The first two pairs of estimates consist of
instrumental variables estimates with village-level random effects and were
estimated separately for landed and landless households (although the average
borrowing in each case was measured from both groups). The third pair is
derived from the latent-variable model and is jointly estimated.

Of primary interest are the coefficients related to borrowing in the three
different specifications; the other coefficients will be discussed below. Recall

" The procedure gencrates consistent parameter estimates and standard errors regardless of the
distributional assumptions and is fully efficient under the assumption that the variables are generated from
a multivariate normal distribution {Bentler and Dijkstra, 1985). Since the program used far this component
of the analysis requires the use of a balanced design, children were randamly assigned by village to groups
of four children, with two children from landless and two from landed households in each group. Incomplete
groups of four were discarded, thus resulting in a reduction in sample size.

15 The additional restrictions imposed on the theoretical covariance matrix are as follows: (1) B} was
assumed to be correlated with each of the other regressors in equatian (18) but not with the residual €;,,;
{2) initial illness and each regressor except illness change were assumed to be uncorrelated with ¢, but were
allowed to be correlated with e,; (3) the illness change was assumed to be correlated with both residuals;
{4) the errars &), and s, were constrained to be uncorrelated with each other; and (5) the g, were assumed
unicorrelated across househalds in the same village.

Intuition for the procedure may he gained by considering the case in which all the ¢ coefficients
in equation [i8) except those associated with the borrowing variables are zero. Then using the
abave conditions for any twe households j and § in the same village, Cov (b, 4] = Var{}},
Covia, Wy s be) = (ghy+ 5t Var (5¥), and Cov(A,, Wy by = ¢, Var(h} + s Var (Y], Setting  these
covariances equal to their corresponding sample moments yields three equations that, along with the sample
variance of 4, may be solved for the three unknowns, @,, ¢z, and Var {5}).
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that under the assumption that every household faces the same cost of
horrowing, neither own nor village borrowing should be correlated with
residual growth. Thus when these variables are included as regressors in
equation (18) they should have zero coefficients. The first pair of estimates,
which includes only household borrowing, suggests that this is indeed the case:
there appears to be no evidence for variation in the cost of borrowing across
households for either landed or landless households.

The coefficients for the second and third pairs of estimates, which control for
average borrowing, tell quite a different story. The evidence suggests that
although the cost of borrowing did not vary across landed households, in
landless households it varied systematically with both household and village
average borrowing, with higher borrowing by a particular household net of
village borrowing being associated with lower subsequent child growth and
higher borrowing in the village as a whole being associated with higher
subsequent child growth. '

By comparing these signs on houschold and average borrowing with the
theoretical covariances presented in equations (16) and {17) it may be seen
that the former relationship is consistent with the notion that there is
substantial intra-village variation in the cost of borrowing, with those
households facing a high cost of borrowing choosing to borrow less; the latter
suggests that interest rates were higher as a whole in villages with an especially
high demand for credit.'® These results suggest that for landless households
credit markets are segmented, but that within each village there is additional
variation in the cost of borrowing across landless households. With respect to
the landed households there is no evidence of either market segmentation by
village or variation in the cost of borrowing within the village. Apparently,
although better-off households can get access to credit at the regional rate of
interest or have other mechanisms (such as inter-household transfers or
storage) to smooth consumption, these opportunities are not transmitted
through the village credit market to the landless households.

In light of these results it is not surprising that estimates of equation (18) that
included only information on household level borrowing proved misleading.
Since individual and village average borrowing are correlated {the correlation
coefficient is 0-31) and these two measures have opposite effects on residual
growth, the omission of average borrowing from equation (18) raises the
coefficient on individual borrowing toward zero. More intuitively, assuming
there was a strong village-level component to the impact of the flood, the
households that are likely to have had to accept the biggest decline in weight,

