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ABSTRACT
For low-income households in developing countries, formal financial markets usually do
not function well due to asymmetric information and lack of enforcement. Informal risk-
coping strategies often arise, compensating for market failures. Using a large household
survey data set from southern India, the ICRISAT data, this dissertation examines the
effectiveness of village-level mutual insurance, and the interactions between

consumption, health, and labor supply.

The dissertation starts with a review of the literature on informal risk-coping strategies,
and offers some insights on the methodologies and empirical findings in this area. The

socioeconomic conditions of the ICRISAT households are discussed afterwards.

The theoretical analyses compare the predictions on consumption and sickness leave

under full insurance for three preference specifications—additive CARA, multiplicative

CRRA, and nonseparable preferences. It shows that the first two specifications offer very
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similar predictions, i.e., individual consumption and sickness leave can be fully explained
by the village aggregates and a set of individual factors. Sickness leave does not affect
consumption and vice versa. Under nonseparability between consumption and health,
however, individual consumption and sickness leave interact after controlling for village

aggregates and individual factors, which is still compatible with full insurance.

The empirical analyses of this dissertation consist of three chapters. The first chapter
addresses the problem of missing observations in the labor data. The results suggest
serious selection biases towards low-income households. A selection factor is
constructed and brought to empirical estimations later. The second chapter revisits the
famous work of Townsend and tests full insurance with more years of data, village-
specific prices, and sample selection adjustment. The results strongly reject full
insurance and also suggest serious biases in Townsend’s regressions. The last chapter
tests full insurance and nonseparability structurally. The results reject full insurance and
separability between consumption and health on the grounds that socioeconomic factors
such as household income, landholding, and demographic characteristics which may
restrict the scope and coverage of mutual insurance affect individual consumption and
sickness leave. The results also suggest that the ICRISAT households under-invest in
health by taking less sickness leave and more consumption, other things equal. Policy

implications are discussed afterwards.
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CHAPTER1 LITERATURE OVERVIEW

One of the salient features of the market system in developing countries is the lack of
information and enforcement mechanisms, which in turn cause failures in important
financial institutions such as credit and insurance. This chapter provides an overview of
major research themes in this area and focuses on Townsend’s work (1994) since it is

closely related to my research.

1.1 RISKS AND RISK-COPING STRATEGIES IN DEVELOPING COUNTRIES

Credit and insurance are the two most important risk-coping strategies individuals and
households resort to under uncertainties. Credits allow people to accumulate and deplete
financial or nonfinancial assets across time, whereas insurance allows people to allocate
economic resources and activities across the states of nature. Pareto optimal allocation of
economic resources can be achieved under certain premises when there is full credit and
insurance. Assuming certain separability in preference, perfect credit implies that the
marginal utility of consumption in each time period is based solely on the expected
lifetime income, while perfect insurance implies that the marginal utility of consumption

is the same in all possible states regardless of the realization of the uncertainties. The
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former is usually referred to as the permanent income hypothesis and the latter

consumption smoothing.

Household income is usually low and volatile in the rural areas of developing countries
largely due to the important role played by agriculture. Rural households are vulnerable
to factors such as weather fluctuations, commodity price changes, business and crop
failures, and human illnesses. For example, the estimated coefficient of variation in
income is around 40 percent in the South Indian villages surveyed by the International
Crops Research Institute for the Semi-Arid Tropics (ICRISAT). When considering farm

profits only, the coefficient is found to be over 125 percent.

How do such large income fluctuations affect welfare? One approach is to gauge the
willingness to pay to completely eliminate income variability under a certain preference
specification. The following illustrates the use of this framework with constant relative

risk-averse preferences.

A representative household receives an uncertain income stream y with mean Y and
variance o®. Let m denote the amount of money the household is willing to pay so that
the utility from receiving Y —m with certainty is equal to the expected utility from
receiving the uncertain income. Y -m is sometimes referred to as the “certainty

equivalence” of income stream y. m solves
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(1.1) U(y-m)=Eu@y).

A second-order Taylor expansion around Y yields
2 2
(1.2) U(Y)-mU’(Y)-t—mTU'(Y) ~ E[U(Y)]+ E[U (¥ )y -Y)]+ E["’T U”(Y)}.

Assuming constant relative risk-averse of degree R, where

_-u)
(13) R==r

we have

(1.4) U'm?-2Um-U"*=~0.

Discarding the negative root, we have

For a moderate relative risk aversion R = 2 and a coefficient of variation of 0.4,
households would be willing to give up approximately 14 percent of their income to
ensure perfect income stability. This represents a large absolute amount for a farm
household living close to subsistence levels. Of course, these calculations will overstate
the importance of risks and the willingness to pay for protections if there already exists

some form of smoothing.

As these calculations illustrate, the need for protection from risks is significant.

However, in developing countries, especially in the rural areas, formal financial markets
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usually do not exist, and for those that do, many work imperfectly. The primary reasons
are the lack of information and limits to contractual enforcement. Let us consider a credit
market in a rural area in a developing country. A lender wants to at least cover his costs
of lending, even if not for profit. The problem is that some borrowers are intrinsically
bad risks, but the lender is not able to distinguish them from the good risks either due to
the lack of information on their credit history and financial background, or because the
costs of acquiring such information are high. Both moral hazard and adverse selection
will be severe. The borrowers will always have the incentive to overinvest in riskier
projects. In addition, because of limited liability, the lender will be afraid of increasing
the interest rate at the cost of attracting more riskier borrowers, or increase the volume of
loans because lending more may lead to higher losses to failed projects. The amount of

loans and the coverage of protection against risks are limited, resulting in welfare losses.

The problems with insurance are similar, however, there is a particular problem in
developing countries that restricts the insurability of risks. Full insurance is based on the
presumption that risks are idiosyncratic and can be fully pooled. In reality, however,
risks tend to be correlated at both individual and community level. Random factors such
as rainfall, humidity, temperature, crop diseases, pests, and commodity prices are highly
covariate locally. A group of households from the same village will be unable to provide
mutual insurance for each other against covariate risks if they rely on the same
mechanisms for risk protections at the same time. In circumstances like this, village level

buffer stocks are usually used for smoothing purposes. For example, Lim and Townsend
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(1994), and Paxson and Chaudhuri (1994) show that the ICRISAT households’ primary

device in smoothing village-level aggregate shocks is crop inventory.

The more pertinent question regarding insurance, perhaps, is whether there exists a
meaningful scope of mutual insurance given the local specifics. In particular, one needs
to decompose the sources of income and consumption fluctuations and determine
whether or not the dominant source of fluctuations is highly correlated across individuals
and households. Townsend (1994) finds that household incomes do not comove across at
the village level even though all households have to cope with the highly covariate
rainfall uncertainties. He considers this as showing the potential for mutual insurance
and argues that it is because “...households earn their income in different ways, subject

to different risks, and do not diversify much”.

Economic theories predict that households with access to improved financial system can
use credit and insurance to diversify risks and potentially to raise income, consumption
and savings (see Ray, 1998). Conversely, Greenwood and Jovanovic (1990), and
Banerjee and Newman (1993) develop models in which entry costs and poorly
functioning financial systems can limit access by the poor, reinforcing low levels of
income, consumption and savings for certain groups. Thus a lack of credit and insurance
can contribute to poverty and inequality in society as a whole. Moreover, imperfect
markets are contagious. As many have pointed out, market failures in some sector can

lead to problems in other markets as well (see Ray, 1998).
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Given the size of the risks and the magnitude of welfare losses, it will not be surprising to
observe various informal risk-coping mechanisms arising filling in the holes left by
market failures. The information flow, contractual relationship, and the scope and
efficiency of such informal risk-coping strategies have been intensively studied in the
past fifteen years or so in the literature of development economics. I focus here on three
major data sets that have been closely examined in the empirical research on informal
risk-coping strategies. They are, the three South Indian villages sampled by the
International Crop Research Institute for the Semi-Arid Tropics (ICRISAT), the set of
counties constituting regional economies and national economy of Thailand sampled by
the Thai Socio-Economic Survey (SES), and the set of villages constituting the rural
economy of the Cote d’Ivoire sampled by the World Bank’s Living Standards
Measurement Section (LSMS). Numerous studies have used the three data sets, and
special estimation strategies been employed to incorporate the unique features of the data.
Townsend (1995) has offered some general discussions on the merits and drawbacks of

each of the three data sets.

The ICRISAT data is a panel data set, which traces 120 households from three villages in
the semi-arid tropical India continuously for ten crop years. Information on household
demographic composition, labor supply, input and output by plot, household financial
accounts and transactions, monthly commodity prices and rainfall, are included among
other details. It contains tractable accounts of major household economic activities over

a continuous times series. The mostly notable drawback of this data is its consumption
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measures, which is not directly measured but estimated as a residual. There are selection

issues as well.

The Thai SES data is highly regarded as providing rather reliable estimates of
consumption and income, including home-produced goods. There are numerous quality
control checks, such as repeat interviews triggered by an inability to balance the monthly
accounts of income and expenditures to within 10 percent. The major drawback of the
Thai data is that it is a repeated survey for 5 nonconsecutive years spanning 1975 to
1990, despite the fact that the sampled households might have been with the survey all

the time.

The Cote d’Ivoire LSMS data consists of two overlapping household panels in 1985-86
and 1986-87. Clusters or villages were the primary sampling unit, and these were spread
throughout the three major geographic divisions of the country. Deaton (1994) provides
an excellent discussion of the reliability of the LSMS consumption and income modules.
One of the most impressive achievements of the LSMS data is its effectiveness in data
collection with the help of computer technology. Responses were quickly taken to local
headquarters, and entered into PCs, and then immediately run through editing programs,
so that cross-checks and corrections could be carried out on subsequent visits.

There are two major themes in empirical studies on these survey data. One theme
focuses on the role of informal insurance in smoothing income before shocks occur, such

as sharecropping, crop-plot portfolio management, and labor diversification (see
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Morduch, 1995, and Townsend, 1995). The other theme focuses on the role of informal
credits in smoothing consumption after shocks are realized, such as accumulation and
depletion of productive assets, sales of stored produce, and transfer incomes in social
networks (see Lucas and Stark, 1988, Eswaran and Kotwal, 1989). Theoretically
speaking, consumption smoothing and income smoothing are perfectly substitutable for
the purpose of risk protection if markets are perfect. In reality, however, households are

found to adopt many different approaches according to the specific local conditions.

Some studies focus on the nature of the smoothing strategies and their effectiveness.
While looking at the local communities, it is justifiable to assume certain smoothing
channels do not exist, so that we can theoretically examine a particular form of risk
protection without loss of generality. However, empirical inferences based on the
theoretical framework might have over-estimated the effectiveness of a particular form of
smoothing, because other smoothing channels contributing to risk protections are

assumed away. Policy implications therefore should also be taken with great cautions.

Starting with different assumptions about the local conditions, empirical studies have
reached quite different results from the same data. For example, in a research on income
smoothing, Rosenzweig and Wolpin (1993) finds that the ICRISAT villagers have few
financial assets and tend to resort to mobile nonfinancial assets such as bullocks in coping
with income shortfalls. In particular, they find that over 86 percent of the sample

households reported purchases or sales of bullocks, and the sales of bullocks were 3.5
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times as prevalent as the sales of jewelry. They then formulate a dynamic setting in
which agricultural investment is determined under income uncertainty and borrowing
constraints. Their estimations indicate that net purchases are significantly more likely to
occur when income is high than when income is low. Using the same data, Kochar
(1995, 1999) argues that the ICRISAT households are able to protect themselves from
income variations by compensating increases in market hours of work, which reduces the
need to resort the depletion of productive assets. In particular, she finds that households
shift from own-farm cultivation to the labor market when crop profit drops. She also
points out that the ability of smoothing income through labor diversification is mitigated
by demographic shocks such as sickness, death, and the dissolution of household, and

under circumstances like these, households increase informal borrowing.

There is evidence that households also engage in social arrangement such as migration,
marriage and remittances for income smoothing purposes. In the study of informal risk-
sharing arrangements among family members across the ICRISAT villages, Rosenzweig
(1988) finds that households seem to marry daughters deliberately out over space, in
order that remittance can flow between areas depending on which side is suffering a
negative income shock. In the Cote d’Ivoire, Grimand (1992) sorted the LSMS data by
tribe and shows that networks among tribes allow greater consumption smoothing than is
apparent in the nonsorted data. Paulson (1994) finds remittances from migrants help

stabilize household consumption in the highly migrating Thai SES communities.
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In addition to ex ante income smoothing, households engage in ex post consumption
smoothing. For example, Lim and Townsend (1994), and Paxson and Chaudhuri (1994)
find that crop inventory and currency are used for consumption smoothing among the
ICRISAT households. Storage of crops has been used since biblical time, although
holding crop stocks can be costly because they are not exactly durable. These
consumption smoothing techniques are preferred to savings and credits if rural banks are
few or far, or if there are restrictions on the rapid liquidation of savings. Another
important ex post risk-coping channel is credit. Based on a yearlong survey in northern
Nigeria, Udry (1994) shows that informal credit contracts play a direct role in pooling
risks between households. He develops two models of state-contingent loans where
borrowers’ repayments depend on the realization of random shocks by both borrowers
and lenders. The first is a competitive equilibrium with perfectly enforceable contracts.
The second permits imperfect information and equilibrium default. Estimates from both
models indicate that quantitatively important state-contingent payments are embedded in

the loans, but a fully efficient risk-pooling equilibrium is not achieved.

I would like to point out that without specific information on the actual strategies
households adopt, we could at most say that these observed informal smoothing strategies
all have played a role. No villages are alike. In fact, the actual smoothing approaches
households have adopted are much more diverse and complex than assumed in theoretical
works. For example, Paulson (1994) studies the role of migration and remittances in

income and consumption smoothing in Thailand using the Thai SES data. She was able
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to conduct a field research in the study villages focusing on the differences between good
years and bad years and on whether or how households might have managed to smooth
consumption (also see Townsend, 1995). She finds a flexible range of smoothing
patterns. For instance, some relatively rich households try to smooth consumption with
buffer stock, while the relatively poor households achieve the same goal by increasing
labor supply. In addition, there exists organizations and networks such as rice banks,
housewife funds, or even health insurance fund for those who are more connected to the
local society. These institutions appear to have contigencies in loan contracts and direct
transfers to those in distress. She also finds that market conditions vary markedly across
villages even within the same vicinity. For example, one village in the Maajaam county
is replete with village institutions and is very organized. Another village in the same
county appears to be less successful in credit and insurance arrangements. The third has
virtually no institutions. These observations suggest a very important thing, that is,

researchers should be leery of generalizations about what villages can or cannot do.

While evaluating the effectiveness of the informal smoothing strategies, empirical tests
are built on the theory of complete markets. The community under study is usually
modeled as a closed economy with internal credit or insurance of a certain kind. If there
are perfect credit markets, consumption of a representative individual or household is not
affected by transitory shocks over time and only comoves with his expected lifetime
earnings. Thus, if we run a regression with individual or household consumption as the

dependent variable and transitory income as one of the explanatory variables, the more
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complete are the credit markets, the closer the coefficient on transitory income will be to
zero. Similarly, according to the theory of full insurance, individual or household
consumption should follow community average and nothing else, and movements in
individual or household consumption is fully explained by aggregate shocks not
smoothed at individual level. Therefore, in the regression of individual or household
consumption on community average consumption, household income and other factors,
the more complete are insurance, the closer the coefficient on community average

consumption will be to 1, and the coefficient on household income to zero.

The ICRISAT and Cote d’Ivoire data contain household-level information as well as
exogenous community-level information such as rainfall. Empirical tests can be
constructed almost directly from the theories. For the Thai data, information on
particular households is not available, and the common approach is to compare various

subgroups with a larger aggregate instead.

Previous empirical findings suggest that households are able to smooth income and
consumption considerably, but complete protection against risks is not achieved. In
addition, some households are better protected than others. For example, in a test for
‘complete credit markets, Paxson (1992) estimates with the Thai data that the coefficient
on transitory income is between 0.73 and 0.83, but not significantly different from 1.
Townsend (1994) tests for full insurance with the ICRISAT data and reaches quite

similar estimates. He also finds evidence that the landless are less well insured.
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There are good reasons why observed economies achieve something less than full
insurance. As discussed earlier, informal credit and insurance systems are eroded by
counterproductive incentives such as moral hazard and adverse selection. To better
understand the actual environment, a theoretical portrait should be able to incorporate
more micro-level contractual structures such as principal-agent relationships and
enforcement mechanisms in general equilibrium. Calculations involved in such models
are mammoth, nonetheless there has been great promising steps in this area (Phelan and

Townsend, 1991, Green, 1987, Spear and Strivastava, 1987).
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1.2 HEALTH AND HEALTH RISKS IN DEVELOPING COUNTRIES

1.2.1. HEALTH AS A CONSUMPTIVE GOOD AND A CAPITAL GOOD

Health is one of the most important welfare indicators, and the role it plays is multi-
folded. Good health is a highly valued asset itself, and perfect health is sometimes
viewed as a target. It is the prerequisite for many activities such as enjoying consumption
and leisure. It also affects one’s ability of earning incomes from the labor market. There
has been empirical evidence on the positive relationship between health/nutrition and

wage rate, particularly in developing countries (see Ray, 1998, and Deolalikar, 1988).

Just a little more than two centuries ago, health was generally viewed as fate. Good
health was considered a gift from God and bad health was merely bad luck. Nowadays it
is portrayed as a capital good due to the success of modern medicine. Individuals can
affect their health status effectively and are able to achieve a reasonable health state
through proper means. In theoretical health economics, the idea of health as a capital
good has been well developed in dynamic settings. Health capital is usually formulated
as depreciating over time, receiving random nonpositive shocks such as illness or injury,
and renewed by “investment” in the form of medical care and other efforts aiming to

improve health (See Grossman 1972, 2000, Zweifel and Breyer 1997).
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In addition to good health, there are other objectives in life. People usually find
themselves facing the tradeoff between health and the other aims, for instance, additional
income from overtime work. One might wonder what is the best allocation between
health and other goals in life from an individual’s point of view. Following the
conventions of consumer theories, we may translate this into preferences over health and
other goods, in particular, consumption. The optimization problem can be stated as

follows:

An individual derives utility from consumption C and health H, which in turn are
obtained from consumer goods X by C = C(X) and medical care M by H = H(M). Letp
and g denote the market price for consumer goods and medical care, and we can write the
budget constraint as ¥ = pX + gM. Individual optimization is achieved by choosing an
allocation (X", M’) of consumer goods and medical care so that utility is maximized with
the given budget constraint, and the corresponding consumption and health status is (C",

.

H).

If health status is fixed, as assumed by many works implicitly or explicitly, medical care
does not have any impact on health. H(M) degenerates to a fixed level, H°. Income Y
becomes exogenous and the budget constraint is also independent of medical care. The
optimum will be M = 0 and X = ¥/p, with the corresponding consumption level at C°, and

indifference curve U°.
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When health status is variable and positively related with medical care, H(M) becomes
concave, i.e., health improves with medical care spending, but additional gains in health
reduce as medical care spending increases. When income also depends on health, the
substitution between consumer goods and medical care is no longer linear, and the budget
constraint becomes Y(M) = pX + gM. Reductions in medical spending do not lead to
reductions in health or income as much, and the gains to increased consumption are more
than enough to compensate the utility losses associated with health deterioration along
the indifference curve. However, the rate of transformation may not be uniform. There
may exist a turning point, where further reduction in medical spending will lead to larger
and larger drops in health and income, so that the budget constraint bends toward the
origin. Additional gains to higher consumption are no longer enough to compensate the
utility losses in heaith along the indifference curve. Therefore, the turning point is the

optimal allocation, with corresponding consumption and health at (C' H).

An important part of this dissertation examines the demand for consumption and health
under health risks and village-level mutual insurance. The above discussions are very
helpful and intuitive for us to understand the relationship between consumption and
health under perfect insurance and imperfect insurance. If the village-level mutual
insurance is perfect, health risks are i.i.d., and there is no aggregate risks at the village-
level, the budget constraint a representative individual faces degenerates to a fixed level
because of risk-sharing at the village level. If insurance is imperfect, the individual faces

a curved budget constraint, and chooses (C", H') at the turning point to maximize utility.
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Controlling for the severity of health problems, it is easy to show that individuals with

higher income will be on higher indifference curves than otherwise.

1.2.2 HEALTH AND HEALTHCARE IN DEVELOPING COUNTRIES: MAJOR

THEMES AND MAJOR FINDINGS IN EMPIRICAL RESEARCH

Health is particularly important to developing countries not only because of its
consumptive and income benefits, but also because of its dynamic impacts on income,
consumption and welfare. Unlike the usual capital good, it cannot be traded or rented.
There is no market for health but only markets for healthcare. In developing countries,
especially the rural sector where technologies are labor-intensive, bad health leads to
drops in current income and current productivity. If treatment is not sought or does not
lead to a full recovery due to constraints in income or lack of health insurance, an
individual will become more vulnerable to illnesses and injuries, likely result in drops in
future productivity and future income. Utilizing the relationship between consumption
and health illustrated in Figure 1.1, the dynamic impact of a poor health may be viewed

as bending the budget constraint further toward the origin.

It is relatively easy to conceptualize this dynamic relationship, but empirical work in this

area always encounters difficulties due to the limitations of data. Data on health,

Reproduced with permission of the copyright owner. Further reproduction prohibited without permissionyz\w\w.manaraa.com



18

healthcare provision and health insurance from developing countries are very few, and
for the ones that are available, health status are usually not recorded. To overcome the
difficulties, some empirical research resort to measures such as the nutrients intake,
caloric intake, Body Mass Index (BMI), days of ill, or medical records as proxies for

health (see Ray, 1998, Deolalikar, 1988, Ye and Taylor, 1995).

One of the major empirical themes is to seek evidence in the relationship between
nutrition and income. The null hypothesis under investigation is that income will result
in better nutrition and vice versa. There is strong evidence in favor of the null at
aggregate level, however, micro-level studies so far are not as supportive. For example,
Behrman and Deolalikar (1987) use a special nutrition survey conducted by the ICRISAT
during the 1976-77 and 1977-78 crop years in the ICRISAT India villages and find that

the elasticity is actually close to zero.