18 Although these coefficients are indicative of the underlying covariances between residual growth and
borrowing, it should be recognised that as regression caefficients they will be influenced by the extent to
which the barrowing variables are corretated with the other regressors. The advantage of carrying out the
analysis in this way rather than estimating (14), computing residual growth and then carrelating it with the
borrowing variables directly is that in the absence of perfect credit markets estimates of equation (14) that
do not account far interest-rate variation will yield inconsistent parameter estimates. Ta the extent that the
borrawing variables absach the variation in the cost of barrowing, this patential problem is no longer an issue
when the borrowing variables are included as regressors.
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and thus show the biggest residual growth, are those in a hard-hit village that
did not borrow because they faced unfavourable terms of credit. In order to
distinguish these households from others that did not borrow because they lived
in a village that was not strongly affected by the flood one must control for the
magnitude of the flood impact; this can be done at least in part by controlling
for the average level of borrowing in the village.

A comparison of the estimates for the IV random effects and the ML
estimates suggests that the coefficient on average borrowing for the IV random
effects specification is biased to zero as expected given the sampling error
agsociated with the measure of village average borrowing. While the coefficients
on average borrowing increase in magnitude for children from both types of
households, only the coefficient for the landless households is significant at the
109, level, although the level of significance drops somewhat compared with
the random-effects specification. This drop results at least in part from the fact
that the ML estimator made use of lower sample sizes (see footnote 14)."

Finally, it should be noted that these borrowing measures are of some
importance in explaining variation in growth patterns. Using the ML
specification, a one standard deviation increase in own horrowing by landless
households (608 Thaka) for a given level of village borrowing is associated with
a 0:86 point increase in standardised growth; for a given level of household
horrowing a similar increase in village average borrowing is associated with a
3'0 increase in standardised growth. These figures can be compared with the
standard deviation in standardised growth for the landless households of 6:399.

While the primary interest of this study is in the relationship between
borrowing and subsequent growth, examination of the other estimated
coefficients is instructive. Consistent with the model, diarrhoeal disease appears
to raise significantly the rental price associated with weight, thus lowering
weight. The point estimates suggest that a child that has been continually sick
for the previous two-week period should be one to two percentage points
smaller than an otherwise equivalent well child. It should be emphasised that
this coefficient does not represent the effect of illness on weight in the sense of
the production function {equation 3) as it is gross of nutritional altocations to
the child. If parents respond to the weight loss of a sick child by providing
additional consumption then this coefficient would underestimate the effect of
illness on weight in the production function sense. There are some differences
between the landless and landed households, with the landless households
showing a greater impact of diarrhoeal disease on weight, perhaps reflecting
differences in the effect of illness on metabaolism (i.c. through f,,) or risk
aversion () by economic strata or perhaps of the severity of illness or access to
health care.

The coefficients associated with the rice prices are also consistent with the

17 The ML estimates reported here were constructed assuming that, net of hausehold average borrowing,
residual growth was not correlated across households in the same village. Table 2 also shows the results of
a likelihood ratia test of this hypothesis, which was nat rejected {p = @rgog). This result indicates that
although the impact of the flood may have had a strong village companent, shocks in the post-flood period
were not strongly correlated across households in the same village and village-level variation in the cast of
borrowing is adequately caprured with the aggregate borrowing measure.

© Roval Economic Society 1995



566 THE ECONOMIC JOURNAL (MAY

model™ although the coefficients on rice prices for the landed households and
on price growth for the landless houscholds are not significant at conventional
levels. Weight is highest in periods when the price of rice is low but rising. As
discussed above, the latter result is expected because when prices are rising,
given that increased consumption today will raise weight today as well as in
future periods, one is given an added incentive to consume today. Note that the
body remains an attractive mechanism for transferring resources across periods
even though it provides a lower rate of return than other storage mechanisms
(such as lending) because consumption benefits are realised immediately rather
than deferred as would be the case if money were invested or grain was stored.

The coefficients on age and sex are of little direct interest; indeed with only
one exception, the estimated coefficients are insignificant. It should be noted,
however, that (1) the dependent variable weight growth has been standardised
for sex and age, and (2) age and sex effects only enter equation {18) to the
extent that they change over time (i.e. they may be thought of as being
interacted with round, age or duration). Thus the significant positive coefficient
on age for landless households in the ML specification indicates that older
children grew more between the two rounds than did younger children. Since
the log of the rental price is linear in the log of f,, (equation 6}, one explanation
is that In (f,) is a convex function of age so that there is less decline in In {f,)
over the period of study for older than for younger children.

The coefficient on sex is somewhat more interesting in that it has been
suggested that boys in rural South Asia are less likely to suffer during periods
of scarcity than are girls (Behrman and Deoalikar, 19g0; Razzaque ¢/ al. 1990).
In the context of the model this effect might arise if there were physiological
differences in the production function for boys and girls that differentally
altered their respective rental prices over the period of study, as might be the
case, for example, if the effect of calories on standardised weight changed
differentially with age for boys and girls. More plausibly, there may be
differences in the extent of risk aversion with respect to boys and girls (i.e.
Y > V) 50 that parents smooth the weight of male children more completely.
The absence of a significant sex effect suggests this is unlikely to be the case.
Indeed, a test that the data for boys and girls could be pooled was not rejected
{# = 0260 and p = 0-g88 for landed and landless households, respectively);
through not significantly different, the point estimates for landed households
are consistent with the hypothesis that risk aversion is greater for boys although
the effect is in the opposite direction for the landless households.

A final issue relates to the simplifying assumptions made in constructing the
linearised Euler equation {14). Of particular concern in this regard is the
assumption that the rate of depreciation is not influenced by body size
(fowe = Q) because one might expect that ‘catch-up growth’ will produce a

'* The prices are incarparated in nominal terms. An anonymaus referee has correctly pointed out that
given that x,, is being used a5 a numeraire, prices should be deflated using a CPI or ather similar index
computed on an annual basis fmonthly CPls wounld incorporate rice-price variation). Because prices enter
cquation 1 (8) in logs and rates of change, parameters other than the constant term are not affected by
inflation that is constant over the relevant period.
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correlation between levels of borrowing and subsequent growth. The argument
is that even in the ahsence of credit market imperfections there will tend to be
a correlation between borrowing and weight in the immediate post-flood
period. If this correlation is positive'® and if, as a result of catch-up growth,
children that weigh less in the immediate post-flood period tend to grow more
over the subsequent period, then a spurious negative correlation between
borrowing and growth could result.

This concern may be addressed. First, the weight production function
(equation 3) embodies a measure of biological catch-up growth (assuming
S < 1) even when the rate of depreciation is constant: for a given level of
consumption and illness, growth is a downward sloping linear function of body
size with a slope of £, — 1. Thus, the restriction f,,,, = o does not rule out a
simple form of catch-up growth. Second, even if a more complex form of catch-
up growth were present and weight and borrowing were paositively correlated,
it is not clear why one should expect to see opposite effects on growth of own
village average borrowing. Indeed, a simple regression of initial weight on
household and village average borrowing for the landless households yields
positive but insignificant coefficients on both variables.*® This result makes it
seem unlikely that the relationship between weight and the borrowing
variables is responsible for the observed significant coefficients obtained from
the Euler equation estimates.

Third, it is not obvious that plausible forms of catch-up growth will result in
a negative covariance between weight and subsequent growth. While given
consumption low-weight children will grow faster than high-weight children, an
implication of the model is that consumption will be importantly influenced by
the extent of catch- -up growth; catch-up growth may thus have quite the
opposite effect on the relationship between weight and growth. Assume, for the
sake of argument, that time {— 1 is a period when prices are low and rising and
time o is a period when prices are high and falling, implying that w, > u,.
Implicitly differentiating equation (13) yields:

_pt—L( I +15:-1)fww: _'_pﬂ( I +160)fww1

dA,_jw, I, m

dwl _y+pt—1(l +15:—1)fww£

my

_ bob-1fwan [R(ﬁo _16:—1) +(1 +§0) (1 +ﬁ:-1) (fuo—Su)] — 8l fiot —Sioun) @
ﬂl( - '};;q-: +p.-‘.+1fww.-‘.)