Another major theme concerns the relationship between health and income fluctuations.
As discussed earlier, the demand for health and other goals in life can be conceptualized
as a conventional individual optimization problem. When economic environment
changes, an individual will make adjustments along the indifference curve and incur
necessary tradeoffs between health and the other goals as long as it is possible to fully
access his expected income across all states of nature or over his lifetime. If he
encounters either imperfect insurance or liquidity constraints, the tradeoffs between

health and the other goals may end up as corner solutions.
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Lacking access to formal financial institutions, households in developing countries
sometimes may not always have full access to their (expected) disposable income, and
will need to rely on their own wealth and social network to secure their wellbeing. One
may wonder whether the tradeoffs between health and other commodities are optimal
under the informal risk-coping arrangements. There have been some empirical efforts
trying to analyze these tradeoffs. For example, when examining child health in rural
South India, Behrman (1988) finds that because households are not able to smooth
consumption, the health of children suffers during seasons before the major harvest, and
girls are especially hard hit. Rose (1994) uses nationally representative data from India
to show that the survival rate of girls relative to boys increases if income shocks are
favorable in the early years of life, a result explained by discrimination coupled with the
inability to smooth consumption. While investigating changes in the body size of
children before and after major flooding in Bangladesh, Foster (1995) finds that body size
suffers notably for household that were unable to borrow or insure against the associated
income fluctuations. All empirical findings argue that health is sacrificed for rather
short-term purposes, and long-term losses associated with such tradeoffs will curb
economic growth. If we follow Morduch’s method in calculating welfare losses, we

should also take the long-term welfare losses into consideration as well.
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1.3 TOWNSEND’S APPROACH

Abstracting from the actual smoothing strategies households may adopt, Townsend
(1994) sets up a general equilibrium model and examines the effectiveness of mutual
insurance in general with the data on three villages collected by the ICRISAT. His
theoretical framework and estimation strategies are reviewed here since they are closely

related to my research.

Townsend first quantifies the scope for insurance and justifies the grounds for choosing
insurance rather than credits. According to his calculations, the coefficients of variation
for many income sources are very high, suggesting high risks involved in these income
sources and in overall income. In the next step, he derives the Pareto optimal conditions
under full insurance in a multi-period static model. Individuals are assumed to have
preference over consumption and leisure, with individual-specific characteristics such as
age and sex embedded in the utility function. Assuming separability in consumption and
leisure, he obtains a structural expression that relates the adult-equivalent consumption of
an individual to that of the village (weighted) average. His later estimations are based on

a reduced-form of the Pareto optimal conditions:
(1.6) c’=a’+p'c,+67 A +¢’' X! +u/,
where ¢,/ is individual j’s period ¢ adult-equivalent grain consumption, ¢, is village

average grain consumption per adult equivalent, 4/ is a demographic term summarizing
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j’s period ¢ demographic feature and his different from that of the village weighted
average, X/ is any other variable such as incomes from various sources, and u/ isa
disturbance term. Assuming common coefficient of risk aversion and common welfare

weights, full insurance implies that #/ = f=1 and ¢’/ =¢ =0 forall ;.

A nontrivial empirical problem that arises if (1.6) is taken directly into estimations is
what to use for average consumption. The answer depends on whom we assume to be
engaged in mutual insurance. One possibility is that the entire village is involved. In this

case, we need the true village aggregate consumption to compute c,. However, only 40

households were surveyed in each village, and information on village aggregate
consumption is missing. Townsend implicitly assumes the law of large numbers and uses
the sample average as a proxy for the overall village average. However, this immediately
runs into another problem: individual consumption in the sample must sum to the sample
average, so that the average estimated coefficient on group consumption will be unity
mathematically, and this may have nothing to do with insurance. To get around this
problem, he runs a time-series regression for one household at a time over the sample
period, and excludes the consumption of the specific household under examination. His

estimates reject full insurance statistically.

To correct for measurement errors in explanatory variables, Townsend also estimates a

difference equation as (1.7):
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(1.7) (c:j -c, )— (c:—jl =Cy )= 5(Arj - Alj-l )+ Sa (er - Xrl-l )'*' (u:j —utj-l )_ Sa (V:J - v:j-l )’
where the v ’s denote the i.i.d. measurement error with zero mean. (1.7) is estimated in a
time series by household for each village. Now the test for full insurance is reduced to

¢, =0. Estimates from this regression are not statistically different from the previous

one.

Townsend also runs cross-sectional regressions for the landless and the landed
households separately to see whether income terms are more likely to enter for the poor.
In these regressions, the sample average consumption can be safely included in the right-
hand side because it is no longer the average of the dependent variable. He finds that the
landless seem to be more risk averse across all villages and are much less well insured

against income shocks than the landed household in all villages.
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1.4 MY RESEARCH

The important role health plays in determining current and future welfare in developing
countries has been examined extensively in the literature of development economics and
health economics. As with income shocks, health shocks incur direct losses in labor
income because of losses of working hours and drops in productivity. Health shocks
incur additional costs if medical treatment is sought and time is spent on seeking medical
care and convalescence. Health shocks are also unique in the sense that there can be
prolonged effects on future labor productivity, income, and welfare. As discussed earlier,
there are other goals in life and good health is only one of them. Figure 1.1 illustrates the
optimal solution in a static setting between health and consumption when there is no
uncertainty, and the results are applicable in other static settings when health fluctuates
with a known distribution and households have full access to their expected income under

insurance.

In developing countries where access to formal credit or insurance markets is limited,
protections from risks are managed through informal channels. One may naturally
wonder whether the informal channels provide reasonably good insurance resembling the
function of a formal health insurance. It is important to examine how individuals and

households choose between consumption and health through the informal channels, so
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that public policies can be designed to incorporate local specifics without distorting

private efforts.

The data set used to support this dissertation was a panel household survey collected by
the International Crop Research Institute for Semi-Arid Tropics (ICRISAT) from three
villages in southern India. It is the same the same data set used in Townsend (1994),
Kochar (1995, 1999), Eswaran and Kotwal (1989), and many others in the literature of

economic development.

This dissertation focuses on two key issues that have yet to be addressed in the literature.
First, whether the informal channels can provide reasonably good insurance that
resembles the functions of a formal health insurance. Second, when informal insurance is
not perfect, which is mostly likely the case, whether health is forgone for the sake of
current consumption, and who are less well protected against health risks. It takes a more
general view of the theoretical implications of mutual insurance, discusses an empirical
problem has been ignored by the existing literature using the ICRISAT data set, and tests
for full insurance with several empirical and theoretical enhancements relative to

Townsend (1994). The proceeding of this dissertation is as follows:

Chapter 2 describes the data set and the socioeconomic conditions of the ICRISAT

sample villages. It provides summary statistics for key economic indicators such as in
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household incomes, consumption, demographic characteristics, and fluctuations in

incomes.

Chapter 3 develops a static model of full insurance in which households are assumed to
optimize over consumption, health, and leisure under uncertainties in health. No
particular form of informal insurance is assumed explicitly. When dealing with health
problems, individuals take sickness leave for recovery at the cost of labor income losses.
Three types of specifications—constant absolute risk averse, constant relative risk averse,
and nonseparable preferences are considered and theoretical implications compared in

general equilibrium. Empirical estimation strategies are also discussed briefly.

The ICRISAT data set does not contain a direct measure of health or illness. Reports on
taking sickness leave from work are used instead as a response variable toward health
risks. When information on labor market participation is missing due to nonrandom
reasons, imputation of sickness leave will lead to biases in estimations. Chapter 4
focuses on the problem of missing observations in the ICRISAT labor data. It explores
the possible reasons for missing observations and the key factors determining an
interviewee’s observability in the village labor market. The results suggest that
controlling for other factors, individuals from lower income households are more
observable in the village labor market, which is strong evidence in support of
intrahousehold risk sharing. This chapter then proceeds to discuss the biases in

estimations of two existing empirical works using the same data set but without
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addressing the problem of missing observations. The results from this chapter are

incorporated in the empirical estimations in Chapter 5 and Chapter 6.

Identifying data problems and methodological problems in Townsend (1994), Chapter 5
revisits Townsend’s regressions with four more years of data, selection adjustments, and
village-specific prices. After suitable corrections, the results suggest that mutual

insurance is far less perfect as found in Townsend.

Based on the theoretical predictions from Chapter 3, Chapter 6 tests for full insurance
with the full data set, village-specific prices, and bias adjustments developed in Chapter
4. Hypotheses on the separability between consumption and health are also tested along
with full insurance. The results strongly reject full insurance as well as separability
between consumption and health. It is shown that households tend to seek less sickness

leave than optimum, and increase in sickness leave can improve welfare.
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CHAPTER 2 THE ICRISAT DATA

This chapter offers a brief overview of the ICRISAT data used in empirical investigations
in later chapters. Summary and analytical statistics are provided in the tables attached at

the end of the chapter.

2.1 DATA COLLECTION

The data is from the International Crops Research Institute for the Semi-Arid Tropics
(ICRISAT). Semi-arid tropical regions are often characterized by scanty and uncertain
rainfall on which agricultural production largely depends, infertile soils, poor
infrastructure, extreme poverty, rapid population growth, and high risks. The ICRISAT
conducted a longitudinal household survey during 1975-1984 crop years with six villages
from three semi-arid regions in India. Among the six study villages, only Aurepalle in
Andhra Predesh, Shirapur and Kanzara in Maharashtra have complete ten-year data,

therefore, discussions in this dissertation are specific to these three villages.

A fixed stratified sample of 40 household was randomly drawn from each village

according to four landholding classes: landless, small farm, medium farm, and large
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farm; that is, 10 households from each class. Landless households were defined as those
operating less than 0.5 acre land and whose main source of income was earnings in the
casual agricultural labor market. Definitions for higher landholding classes were not

uniform for different villages.

Data on household transactions, labor and draft power utilization, and crop cultivation by
plot were canvassed at three-to-four week intervals. Information on the composition of
the household, crop patterns by plot, debts and credit, stocks, livestock, implements and
machinery, and farm building was updated annually. Table 2.1 has provided some

summary statistics.

There are minor sampling problems as in other survey data sets. First, landless
households are somewhat underrepresented in all the villages. On average across the six
villages, they comprise about one-third of the households in the population of interest,
but their share in the sample is only one-quarter. Nonetheless, it is considered as a fair
reflection of their presence in the population of interest because their mean household
size is less than that of landed households. Another issue is that the ICRISAT chose the
villages that were willing to “cooperate”. In order to provide the sample households with
incentives to participate continuously in this free survey, the ICRISAT offered an annual
three-to-four day excursion to places of agricultural and religious significance. Many of
the participating households also realized that the biological research conducted on their

and their neighbors’ lands would benefit them the first if any technological components
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performed well. As a matter of fact, there was excess demand on the part of farmers to
cooperate, and the investigators often chose farmers outside the panel to spread the
potential benefits of the research activities across more households in the village. As
mentioned in Chapter 1 of this dissertation, if one is interested in the risk sharing of the
whole village while the true village aggregate variables are not available, problems of
endogeneity, measurement errors, and small sample arise. Certain econometric

techniques are then required for corrections.

2.2. THE STUDY HOUSEHOLDS

Agricultural Settings

Agriculture in the Semi-Arid Tropical (SAT) areas in southern India relies heavily on the
rainfalls brought by the southwest monsoon. The monsoons usually span between mid-
June and mid-October. However, the exact onset of the monsoon and the amount of
rainfall to be received are highly uncertain. Nonetheless, planting in advance is
necessary because delays are strongly associated with yield losses. When the monsoon
initiation is erratic, the planned cropping strategy may no longer be optimal, and farmers
will adapt to emerging information on rainfall events by changing crops or by fallowing

land. In the formal terminologies of risks and insurance, we may well argue that farmers’
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planting decisions are dynamic and are ex ante efficient given the information available
at the time. Farmers also engage in ex post efficient production activities based on the
revealed information on monsoon initiation and percipitation. As shown in Table 2.1,
Kanzara has steadier and higher amount of rainfall of all three study villages. Rainfall in

Shirapur is the most scarce and scanty of all three study villages.

Household Demographic Composition

About one-half of the sample households are nuclear families; four-tenths are stem, in
which one or both parents live with their son’s family; and one-tenth are joint-stem, in
which the parents reside with more than one married son. Despite of declining fertility,
the population of the study villages is still growing. Seasonal, temporary migration to
pursue employment opportunities is widespread and appears to be increasing (Walker and
Ryan, 1990). For example, about 40% of the sample households in Shirapur and Kanzara

ever contained a member who left the village.
Household Assets, Income, and Consumption
The value of land comprised up to 80% of total asset value in the study villages. There
was no record of land sales during the survey years, which makes it feasible for us to take

land as a fixed household factor or wealth. Productive assets include draft animals, farm

building, and farm machines such as pumps and tractors. Consumer durable goods
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include residential buildings, household utensils, jewelry etc. They are individually less
significant than landholding in the composition of household assets. Table 2.4 presents
the relative ratio of adult-equivalent consumption in adult-equivalent household income
for all landholding classes for each village. It can be viewed as the consumption share in
total household income at per capita level. We can see that consumption share decreases
as landholding class increases for all three villages, or equivalently, savings rate increases
with landholding. Even though the average village-level consumption share is between
0.5 to 0.55, that is, average savings rate ranges between 0.5 to 0.45, landless households

have significantly lower savings rates, ranging from 0.21 to 0.34.

As expected, food consisted of a very large proportion of consumption expenditure in the
sample households. Food expenditure exceeded 60% of total expenditure for the vast
majority of household in the three villages, especially in Aurepalle where mean income
was the lowest.

There was negligible to mild inflation during the mid- to late 1970s across the three
villages, rising inflation from 1979/80 to 1981/82, and consumer price stagnation
onwards'. Using the 1980 prices, the mean real income was higher in Kanzara where
agricultural growth has been more marked. The three-village mean per capita income
was around Rs 700 during the survey years, which was considerably less than the all-

India per capita income of Rs 1,080 for 1977. For regions impoverished as such, absolute

! All-India agricultural CPI from 1975 to 1984 were: 68.8, 75.1, 77.0, 91.0, 100, 104.3, 113.5, 128, 1324, 139.5.
Source: The World Bank and International Finance Corporation, International Economics Department Secio-Economic
Data Division.
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poverty may provide a more meaningful picture. Based on a consumption expenditure
criterion, about three-fourths of the households in the study villages fell below the
poverty line during the 10-year survey. Based on a net income criterion, the incidence of
poverty was substantially less, ranging from 61% in Aurepalle to 43% in Kanzara, but

nonetheless prevalent (Walker and Ryan 1990).

Crop revenue and labor earnings were the two dominant income sources in the study
villages. The labor market in all three villages is large and active. Household wage
income amounts to 25% of crop profits on average, although its importance varies by
farm size. For landless households and small farm households, wage income exceeds
crop income by 224%. Almost all households derived some income from the sales of
livestock, but livestock production or animal trade was not as important as crop or labor

income in any of the study villages.

Caste
Caste strongly influences many aspects of people’s lives, and also contributes to

explaining some more subtle dimensions of human behavior in the villages, for instance,

the choice of occupations and diets. Most residents in the study villages are caste
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Hindus. Relatively few of the caste Hindus are Brahmins. The majority belongs to
communities whose traditional occupation is farming. There are at least a dozen of
service-caste households residing in the study villages whose traditional occupations are
carpenters, blacksmiths, barbers, water carrier, goldsmiths, etc. In terms of population,
political power and wealth, there are one or two dominant castes in each village.
However, caste does not play a direct role in the village agricultural labor market (also

see Table 3.1).

Education

In the late 1970s, the mean literacy rates and educational levels of the sample households
were not that different from the all-India average®. Also, like much of rural India, there is
an increasing trend in education levels over time. Greater access to higher-level
schooling within the study villages is one partial explanation, the other and more
important part is that there is a growing awareness that a higher level of education is

required for nonfarm employment and for a more modern, literate life.

Although some large farmers worry that increasing education will cause irreversible

change to the agricultural labor force, most villagers consider education as a good thing
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for their children. Compared to their parents, children are more likely to enroll and spend
more time in school. Boys are more educated than their fathers, and girls are more
educated than their mothers. Education inequality by gender is quite prevalent in all
study villages. In each age group, women are less educated than men. Even with the
increasing trend of education, women in each age group progress much less. For
example, the three-village education profile of women age fifteen to nineteen resembles

that for men older than forty.

Infrastructure

All of the study villages are located no more than a few kilometers away from a paved
road, and buses ply daily to and from the village or stop a few kilometers away. The
villages are electrified, but relatively few of the households in each village receive
electricity, which is primarily used for agricultural purposes. One fair-price shop selling
subsidized kerosene, sugar, rice or wheat is located in each village. One cannot walk
very far in any of the villages without encountering a small private shop retailing a few
inexpensive consumer goods. The majority of villagers sell their produce in nearby
regulated markets, which appear to be quite efficient and receive infrastructural support

from the government. Sales rely on the auction system in the regulated market.

2.ln:t:oniingmWotlc:lBank(l980),ab(mt64.2‘]::«!6peteentofindividmlsngedsixtoeleven.twelvetoseveateea.andeiahtemtotw:uty-
three, respectively, attended school.
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Health and Nutrition

In the late 1970s, sanitation was inadequate in all the study villages. Many household
cooking areas were infested with flies and mosquitoes. Many households also had litter,
debris, and / or animals within their living compound. Only about 15 percent of the
sample households were considered to satisfy good conditions of household cleanliness.
As for drinking water, coli-form bacteria were found in about 46% of the wells in the
study villages, and the presence of E. Coli indicates fecal contamination, which may be

responsible for the transmission of serious diseases.

None of the villages has a trained physician. Distance to the nearest government-
operated primary health center ranged from 4 km to 13 km. The public health centers
serving the study villages were poorly staffed and equipped. Although some were better
stocked than others, frequently the only medicines available were aspirin, calcium lactate,

and penicillin.

Because of these conditions, sickness is no stranger to the villages. Based on weekly
interviews of 349 people in Dokur in 1982/83, the incidence of illness ranged from a
weekly low of 14 percent to a weekly high of 28 percent during the fifty-two-week period

of analysis (Bidinger, Nag, and Babu, 1986).
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Another trait shared by residents of the six study villages was the dominance of cereals in
supplying energy and nutrients in the diet. In most of the villages, the bulk of thiamin,
iron, protein, niacin, riboflavin was derived from cereal consumption. The lack of
diversity in the sources of some of the micronutrients such as riboflavin is usually not
regarded as a good thing. For example, both children and adults in Aurepalle, where milk
and milk products such as buttermilk loomed larger in the diet, had significantly higher

riboflavin intakes than residents of the other villages.

Women’s health and nutritional status are inferior to men’s. Two material reasons are
often put forward to explain the apparent discrimination against women: (1) they are of
little social security value to their parents because they leave home after marriage and, (2)

sons have better income-earning opportunities.

Focusing on children, more boys than girls of preschool (1 to 6 years) and school age (7
to 12) were poorly nourished on a standard of weight-for-age. Few of these children had
second- or third-degree malnutrition on a weight-for-height index.

Seasonality of Nutrition and Health

Based on research and experience in tropical developing countries, weather and the

associated agricultural activities tailor the seasonality of health and nutritional status. In

particular, the wet season is purported to be the period when malnutrition and illness are

Reproduced with permission of the copyright owner. Further reproduction prohibited without permissionyz\w\w.manaraa.com



37

at their peak in tropical developing countries. Malaria, diarthea, and skin diseases are
generally more prevalent at that time. Their effects are also more debilitating because the
wet season is also when staple food supplies and intakes are dwindling and when labor

demand and energy expenditure are rising.

The wet season in the six villages is generally from mid-June through September and it
represents a period of lean food availability (Walker and Ryan, 1990). Other lean periods
occur in the cold dry season in Shirapur because of the practice of monsoon fallowing
and post-rainy season cropping and in the hot dry summer season in Aurepalle. With
those two exceptions, the cold and dry season from November to February and the hot
and dry season from March to May are times of seasonal food grain surplus. Contrary to
expectations, Walker and Ryan (1990) find that the mean per capita intakes of energy and
nutrients did not show a marked depression in the wet season. Indeed, more of the
village by nutrient seasonal patterns fit an inverted U-shape than the expected dip in the
wet season. In Aurepalle and Shirapur, nutrient intakes in the surplus food grain season

were either equal to or in excess of the levels in the lean season.

Iliness and Labor Market Participation

Using information on health and nutrition specially surveyed by the ICRISAT, Deolalikar

(1986) finds evidence on the positive relationship between nutritional status and labor

productivity in the study villages. His estimations show that the elasticities of the effect
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weight-for-height has on farm productivity range from 2.0 ic 4.2. The mechanisms
through which this relationship operates are still not clear. He also finds that men with
superior anthropometric status select themselves or are selected for the more strenuous

labor activities.

Lipton (1983) hypothesizes that overall labor participation rate in India is reduced 5 to 6
percent due to illness. The results from Walker and Ryan (1990) indicate that disabilities
have more substantial effect on decisions to participate than Lipton suggests. They
showed that men with physical disabilities who do participate in the labor force will do so
for only 11 percent of the time compared to 56 percent for able-bodied participant
males—a reduction of 45 percentage points. On the other hand, physically disabled
females who participate in the labor force only reduce their participation from 58
percentage points to 55 percentage points, a reduction of 3 percentage points compared to

able-bodied females.

One can imagine the large immediate benefits from improved health and nutrition to the
study villagers, especially to men. As a matter of fact, if the difference is as high as
suggested, it may provide a partial rationalization for men receiving first priority in the
intrahousehold allocation of food. The frequent failure of special nutrition programs
aimed at the nutritionally vulnerable groups, such as preschool children and pregnant and
lactating women, may be a result of the diversion of the added food supplies to male

members in order to generate increased wage income. If this is true, it implies that

Reproduced with permission of the copyright owner. Further reproduction prohibited without permissionyz\w\w.manaraa.com



39

targeted nutrition programs may not succeed in the short term unless adult males are also

included.
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2.3 FLUCTUATIONS IN INCOME, CONSUMPTION AND THE DECISION TO
TAKE SICKNESS LEAVE

Along with uncertain rainfall, factors such as commodity prices, crop yields, human
sickness and injuries, diseases and death of plow animals also contribute to risks in
agricultural productions and income. The data contains plot-level information on input
and output. Input factors include labor and draft power utilization, pesticide, fertilizer,
etc. Output factors include main and by-products. Continuous information on labor
wages and commodity prices are also available. These can be used to compute income

and profits from various sources in a time series.

One can obtain a measure of risks and gauge the scope of mutual insurance by
constructing variance-covariance matrices using the income data. Coefficient of
variation (CV) measures the riskiness of a random variable itself, whereas correlation
measures the degree of covariation between two random variables. Townsend (1994)
computes the CVs and correlation in key production variables such as crop mix, soil type,
and crop-soil combination. He finds rather high CVs and low correlation across different
groups, which indicates that diversification across crops will reduce risks. However,
most households do not seem to hold a crop;soil portfolio. He argues that this may

indicate the existence of alternative risk-reduction devices in the villages.
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As stated earlier, the success in cropping depends on the timing and the precipitation of
planting season rainfall. Figure 2.1 demonstrates monthly (cumulative) rainfall by
village from 1975 to 1986. Monsoon rainfall was scantier and more erratic in Aurepalle
and Shirapur, and higher and less variable in Kanzara. Upland and shallower soil
generally cannot store enough moisture, hence require planting during the rainy season,
whereas deeper soil retains moisture longer and it is much more profitable to cultivate
crops during the post-rain season. Coupled with heterogeneous soil types and depths,

managing risks in crop production is not an easy task.

In addition to uncertainties in weather patterns and crop failures, human illnesses and
injuries are also prevalent among the sample households. Participating households were
asked whether they have lost working hours because of illness or injury. The amount of
time loss for each labor market participant can be inferred from a fairly detailed labor
utilization data collected every three to four weeks during the 1975-84 survey years.
Based on the kind of work and the payment schedule, income losses associated with
illness and injuries can be computed. Information on medical spending, doctor fees and
travel expenses in seeking medical treatments is recorded in a current consumption data,
however, the observed values and frequencies are suspiciously low. Nonetheless,
approximately 40 percent of the sample has reported loss of working hours during a
typical survey year, and the highest number of such incidences goes as high as 18 times

per year.
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Table 2.1 Summary Statistics by Village During 1975-1984

Mean
Village Variable Aurepalle Shirapur Kanzara
Yearly Rainfall (cm) 625.16 650.70 85131
(196.24) (217.18) (186.29)
Landholding class’ (ka)

Landless <0.2 <0.2 <0.2
Small farm 0.2-1.2 0.2-2.0 0.2-1.8
Medium farm 1.2-3.2 2.0-53 1.8-53
Large farm >3.2 >5.3 >5.3
# of household members 6.70 7.23 7.17
(2.60) (2.97) (3.60)
Age 52.20 49.42 44.87
(12.40) (10.57) (11.08)
# of members in age 15-44 4.8 4.9 5.4
(5.2) (5.4) (5.9
# of members in age 45-64 1.7 1.5 1.7
(3.5) 3.4) 3.9
# of male members in age 15-44 2.6 25 3.6
(4.6) (4.4) (5.1)
# of male members in age 45-64 1.1 0.9 0.6
3.1 (2.8) (2.5)
# of living siblings 322 3.66 3.38
(2.07) (2.19) (2.14)
# of resident married sons 0.58 0.38 0.15
(0.94) (0.78) (0.44)

Household Head
Male percentage 24% 18% 24%
Agein 1980 33.0 30.0 31.0
(19.0) (18.4) (18.9)
Percentage of at least primary 42% 45% 52%

education
All income? (1980 Rs.) 586.45 539.26 778.81
(617.40) (393.31) (720.35)
Labor income (1980 Rs.) 106.14 191.70 290.16
(128.11) (161.16) (242.78)
Crop profit (1980 Rs.) 243.87 240.30 360.74
(443.93) (319.82) (584.66)
Profit from trade and handicrafts (1980 Rs.) 123.76 18.12 23.51
(238.78) (145.26) (93.31)
Profit from animal husbandry (1980 Rs.) 112.69 88.72 104.40
(234.25) (145.22) (216.90)
All household consumption (1980 Rs.) 279.82 318.80 32343
(139.88) (154.98) (153.44)
Household grain consumption (1980 Rs.) 191.87 185.70 179.08
(82.55) (74.35) (79.50)
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Main occupation
Farm percentage 34.24% 42.90% 34.57%
Nonfarm percentage * 65.76% 57.10% 65.43%
Education of non-head member
Male of age 19+
Female of age 19+
Missing 10.82% 14.48% 16.74%
Mliterate 63.39% 41.43% 41.57%
Up to primary school 18.77% 5.36% 11.11%
Higher _ 7.02% 38.73% 30.58%
Note:

! Sources: Walker and Ryan (1990), Townsend (1994).

2 Income is defined as monetary and imputed net returns to family-owned resources, encompassing family

labor and owned bullocks, capital, and land.

3 Including livestock rearing, trading, shop keeping, rural crafts, transportation, domestic, traditional caste
occupations, school attending, etc.
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Table 2.2 Coefficient of Variation and Correlation over Major Income Sources

Village Landholding Crop Profit Labor Trade & Animal
Handicrafts Husbandry
Aurepalle Landless 287 0.72 1.64 2.18
0.06 0.33 0.17
(0.50) (0.00) (0.19)
-0.25 0.47
(0.01) (0.00)
-0.18
(0.06)
Small Farm 1.38 1.01 1.23 1.79
-0.22 0.69 0.35
(0.02) (0.00) (0.00)
-0.35 -0.02
(0.00) (0.82)
0.18
(0.07)
Medium Farm 1.39 1.53 3.70 1.53
-0.17 -0.10 0.32
(0.07) (0.28) (0.00)
0.05 -0.07
(0.64) (0.44)
-0.05
(0.63)
Large Farm 0.75 3.08 2.33 1.76
-0.26 -0.20 0.44
(0.01) (0.04) (0.00)
-0.20 -0.12
(0.04) (0.22)
-0.17
(0.08)
Shirapur Landless 283 0.56 3.08 1.40
-0.21 -0.07 0.42
(0.03) (0.45) (0.00)
0.08 -0.16
(0.41) (0.09)
0.24
(0.01)
Small Farm 1.49 0.99 428 1.30
-0.07 -0.11 0.22
(0.46) (0.25) (0.02)
-0.11 0.26
(0.24) (0.00)
-0.05
(0.60)
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Shirapur (cont) | Medium Farm 1.20 0.82 4.02 141
035 -0.08 022

(0.00) (0.39) (0.01)

0.07 0.05

(0.48) (0.63)

-0.08

(0.41)

Large Farm 1.00 1.54 3.89 121
0.00 -0.17 0.10

(0.96) (0.09) (0.32)

-0.15 -0.14

(0.14) (0.15)

0.05

(0.58)

Kanzara Landless 2.86 0.84 4.30 2.14
0.07 0.16 0.01

(0.50) (0.09) (0.88)

-0.03 030

(0.76) (0.00)

022

(0.02)

Small Farm 1.38 0.56 1.7 1.82
0.21 -0.11 0.49

(0.03) (0.29) (0.00)

-0.15 -0.17

(0.13) (0.09)

0.12

(0.22)

Medium Farm 0.88 0.90 2.80 1.07
-0.18 0.17 032

(0.06) (0.08) (0.00)

-0.09 0.09

(0.34) (0.38)

-0.17

(0.08)

Large Farm 0.89 145 5.76 2.03
0.12 -0.08 041

(0.21) (0.41) (0.00)

-0.09 0.03

(0.36) (0.74)

-0.04

(0.68)

Note: Reported in parentheses are t-statistics.
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Table 2.3a CoefTicient of Variation and Correlation between Household Income and Major
Consumption Components

Sample Landholding Household Total Food Grain

Class Income Consumption Consumption Consumption

All Villages by | Landless 0.54 0.56 0.54 0.65

Landholding 0.86 0.87 0.87

Class 0.91 0.90

0.99

Small Farm 0.47 044 042 0.58

0.87 0.80 0.79

0.74 0.70

0.98

Medium Farm  0.70 0.64 0.78 091

0.83 0.77 0.81

0.82 0.76

0.96

Large Farm 0.89 0.67 0.54 0.71

0.61 0.75 0.70

0.51 0.38

0.91

All Sample 0.81 071 0.65 1.00

0.70 0.79 0.80

0.81 0.70

0.91
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Table 2.3b Coefficient of Variation and Correlation of Aduit-Equivalent Income and Consumption

Sample Landholding Adult- Adult- Adult- Adult-
Class Equivalent Equivalent Equivalent Equivalent
Annual Income  Annual Annual Food Annual Grain
Consumption Consumption Consumption
All Villages by | Landless 0.94 0.54 0.53 0.59
Landholding 0.49 0.66 0.82
Class 0.85 0.64
0.88
Small Farm 0.85 0.52 0.51 0.57
0.55 0.69 0.82
0.88 0.67
0.89
MediumFarm  0.92 0.57 0.59 0.77
0.69 0.80 0.81
0.84 0.72
0.94
Large Farm 0.97 0.74 0.67 0.88
0.72 0.85 0.82
0.72 0.60
0.94
All Sample 0.96 0.65 0.59 0.73
0.67 0.78 0.79
0.77 0.61
0.91
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Table 2.4 Summary of Consumption Spending Shares by Landholding

Landholding Class Aurepalle Shirapur Kanzara
Landless 0.743 0.655 0.788
[0.203, 5.010] [0.038, 1.299] [0.145, 1.877]
Small Farm 0.572 0.515 0.678
[0.111, 1.270] [0.011, 1.638] [0.0450, 2.061]
Medium Farm 0.451 0.619 0.579
[0.029, 1.340] [0.057, 1.804] [0.034, 3.539]
Large Farm 0.340 0.433 0.338
[0.033, 0.973) [0.055, 1.191] [0.028, 0.929]
Overall 0.502 0.549 0.551
[0.029, 5.010] [0.011, 1.804] [0.028, 3.539]
Note:

1. Reported are the ratio of adult-equivalent consumption in adult-equivalent income for each household-
year, or the consumption share in total household income for each adult-equivalent.
2. The minimum and maximum ratios are reported in brackets.
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CHAPTER 3 CONSUMPTION, HEALTH, AND SICKNESS LEAVE
IN GENERAL EQUILIBRIUM

3.1 INTRODUCTION

In developing countries, especially in the rural areas where technologies are labor-
intensive, good health is of particular importance, because it not only translates into one’s
labor earnings and savings on medical care at present, it also affects one’s health and
productivity in the future. Compared with wealthier countries and regions where there is
easy access to credits and insurance as protections against income and health risks, rural
households in developing countries are much less fortunate. Due to problems of
information flow, adverse selection and moral hazard in formal financial markets are
severe. Coupled with weak enforcement mechanisms, formal financial markets often fail

or do not function well for rural households in developing countries.

Theoretical and empirical literature in this area has focused on how these households
cope with risks, and how effectively they are protected against risks in income and health.
For example, Walker and Ryan (1990) documents that rural households from southern
India surveyed by the ICRISAT engage in informal borrowing and lending through
various types of social network. Rosenzweig and Wolpin (1993) find that households

manage income risks by accumulating and depleting productive assets such as bullocks.
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Ray (1998) documents that crop sharing and crop inventories are widely adopted by
agricultural households in developing countries. Kochar (1995 and 1999) finds rural
households smooth income and consumption by labor diversification. Rosenzweig and
Stark (1989) show that migration and remittances from migrants are used to cope with
household income risks. Theoretical research in this ﬁeld’focuses on the information
flow and contractual nature of these informal risk-coping strategies, whereas empirical
research examines the efficiencies and effectiveness of the informal risk-coping strategies

in protecting households against various risks.

In this chapter, I develop a static general equilibrium model of community-wide full
insurance based on Townsend (1994). A representative individual is assumed to derive
utility from consumption, health, and leisure, and choose to take sickness leave when
coping with idiosyncratic health risks. Equilibrium conditions for consumption, leisure,
and sickness leave are derived under three different assumption about preferences:
constant absolute risk averse (CARA), constant relative risk averse (CRRA), and
nonseparable preferences in health and consumption. Under CARA and CRRA
preferences, individual consumption, sickness leave, and leisure can be expressed in
terms of weighted village average consumption, sickness leave, and leisure, and a set of
individual-specific factors. In the simplest case where the population is homogenous,
theoretical predictions under both preference specifications suggest that individual choice
variables is equal to the corresponding village average choice variables and nothing else.

It is argued here that when testing full insurance in reduced forms, we are not able to
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identify which type of preference the study individuals actually have. In the third
preference specification where consumption and health are assumed to be nonseparable,
linear approximations are used to derive equilibrium consumption, sickness leave, and
leisure. It is shown that when the elasticity of substitution between consumption and
health is positive, i.e., the marginal utility of consumption increases with small increases
in health and vice versa, consumption and sickness leave in equilibrium adjust according

to a varying negative ratio across states. Estimation strategies are discussed under each

of the three preference specifications.

Reproduced with permission of the copyright:-owner. Further reproduction prohibited without permissionyyanw.manaraa.com



52

3.2. THREE PREFERENCE SPECIFICATIONS AND GENERAL EQUILIBRIUM

The models presented in the following are based on Townsend (1994) with the extension
of health as an objective in preferences, and individuals optimally taking time off from
work when afflicted with health problems. Theoretical implications are compared with
that of Townsend’s. Townsend’s is a static model of full insurance in multiple periods in
which a set of idiosyncratic risks realize at the beginning of each period, and the
realization is completely independent of past history. The models introduced here are all

one-period full insurance general equilibrium models for notational ease.

Let us start by considering a closed village community with a heterogeneous population
of N individuals, who are different in age, sex, welfare weights, and risk attitudes. As
Townsend (1994) has pointed out, there are a priori grounds for taking villages as the
natural unity of study because village economies satisfy “...the explicit and implicit
conditions of general equilibrium”. For example, many families have been present for
generations; villages usually have their own legal systems replete with contract
enforcement mechanisms; and village residents may have relatively good information

about the ability, effort, and outputs of one another.

A representative individual derives utility from consumption C, health H , and leisure L.

Each individual is assumed to have 1 unit of time endowment and allocates it across

Reproduced with permission of the copyright:-owner. Further reproduction prohibited without permissionyyanw.manaraa.com



53

work, leisure, and sickness leave for recovery when afflicted by unexpected health
problems. Denote H, as individual i’s health endowment, which is i’s natural health
status if he or she is not afflicted with illness or injuries. ET, is the upper boundary of i’s
health status. Assume that H, is exogenously determined. Suppose there are total §
possible states of nature in which individual i receives an i.i.d. health shock &, which
will reduce his or her health status from H, if no measure is taken to seek recovery.

Suppose that the number of individuals alive and residing in the village is large than or
equal to the dimensions of health shocks realized in any state, so that it is feasible to

smooth health risks at village level through mutual insurance if there is no market failure.

N
Also, as N — oo, %Ze,, — &, where £ is the mean of health shocks. The i.id.
i=l

assumption on &, excludes all possible covariate health problems resulting from bad

sanitation or contagion.

When afflicted with health problems, individual i chooses to take sickness leave T, for
recoveries. In particular, individual i ’s health status in state s is given by

(3.1) H,=H,+0,(T,-¢,),
where H, is i’s realized health status in state s, and &, has the interpretation of the rate

of recuperation that varies across individuals. For example, young adults usually recover

from diseases more quickly than seniors, therefore, when targeting the same level of
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health status, young adults can choose shorter sickness leave than seniors. Suppose that
there exists a health threshold under which the individual will die, and let the threshold be
normalized to 0. Assume that 0< g, <1 for those who are alive and present in the
village, and let &, =0 if death is triggered. As the recuperation rate gets closer to zero,

recoveries require longer and longer sickness leave, and when death is triggered, nothing

can revoke it.

It can be shown easily that when there is no health risk, &, =0, sickness leave will not
be sought in equilibrium because it incurs losses in labor income and it does not improve

i’s health status to a level higher than the natural upper bound H,.

Health can be viewed as a static version of a stock variable in (3.1). Adopting the

conventional terminology for stock variables, health “depreciates” at rate o, because of
an independent and idiosyncratic shock &,. Sickness leave, T, serves as investment
and its effectiveness also depends on ;. The difference between sickness leave and
health risks, T, —&, , has the interpretation of net investment in health. Sickness leave

and health risks are formulated in a linear fashion in (3.1). In other words, it is assumed
here that the rate of return to net investment in health is constant, unlike the more
comprehensive view in the literature of health economics that there is decreasing return

to investment in health (see Grossman 1972, 2000, and Zweifel and Breyer, 1997). The
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linear formulation is adopted for the ease of derivations and the consistency in the models

introduced in this chapter without loss of generality.

As mentioned earlier, the ICRISAT data set does not contain direct information on health
or health risks. The only variable contains some information on health and health risk is
the reported incidences of individuals taking time off from work because of sickness.
Upon each interview, an individual would be asked whether or not he or she had lost
work since the last visit. If the answer was yes, the investigator would further ask about
the reasons for such losses—whether it was due to sickness, or involuntary
unemployment, or religious and social events, etc. In principle, it is possible to impute
the actual amount of sickness leave based on the information on labor utilization.
However, hours of leisure and home production were not recorded, which has made such
imputations infeasible. A problem is that sickness leave is treated as a continuous
variable in (3.1), however, it is actually discrete in the data—either binary (= 1 if had
taken sickness leave since the last visit, = 0 if not) or counts (= M times during the span
of N interviews of a year). Chapter 4 and Chapter 6 of this dissertation will bave further

discussions on this problem.

Treating health as a stock variable has a long history in the literature of theoretical health
economics. One of the most influential works is by Grossman (1972). Health in the
Grossman model is treated as a stock variable that depreciates over time and recuperates

by seeking medical treatment and spending time for convalescence. Later works based
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on the Grossman model have revealed that the real economic costs incurred by health
risks include all monetary expenditures and opportunity costs associated with seeking
treatment—monetary expenditures such as health insurance premiums, doctor fees,
payments to medication and operations, travel expenses, and an opportunity cost, the
losses in labor income due to time spent on seeking treatment and convalescence. The
monetary side of health investment, however, is excluded from (3.1) to incorporate the
fact that rural households in developing countries usually do not have access to formal
health care or health insurance, and the only cost incurred here is the opportunity cost

resulting from taking sickness leave.
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3.2.1 SEPARABILITY IN PREFERENCES AND PREFERENCE SHOCKS

Separability in Preferences

When assuming certain preference specifications, one implicitly imposes restrictions on
the equilibrium solutions sets. Theoretical implications are largely driven by the
underlying assumptions on preferences. It is always a challenge to establish a theoretical
model that is as explicit and tractable as possible, yet without loss of generality.
Therefore, before jumping into the details of model specifications, it is important

consider the nature of an individual’s preferences over consumption, health, and leisure.

When considering a broad assortment of commodities, it is natural to partition them into
separate groups, so that the preference ordering of one commodity group is independent
of the other commodity groups. For each partition, there may exist subgroups of
commodities that are mutually independent, as if there exists a utility tree (Figure 3.1).
Accordingly, utility functions can be assumed to have special functional forms (see
Technical Appendix A). For example, if preferences over all P groups of commodities
are independent and weakly separable, the corresponding utility function has the form of
B2 ulx)=Ulu,(x ) uy(x, ) 5 (x5 ))-

In our case, if a villager’s preference ordering on consumption goods does not change
with respect to changes in his or her health status, all consumption items can be grouped

together as one consumption aggregate separately from health. According, the utility
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function for this individual can be written as u(C,H)=U(¢(C),¢(H)), where C

represents the consumption aggregate, and H represents health status.

Stronger structural forms are obtained by introducing additional independence relations.
For example, if preference orderings are weakly independent with respect to the P groups
of commodities and with respect to the unions of all subsets within the commodity space,
we have strongly independent preferences, which implies a strongly separable utility

specification such as
P
(3.3) u(x)=U (Z u,(x, ))
i=l
A very special case of strong separability of utility functions is an additive utility function
P
34)  ulx)=3 u(x)
[

In our case, the utility function is given by u(C,H)=¢(C)+@(H) if preferences are

strongly independent.

It is relatively easy to conceptualize the independence of preferences theoretically. When
dealing with real-life cases, however, it may not be as clear-cut and straightforward.
Theoretical formulations cannot exhaust all of the possible commodities in the
commodity space, therefore, we need to draw a fine line as for what shall be included or
excluded in the utility functions. On the other hand, the exclusion of certain commodities

may cause biases and misinterpretations in empirical estimations based on the theories.
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For example, utility functions are customarily assumed to have only a few arguments,
such as consumption, health, leisure, and sometimes wealth or income. In most of the
literature of consumption smoothing and permanent income hypothesis (PIH), utility
functions usually have only one argument—consumption. The implicit assumption is
that all consumption items are strongly independent from other commodity partitions, so
that we can group all consumption items into a consumption aggregate. Utility
maximization under strong independence in preferences (additive utility functions) can be
carried out by maximizing the utility for each independent partition. PIH for this one-
argument utility specification predicts that if the capital markets are perfect, an
individual’s consumption depends on his or her expected lifetime income and nothing
else. The welfare implication is that Pareto optimum is achieved with perfect capital
markets. If one interprets the theory mechanically, testing consumption smoothing and
the PIH is equivalent to testing whether or not consumption is excessively sensitive with
respect to factors other than permanent income, such as transitory (cyclical) incomes,
wage rates, interest rates, and wealth. This gives the rise of the decades-old yet still on-
going debate as for how we measure consumption (market goods? home goods?), what
we mean by excess sensitivity, how to interpret the excess responses, and how to evaluate

the efficiency of the capital markets etc. (see, for example, Baxter and Jermann, 1999).
The core of the controversies lies in the interpretation of Pareto optimality and the choice

of the dependent variable. The essence of Pareto optimality is that when capital markets

are perfect, the welfare (utility) of an individual is smoothed throughout time, regardless

Reproduced with permission of the copyright:-owner. Further reproduction prohibited without permissionyyanw.manaraa.com



60

transitory changes. In other words, it implies welfare smoothing throughout time when
capital markets are perfect. In the literature of PIH, consumption is chosen as a metaphor
or proxy for welfare under the implicit assumption that it is independent from other
commodities in the commodity space. Following the same methodology, testing PIH and
Pareto optimality can be extended to testing the smoothness of the path of any

independent partition (such as leisure) within the commodity space.