(19)

where the denominator must be negative to ensure that equation (13)
characterises an interior maximum. While little is known for certain about the
shape of the weight production function, one plausible model is that catch-up
growth only becomes important at low levels of weight.** The idea is that at
Y For landless labourers in these data the correlation is positive {p = oo2) but insignificant (p = a662).
2 The regression equation is w,, = 820+ 0'a538; +o-2315; the p-value for the joint rest of significance is

0700,
2 This specification was suggested by an ananymaus referee.
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intermediate levels of weight, given consumption, initial weight has little effect
on growth (i.e. f,, & 1) but at low levels of weight, growth is quite responsive
to the level of weight {f,, < 1). Assuming in addition that growth is non-
increasing in weight for high-weight individuals, this model implies £, > o
and f,,... <o and thus, using equation (1g), that low-weight children grow
less than average (dA,_, w, /dw, > o). Intuition for this surprising result may be
gained by noting that if body size has a negative impact on growth then fewer
resources are required to maintain a child at a low weight than at an
intermediate weight, giving households less of an incentive to increase hody
sizes during surplus periods. Given the above conditions on the weight
production function this effect is stronger for poor households than for better-
off households and thus poor households will exhibit lower weight variability.
More generally if cross-sectional and intertemporal weight variation is small,
equation (1g) implies that catch-up growth effects will be of second order
regardless of their sign. In view of this and the previous arguments it seems
unlikely that the main results of this paper may be attributed to catch-up
growth.

It should be noted, however, that even if catch-up growth is not primarily
responsible for the observed relationship between bhorrowing and residual
weight growth, the costs of any reductions in body size resulting from credit
market imperfections will be diminished by the relatively rapid recovery that
can be expected during periods of surplus if catch-up growth is important.
Thus even if catch-up growth does not importantly affect the conclusion that
credit market imperfections are present, it may well play an important role in
the evaluation of the welfare costs of these market imperfections.

IV. CONCLUSIONS

This paper has attempted to characterise the role of credit markets in
smoothing fluctuations in the weights of young children following a severe
economic shock and has provided both methodological and substantive
insights. The key methodological contributions of this paper involve showing
how data on anthropometry can be used to study intertemporal resource
allocation decisions in general and credit market structure in particular.

The principal substantive conclusions have to do with the effectiveness of
existing mechanisms in rural Bangladesh during periods of extreme scarcity
such as those caused by the flood of 1988. The analysis suggests that existing
mechanisms were partially effective in reducing the impact of the flood on child
weight in the better-off households. Both landless and landowning households
made substantial use of credit to meet consumption needs during the post-flood
period. However, evidence also suggests that the costs of borrowing varied
across villages and economic strata, and that, as a result, children in the
landless households were especially vulnerable to the conditions created by the
flood.

Because the high cost of transferring resources between periods appears to
be an important contributor to fluctuations in child growth in the poorest
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households, small-scale credit programmes targeting these households may
provide significant henefits in terms of reduced fluctuations in child growth.
Moreover, since these fluctuations are symptomatic of a more general problem,
it is likely that benefits will extend into other aspects of household welfare. A
household that finds it necessary to reduce food consumption during the slack
season is also likely to find its economic activities curtailed by the high cost of
credit during certain periods of the year. By implication, longitudinal analysis
of fluctuations in child growth may provide an important mechanism for
evaluating the success of credit and savings interventions that target poor
households.

University of Pennsylvania

Date of receipt of final typescript: August 1994

REFERENCES

Ahmad, K. U, Huda, Mhd. N. and Nath, P. C. (1977). Nutrition Survey of Rural Bangladesh 1475-76. Dhaka
[nstitute of Nutrition and Food Science.

Behrman, J. R. and Deoalikar, A. B. (1g88). ‘Health and nucrition.’ In Handhaok of Development Econamics,
Volume 1 {ed. H. Chenery and T. N. Srinivasan). Amsterdam: Narth Halland.

Behrman, [. R. and Deoalikar, A. B. {1qg0). ‘ The intrahousehold demand for nutrients in rural south India:
individual estimates, fixed effects and permanent income.' JSournal of Humaen Resources, vol. 2514,
pp- 66596

Bentler, P. M. and Dijkstra, T. {1q85). ‘Efficient estimation via linearization in structural models.* In
Multivariate Anafysis V1 {ed. P. R. Krishaiah). Amsterdam: North Holland.