Only when the chosen proxy (the dependent variable) is indeed independent in
preferences, can the smoothness of its path be viewed as evidence for Pareto optimum.
The difficulty is that we do not know whether or not real preferences are independent on
the proxy. If the proxy is not independent from other commodities in preferences, it is
still possible to find “excess sensitivity” when the capital markets are perfect, because
factors determining other partitions that are nonseparable from the chosen proxy will
affect the proxy itself. For example, Baxter and Jermann (1999) find that allowing for
nonseparability between market goods and home goods in preferences, the “excess
sensitivity” in market goods is actually compatible with the PIH. In other words, when
treating market goods as an independent partition in preferences, the consumption path of
market goods alone may seen to be excessively sensitive to factors such as cyclical wage
rates and prices, which leads to the rejections of the PIH. If one stands one step higher in
the utility tree (see Figure 3.1) and considers the nonseparable composite of market goods
and home goods, testing the PIH is actually testing whether or not the composite is

excessively sensitive. The “excess sensitivity” of market goods alone shall not be taken
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entirely as evidence against the PIH. To sum up, the correct test for the PIH relies on the

correct choice of the dependent variable.

Nonseparability in preferences has been applied to business cycle macroeconomics. In
micro-level household studies, however, its importance is under-emphasized. For
example, in the literature of informal mutual insurance (see discussions in Chapter 1 of
this dissertation), testing full insurance and Pareto Optimality is usually carried out by
testing whether or not factors such as incomes, wage rates, or family structures affect the
consumption of an individual. If there is perfect insurance, the consumption of an
individual is explained by the community-wide aggregate consumption and nothing else.
The problem of this literature is that it has taken the theoretical implications of Pareto
optimality too literally. Similar to the PIH, Pareto optimality implies that welfare is
protected against idiosyncratic risks. If we are able to partition the commodity space into
mutually independent groups of commodities, Pareto optimality implies that each of the
independent groups are protected against idiosyncratic risks. As in the PIH, the empirical
challenge here is how to identify the independent partitions and how to construct the

correct dependent variables for the tests.

In Townsend (1994), for example, utility function is additive in consumption and leisure.
Other important factors such as health are excluded from the theoretical discussions and
only come back in empirical estimations. In other words, the implicit assumption is that

consumption and leisure are strongly independent from each other in preferences, and are
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strongly independent from other factors in the commodity space. From the previous
discussions, we know that there is no need to include leisure in the utility specification at
all, since it is strongly independent from all other commodities in preferences.
Consumption alone can be used as the dependent variable to test full insurance. Then the
natural questions are—Is consumption indeed independent from other commodities in
preferences? If yes, how to measure consumption (e.g., market goods and/or home

products)? If not, what are its nonseparable partitions? How to test full insurance

properly?

Health and consumption are conventionally modeled to be strongly separable in utility
specifications, even in the literature of health economics. However, are they indeed
independent in preferences? Can higher consumption translate into better health and vice
versa? Quite a number of empirical works have documented the nutrition link between
health and consumption. The consensus is that higher food consumption provides better
nutrient and caloric intake, hence improves one’s health. However, this link seems to
disappear if the income of an individual exceeds a certain level (see Ray, 1998, and
Dasgupta and Ray, 1990). A more pertinent question, perhaps, is whether or not it is
proper to assume independence between health and consumption for the individuals
under study. It is more appropriate to assume independence between health and
consumption for individuals with higher incomes than for those who live close to
substance level. Accordingly, when testing full insurance for higher income individuals,

it is proper to use consumption alone as the dependent variable. If consumption alone is

Reproduced with permission of the copyright:-owner. Further reproduction prohibited without permissionyyanw.manaraa.com



63

excessively sensitive toward factors other than the village aggregate consumption, one
can reject full insurance for these households. When testing full insurance for very low-
income individuals, the dependent variable shall be the composite commodity of health
and consumption together. The sensitivity of consumption alone or health alone does not

imply that insurance is imperfect. The sensitivity of the whole composite is the key.

In the following, three types of preferences are assumed and theoretical predictions are
discussed. The first specification is an additive constant absolute risk-averse utility
(CARA) that corresponds to strong independence in preferences over consumption,
health, and leisure. The second specification is a multiplicative constant relative risk-
averse utility (CRRA), which corresponds to the weak independence in preferences. The
third specification is nonseparable in consumption and health, but additively separable in
leisure, i.e., leisure and the consumption-healith composite are independent from each

other in preferences.

Figure 3.2 illustrates the utility trees for these three specifications. Both additive and
multiplicative utilities imply that health is independent from consumption in preferences,
therefore, they share the same utility tree structure (see the top panel). When health and
consumption are not independent in preferences, but nonetheless independent from
leisure in preferences, consumption and health form a nonseparable composite. Together

they share a knot in the utility tree that is parallel to leisure.
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Preference Shocks

Another issue associated with independence in preferences is preference shocks. In some
of the literature of risk sharing and consumption smoothing, preference shocks are
introduced in utility specifications. The utility specifications either involve only one
argument—consumption, or involve multiple yet additively separable commodities (see
Mace, 1991, and Cochrane, 1991). From the previous discussions, we know that a
single-argument utility specification and an additively separable multiple-commodity
utility specification share the same implicit assumption that preferences are strongly
independent, and yield the similar theoretical implications about complete risk-sharing.

They are essentially the same.

The essence of including preference shocks in strongly independent preference (though
not discussed in most papers) is to account for unobserved changes in other commodities
in preferences that are not independent in preferences. For example, when consumption
and health are not independent in preferences, if one adopts a single-argument utility
function for consumption alone, the “preference shocks” are in fact unobserved changes
in health, which have nothing to do with the efficiency of the underlying capital markets
or insurance arrangements. If we allow for nonseparability in consumption and health
and consider the composite as a whole, the “preference shocks” to consumption is no
longer a shock to preference, but rather, a change in the substitution pattern between

consumption and health due to nonseparability.
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Part of the literature acknowledges the existence of “preference shocks” and tries to peel
them off in order to fully examine the degree of risk-sharing. For example, when testing
risk sharing, Mace (1991) introduced a single-argument utility function in which utility is
derived from consumption and affected by a preference shock. The source and nature of
this preference shock is not discussed. She considered both idiosyncratic and aggregate
shocks to incomes in addition to the “preference shocks”. Cochrane (1991) had a similar
formulation when testing the PIH. In contrast, some researchers simply restrict their
attentions to a world where there is no “preference shocks”. For example, Eichenbaum,
et al (1988) used a “no-preference-shock restriction” to identify and estimate the
parameters of preferences and the household technology. To sum up, preference shock
formulations can be viewed as a reduced-form fashion of incorporating nonseparability in
preferences. If we formally model nonseparability, preference shocks are no longer an

issue.
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3.2.2 CARA PREFERENCES

In this section, individuals are assumed to have constant relative risk-averse (CARA)
preferences over consumption, health, and leisure. Preferences are assumed to be
additively separable (strong independence) as in Townsend (1994). Additive separability
imposes very strong restrictions on the substitution patterns between consumption, health,
and leisure. In particular, the elasticities of substitution' across all utility arguments are
equal to zero. It suggests that utility maximization is equivalent to maximizing each
separable utility independently then taking the summation. Individual i’s utility in state
s is given by
(3.5 U(c,)+ViL,)+Wi(H,).

It is assumed implicitly that a better health status does affect the marginal utility of
consumption or leisure and vice versa, i.e., the elasticities of substitution across all utility
arguments are zero. It is shown in the following derivations that consumption, health,
and leisure interact only through the aggregate budget constraint. Formulations such as
this have very strong theoretical and empirical appeals because they provide well-

behaved equilibrium conditions that can be estimated structurally.

! If the utility function is given by U(X,Y), the elasticity of substitution between X and Y is given by
Exy = dlnY/X
X T AUy Uy
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Equilibrium Conditions

In equilibrium, the marginal rate of substitution between any two of the utility arguments
is equalized:

oU _ oV _ oW

3C, woL, woH,

(3.6)

Following Townsend (1994), exponential utility functions for the additively separable

preferences are assumed as follows:

3.7 Ui, )=—iexp(— oC,),
(3.8) Vi(L,)= -%exp(— AL, ), and

(3.9) w*'(ai,)=—§exp(—m).

Remember that the only source of risks considered in the model is health risks, which
reduce health status, affects leisure and labor income time if sickness leave is taken.
From this point of view, all utility commodities—consumption, leisure and health—
involve randomness, directly or indirectly resulting from health risks, and the parameters
a, B and y reflect the degrees of absolute risk averse in preferences. It is assumed that

all individuals have the same risk attitude for the ease of computation.

Now the programming problem for the determination of Pareto-optimal allocations can

be written. Let A, denote the welfare weight associated with individual i that satisfies
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(3.10) 0<4, <1, iﬂ,:l.

i=l

S
Let p, denote the probability that state s is likely to take place. Y, p, =1. Once a state
s=]

is realized, individuals’ health risks are determined (g, &,, ..., £y, )-

Pareto-optimal allocations are solved by

Ma.x N S
GA) (e T} ,2_,;’1'2; prob(sXU, +V, +W,),
subject to resource constraints
N N
(3.12) Y C, <Y w,(-L,-T,), foralls,
i=l i=]

where w, denotes the wage rate realized in state s for individual i,

(3.13) 0sL, <1,0<T,<1,0sL, +7, <1,
and nonnegativity constraint

(3.14) C,20,L, 20,H, 20.
The resource constraints state that village aggregate consumption is no higher than the
village total labor income which is the only source of income in any state, and total labor
income depends on individual wage rates as well as work time. Health shocks directly

affect individual’s wellbeing by reducing utility from health. Sickness leave offsets these

shocks, but incurs income losses by reducing total working time.
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Let u, denote the Lagrange multiplier on (3.12) in state s. If nonnegativity constraint

(3.14) on consumption and the resource constraint (3.13) on leisure and sickness leave
are not binding, the first-order conditions for individuals present and alive on

consumption, leisure and sickness leave are:

(3.15) A exp(-aC,)=4, exp(— aC, )=y, forall i, j, and s,

A
(3.16) iexp(— BL, )=—’exp(— ﬂ.l,)=y, forall , j, and s, and
w, ,

is s

A0 —
i exp(— 7(H1 +0; (Tj: € )))=/‘:

(3.17) -l"—f—‘exp(— 7(}71 +0,(T, -¢, )))=

is w].:

for all i, j, and s.

The common term p, that should appear on the left-hand side of (3.15), (3.16) and (3.17)
has been factored out and placed in the Lagrange multiplier. Equations (3.15)~(3.17)
imply that the marginal utilities of consumption, health, and leisure are equalized across
all individuals in the village for any state s, and the marginal utilities of consumption,
health, and leisure for an individual is equalized across all possible states. These are the

standard results of full insurance at the village level as well as individual level.
The utility function is formulated in a fashion that individual demand for consumption,

leisure and sickness leave can be expressed in terms of the village aggregates or averages

and individual characteristics. Let us denote village aggregate consumption in state s as
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N N

C, =ZCB , aggregate leisure as L, =2Li, , and aggregate sickness leave as
=l =l

N
T, =2TB . Summing up (3.15)-(3.17) across all individuals, we can derive individual
=1

i’s demand for consumption, leisure and sickness leave in state s in terms of the deviation
of individual characteristics from that of the weighted village average characteristics and

village aggregates:

N
, Y logi,
(3.18) C, =;x log 4, —ﬁ—;’— +-F‘- forall i, j, and s,

N N
log A logw
1 ,2.: B4 ;‘ il L, .
(3'19)Lh =z logﬁ., ——N— +-E —T-logw,., +—N— forall i, j, and s,

(3.20)

1 1 1
o Mlogh ¥ logo
T, =Ly log4, _ "a‘ x§ B4 11, logg; _ NO’, xY 224 | | L ;
7 O’i z_l_- J=l O’I 7 O', z_l. =t O.I z 1

0y 0 0 ,
1 B 1
1 c Y logw, logw, c ¥H, H o, x
+=X| XY "-gﬁ-l-u‘x —L Ll %D,
4 ZL m O 9 zi mOo; 0 2_1_ it
10 =g 0
for all i, j, and s,
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Welfare weights appear in the first term of equations (3.18)-(3.20). When factors such as
the degrees of risk averse, recuperation rate, natural health status, and the severity of
health risks are the same, equations (3.18)-(3.20) are reduced to the deviation of
individual welfare weights from that of the weighted village average and an even share of
the village aggregate. These are the typical results from complete risk-sharing. An
individual with a welfare weight higher than the weighted village average welfare weight
receives the even share of village aggregate consumption or leisure or sickness leave,
plus a “premium” that is positively correlated with the net deviation. In other words, the
higher the welfare weight of an individual, the higher that individual’s consumption,

leisure, and sickness leave will be in equilibrium.

Wage rate does not explicitly enter in (3.18) where individual consumption is determined,
but it does not mean that wages do not affect consumption at all. Wages help determine
the village aggregate resources, and the actual resource distributions are carried out based
on individual characteristics. When controlling for the degree of risk-averse, welfare
weights, and village aggregate income, equation (3.18) implies that an individual
consumes an equal share of the village aggregate consumption as any other villager

regardless of his or her wage rate.
Wage rate explicitly enters in (3.19) and (3.20). Its role is similar to that of welfare

weights in that an individual with a wage rate higher than the weighted village average

takes shorter leisure and short sickness leave in equilibrium, and the “discount” is
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proportional to the deviation of individual wage rate from that of the weighted village

average.

Because of the additive separability in consumption, health, and leisure in preferences,
the rate of recuperation o, does not enter (3.18) or (3.19) where individual demand for
consumption and leisure is determined. It only appears in (3.20) where the demand for
sickness leave is determined. To understand its impact on sickness leave and health, let

us assume all other individual characteristics are constants, so that (3.20) is reduced to

1 1
. o Xlogo o N
(3.20) T, =ix| 8% _ 0 587 L1 % W1 -Ye, e
Y| o 2_1_ = z_l_ j=t
J=l dl Jj=l al

This expression implies that an individual with a recuperation rate higher than the
weighted village average will take a smaller share of the total net investment in health

1

because the ratio ‘l decreases as o, increases. Conditioning on o, an individual

yL

=1y

will take longer sickness leave when facing more severe health problems because &,

T, —yxiej,
j=t

v

=0

enters additively. Combining (3.1) and (3.20)°’, we know that H =
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When the village is large enough, N =, we have H, = T;—Ie , a constant for all

2_

=0

individuals, that is, health status is smoothed for all individuals in each state s.

Controlling for other individual-specific factors, an individual with a higher initial health
status than that of the weighted village average takes shorter sickness leave, and an
individual encountering a larger health risk relative to that of the weighted village
average takes longer sickness leave in equilibrium. This result resembles that of perfect
health insurance in which total expenses associated with health risks are fully covered, so
that an individual will take necessary and sufficient amount of economic resources for
recoveries. Unlike a health insurance arrangement, (3.20) does not involve a
reimbursement scheme explicitly. The reimbursement can be viewed as individuals’ full
access to the village aggregate resources implied by the resource constraints. It is the

community all together sharing the expenses that individuals incur.

If the population is homogeneous, (3.18) and (3.19) are reduced to C, =-15-C, and

L, =L—A;, implying that all individuals behave the same regardless of the realization of
the idiosyncratic health risks. Following the same assumptions, (3.20) is reduced to

T, -
3.21) T, =7+8“ -£,
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that is, individuals facing larger health risks will take longer sickness leave. Plug in this

expression back to (3.1) where health status is detcrmined, we can see that all individuals

eventually have the same health status along the optimal path, H, =H +a'(%-5 ) We

can see that health risks affect consumption and leisure only at the aggregate level in

equilibrium.

In summary, under CARA and additive separable preferences, the relationships between
health and consumption, and heaith and leisure solely depend on the income effect under
full insurance, and there is no substitution effect because health is assumed to be

separable from consumption and leisure.

The assumption of additive separability may be too strong because there are cases in
which health is not additively separable from consumption, ie., the elasticity of
substitution between consumption and health is not zero. For example, good health is
usually viewed as an unalienable part of enjoying high consumption, and consumption is
also found to affect health and productivity through nutrition especially for very low
4income households (see Ray, 1998, and Zweifel and Breyer, 1997). The first case is
compatible with Cobb-Douglas preferences. Under Cobb-Douglas specifications, the
marginal utility of consumption depends on health and vice versa. Consumption and
health adjust according to a constant rate in equilibrium (the elasticity of substitution

between consumption and health is equal to -1 for all income levels). The second case
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involves a nonlinear relationship between consumption and health, that is, the elasticity
of substitution between consumption and health is no longer a constant for all income
levels. We need a general nonseparable preference specification in this case. Important
theoretical and empirical questions would naturally arise: Will the theoretical
implications on full insurance be the same for all preference specifications? How can we
test for full insurance empirically in each preference regime? Are there flexible tests for
full insurance that are independent of preference specifications? The following sections
focus on the theoretical implications and empirical estimation strategies under these two
regimes of preference specifications. Section 3.2.2 addresses the first case in which
consumption and health are kept at a constant ratio in equilibrium. Section 3.2.3

addresses the second case where the elasticity of substitution between consumption and

health is not a constant.
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3.2.3 CRRA PREFERENCES

In this section a constant relative risk averse (CRRA) specification is applied to
preference. To overcome the limitations of additive separability in consumption and
health and to obtain theoretical implication in a more flexible framework, it is assumed in
this section that consumption and health enter into the utility function in a
multiplicatively separable fashion. Since leisure is not the focus of this dissertation, it is

assumed to be additively separable as in Section 3.2.2.

In particular, let us consider a utility function such as U(C,,H,)+V(L,), where

U(C,-,,H,-‘ )= (CE:H:;’ -l).
l-a

(see Picone et al, 1998, and Dardanoni, 1988), and

a4
V(L )=—2—. a and B are the coefficients of relative risk aversion, and 7 has the

1-8

interpretation of conventional Cobb-Douglas utilities where the marginal rate of

substitution between consumption and health is equal to IL Assume ae€(01),

Be(01), and ye(01). The Arrow-Pratt coefficient of relative risk aversion with
respect to health is equal to y—a(y-1)2. The elasticity of substitution between

consumption and health is equal to -1, suggesting that consumption and health are still

2 Dardanoni (1988) derives the formula for the Arrow-Pratt coefficient of relative risk aversion for a two-
argument utility function. The formula is: R§ =— H xU gy /Uy , which is the same as the own elasticity
of substitution with respect to health.
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separable in preference. Unlike the preference formulations in the previous section,
consumption and health are multiplicatively separable. It is assumed here that the degree

of risk averse is the same across the population for theoretical convenience.

Since leisure is additively separable from consumption and health, the elasticities of
substitution between consumption and leisure, and health and leisure are both equal to
zero. It is easy to infer that the equilibrium condition for leisure retains similar properties
as in the previous section where CARA preferences are assumed. Individual demand for
leisure can be fully expressed in terms of the weighted village average leisure and a set of
individual factors. When the population is homogenous, all individuals receive the
village average leisure in equilibrium regardless of the severity of the health risks. What
is not as transparent as the determination of leisure is the demand for consumption and
sickness leave in equilibrium, because the elasticity of substitution between these two

arguments are not equal to zero.

Let us maintain the assumptions on health risks, health status, time allocation, welfare
weights, etc. as in the previous section, so that the results from these two types of

preference formulations can be easily compared.

The program determining village-level full insurance is given by:

N S
62 ) 2ALALCHIVE)

s=l
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subject to resource constraints and nonnegativity constraint as in the previous section.
Equilibrium Conditions

The first-order conditions for consumption, sickness leave, and leisure are as follows:
3.23) AdcEL ) (C R )=p,,
324 Ac(-yNCIHL V" (CIH )=w,p,, and

(3.25) AL =w,u,.

N
Following the notations in Section 3.2.1, let us define C, =) C, , the total village
=l

N N
consumption in state 5; T, = Y., , the total village sickness leave in state s; L, =) L, ,
=l i=l

the total village leisure in state s. Rearranging the terms, we can rewrite individual
consumption, sickness leave, and leisure in terms of the village aggregates, wage rate,

health risks, welfare weights, and the parameters in preference as follows:

abl
(3.26) C,= i

i e (w_” )H
b J

xC, foralli,j,and s,
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ol
4
(3.27) L=——"  _

1wyl (1 e )
A'iawi: a A?w" ol
o, L4 g; > }7] ﬁi
(3.28) T, =—WX[T: "';leis )+ 1 gl le o _-5: e
iﬁ.‘}'sz - : 2":’17“’1: = T
S o 9 J

for all i, j, and s.

Equation (3.26) suggests that individual consumption is proportional to the village
aggregate, and the proportion depends on the individual’s welfare-weight adjusted wage
rate relative to the sum of welfare-weight adjusted wage rates. In particular, an
individual with a higher welfare weight or a higher wage rate will receive more

consumption in equilibrium, controlling for other factors. Assuming equal welfare
weights and wage rates, equation (3.26) is reduced to C,, = % , i.e., when the population

is homogenous, consumption is equalized across population, which is usually referred to

as “consumption smoothing” in a homogenous population.

The difference between (3.26) and (3.19) is that wage rate also enters in (3.26). This is

because consumption and health are not additively separable as assumed in Section 3.2.2.
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-y

N w.

The term Z/I‘,’" (}iJ can be viewed as the weighted village average wage rates
=t j

adjusted by risk attitudes and recuperation rate. An individual with a higher wage rate
than that of this weighted average receives higher consumption in equilibrium,

controlling for other factors.

Equation (3.28) describes the relationship between individual sickness leave and the

N
village average sickness leave. The term (T, -Ze ).,} has the interpretation of village

j=

1 et
a a
Aw,

. . . o
aggregate net investment in health in state s. The common term ————;——- appears
i l,;W,-_, a
il o;

:

in all three terms in (3.28). It can be interpreted as a resource allocation factor in
equilibrium. An individual whose welfare weight is higher than the weighted village
average welfare weight receives longer sickness leave in equilibrium, controlling for
other factors. An individual whose recuperation ability is higher than the weighted

village average takes shorter sickness leave in equilibrium, controlling for other factors.

Wage rate plays a slightly different role in (3.28) than in (3.20). As in (3.20), (3.28) also
implies that controlling for other factors, an individual whose wage rate is higher than the

weighted village average wage rate receives shorter sickness leave in equilibrium because

“
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rz-r-1
w, © is decreasing in wage rate (the exponent is negative). According to (3.20), an

individual’s share of the village aggregate net investment in health does not depend on
his or her wage rate because individual wage rate enters in (3.20) additively. In (3.28), an

individual’s wage rate determines the magnitude of the resource allocation factor

1 eyl
a a
Aw,

g;

1 wrt
i

P o;

along with other individual factors. An individual’s share of the aggregate

village net investment in health is negatively related with his or her wage rate. The
fundamental difference in theoretical implications between (3.20) and (3.28) arise from
the assumptions on preferences. From a reduced form perspective, (3.20) is derived from
an additively separable preference specification, therefore wage rate enters in the
determination of individual sickness leave in an additive fashion. On the other hand,
(3.28) is derived from a multiplicatively separable preference specification, therefore

wage rate affects an individual’s sickness leave proportionally.

Conditional on welfare weights, recuperation rate, wage rate, and health risks, we learn
from the second additive term in (3.28) that an individual with a higher natural health
status will take shorter sickness leave in equilibrium. The last additive term in (3.28)
implies that conditional on other factors, an individual afflicted with more severe health
problem will take longer sickness leave in equilibrium. All of these suggest that health

status will also be smoothed across possible states in equilibrium. In particular, when the
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population is large and homogenous, (3.28) is reduced to T =%’-— E+eg,, ie., the
length of sickness leave varies with the size of the health risks and nothing else (average

sickness leave % and average sickness severity £ are known). In this case, individual’s

health status will be H, =H, +a'(%—§ ), entirely determined regardless of the

severity of idiosyncratic health risks.

In summary, the theoretical implications under the multiplicative separable CRRA
preference specification introduced in this section are very similar to those suggested by
the additively separable CARA preference specification. The similarities and differences
between these two specifications are illustrated in Table 3.1. Empirical strategies in

testing for full insurance are discussed at the end of this chapter.
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3.2.4 NONSEPARABILITY IN CONSUMPTION AND HEALTH

Additive separability and multiplicative separability provide similar theoretical
predictions because they implicitly impose very strong restrictions on the substitution
patterns across utility arguments. They have strong theoretical and empirical appeals
because the equilibrium conditions derived are well-behaved and tractable. For example,
by assuming separability in consumption and health, one implicitly imposes the
assumption that the substitutability between consumption and health follows a fixed
pattern for all levels of consumption and health. In the case of additively separable utility
specification, marginal utility of consumption can increase without triggering any
tradeoffs in health. As a result, the marginal rate of substitution between consumption
and health in equilibrium always responds to the same magnitude with regard to changes

in the relative levels of consumption and health.

A serious problem of the separability assumption on consumption and health is that it
ignore the usual linkage of nutrition between consumption and health, which is not linear
at all levels of consumption and health. Many empirical works have found that
individual food consumption has positive impacts on health and labor productivity, but
the impacts become very little after the individual’s income level cross a benchmark level

(see Ray, 1998, Dasgupta and Ray, 1990, Strauss and Thomas, 1998).
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In the rural areas in developing countries, the problem of malnutrition is particularly
severe. To fully understand the impacts of health risks on individual wellbeing, the
nutrition link between consumption and health should be incorporated in preference
specifications. This section introduces a preference specification in which health and
consumption are nonseparable, i.e., the elasticity of substitution between consumption
and health varies with the relative levels of consumption and health. Leisure is modeled
as additively separable from consumption and health, since it is not of the key focus of
this dissertation. Once nonseparability is involved, it is impossible to obtain well-
behaved separate equilibrium conditions for individual consumption and health in terms
of the corresponding village average and individual factors. We need to rely on certain
linearization techniques to approximate the local properties of consumption and health

around the optimum.

Let us start with the program determining Pareto optimality directly. The village-level

full risk shanng is given by
. {(Z’. 'T. ’l. } - (] lp.t is' 4 is is *

subject to the resource constraints and nonnegativity constraints (3.12)-(3.14). In

equilibrium, the marginal rates of substitution across all utility arguments are equalized:

oU o.oU oV
3. =— = =U..
(3:30) aC, w,0H, wgdL, A
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Given the exact functional form of V(-), one can solve for the demand of individual
leisure in terms of village average leisure and a set of individual-specific factors as in the
previous two sections. Since the calculations are the same, they are not repeated in this
section. Similar as leisure, the consumption-health composite is also smoothed across all
states of nature, and can be written as the corresponding village average and a set of

individual specific factors.

To understand how consumption and sickness leave are determined in equilibrium, let us

focus on the first equality in (3.30):

(3.30y Ue(CorHa) =10, (Cu Hi)= 1ty

is
Denote the elasticity of the marginal utility of X with respect to Y as 5,‘,3, and the
percentage change in variable X as AX 4. Log linearization of (3.30)’ yields
(3.31) $ucAC, = Ecur X AT, + 8w, + 8y 6, X AL,
where ¢, is the elasticity of health with respect to sickness leave, positive according to
(3.1), and ¢, is the elasticity of health with respect to health risks, a negative according

to (3.1). Notice that all elasticity terms and percentage change terms are functions of the

underlying utility arguments. The derivations are provided in Technical Appendix A.

3 The elasticity of marginal utility of X with respect to Y is given by &yy =———t-=—2=,
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The merit of (3.31) is that we are able to tell the local properties of consumption and
sickness leave around optimum without having to know the actual levels of consumption

and sickness leave. The sign of the elasticity of marginal utilities £, and &,. depends
on the sign of the cross partial derivative in U(-). When U, (or U ) is positive, the
elasticity of marginal utilities are also positive. By U, >0, we mean that good health
improves an individual’s marginal enjoyment from consumption, and higher consumption
also translates into higher marginal enjoyment from health for the individual. The latter

is the nutrition link between consumption and health mentioned earlier in this section.

Conditioning on wage rate and sickness leave, (3.31) suggests that when afflicted with

Scu

illnesses or injuries, an individual’s consumption decreases at rate ==—-¢, , which itself is
HC

also a function of consumption, health, and health risks:

Ecn oel ,
332) 2o - Fn
we . CUc

Conditional on other factors, (3.32) suggests that the rate that consumption drops due to
health problems increases with the severity of the health problems ce. In (3.1) o has
the interpretation of recuperation rate when associated with sickness leave. When
associated with health risks, it is interpreted as the rate of depreciation in health. The rate

of consumption drop becomes lower if an individual starts with a higher consumption

x:’-x:

s

* The percentage change of X, is givenby AX, =
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level, as if consumption is used as a cushion to ward off health risks. In other words,
there are tradeoffs between consumption and health in this case. It is important to realize
that this cushioning or tradeoff only takes place in the case of nonseparability between

consumption and health.

Wage rate plays a similar role in (3.31) as in (3.26) where preferences are assumed to be
multiplicatively separable in consumption and health. Conditioning on health risks and

sickness leave, an individual’s consumption increases with wages at the rate 1/§,., i.e.,

one percent of increase in wage rate leads to a &, percent of increase in consumption.

The percentage change of sickness leave and the percentage change of consumption are

related by the ratio &, 6, /&,.. Conditioning on wage rate and health risks, one percent
increase in sickness leave leads to a &.,6, /&, percent of increase in consumption.

Similar to (3.32), this ratio can be written as

Scu oTU,
(3.33) ¢ = :
$uc = CUc

Equation (3.33) describes how improved health status leads to higher demand for
consumption. The rate of this health-driven demand for consumption increases with o7,
the effectiveness of sickness leave, and decreases with one’s own consumption status

because of the law of diminishing marginal utility.
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In (3.31), take the linear approximations of an individual's consumption around the
village average consumption, we can relate an individual’s consumption with the vilalge

average consumption as in the previous sections:

3.34) S28 2 AR (cee Technical Appendix B),
c Sue XA

where ZZ represents the shadow price on the village budget constraint when the
consumption of everyone is equal to the village average consumption. Z is a function of

the village aggregate economic resources and welfare weights.

Similarly, an individual’s sickness leave can be expressed in terms of village average

sickness leave, wage rates, and a set of individual-specific factors:

335) Ll o BB | WioW &~ (eeTechnical Appendix B),
T Olcu XE Obcy XW €

where W denotes the average wage rate of the village, and £ denotes the average
severity of health risks of the village. Notice that £ converges to the mean of the

idiosyncratic health risks as the number of individuals goes to infinite.

(3.34) and (3.35) determine the following implicit functions of individual consumption

and sickness leave:
(3.36) c,=£'C.6,),and
(3.37) T, = (T, w.&.6.),
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wher: @, represents a vector of individual characteristics such as risk attitude, welfare

weights, and recuperation rate. Factors in 6, do not have to be the same in both

equations.

According to (3.34) and (3.35), an individual’s consumption changes proportionally with
changes in the average consumption of the village. Different individuals have different
degree of comovement with the village average consumption. The proportion of

comovement depends on &, the substitutability between consumption and health, and

the risk attitude of the individual. If there is a uniform risk attitude for all individuals, the
comovement between an individual’s consumption and the village average consumption
is equal to 1. This is the same implication derived from the separable preferences. When
&, for an individual increases, that is, when the individual becomes less and less risk

averse, the degree of comovement between the consumption of this individual and the

village average decreases, other things equal.

Similarly, an individual’s sickness leave moves proportionally with the average village
sickness leave. When all individuals have the same risk attitude, there is perfect
comovement between the sickness leave of any individual and the village average
sickness leave, other things equal. Controlling for other factors, an individual afflicted

with more severe illness takes longer sickness leave. Due to the linear formulation of

e
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health determination in (3.1), the relationship between sickness leave and health risks are

the same as in the separable preferences.

Other things equal, higher wage rate leads to longer sickness leave, namely, income

effects dominate substitution effects, although different individuals respond differently.

This is also a similar result from those derived under separable preferences.
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3.3 CONCLUSION

When consumption and health are separable in preferences, they interact only through the
village budget constraint by affecting the village aggregate labor income in equilibrium.
Conditioning for the village aggregate labor income, health risks have no impact on an
individual’s consumption, and there is no tradeoff between consumption and health under
full insurance. If insurance is imperfect, both consumption and health will be affected,
and there will be tradeoffs between consumption and health. This suggests that when
testing full insurance under separable preferences, we should estimate an individual’s
consumption and sickness leave jointly in a system such as
C,=a} +p'C,+7T, +8]A, +¢X, +u,
(3.38) .
T, =al +B°T, +7}C, + 6} A, +¢}Y, +V,
X, and Y, include variables such as household demographic characteristics and family
wealth. u, and v, are error terms representing idiosyncratic health shocks. Testing full

insurance in this case is to test whether or not the coefficients on X, and Y, equal to

zero, because they are the factors that determine the scope and coverage of insurance an
individual receives when the village-level mutual insurance is imperfect. The tradeoff
between consumption and health due to imperfect insurance can be inferred from the

coefficient on sickness leave in the consumption equation.
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When consumption and health are nonseparable in preferences, health problems affect
both consumption and health (sickness leave) even if an individual is under perfect
insurance. Due to nonseparability, the consumption-health composite can be broken into
two sequences, a consumption sequence that includes sickness leave on the right-hand
side, and a sickness leave sequence that includes consumption on the right-hand side.
The two sequences shall be estimated jointly similar as in (3.38). However, the
inferences drawn here will be very different from the inferences drawn under the

separable specifications.

Under full insurance, the coefficient on sickness leave in the consumption sequence and
the coefficient on consumption in the sickness sequence describe the substitutability
between consumption and heath due to nonseparability. Under imperfect insurance,
however, these coefficients also reflect the tradeoff between consumption and health. If
we reject full insurance under nonseparability, the tradeoff between consumption and
health and associate welfare losses cannot be directly inferred from these coefficient.

The following proposes a simple approach to this problem.

Let us consider a predicted value of consumption, 5’,.,, from a first-stage regression on a

set of variables that are independent of health risks. The variations in C, can be used to

account for the part of consumption variations due to nonseparability between

consumption and health. The variations in the remaining part of consumption,
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(C;, -C, ), are therefore due to imperfect insurance. The coefficient on this residual term

in the sickness leave sequence can be used to infer the tradeoff between consumption and
health and the associated welfare losses in imperfect insurance. Similarly, a residual term
(T,., -f’,.,) can be included in the consumption sequence. In other words, full insurance

can be tested by the following:

C, =al+B'C +7 T, -T,)+8/4, +!X, +u,
(3.39)
T, =ai2+ﬂ21—;+yiz(ciz ’éa)+5f2Ah +6/ Y, +V,

The coefficients on X, and Y, can be used to test full insurance as in (3.38). The

coefficients on the residual terms can be used to test full insurance, as well as to infer the

tradeoff between consumption and health and welfare losses due to imperfect insurance.

Table 3.1 summarizes the theoretical predictions from the three preference specifications.
Take, for example, two individuals, A and B, residing in the same village, encountering
health shocks £, and &, respectively. Let us assume that they have the same initial
health status prior to the health shocks. A and B will take sickness leave T, and T} so
that they are able to recover to H, and H, respectively. Under full insurance, other
things equal, they both can recover to the same level of health, regardless of the
magnitude of the health shocks. That is, both will take necessary and sufficient measure
to recover from illnesses, as if there exists an implicit reimbursement system in the

village to pay for an individual’s health care and cover all income losses associated with
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seeking health care. In other words, health is smoothed across all possible states for A
and B. One way to test full insurance is to compare the health outcomes of A and B to see
whether they are the same controlling for other factors, if health outcomes are available

in the data.

Similar arguments can be made about the other socioeconomic factors appear in the
models. For example, under separable preferences, the consumption for both individuals
reach the same level regardless of the amount of sickness leave they take, the severity of
health risks they encounter, and their initial health status, as if there exists an implicit
income redistribution channel through which the consumption for each individual are
equalized across all states of nature and the consumption for both individuals are
equalized for any given state. Under nonseparable preferences, the consumption for both
individuals are affected by the amount of sickness leave they take, but this is compatible
with full insurance because the substitutability between consumption and health varies
with the levels of consumption and health for each individual. For example, if individual
A has a higher initial health status or higher wage rate than individual B, A will receive

higher consumption and lower sickness leave in equilibrium than B.
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Figure 3.1 General Utility Tree
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Figure 3.2 Separability in Consumption and Health
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Table 3.1 Three Preference Specifications and the Theoretical Predictions

Consumption Sickness Leave

Additively | Multiplicatively Non- Additively | Multiplicatively Non-
Variable Separable Separable separable le arable arable
Aggregate + + + +
Consumption
Aggregate e ] + + + +
Sickness Leave
Individual o + =¥ +
Sickness Leave g
Individual '- +
Consumption | 2
Health Risks - + + +
Recuperation + - - -
Rate
Natural Health + + - - -
Status
Risk Aversion + + - + + -
Wage Rate + + - - -
Welfare + + + + + +
Weight

Note: “+” represents an increasing relationship conditioning on other factors. “~" represents a decreasing
relationship, conditioning on other factors. The shaded area means that there is no interaction between
variables as predicted by the theory, other things equal.
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TECHNICAL APPENDIX A

The theorems presented in the following are from Luenberger (1995).

A.1. INDEPENDENCE OF PREFERENCES

Independence theorem. Suppose a preference ordering is represented by a utility
function u(y,z). Then if y is independent of z, u can be written as u(y,z)=U(v(y),z)
where U(v,z) is strictly increasing in v. Furthermore, if « is continuous and strongly

monotonic, then v and U are continuous and v is strongly monotonic. Conversely, if a

preference ordering is represented in the form able, they y is independent of z.

This theorem is very useful since it shows that if y is independent of z there is a special
utility function for the y commodities. Its value, together with z, is all that matters in the

determination of the overall utility.

Independence of preferences. Suppose there are a total of m commodities partitioned

into P groups. A partition is defined by {N,, N,...,N,}, with N, AN empty for i # j,

and U, N;=N. An arbitrary commodity bundle x& R™ is partitioned correspondingly
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as x=(x,,X;,..Xp). Let x_; denote the vector of commodities in the complement to
N;. Thatis, X_; =(X;, X3y X;1sX;415---Xp). A preference ordering is

(a) Weakly independent with respect to the partition {N,,N,....,N,} if for every i
=1, 2, ..., P the vector x, is independent of its complement x_,;;

(b) Strongly independent with respect to the partition {N,,N,,...,N,} if it is weakly

independent with respect to {N,,N,,...,N,}, and with respect to the partitions

consisting of all unions of N,,N,,...,N, that are proper subsets of N.

Stronger structural forms are obtained by introducing additional independence relations.
The most important are the weak and strong versions of independence relative to a

partition. Separability of utility.

A.2 SEPARABILITY OF UTILITY

Parallel with the above definitions for preference orderings, there are similar definitions

for utility functions.

Separability of utility. A continuous utility function u is
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(a) Weakly separable with respect to the partition {N,,N,,...,N,} if there are

continuous functions U and u,,u,,...,u, such that forall xe X

u(x)=U (o, (x, ) 5 (3 }oer p (x, )3
(b) Strong separable with respect to {N,,N,,..,N,} if there exist continuous

functions U and u,,u,,...,4p such that for all xe X

u(x)=U(gui(xi))

Proposition. Suppose a preference ordering is continuous and strongly monotonic.
Suppose the variables are partitions into P groups. Then the preference ordering is
weakly independent with respect to this partition if and only if every continuous utility

function that represents it is weakly separable. (For proofs, see Luenberger, 1995)

This result has great intuitive appeal. It says that under weak independence each
commodity group can be assigned its own utility function. Within each group, there may
also exist weakly separable subgroups. A budget can be allocated to a group and then
further be allocated to the subgroups. In our case, if consumption, health, and leisure are
weakly separable in preference, an individual’s income is allocated first to these three
groups, then for each group, say consumption items, the income can be further allocated
separately to food, clothes, traveling, etc., if these are weakly separable within

consumption as well.
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Strong independence theorem. Suppose a preference ordering is continuous and
strongly monotonic. Suppose the variables are partitioned into P groups with P > 2.
Then the preference ordering is strongly independent with respect to this partition if and

only if every continuous utility function which represents it is also strongly separable.

A very special case of strong separability of utility functions occurs when the partition
consists of the element-by-element partition. In this case the utility function is equivalent

to an additive utility function.

u(x)=gu‘(x,)
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TECHNICAL APPENDIX B

B.1 ELASTICITY

In a general health investment function
®.1) H=f(HT.ze),
the elasticity of health with respect to sickness leave is given by

_dH/H _TH,

2 = =
B.2) ¢ /T H

and the elasticity of health with respect to illness is given by

_dHIH _éH,
Se dele H

(B.3)

In the case of (3.1), the net investment in health is linear,
(B.4) f(IT,T,e)= H+0o(T -¢),

we have ¢, =%§-,and Se =-q-;-.

In a general utility function U(C,H ), the elasticity of marginal utility of consumption
with respect to health is given by

dU.IU, HUq4

B3 Sa="gim - U,

14
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the elasticity of marginal utility of health with respect to consumption is given by

dU,IU, CUg

6 =
B6)  Suc dci/C U,

?

and the elasticity of substitution between consumption and health is given by

_dU U)W IUy)
dHICO/IHIC)

BT (=

B.2 LOG LINEARIZATION AND THE FIRST-ORDER CONDITIONS:

The first-order Taylor expansion of function f(X) around X, is given by
B.8) f(X)=f(Xo)+(X —X,)x fy lx, -
If f(X)=log X , we have

(X‘Xo).

B.9) logX=logX,+
X,

Define AX, =(—X—§-§Q, (B.9) can be written as
0

(B.10) log—;;— = AX,,

0
that is, the small percentage change in variable X (the growth rate of X in a continuous

case) can be approximated by the logarithm of the relative ratio between two levels.
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In Chapter 3, we know that the marginal utility of consumption is equalized to the

marginal utility of health adjusted by wage rate and recuperation rate. That is,

U, =2, forall (C, H, w}. Therefore,
w
(o

o ’
(B.12) Ue=—Uy=p

Recall that u is the state-dependent shadow price of the village aggregate budget

constraint.

Divide (B.11) by (B.12), we have
(B.13) = o

Take logarithm on both sides of first equality in (B.13), approximate around {C, H, w},
using (B.10), we have

(B.14) AU, =AU, -Aw.
From (B.S), (B.6), and (B.10), (B.14) can be written as

®B.15) &y AH = £, AC - Aw.

Given (B.2)-(B.4), AH = ¢, XAT +¢, XAg, (B.15) can be rewritten as

Reproduced with permission of the:copyright:owner. Further reproduction prohibited without permissionyyapnw.manaraa.com



105

(3.27) EucAC, = Ecysr XAT,, +Aw, +&cuC. XAE, .