Dasgupta, Partha (1994). dn Inguiry ints Well- Being and Destitution. New York: Qxford University Press.

Deacon, A. and Muellbauer, J. (1980). Ecanomics and Consumer Bekavier. Cambridge: Cambridge University
Press.

Foster, 5. O. {1989). ‘Flood evaluation’, manuseript.

Grossman, M. (1972]. The Demand for Health. NBER Occasional Paper 11g.

Hayashi, F. {1988). " Tests for liguidity constraints: a critical survey. In Advances in Eeanametrics, Fifth World
Congress, volume 1t {ed. Bewley Truman), pp. g1—120. New York: Gambridge University Press.
Mace, B. J. {19g1). "Full insurance in the presence of aggregate uncertainty.’ Jaurnal af Poalitical Economy,

vol. 9g(5], pp. g28-36.

Maloney, C. and Ahmed, A. B. Sharfuddin (1988). Rural Savings and Credit in Bangladesh. Dhaka: University
Press Limited.

Miron, J. (1486). Seasonal Huctuations and the life cycle—permanent income model of cansumption.’ Jeurnal
af Political Econamy, vol. g4(6), pp. 1258-79.

Morduch, J. (1g99a). ‘Risk, production, and saving: evidence from Indian households.’ Harvard Unjversity
{draft).

Morduch, J. {19g1). ‘ Consumption smaothing acrass space: tests for village-level responses to risk.” Harvard
University {draft).

National Center for Health Statistics (NCHS) {1977). ‘National Genter for Health Statistics growth curves
for children's birth—18 years, United States.” In Vita! and Health Statistics, Series H, Data from the
National Health Survey no. {PHS) 78-1650. Washington D.C.: NCHS, US Dept of Health, Education
and Welfare,

Paxson, G. H. {rgg3). ‘Consumption and income seasanality in Thailand.’ Jeurnal of Political Economy,
val. ro1(t), pp. 39-72.

Phillips, J. F., LeGrand, T. K., Koenig, M. A_and Chakraborty, J. {1993). *The effects of a maternal and
child health - family planning project an infant and child mortality in Madlah, Bangladesh.®
Manuscript.

Prader, A., Tanner, J. M. and von Harnack, G. A. {1963]. * Catch-up growth following illness or starvation:
an example of developmental canalizacion in man.’ Jaurnal of Pediatrics, vol. 6a{5), pp. Haf—509.
Razzaque, A, Alam, N, Wai, L. and Faster, A. {1ggo). ‘Sustained effects of the 1974~5 famine on infant

and child mortality in a rural area of Rangladesh.’ Population Stadies, vol. 44, pp. 145-54-

Rosenzweig, M. R. and Walpin, K. I. (tgg3). ‘Credit market constraints, consumption smaothing and the
accumulation of durable production assets in low-income countries: investments in bulbacks in India.’
Journal af Palitical Economy, vol. to1(2), pp. 229-44.

& Royal Economic Saciety 1905



570 THE ECONOMIG JOURNAL [MAY 1995]

Strauss, J. and Thomas, D. {1994). ‘'Human resources: empirical maodeling of houschold and family
decisions.’ Forthcoming in Handbeok of Development Econemics, wvel. 3 (ed. T.N. Srinivasan and
J. R. Behrman). Amsterdam: Narth Holland.

Townsend, R. M. {19g4}. ‘Risk and insuranee in village India.’ Econometrica, vol. 62(3), pp. 530-g2.

Udry, C. {1993). ‘Risk and insurance in a rural credit market: an empirical investigation in Northern
Nigeria.® Revtew of Econamic Sindies, forthcoming.

Zeldes, 8. P. {1g8g). ‘ Consumption and liquidity constraints: an empirical investigation.® Journal of Palitical
Eeonamy, vol. g2{2), pp. 305-46.

© Rovyal Economic Saciety 1995