B3 INDIVIDUAL CHOICE VARIABLES AND VILLAGE AGGREGATE
VARIABLES UNDER NONSEPARABILITY

Generally, an individual’s choice variables can be related to the corresponding village
aggregate choice variables and a set of parameters representing individual-specific
factors. Such calculations are usually carried out in three steps. Take, for example,
individual consumption. In the first step, an individual’s consumption is expressed in
terms of individual factors and the shadow price associated with the village aggregate
budget constraint. In the second step, sum up consumption for all individuals to construct
the village aggregate consumption, which is expressed in terms of individual-specific
factors across the village and the shadow price. Finally, replace the shadow price in the
first expression by village aggregate consumption and individual-specific factors for all
individuals based on the results from the second step. At this point, an individual’s
consumption is related to his or her characteristics, the characteristics of others within the

village community, and the village aggregate consumption.
In a similar fashion, (3.27) can be used to derive the relationship between individual

choice variables and the corresponding village aggregate variables under a general

nonseparable preference.
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According to (B.10), the first-order condition (B.13) can be approximated around {C, H,
w} through log linearization as
(B.16) AU, =AU, -Aw=Au.

Using (B.2)-(B.4), (B.16) can be written in terms of elasticities and percentage changes in
consumption and sickness leave as

(B.17) &ycAC, =&0y6r X AT, + Aw, +&cy6, XA, =AU,
which implies that

(B.18) AC, = AufE} , and

(B.19) AT, =(Au - Aw, =&cy6, XAE.':)/écygr .

Denote the village average consumption and sickness leave as C and T. Denote the
average village wage rate as w. If we approximate individual i’s consumption and

sickness leave around the village average values, (A.18) becomes

C-C_ p-R

®.18y L= ETE
o Ene XA

where I represents the shadow price on the village budget constraint when the
consumption of everyone is equal to the village average consumption.

Similarly, (B.19) becomes

T,-T _ u-gm P e A e

(B.19y

———— . . +
T - GlxE Ofmxw E

1 4
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where Z represents the average severity of health risks in the village. £ converges to the

true mean of the health risks as the number of individuals in the village goes to infinite.

(B.18)’ and (B.19)’ can be put into reduced-form estimations similar to (3.33) as follows
Ca -5. =a +ﬂ'5. +7T, +6,A, +6,X, +u,
(B.20)
T, —7_; =ai2 +»827—; +7izci: "’5«'2'4:: +gi2Yi: +ni(wi¢ "W:)'*'Va

Rearranging the terms, (3.33) can be turned into

G, =t + BT 411, 1o 314, 461K, 4,
(3.34) .
T, =a +,82'I_‘,+7,?(C,-, —C:',-,)+5.-2A.-, +6'Y, +v,
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CHAPTER 4 SELECTION PROBLEMS IN THE ICRISAT
LABOR DATA

Missing observations is a typical problem associated with cross-sectional time-series
data. If observations are missing due to purely random reasons and if the sample size is
sufficiently large, using only the complete observations in estimations will not affect the
consistency of predictions, although standard errors may be inconsistent if not properly
treated. However, in most cases, observations are missing either because of censoring or
selection, and using only the complete observations will no longer be consistent (Greene
1994, Hsiao 1986). As many researchers have noticed, the ICRISAT labor data are noisy
and sometimes even awkward to use (Townsend 1994, Kochar 1999). This essay focuses
on the problem of missing observations in the ICRISAT labor data. Two classes of
discrete choice models are applied to explore the possible reasons for missing
observations, sample selection, and the potential biases in estimates if complete
observations are used in estimations. The results are brought into empirical tests for full
insurance in another essay of the dissertation, titled “Risks, Insurance, and the Decision

to Take Sickness Leave: Townsend Revisited in General Equilibrium.”
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4.1. MISSING OBSERVATIONS IN THE ICRISAT LABOR DATA

The ICRISAT labor data was collected continuously throughout the survey years but
coded quite differently for 1975-1977 and 1978-1984. The earlier labor data contains
more details on labor hours by activity and source. It identifies production activities such
as crop production, animal husbandry, building, repairs, trade, domestic work, food and
fuel gathering and others. Data on total working hours and wage income were collected
for each village labor market participant by these activities. The data also contain a series
of binary indicators on the loss of work since the last interview due to reasons such as
illnesses, injuries, involuntary unemployment, travel, religious events, etc. The later
labor data only distinguishes activities by the nature of employment—farm work, off-
farm non-government work, and off-farm government work. Information on employment
days, average working hours per day and total wage income received in cash and kind for
each type of employment is provided. Hours spent on food and fuel gathering were not
recorded nor were hours spent on domestic work. Information on the loss of work is in
the same format as before. Information on village labor market participants’
characteristics such as age, sex, education, caste, and relation with household head is

available from a census data collected in the early years of the survey.

The investigator interviewed labor market participants at three-to-four-week intervals to

collect information on labor activities on a recall basis. Ideally, we should see a
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continuous panel of labor data 11 to 14 times a year for each interviewee. If one were to
look at the actual frequencies the labor market participants were interviewed, the picture
is mixed. Only around 70 percent of the interviewees had a regular continuous panel of
11 to 14 times a year. About 12 percent of the interviewees had shorter panels, between
1 to 10 times a year. The rest had longer panels, between 15 to 23 times a year. It is
quite common that information on a same individual was collected at different
frequencies across years, and that information on different individuals were collected at
different frequencies in a same year. In a typical year, around 12.6 percent of the data
have missing entries and no explanation was provided as for why. For example,
information on an individual’s labor activities could be completely missing at a certain
point of time, and the binary indicators of the reasons for the loss of work also not
available. Therefore, it would be impossible for us to identify whether missing entries

resulted from human errors or from some important economic decisions that the

individual had made.

There are exogenous as well as endogenous reasons as for why information on a labor
market participant is missing at a particular point of time. It could result from errors in
interview and data processing. For example, the investigator was not able to interview
the individual in the first visit and failed to go back for a follow-up interview. It may
also be a resuit of self-selection, that is, the investigator had made every effort, and it was

the interviewee who had adjusted his or her socioeconomic status that led to missing

observations in the data.
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This problem has not been properly dealt with in empirical works using the ICRISAT

labor data. For example, Townsend (1994) uses only 1978-1984 male labor data because

the early labor survey was of a different format, and information on women and children

“seem especially unreliable” (Townsend 1994, page 546). He obtained adult male wage

series by dividing the recorded wage income by the recorded number of days worked and

then averaging across interviewed adult male laborers. He then derived the village
average labor supply by averaging the labor supply of all interviewed aduit male laborers

in a household and then averaging across households. The average village labor supply is
used to derive average leisure and the proportion of year sick for each adult male laborer,
which are key explanatory variables in testing full insurance. At no point of time is the
problem of missing observations addressed in Townsend (1994). If observations are
missing due to random reasons and the sample sufficiently large, the wage series and
time allocation of the adult male laborers derived by using complete observations
converge to the true values. If observations are missing due to self-selection, these
measures will no longer be good approximations for the true values. For instance, when
an adult male laborer dropped out of the village labor market temporarily to pursue other
interests to support his family at the time of the interview, his information would be
missing because he would not be considered as a participant on the village labor market.
In the meantime, he might get sick and would choose to take sickness leave, but it would
be impossible for us to know from the data. If this is the case, Townsend’s imputation of
the wage series of adult male laborers will have an upward bias, where as the imputation

of average leisure and the proportion of year sick will have downward biases. When
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testing for full insurance where adult equivalent consumption is regressed on these
imputed explanatory variables respectively in a univariate fashion, and Townsend found
that *... household consumptions are not much influenced by ... sickness ... or other
idiosyncratic shocks, controlling for village consumption” (Townsend 1994, page 539).
If part of the missing entries were results of self-selection, Townsend’s estimates on the
proportion of sickness leave and average leisure will have a downward bias, whereas the

estimates on wage rate will have an upward bias.

Another important work using the ICRISAT labor data is Kochar (1999). Kochar used
the full ten-year labor data to examine intrahousehold allocations of labor hours across
farm and off-farm activities and found evidence in support of labor diversification in
income smoothing. She started with a two-stage dynamic programming problem in
which farmers choose the level of labor input in the planting season (the first stage)
without realizing any marketable output, and choose the level of labor input in the
harvesting season (the second stage) while facing weather and other income shocks.
Using the nonmissing observations on labor utilization, she found that laborers’ working
hours would increase in response to negative crop income shocks. The problem of
missing observations was not addressed in her work. Following the previous arguments
that missing observations might be a result of self-selection, it is possible that her
findings have overemphasized the importance of labor diversification as a measure to
cope with risks, because the estimates were based on those who are more active on the

labor market.
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We can see that without understanding the nature of the missing observations first, any
further pursuit of empirical research using the ICRISAT labor data may lead to biases in
estimates. In the following, two classes of discrete choice models are applied to explore

the possible reasons of missing observations.

4.2. POISSON REGRESSIONS FOR INTERVIEW FREQUENCIES

The merit of using a repeated survey is its richness in time-series which allows us to
follow up individual responses throughout the course of a time span, and its cross-
sections which provides insights into group-wide heterogeneity. Missing observations
make it difficult to keep track of individual responses across time and group, and
interpolations are only applicable when missing observations are purely of random
nature. To obtain a measure of how observable a labor market participant is, a series of

Poisson regressions are applied in the following.

Poisson distribution is used to describe the incidence of a discrete event over a duration
(or exposure). 1t is derived as a limiting case of the binomial distribution. A standard
generalization of the Poisson is the negative binomial distribution. The Poisson

regression model stipulates that each dependent variable y is drawn from a Poisson
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distribution with parameter 4, which is related to the regressors X . The most common

formulation is

@.1) E[yl X]=exp(XB).

If we want take a labor market participant’s observed interview frequency as dependent
variable and examine the underlying determinants of the observability, a Poisson
regression would seem quite natural and appropriate because of its discrete and

nonnegative nature.

Since the ICRISAT labor data is longitudinal, simple cross-sectional formulations will
not be consistent because there may be unobserved individual-specific characteristics. A
usual formulation in cases such as this would involve a parameter assumed to follow

certain statistical distributions. For example, let y, denotes individual i’s counts of
nonmissing entries in year ¢, we can assume that

(4.2) 'y, ~ Poisson(a,A, ),
where A, =exp(X,B), for i=1l,..,n, t=1,..T, and @, is the individual-specific
unobserved characteristics. We may either treat &; as a fixed effect constant across time,

or a random effect follows a known distribution.

The choice between fixed effects and random effects is not an easy one. Generally, the

random-effects model is appropriate if the sample is drawn from a single population and
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one wants to obtain inference on the population. It more easily accommodates random
slope parameters as well as random intercepts. Consistency of the random-effects model
is based on a rather strong assumption that the unobserved individual-specific
characteristics are uncorrelated with the observed characteristics. The fixed-effects
model makes no such assumption. It is appropriate if one only wants to explain the
sample. All time-invariant regressors along with their coefficients are absorbed into the
individual-specific effect and will not be identifiable from the constant. In this case, one
cannot make any inferences on individual characteristics such as sex, education, and
caste, which may of great theoretical and empirical interests. Hausman specification tests

are available for random-effects and fixed-effects Poisson regressions.
In the following, both fixed- and random-effects specifications are employed. The results

are presented in Table 4.2.a and Table 4.2.b respectively. A Hausman test is constructed

based on the two estimators.
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4.2.1 FIXED-EFFECTS POISSON

Let us start by assuming that when an investigator conducted interviews in a village to
collect labor data, there were unobservable (to the econometrician) individual-specific
time-invariant factors that affected the counts of the nonmissing data entries of an
individual. In other words, we assume here that there are individual-specific fixed effects

that affect an interviewee’s observability in the labor data. Specifically, let @; denote
individual i’s unobserved characteristics, and y, individual i’s counts of nonmissing data

entries in year ¢.

If the sample size is small the model can be easily estimated by

,
4.3) expl Y ad, +X;ﬂ),
\ i

where d, is a dummy variable for individual i at date £. However, as the sample size

increases, the number of regressors will increase, so that software restriction on the
maximum number of regressors is likely to be encountered. Another potential problem is
possible inconsistency if T is small and n— . These complications have made it
unappealing to estimate the fixed-effects Poisson model directly. Instead, a conditional

maximum likelihood approach is favored because it manages to cancel out the effects a;
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by formulating a conditional' joint-density (see Cameron and Trivedi 1998). The

conditional log-likelihood function is given by

44) L= Z log(Zy., }Elog(y., +Zy, log itif((xﬂ /)3

This formulation is quite similar to that of the multinomial logit model, except that y, is

not restricted to taking only values zero or one and to sum over ¢ to unity. The results
from fixed effect Poisson are reported in Table 4.2.a. Notice that when fixed-effects is
assumed, all individual-specific time-invariant characteristics are not identifiable from
the constant. Coefficients on sex, occupation, caste, landholding class, etc. are

suppressed.

We can see from Table 4.2.a that conditional on individual-specific fixed effects,
interviewee’s demographic factors such as age-sex group, education, and relation with
household head have significant impacts on the individual’s observability in the labor
data. In particular, males of age 15 to 44 were more observable than females of similar
age, so were the males of age 45 to 64, only to a lesser extent. This seems to be
compatible with the general understandings of labor market participation in rural areas in
developing countries. Males tend to dominate in most farm works due to the high
physical demand. It is also compatible with the local religious and social customs that

women are not allowed to participate in certain farm works such as plowing. The

! Conditional on ¥y, .
4
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difference in the estimates on the two age-sex groups show that women of child-bearing

age participate even less than other adult women, controlling for other factors.

Estimates of individual and household education level suggest some evidence of self-
selection in the survey. Controlling for other factors, interviewees with at least primary
schooling were less frequently observed in the labor data possibly because they had better
opportunities to support themselves as well as their families than working on the village
labor market from time to time. On the other hand, individuals from a family with more
educated members were more frequently interviewed. It is highly possible that educated
family members were seeking outside opportunities, which in turn increased the family’s
need for labor income to offset risks associated with the outside opportunities. These can
be viewed as diversification in household incomes in order to smooth consumption and
welfare across time and states of the nature. They are economic decisions made by the

households and individuals.

Another piece of key evidence supporting self-selection is that fitted per capita income
obtained from a first-stage regression has a negative and significant impact on an
interviewee’s observability in the village labor market. Conditional on individual and
household characteristics, when per capita income increases, household and individual’s
reliance upon incomes from the village labor market will decrease. As a result,

individuals from higher income families participate less actively in the village labor
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market, either because they have better paid jobs to do, or because they have higher

reservation wage than the their neighbors.

Year dummies are included in the regression to count for possible omitted time-varying
variables such as rainfall, government-funded projects, and inflation variables, which
affect villagers’ participation in the village labor markets. They also serve as a check on
whether there was some learning-by-doing of the investigator. 1975 is the omitted year.
Compared to 1975, estimates of all of the following years are positive and significant. We
know that annual rainfalls in the study villages were erratic, especially in Aurepalle and
Shirapur. Government project openings were rare during the whole survey years.
Inflation was mild in the early years of the survey, and was on a rising trend during 1978-
1981, then stayed stagnant in the later years. If they had significant impacts on the
villagers’ labor participation, the estimates of the year dummies should reflect these
rather nonsystematic trends, especially inflation since rainfall and government job
openings were rather unexpected random events, and their effects on household decisions
would be even out through the years. In other words, should the impacts from these
external economic conditions dominate the investigator’s learning-by-doing, we expect to
see that the estimates largely follow the changes in price levels. However, the estimates
of the year dummies seem rather steady, therefore, we infer that the investigator’s
learning-by-doing is a more plausible rationale. In fact, all of the ICRISAT investigators
resided in the village throughout the survey years in order to establish good connections

with the sample households, so that more subtle questions could be tackled, and
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information updated readily and easily. It is reasonable to believe that the investigators
could have learned more about the households through the years, obtained more

experience on handling data and dealing with missing observations.
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42.2 RANDOM-EFFECTS POISSON

In this section, a random-effects Poisson model is employed to explore the possible
reasons of missing observations. The results are presented in Table 4.2.b and comparable

to those from the previous section.

Following the notations introduced in Section 2.1, let y} denote the counts of individual

i’s nonmissing data entries in year ¢, and X, denote his or her socioeconomic

characteristics such as age, sex, relation to household head, fitted per capita income
obtained from a first-stage regression, landholding class, etc. Let us assume that there

exist a set of unobservable (to the econometrician) characteristics ¢; that affect an

interviewee's observability in the labor data, and the «,’s follow a gamma distribution? of

parameter 8, gamma(9,6), so that Ele, |=1 and Ve, ]=% Notice that the gamma

y
distribution for integers is i’-'-e“'a" !, which is reduced to Poisson if & =1. Therefore, it
y!

can be viewed as in the same distribution family as the Poisson, which gives us great

computational ease because it allows us to derive a closed-form likelihood function.

2 Alternatively, one may consider normally distributed random effects. However, the likelihood function
does not have a closed form, approximations by a well-behaved polynomial will be needed in
computations. In addition, the applicability of such approximations is usually restricted to small panel size.
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The joint density function of individual i’s annual counts of nonmissing data entries

throughout the survey years is given by

(4.5) Prob(yg y3) = [1-[&’:] Zﬂiw OX(Z‘*"”)-Z’{‘ZF:;)W '

Imposing heterogeneity in the random effects, ie., a; ~ garnma(a‘,a‘), the log

likelihood function for all individuals across time (See Greene 1997, Stata 6.0 Releases)
can be written as

L= Zw’i[logr(e‘-i-Zy,,) ilogr(ny,.,)-logr(o")w‘ logu,
(4.6) =l =] ,
'*'108(1'“:)2}’&"'2}'1:()(&»8) (Zy.,}lo Zl)

t=] =]

=l

i

where u«, =—€T—, and 4, =exp(X,,ﬁ).

6’ +) 4,
=l

If this is indeed the correct specification and if there is no human error in data processing,
y! has the interpretation of average labor market participation at the time of survey. As

in the previous section, year dummies are included in the regression to serve as an
account for possible omitted variables, as well as a check on whether the investigator had

accumulated experience in data collection and processing.
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Using the maximum number of a household’s annual interviews as exposure, assuming
individual-specific random effects, the regression results are provided in Table 4.2.b.
Standard errors reported are robust to the grouping at household level. Unlike fixed-

effects, individual-specific time-invariant factors are identifiable from the constant.

The results show that an individual’s characteristics such as age, sex, education, and
occupation have significant impacts on his or her observability in the labor data. Similar
to the findings in fixed-effect Poisson regression, able-bodied males are more observable
in the labor data than females of similar age, and the difference between females of child-
bearing age and males in the same age group is larger than the 45-64 age-sex groups.
Estimates of interviewee’s own education level and the education level of household
members are also similar to those from the ﬁx;.td—effects Poisson regression. Individuals
whose main occupation was agricultural are more observable in the labor data, because

they participated more actively than those who pursued alternative occupations”.

Relationship with the household head has a negative effect on an interviewee's
observability. A direct member is defined as either the spouse or an offspring of the
household head. About one-half of the sample households had extended family
members, such as relatives, friends or permanent servants residing in the household. The

relationship between an extended member aﬁd the rest of the household is presumably

3 Village residents also participate in other income-earning activities such as trade, handicrafts,
shopkeeping, moneylending, transport, buildings, and repairs, although the bulk of income was generated
from crop production and the labor market.
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loose and temporary in nature. Nonetheless, the extended families members are
contributing income and sharing resources as well as risks with other members of the
family. There was an increasing trend that families with extended structures would split
into nuclear families over time (see Walker and Ryan 1990), which might have resulted

in less frequent interviews with the extended family members.

Individuals from larger families were less frequently interviewed conditional on other
factors, possibly due to the intrahousehold allocation of labor activites as discussed in the
previous section. Similar to the results from fixed-effects Poisson regression, individuals
from families with more educated members are more observable in the labor data. The
interpretations are similar as in the previous section. Fitted per capital income is negative
and significant as in the fixed-effects Poisson regression. These results all seem to be in

favor of the self-selection hypothesis.

Caste is a very important factor in the social and economic lives in India, however, the
estimate here is not significant, which is also compatible with findings in other researches
(see Walker and Ryan 1990). It has been argued that most of labor contracts in the
village are renewed on a daily basis, so that discrimination based on caste rankings
cannot sustain. Caste rankings are also found to have very little impact on an employer’s

screening of employees, or an employee’s choice of employers.
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4.3 HAUSMAN SPECIFICATION TEST

As discussed earlier, the choice between random-effects and fixed-effects formulation is
not an easy one. Both have their own strengths and weaknesses when dealing with
unobserved characteristics. If we adopt the view that the unobserved effects are random
from the outset and if the model is perfectly specified, the results from fixed-effects
formulations can be viewed as conditional on the effects that are in the sample, and the
results from random-effects formulations as unconditional inferences for the whole
population (see Hsiao 1986). Even though fixed-effects and random-effects can be
unified as such, when dealing with discrete data, inefficiencies and inconsistencies in
estimations will still arise due to potential cross-sectional heterogeneities and serial

correlations, therefore, checking for the correct specification is still of great importance.

Hausman specification test is based on the null hypothesis that random effects are
uncorrelated with the regressors. If the null is true, both fixed- and random-effects
estimators are consistent, but random-effects estimator is more efficient; otherwise the
random effects estimator is inconsistent. Hausman tests for Poisson regressions use both
estimators and their variance-covariance matrix to construct a chi-squared statistic (see

Cameron and Trivedi 1998, Hsiao 1986):
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@n Ty =(»an-: ‘Brs)'[v(ﬂre )"V(ﬁks)]-l (ﬂns ~Br )’

where ﬁu_. denotes the estimator from the random-effects Poisson regression, and B E

denotes the estimator from the fixed-effects Poisson. If T, < y*(dim(8)) at certain
significance level, the null hypothesis that the unobserved individual characteristics
(random-effects formulation) is not rejected. Obtaining estimates and variance-

covariance matrices from both regressions, the computed T, =98.39, which is larger
than 12(20) statistic at any significance level, therefore, the Hausman test strongly

rejects the random-effects specification.

44 CONCLUSION

Since the Hausman specification test strongly rejects the random-effects specification,
discussions in this section will focus on the results from the fixed-effects Poisson
regression. The results from the fixed-effects Poisson regression suggest two major
sources for missing entries in the labor data—labor market segmentation by age and sex,
and intrahousehold allocation of labor resources. It is a problem that one cannot
circumvent. Using only the complete observations will lead to biases in estimates and
erroneous inferences, as discussed earlier. In fact, one should properly model individual

labor market participation in a general equilibrium framework where risks and resources
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are shared at household level, and diversification in labor income will result with respect
to changes in the socioeconomic status of the household. However, the intention of this
essay is to understand the sources of missing observations, to explore possible biases in
previous works that used the ICRISAT labor data, so that further empirical research using
the data can be improved. The results from this essay are summarized into a bias
adjustment statistic and brought into empirical tests for full insurance using the ICRISAT

data in the third essay of the dissertation.
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Table 4.1 Household and Member Annual Interview Times by Village

Aurepalle Shirapur Kanzara
Household annual interview times 11.97 12.65 13.71
(1.92) (2.26) .77
Member annual interview times 10.22 1097 11.54
(3.02) (2.85) (4.07)
Note:

1. Standard deviations are reported in parentheses.

2. Household annual interview times are defined as the maximum number of visits a household
receives regarding labor activities in a year. Member annual interview times are defined as the
total counts of nonmissing data entries in the labor data in a year.
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Table 4.2.a Fixed-Effects Poisson on Individual Annual Nonmissing Data Counts

Variable Coeff. Std. Error (Robust)
age - -
If age 15-44 male 0.24 (0.06)
If age 45-64 male 0.18 (0.06)
At least primary education -0.11 (0.05)
# of 15-44 males in the household - -
# of 45-64 males in the household - -
# of members at least primary education (excluding 0.03 (0.00)
the individual under study)
Household head at least primary education - -
Household head age in 45-64 - -
Household (fitted) per capita income -0.01 (0.003)
Year dummies (1975 omitted)
1976 0.14 (0.02)
1977 0.14 (0.02)
1978 0.15 (0.03)
1979 0.12 (0.03)
1980 0.13 (0.04)
1981 0.15 (0.05)
1982 0.16 (0.05)
1983 0.16 (0.06)
1984 0.17 (0.07)
Exposure: total number of household visits

Note:

1. Coefficients on time-invariant regressors such as constant, sex, family size, individual’s main
and secondary occupation, caste, household landholding class and household head sex are all
absorbed in the individual-specific effects and are not identified.

Estimates presented are all at 95% confidence interval.

Reported are the actual coefficients, not the exponentiated ones that usually are interpreted as
the incidence rate ratios.

w N

Reproduced with permission of the copyright owner. Further reproduction prohibited without permissionya\w.manaraa.com



130

Table 4.2.b Random-Effects Poisson on Individual Annual Nonmissing Data Counts

Variable Coeff. Std. Err. (Robust)
age 0.002 (0.000)
sex -0.13 (0.03)
If age 15-44 male 0.17 (0.03)
If age 45-64 male 0.13 (0.03)
Relation with household head
If direct family member -0.06 (0.01)
At least primary education -0.06 (0.01)
Main occupation in agriculture 0.03 (0.01)
Caste - -
Family size -0.06 (0.02)
# of 15-44 males in the household - -
# of 45-64 males in the household - -
# of members at least primary education (excluding 0.02 (0.00)
the individual under study)
Household head at least primary education - -
Household head sex (=1 if male) 0.08 (0.04)
Household head age in 45-64 - -
Household (fitted) per capita income -0.015 (0.003)
Household landholding class
(Landless is omitted)
Small farm - -
Medium farm - -
Large farm - -
Year dummies (1975 is omitted)
1976 0.17 (0.02)
1977 0.16 (0.02)
1978 0.17 (0.02)
1979 0.11 (0.02)
1980 0.13 (0.02)
1981 0.13 (0.02)
1982 0.13 (0.02)
1983 0.13 (0.02)
1984 0.12 (0.02)
Constant -0.22 (0.03)
Exposure: total number of household visits

Note:

1.  Estimates reported are all at 95% confidence interval.

2. Reported are the actual coefficients, not the exponentiated ones that usually are interpreted as the
incidence rate ratios.

3.  The random effects are assumed to be i.i.d. at individual level following a gamma distribution.
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CHAPTER 5 TOWNSEND REVISITED

One of the most influential works in the literature of informal insurance is Townsend
(1994). Using the longitudinal household survey data collected by the International
Crops Research Institute for Semi-Arid Tropics (ICRISAT) from three villages in rural
south India, Townsend (1994) tests how much protection the village-level informal
mutual insurance provides against idiosyncratic risks by examining individual

consumption.

5.1 TOWNSEND’S METHODOLOGY

Townsend (1994) starts by taking a village as a closed economy in which information
flows and internal enforcement mechanisms are perfect. A representative individual
derives utility from consumption and leisure. Preferences are constant absolute risk
averse (CARA), uniform in the degree of risk aversion for all individuals, and additively
separable in consumption and leisure. There are total S possible states of nature,

uncorrelated across time. In each state, households receive idiosyncratic risks, although
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the exact nature of the risks is not assumed explicitly in Townsend’s theoretical

framework.

From the discussions in Chapter 3 of this dissertation, we know that by adopting additive
separability in preferences, one implicitly imposes very strong restrictions on the
substitution pattern of utility arguments. As a result, individual choice variables can be
expressed in terms of the corresponding community-wide choice variables and a set of
individual-specific factors. In the case with Townsend’s, where individual consumption
is the focus of theoretical and empirical interests, individual consumption can be fully

expressed by village average consumption and individual characteristics.

A particular problem with the ICRISAT data is that consumption data were collected at
household level instead of individual level. To incorporate this feature in the theoretical
framework so that the predictions can be taken into estimations consistently, Townsend
introduced “adult-equivalent” consumption and incomes. They are the age-sex adjusted
average household consumption and incomes, with the adjustment factors obtained from
external sources'. Similar to individual consumption, the equilibrium adult-equivalent
consumption of a household is then expressed in terms of the village average adult-

equivalent consumption and a set of individual-specific factors.

! The age-sex indices adopted in Townsend (1994) are based on a dietary survey by Ryan, Bidinger,
Pushpamma, and Rao (1985): 1.0 for adult males, 0.9 for adult females, 0.94 for males13-18, 0.8 for

females aged 13-18, 0.67 for children ages 7-12 regardless of gender, 0.52 for toddlers ages 1-3, and 0.05
for infants.
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Under additive CARA preferences, village-level full insurance implies that conditioning
on household-specific factors, the adult-equivalent consumption of a household comoves
perfectly with the average adult-equivalent consumption of the village and nothing else.
Therefore, full insurance can be tested by regressing the adult-equivalent consumption of
a household on the average adult-equivalent consumption of the village and a set of
“exogenous” variables such as household incomes, illnesses, and unemployment. In

reduced forms, this means

(5.1) C, =a, + fC, +5,A, +¢.X, +v,,
where C, is the adult-equivalent consumption of household i at date t, C, is the average
adult-equivalent consumption of the village at date 7, A, denotes demographic factors of
the household, X, denotes the set of exogenous variables, and v, is an i.i.d. disturbance

term. Full insurance is rejected if any of the X, ’s is found to have significant impacts on

the adult-equivalent consumption of a household.

Tests for full insurance in Townsend’s are carried out in a series of univariate time-series
and panel regressions. The dependent variable is (C; — C,), the mean difference of

household i’s adult-equivalent consumption from the village average adult-equivalent
consumption. Right-hand-side explanatory variables include incomes, proportion of year

sick, proportion of year unemployed, average village leisure, average village labor,

Reproduced with permission of the copyright owner. Further reproduction prohibited without permissionyz\w\w.manaraa.com



134

family size, the number of adults in the households, and the number of children in the

households.

In time series, regressions are run for each household with respect to each explanatory
variable. There are around 40 household time series for each village, and at most 10
observations in each household time series. First-order serial correlation was rejected by
the data. The results from time-series regressions fit the benchmark (5.1) remarkably
well. Full insurance is rejected only for some 3 to 7 households in each village (see

Table VI, Townsend, 1994).

In panel regressions, households from the same village are pooled to form a panel. There
are 3 panels, and about 400 observations in each panel. One problem with the panel
regressions such as (5.1) is that the average of the adult-equivalent consumption across
households is close to the right-hand-side average consumption variable. This makes the

coefficient on average adult-equivalent consumption of the village unity. Another

problem is that there may exist measurement errors in the right-hand-side variables X,
(52) X, =X, +V,,

and we observe X . instead of the true X,. To avoid the problem of perfect correlation

and estimate (5.1) consistently, Townscad assumed first-order serial correlation in the
disturbance terms and adopted a two-step approach. In the first step, the “within”

estimates ¢, is obtained by:
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(53) C; -C, =, +3,A, +¢, X, +v, =GV,
In the second step, the estimates ¢, from a first-differenced version of (5.3) is obtained

from

(Ci -C)-(Ci —C) =+ 6,(A, — A )+ 6, (R, - Ry)
+(U, = V) —6a (Vi = Vi)

4

If there is no measurement error, the estimates on ¢, and g, do not differ significantly.
Since ¢, —¢, has an asymptotically normal distribution, measurement errors can tested

by constructing a t-statistic from (5.3) and (5.4) for the null hypothesis that

H,:¢,-¢,=0. [If the null is rejected, a consistent estimate ¢ can be obtained

according to

25, Var(R)- =5, Var(x,
(5.5) ¢=

71 (see Townsend, 1994).
2Var(}2)-—T—Var(XA)

Townsend’s estimates on ¢, and ¢, from the two-stepped regressions do not show

significant difference. Regarding tests for full insurance, his results suggest that
“...household consumption are not much influenced by ... sickness, unemployment, or
other idiosyncratic shocks (page 539, Townsend, 1994)”. Full insurance is nonetheless
rejected because the coefficients on incomes are found to be significant, although the

magnitudes of the estimates are notably small.
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There are a number of issues in Townsend’s that need special attention. Some of them
are methodological problems, and some of them are problems in handling the data. One
may naturally wonder how the results and inferences may change if we re-estimate
Townsend’s regressions with suitable corrections. In fact, as shown in the following,
these problems are far from trivial. Table 5.1 summarizes the problems in Townsend’s,
my corrections, and my results in comparison with Townsend’s. Tables 5.2 and onward

provide detailed comparisons for each of my corrections.
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5.2 DATA PROBLEMS IN TOWNSEND (1994)

The ICRISAT labor data are known to be noisy and awkward to use (see Kochar, 1995,
1999). Information on labor activities was collected and coded differently during 1975-
1978 and 1979-1984. Between 1975 and 1978, interviewees’ working hours and labor
incomes were recorded by the type of labor activity engaged. Labor activities were
classified into groups such as crop production, animal husbandry, handicrafts and trade,
buildings, and repairs. A “partner code” is available and can be used to infer the
employment status of an interviewee. Between 1979 and 1984, working hours and labor
incomes were recorded by the nature of employment engaged. Labor activities were
classified into three groups—farm production, government jobs, and non-farm-non-
government jobs. It is possible to combine the information on labor utilization from the

two parts of labor data through the partner code.

A small but nontrivial problem with the ICRISAT labor data is that the interviewees were
coded slightly differently in the two parts of the survey. For example, an individual in
household “A101 “during 1975-1978 normally was coded as “A10109”. During 1979-
1984, his or her code would become “A1019”. When combining the information from

these two parts, one needs to exert some special efforts to conform the identification

codes.
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Nonetheless, there are some nice consistencies in the labor data throughout the survey
years. In particular, the reasons for not working since the last interview and the days of
involuntary unemployment had been recorded consistently. These are of key interests to

this dissertation.

5.2.1 SAMPLE SIZE AND PANEL REGRESSIONS

Only the 1979-1984 part of the ICRSAT labor data was used in Townsend’s panel
regressions. The reason is because the ICRISAT labor data “...are noisy and award to
use...” (see page 546, Townsend, 1994). For example, when testing whether or not
idiosyncratic health risks affect an individual’s consumption, (C, —C,) is regressed on
the proportion of yearly sick in a univariate fashion in Townsend (1994). There are only

6 observations on the proportion of yearly sick because they are imputed from the 1979-

1984 part of the labor data.

In Townsend’s panel regressions, incomes are found to be significant, whereas the
proportion of vear sick and the proportion of involuntary unemployment are insignificant
(see Table VIII, Townsend, 1994). The estimates are notably small and noisy. These
small magnitudes, especially those on sickness and involuntary unemployment, lead to

the aforementioned conclusion that “...household consumption are not much influenced

Reproduced with permission of the copyright owner. Further reproduction prohibited without permissionyz\w\w.manaraa.com



139

by contemporaneous own...sickness, unemployment...shocks...” Knowing that the
explanatory variables on labor utilization in Townsend’s have only 6 years of data, a loss
of 33 percent in sample size, one may wonder how valid these inferences are. Therefore,
I revisit Townsend’s panel regressions on sickness and unemployment with the complete
data set. As in Towensend (1994), I assume measurement errors in sickness and
unemployment, and estimate adult-equivalent all consumption and grain consumption in

the two-stepped fashion. The estimates on ¢, , ¢,, and the consistent estimates are

reported on Tables 5.2.a, 5.2.b, and 5.2.c along with Townsend’s estimates (Table VIII

panel a and panel b, Townsend, 1994).

Grain consumption is estimated separately because it is the key component of food and
nutrition, therefore a crucial factor determining the basic wellbeing of an individual.
Other parts of consumption such as large durables and luxurious goods are much more
sensitive to changes in overall economic conditions. When insurance is perfect, all
consumption components are smoothed, therefore the coefficients on the proportion of
year sick and the proportion of involuntary unemployment from both regressions are not
significantly different from zero. When full insurance is rejected in the all consumption
regressions but not in the grain consumption regressions, we can infer that insurance is
not perfect, yet households’ basic wellbeing is reasonably protected. When full insurance
is rejected in both regressions, we can infer that households’ food and nutrition are

affected. If we knew more about the actual health status of the study individuals, we
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would be able to infer how imperfect insurance affects health and labor productivity.

Clearly, the last case is the most severe in terms of welfare losses.

Tables 5.2.a and 5.2.b provide my estimates of ¢, and ¢, on the proportion of year sick

and the proportion of involuntary unempioyment. Similar to Townsend’s, with one
exception, none of my estimates on the proportion of year sick are statistically
significant. The t-statistics from Table 5.2.c suggest that there is little systematic
difference between these two estimators. If the proportion of year sick truly reflects the
occurrence and severity of the idiosyncratic health risks the ICRISAT households face,
the results suggest that a household’s consumption and basic wellbeing are well protected
against idiosyncratic health risks. From this perspective, it seems that the underlying
village mutual insurance can provide reasonably good risk protections resembling that of

a formal health insurance.

Unlike Townsend’s, my estimates on the proportion of involuntary unemployment are
positive and significant in most regressions. For the village of Shirapur, the coefficients
on the proportion of involuntary unemployment in all consumption and grain
consumption regressions are all positive and significant. For the village of Aurepalle,
three out of four estimates are positive and significant. The case with Kanzara seems
weaker, only one out of four estimates are positive and significant. The t-statistics
presented in Table 5.2.c suggest some evidence of measurement errors in the proportion

of involuntary unemployment. The problem seems particularly severe in the grain
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consumption regressions. After correcting for measurement errors, the consistent
estimates from grain consumption regressions are much higher than those from the within

estimations and first-difference estimations.

Combining information from Tables 5.2.2-5.2.c, it seems that involuntary unemployment
is positively related with consumption. One may find it difficult to interpret and even
counter-intuitive. A reverse causal relationship may seem more plausible here. An
individual’s reservation wage usually varies with his or her socioeconomic status. If we
use consumption as a proxy for the socioeconomic status of the individual, as
consumption increases, so does reservation wage. Individuals with higher reservation
wage are more likely to be (involuntarily) unemployed in certain segments of the labor
market. If this is the case, the coefficients on the proportion of involuntary

unemployment shall not be taken as evidence against full insurance.

The results from grain consumption regressions seem to support this view. Notice that
the estimates are uniformly positive and significant for all villages, a much stronger case
than the all consumption regressions. As discussed in Chapter 2 of this dissertation,
improved food consumption and nutrition can increase labor productivity, at least for
those who have very low incomes. Some empirical works have shown the existence of
“nutrition-based efficiency wage” in the labor markets in developing countries (see
Dasgupta, 1997, Pitt et al, 1990, and Deolalikar, 1988). Labor markets are segmented by

the nutritional status of participants, and it is “efficient” for employers to pay higher
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wage rate to those who have better nutrition. When the market segments for better
nutrition do no exist, involuntary unemployment emerges. Again, in this case, the
coefficients on the proportion of involuntary unemployment shall not be taken as

evidence against full insurance.

The nature of involuntary unemployment and the nutrition-based efficiency wage
hypothesis could be explored further if there is information on individuals’ nutritional
status and health outcomes. However, the current data set for the three study villages do

not contain such information.

5.2.2 MISSING OBSERVATIONS AND SAMPLE SELECTION PROBLEMS IN
TOWNSEND (1994)

In Chapter 4 of this dissertation, the problem of missing observations in the ICRISAT
labor data is discussed in great detail. 12.6 percent of the observations are missing, and
the pattern of missing observations is not random. With discrete estimations, Chapter 4
shows that observations on labor utilization are missing due to three reasons— the efforts
made by the investigator, the characteristics and qualifications of market participants, and
the socioeconomic status and intrahousehold allocations of the households. In particular,

conditioning on other factors, individuals from lower income families are more “visible”
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in the village labor markets. This problem has never been discussed in any of the

existing empirical works using the ICRISAT labor data, including Townsend’s.

The proportions of year sick and involuntary unemployment can only be derived from
complete observations. If missing observations are due to self-selection, those who have
lower incomes are included in the regressions. When estimating the proportions of year
sick and involuntary unemployment, the inferences are only pertinent to those that are
included in the regressions, because there is no way for us to know whether or not the
excluded individual/observations had lost work due to health reasons or had been
involuntarily unemployed since the last interview. Extending the inferences to the whole
sample or even the whole village in this case is definitely not appropriate. To understand
how serious the biases are in Townsend’s regressions in this regard and to obtain valid
inferences for the whole sample, I incorporate the results from Chapter 4 of this
dissertation and revisit Townsend’s panel regressions. Since random-effects Poisson
specifications in Chapter 4 are rejected by Hausman tests, the following focuses only on

the results from fixed-effects Poisson regressions.

Based on the results from Chapter 4, we can obtain a predicted interview frequency for
each individual. Denote N . as the predicted interview frequency for individual i. N ; 18
given by

.6) N, =Flg,.z,),

Reproduced with permission of the copyright owner. Further reproduction prohibited without permissionyz\w\w.manaraa.com



144

where F() is the c.d.f of fixed-effects Poisson, é, denotes the vector of estimated

coefficients in Table 4.2.2, and Z, is the vector of explanatory variables in Table 4.2.a.
Denote S; as the selection factor. It is the ratio between predicted interview frequencies
and the actual interview frequencies an individual receives. That is,

(5.7 S;=N,IN,.
Define the selection-adjusted proportion of year sick, f, , as

(5.8) T, = §, T,
where 7, is the recorded proportion of year sick. Define the selection-adjusted
proportion of involuntary unemployment, U ;» @S

(59 U, =8§,xU,,

where U, is the recorded proportion of involuntary unemployment.

In the following, I re-estimate adult-equivalent all consumption and grain consumption in
the two-stepped fashion as before, but the regressors are all selection-adjusted
proportions according to (5.8) and (5.9). The results are presented in Tables 5.3.a, 5.3.b,

and 5.3.c.
We can see that the results are very similar to those presented in Tables 5.2.a, 5.2.b, and

52.c. The small t-statistics suggest that there is little evidence of measurement errors in

the selection-adjusted proportion of year sick. Unlike those from Tables 5.2.a, 5.2.b, and
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5.2.c in which none of the estimates on the proportion of year sick is significant, here we
see that it is negative and significant in the all consumption regressions for the village of
Aurepalle after adjusting for selection problems. However, the estimates from the
corresponding grain consumption regressions are not statistically significant. We can
infer that the consumption of individuals in Aurepalle are not well protected against
idiosyncratic health risks. On one hand, an individual’s consumption tends to decrease as
the loss of work due to illnesses and injuries increases. On the other hand, imperfect
insurance seems to have very little impacts on an individual’s basic wellbeing (the
estimates on the selection-adjusted proportion of year sick from grain consumption

regressions are not statistically significant.)

We can further infer how much income an individual would like to give up in order to
completely eliminate the variations in consumption based on the derivations in Chapter 1

of this dissertation.

5.2.3 IMPUTATION OF LEISURE

In the panel regressions, Townsend also included village average leisure and village

average labor supply to test full insurance. Townsend argued that the average village
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supply “...is a proxy for average leisure, one which avoids the problem of measuring

time endowment...(page 547, Townsend, 1994).”

Ideally, the imputation of leisure can be done by subtracting sick days, unemployed days,
days not working due to social or personal reasons, time spent on domestic work and
home production from a total time endowment (Townsend used 312 days as the non-
holiday time endowment for each year). In 1975-1978, hours spent on domestic work
and home production such as food and fuel gathering were recorded in the labor data, so
that it is possible for us to impute the hours of leisure of each interviewee. In 1979-1984,
however, information on domestic work and home production was not collected, and this

is the very part of the labor data used by Townsend.

Since there exist alternative tests for full insurance, it is not necessary to include village
average leisure in the regressions, because it is impossible to impute leisure safely from

the complete labor data.

5.3 PRICE INDEX AND REGIONAL CHARACTERISTICS

Consumption and income measures in Townsend (1994) are deflated by the 1975 all-

India prices. The problem of using a national price index is that certain regional and
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village-specific characteristics may be represented disproportionally. For example, the
study households are very poor. In fact, 75 percent of them live below India’s absolute
poverty line (Walker and Ryan, 1990), and their incomes are mainly derived from
agricultural productions and labor-related activities (see Chapter 2 of this dissertation).
There were formal health care system, no formal financial services, and no modem
infrastructure of any kind during the survey years. All of these suggest that labor
earnings and agricultural productions deserve much higher weights when their nominal
values are deflated. An all-India price index under-represents the importance of

agricultural activities, and tends to ignore regional characteristics.

The problem of under-representation of agricultural activities is not serious in
Townsend’s time-series regressions, because both the dependent variable and explanatory
variables are adjusted by the same all-India price index for each year, regressions are all
carried out in univariate fashions, and the first-order serial correlation is rejected.
However, in Townsend’s panel regressions where households from the same village are
pooled together, the estimates on incomes reflect the average response for all households
in all ten years. Deflating the nominal values is no longer a simple matter of symmetric

scaling.

Due to these concerns, I revisit Townsend’s panel regressions again with the village-
specific price indices from Walker and Ryan (1990). As in Townsend’s, only the later

labor data is used in estimations, so that the effects can be shown separately from the
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effects resulting from increased sample size and sample selection adjustments. The

results are reported in Table 5.4.a, 5.4.b, and 5.4.c.

Compared with Townsend’s, I find that measurement errors are particularly severe in the
proportion of year sick and the proportion of involuntary unemployment (see Table
5.4.c), which seems to be compatible with the findings in the previous section and in
Chapter 4 of this dissertation. If one only includes the complete observations in
regressions, the unobserved factors determining self-selection are ignored. From this
perspective, we can well say that the proportion of year sick and the proportion of

involuntary unemployment are observed with errors.

Townsend found that “...income does matter in the determination of consumption. Still
one may be surprised at the small magnitude of many of these estimates.” (page 578,
Townsend, 1994) Using the village-specific prices, my estimates on crop incomes and
labor incomes are between 3 to 10 times as high as Townsend’s and much more
significant for all three villages. For the villages of Shirapur and Kanzara, my estimates
on the profits from trade and handicrafts and the profits from animal husbandry are up to
10 times as high as Townsend’s. All of these suggest that the importance of incomes
from labor-intensive production activities to the study household is seriously under-
represented by using a national price index. Incomes actually have a much larger impact

on consumption.
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Similar to the findings in the previous section, we can see here that the proportion of year
sick tends to have a negative and significant impact on consumption when village-
specific prices are used. In areas such as the ICRISAT villages where incomes are
mainly derived from labor activities and where there is no formal health care or health
insurance, human illnesses and injuries not only incur monetary loss associated with
seeking treatment, but also the loss of income due to the loss of working time. If labor-
related incomes are found to have positive impacts on consumption, it is not surprising to
find that the proportion of year sick to have a negative impact on consumption, because
the longer sickness, the more losses in income. When using national price indices, the
importance of the loss of labor income due to illnesses and injuries is under-represented,
which may help explain why Townsend’s estimates on the proportion of year sick are all

very small.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permissionyz\w\w.manaraa.com



150

Table 5.1 Comparison of Yi’s and Townsend’s Results

Townsend ¥i
Problem Results Enhancement Results

Sample size: 1979-84 Proportion of yearly Sample size: 1975-84 Proportion of yearly

<> 6 observations in involuntary 10 observations in panel { involuntary

cach panel regression unemployment: regressions unemployment: most are
insignificant + & significant

Missing observations: Proportion of yearly Missing observations: Proportion of yearly

not addressed involuntary sample selection sickness: some are - &

-> imputation of yearly | unemployment & incorporated significant

involuntary sickness insignificant Proportion of yearly

unemployment and involuntary

sickness based on unemployment: most are

complete observations + & significant

Price index: 1975 all- Small estimates on Price index: 1980 Larger estimates on

India prices agricultural incomes. village-specific prices agricultural incomes.

-> underrepresentation | Small & insignificant Larger & more

of agriculture-related estimates on yearly significant estimates on

activities for the HHs involuntary yearly involuntary
unemployment & unemployment &
sickness sickness
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Table 5.2.a Yi vs. Townsend: Panel Within Estimates (10-Year Data)

Townsend: 1979-1984 data

Yi: 1975-1984 data

All Grain All Grain
Population  Variable Consumption Consumption | Consumption Consumption
Aurepalle  Proportion of Year 1462.02 39.353 -230.61" 22722
Sick (1469.02) (1477.63) (96.485) (61.506)
Proportion of NA NA -63.089 344.46*
Involuntary Unemploy. (184.74) (66.319)
Shirapur Proportion of Year NA NA 77472 18.022
Sick (92.076) (22.481)
Proportion of NA NA 247.30 206.40*
Involuntary Unemploy. (127.07) (27.083)
Kanzara Proportion of Year -0.94 59.170 -38.745 -35.362
Sick (325.22) (269.53) (76.434) (23.537)
Proportion of 1192.96 789.276 -32.926 251.52+
Involuntary Unemploy. (752.48) (862.84) (303.41) (69.822)

Note: Standard errors are reported in parentheses. * at 95% confidence level. ' at 90% significance level.

Table 5.2.b Yi vs. Townsend: Panel First-Difference Estimates (10-Year Data)

Townsend: 1979-1984 data

Yi: 1975-1984 data

All Grain All Grain
Population  Variable Consumption Consumption | Consumption Consumption
Aurcepalle  Proportion of Year 493.741 171.615 -131.905 3.2417
Sick (1852.4) (1812.26) (127.73) (58.233)
Proportion of NA NA 455.908* 247.175*
Involuntary Unemploy. (182.74) (89.241)
Shirapur Proportion of Year NA NA 25.256 -4.4483
Sick (49.632) (19.805)
Proportion of NA NA 132.34' 99.380*
Involuntary Unemploy. (71.805) (28.601)
Kanzara Proportion of Year 269.242 172.770 6.1872 -42.302"
Sick (280.49) (298.77) (64.453) (31.524)
Proportion of 60.6126 456.984 120.300 56.161
Involuntary Unemploy. | (534.058) (792.37T7) (187.93) (91.983)

Note: Standard errors are reported in parentheses. * at 95% confidence level. ' at 90% significance level.
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Table 5.2.c Yi vs. Townsend: Measurement Error and Consistent Estimates (10-Year Data)

|

Townsend: 1979-1984 data

Yi: 1975-1984 data

All Grain All Grain

Population  Variable Consumption | Consumption | Consumption | Consumption
Aurepalle  Proportion of Year

Sick [0.210] (-0.094] [0.7874] [0.4243]

Proportion of NA NA -319.758

Involuntary Unemploy. [-3.8262) [1.4663])
Shirapur Proportion of Year NA NA

Sick [0.8544] [0.9998]

Proportion of NA NA 288.227

Involuntary Unemploy. [1.5427] [3.9522)
Kanzara Proportion of Year

Sick {-0.200} [-0.200] [0.7550] [0.3000]

Proportion of 351.970

Involuntary Unemploy. | [0.259] [0.259] [0.8660] [2.7982]

Note: Reported in squared brackets are the t-statistic testing §,, =6, . When rejecting ¢, =G, , the
consistent estimate is constructed according to (5.5).
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Table 5.3.a Yi vs. Townsend: Panel Within Estimates

(Sample Selection Adjustment)
Townsend Yi
All Grain All Grain

Population  Variable Consumption Consumption | Consumption Consumption
Aurepalle  Proportion of Year 1462.02 329.640 -216.724' -49.674

Sick (1469.02) (772.506) (119.062) (58.625)

Proportion of NA NA -129.398 292.469*

Involuntary Unemploy. (139.097) (68.154)
Shirapur Proportion of Year NA NA 72.625 14.714

Sick (63.127) (23.162)

Proportion of NA NA 206.601* 195.726*

Involuntary Unemploy. (74.795) (27.195)
Kanzara Proportion of Year -0.94 34.118 -54.503 -39.037

Sick (325.22) (166.85) (64.704) (25.539)

Proportion of 1192.96 250.140 43510 240.626*

Involuntary Unemploy. (752.48) (388.82) (178.419) (70.259)

Note: Standard errors are reported in parentheses. * at 95% confidence level. ' at 90% significance level.

Table 5.3.b Yi vs. Townsend: Panel First-Difference Estimates

(Sample Selection Adjustment)
Townsend Yi
All Grain All Grain

Population  Variable Consumption Consumption | Consumption Consumption
Aurepalle  Proportion of Year 493.741 329.64 -216.155* -8.098

Sick (1852.40) (772.51) (105.785) (48.267)

Proportion of NA NA 358.690* 170.779*

Involuntary Unemploy. (173.743) (79.185)
Shirapur Proportion of Year NA NA 50.640 0.429

Sick (41.499) (16.764)

Proportion of NA NA 111.084 96.147*

Involuntary Unemploy. (71.648) (28.537)
Kanzara Proportion of Year 269.242 90.563 24.960 -33.843

Sick (280.49) (204.62) (67.186) (32.876)

Proportion of 60.6126 149.675 84.755 41.760

Involuntary Unemploy. (534.058) (388.463) (188.817) (92.415)

Note: Standard errors are reported in parentheses. * are significant at the 95% confidence level.
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Table 5.3.c Yi vs. Townsend: Measurement Errors and Consistent Panel Estimates

(Sample Selection Adjustment)
Townsend Yi
All Grain All Grain

Population  Variable Consumption Consumption | Consumption Consumption
Aurepalle  Proportion. of Year

Sick [0.210] [0.046] [0.000] [0.7071]

Proportion of NA NA -434.032 368.4202

Involuntary Unemp. [3.5085] [1.7861])
Shirapur Proportion of Year NA NA

Sick [0.3464] [0.6164]

Proportion of NA 281.1553 273.4508

Involuntary Unemp. [0.250] [1.2691] [3.6620}
Kanzara Proportion of Year NA

Sick [0.443) [1.2288] [0.2000]

Proportion of 343.3195

Involuntary Unemp. {0.910] [0.169] [0.7211] (2.8302)

Note: Reported in squared brackets are the t-statistics testing ¢, =¢, . When rejecting §,, =6, , the
consistent estimate is constructed according to (5.5).
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Table 5.4.a Yi vs. Townsend: Panel Within Estimates (1980 Prices)

Townsend Yi
All Grain All Grain
Population  Variable Consumption Consumption | Consumption Consumption
Aurepalle  All Income 0.0772* 0.0474* 0.0479* 0.0142*
(0.0221) (0.0159) (0.0097) (0.0054)
Crop Income -0.0150 0.0238 0.2310* 0.0176
(0.0312) (0.024) (0.0512) (0.0214)
Labor Income 0.0401 0.0591 -0.0088 0.2410*
(0.0647) (0.0464) (0.1412) (0.0926)
Profit from Trade and 0.2363* 0.1241* 0.0305* 0.0241*
Handicraft (0.0352) (0.0260) (0.0035) (0.0033)
Profit from Animal 0.0485* -0.1539* 0.0305* -0.0068
Husbandry (0.0676) (0.0478) (0.0035) (0.0389)
Proportion of Year 1462.02 329.64 -230.61* -22.600
Sick (1469.77) (772.506) (96.485) (50.656)
Proportion of NA NA -63.089 324.87*
Involuntary (184.74) (100.67)
Unemployment
# Household Members -45.778+* -33.571* -71.5912 -26.556*
(6.3693) (4.5549) (18.175) (4.9266)
# Adults -30.459* -18.987* 17.673 -22.580*
(9.7187) 6.4754 (17.210) (5.6464)
# Children -47.880* -28.557 -50.442* -33.372*
(11.9590) (7.9957) (19.751) (8.1244)
Shirapur All Income 0.1169* 0.0605* 0.0541* 0.0181*
(0.0277) (0.0129) (0.0106) (0.0033)
Crop Income 0.0825* 0.0463* 0.1858* 0.0593*
(0.0373) (0.0175) (0.0311) (0.0113)
Labor Income 0.1127* 0.1022* 0.1391* 0.0733*
(0.0740) (0.0345) (0.0993) (0.0376)
Profit from Trade and 0.00291 0.00447 0.0419* 0.0196*
Handicraft (0.0671) (0.0315) (0.0021) (0.0007)
Profit from Animal 0.5014* 0.0937* 0.5242* 0.1341*
Husbandry (0.0789) (0.0389) (0.0938) (0.0289)
Proportion of Year NA NA 77472 17.972
Sick (92.076) (27.667)
Proportion of NA NA 247.30' 205.62*
Involuntary (127.07) (39.486)
Unemployment
# Household Members -25.507* -15.955* -19.950* -7.8337*
(5.5078) (2.5296) (5.7861) (1.7779)
# Adults -52.448* -23.177* -14.764 -6.7740
(8.8253) (4.2859) (12.765) (4.5106)
# Children -22.154* -22.833* -35.475* -13.067*
(10.221) (4.7524) (8.3211) (2.9621)
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Kanzara All Income -0.0073 0.0725* 0.1008* 0.0258'
(0.0219) (0.0122) (0.0291) (0.0150)
Crop Income 0.0513* 0.0596* 0.1744* 0.0326
(0.0286) (0.0165) (0.0525) (0.0232)
Labor Income 0.0198 0.0721* 0.2251 0.1515*
(0.0406) (0.0279) (0.1891) (0.0860)
Profit from Trade and 0.1347 0.2794* -0.0246 -0.0240'
Handicraft (0.0895) (0.0569) (0.0459) (0.0132)
Profit from Animal 0.0672 0.1132* 0.7700* 0.3053
Husbandry (0.0606) (0.0476) (0.4032) (0.2395)
Proportion of Year -0.94 34.118 -38.745 -35.189
Sick (325.22) (166.85) (76.434) (23.129)
Proportion of 1192.96 250.140 -32.926 250.39*
Involuntary (752.48) (388.82) (303.41) (10559)
Unemployment
# Household Members -21.355* -6.1817 -21.677* -9.2096*
(6.7116) (3.9607) (4.9129) (2.8886)
# Adults -25.534* 3.9391 -22.241 -11.814*
(9.3840) (5.6423) (11.034) (3.3285)
# Children -12.7078 -11.8080 -36.334* -12.492
(12.866) (7.6255) (10.057) (3.7276)
Note: Standard errors are reported in parentheses. * are significant at the 95% confidence interval. ' are significant at
the 90% confidence interval.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permissionyz\w\w.manaraa.com



157

Table 5.4.b Yi vs. Townsend: Panel First-Difference Estimates (1980 Prices)

Townsend Yi
All Grain All Grain
Population  Variable Consumption Consumption | Consumption Consumption
Aurepalle  All Income 0.0469 0.0289* 0.0372* 0.0147*
(0.0236) (0.0151) (0.0064) (0.0045)
Crop Income -0.0380 -0.0066 0.1024* 0.0229*
(0.0299) (0.0191) (0.0271) (0.0092)
Labor Income 0.2597* 0.2335* 0.3000* 0.1850*
(0.0830) (0.0522) (0.0880) (0.0802)
Profit from Trade and | 0.1495* 0.0430* 0.0280* 0.0088
Handicraft (0.0389) (0.0252) (0.0018) (0.0057)
Profit from Animal -0.0276 -0.0081 0.0149 0.0140
Husbandry (0.0689) (0.0439) (0.0735) (0.0178)
Proportion of Year 493.741 329.64 -146.01 -143.82
Sick (1852.40) (772.51) (99.966) (60.821)
Proportion of NA NA 276.14 206.87*
Involuntary (15047) (82.090)
Unemployment
Shirapur All Income -0.0592* 0.0233 0.0136 0.0059*
(0.0236) (0.0142) (0.0057) (0.0017)
Crop Income 0.0352 0.0172 0.0412* 0.0208*
(0.0301) (0.0181) (0.0184) (0.0071)
Labor Income 0.1925* 0.1456* 0.1463* 0.0672*
(0.06550) (0.0390) (0.0452) (0.0162)
Profit from Trade and | -0.1091 -0.0773 0.0171* 0.0065*
Handicraft (0.0757) (0.0453) (0.0006) (0.0019)
Profit from Animal -0.1994* 0.0118 0.1775* 0.4057*
Husbandry (0.0693) (0.0420) (0.0690) (0.0157)
Proportion of Year NA NA -4.7416 -13.444
Sick (118.06) (31.932)
Proportion of NA NA 224.25* 136.08*
Involuntary (104.08) (33.735)
Unemployment
Kanzara All Income 0.1233* 0.0697* 0.0299* 0.0124*
(0.0227) (0.0152) (0.0080) (0.0053)
Crop Income 0.0677* 0.0313* 0.0547* 0.0152*
(0.0308) (0.0204) (0.0194) (0.0068)
Labor Income 0.1003* 0.0721* 0.1411' 0.0769
(0.0422) (0.0279) (0.0768) (0.0678)
Profit from Trade and | 0.4057* 0.2794* 0.0449* -0.0025
Handicraft (0.0863) (0.0569) (0.0074) (0.0542)
Profit from Animal 0.2252* 0.1132* 0.1752' 0.2170
Husbandry (0.0715) (0.0476) (0.1005) (0.1745)
Proportion of Year 269.242 90.563 16.490 -26.495'
Sick (280.49) (204.62) (55.936) (15.272)
Proportion of 60.6126 149.675 235.88' 186.17*
Involuntary (534.058) (388.463) (117.95) (61.600)
Unemployment
Note: Standard errors are reported in parentheses. * are significant at the 95% confidence interval. ' are significant at

the 90% confidence interval.
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Table 5.4.c Yi vs. Townsend: Measurement Errors and Consistent Estimates (1980 Prices)

Townsend Yi
All Grain All Grain
Population  Variable Consumption Consumption | Consumption Consumption
Aurepalle  All Income
[0.768] [0.599] (0.0165] [0.0065]
Crop Income
[0.380] [0.7136] (0.1193]) [0.0392]
Labor Income
[-1.543] [-1.716] [-0.3097] [-0.0365]
Profit from Trade and [1.538]
Handicraft [1.197] [-0.0079] [0.0053]
Profit from Animal
Husbandry [-0.116] [-1.622] [0.2585] {0.0660]
Proportion of Year NA -559.44 -344.20
Sick [0.210] {-12.326] (-56.023]}
Proportion of NA 3616.03 -2066.1
Involuntary [-0.511] [252.46) (9.9084)
Unemployment
Shirapur All Income
(1.290] [1.676] [0.0402] [0.0234]
Crop Income
[0.690) [0.818] {0.1316} [0.0781]
Labor Income
(-0.271] (-0.497] [-0.0006] [0.0252]
Profit from Trade and 0.3276
Handicraft [0.742] [2.074] (0.0250) [0.0214]
Profit from Animal 1.4678
Husbandry [2.193] (1.204] [0.3583] (0.2083)
Proportion of Year NA NA -1043.22 -497.84
Sick [182.32} [(33.304]
Proportion of NA NA -28.831 -481.39
Involuntary (91.298] [(53.190]
Unemployment
Kanzara All Income 02177
(-3.177] [(0.120] {0.0610] [0.0205]
Crop Income -0.2545
[-2.355) {0.935]1 [0.1056] [0.0345]
Labor Income
(-1.058) [-0.278] [0.0015] [0.0574]
Profit from Trade and
Handicraft {-1.312] [-1.562] [-0.0538] [-0.0169]
Profit from Animal
Husbandry [-1.387] (-0.243] [0.3785] [0.0816]
Proportion of Year -382.71 120.86
Sick {-0.200] [-0.250] {-52.570] [-20.648]
Proportion of 7937.48 -2651.10
Involuntary [0.259] [0.169] {-443.15] [-24.638]
Unemployment
Note: Standard errors are reported in parentheses. * are significant at the 95% confidence interval.  are significant at
the 90% confidence interval.
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CHAPTER 6 HEALTH RISKS AND FULL INSURANCE

6.1 HEALTH RISKS IN THE ICRISAT VILLAGES

In the ICRISAT study villages, poor sanitation, hygiene, and public health infrastructure
are most likely responsible for health problems. According to Walker and Ryan (1990),
sanitation was inadequate in all the study villages. Only 15 percent of the households
satisfied the good conditions of household cleanliness. None of the villages has a trained
physician. The nearest public health care center ranged from 4 km to 13 km, a distance
to be managed with quite some time and efforts. Nutritional status and caloric intake
among the study households were also poor relative to the national averages in India.
According to a separate survey in 1976 conducted at the ICRISAT villages, the mean
intake for all age-sex groups was less than half the Indian standards for beta-carotene and
ascorbic acid, less than three-quarters of the Indian standards for calcium and riboflavin,
and below the Indian standards for energy. Caloric deficiencies were most severe among
young children. As age increased, caloric deficiencies only declined slightly. Clinical
symptoms of vitamin A and vitamin B-complex deficiencies were evident in preschool
children in all the villages. About 8 percent of individuals fell below 70 percent of their

age-sex weight-for-height standards.
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Because of these conditions, sickness is no stranger to the villages. According to a 52-
week survey conducted in Dokur, the weekly sickness incidence rate (the proportion of
individuals with morbid signs) ranges from 14 to 25 percent of the sample (see Walker

and Ryan, 1990, and Bidinger, Nag, and Babu, 1986).

On the other hand, the reported rate of sickness leave from work since the last survey
(roughly three to four weeks before) averaged only about 2.5 percent. Positive medical
spending in cash or in kind was almost none. This seems to be rather inconsistent with
the aforementioned sickness incidence rate. It seems as though the individuals did not
seek enough medical treatment or take as much sickness leave from work in response to
the high sickness incidences. A natural hypothesis for the disproportional responses in
labor supply with respect to sickness incidences is that the individuals were not well
protected against health risks. For example, lacking income transfers through mutual
insurance upon the incidence of sickness, an individual living close to destitute cannot

afford to take sickness leave to for recoveries.

The disproportional responses in sickness leave are in contradiction to the findings from
the famous work of Townsend. Using the ICIRSAT data, Townsend (1994) finds that
households are relatively well protected against idiosyncratic health risks (see Townsend,
1994). With a closer look, we know that the data set does not contain any information on
individuals’ true health status, or the incidences and severity of illnesses and injuries.

Only the incidence of sickness leave from the labor market was recorded in the data,
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which was taken as a proxy for health risks by Townsend. Given the fact that the actual
sickness incidences are much higher than the reported rate of sickness leave, it is not
surprising that the proportion of year sick does not show any statistical significance in
Townsend’s regressions. Sickness leave, as argued earlier, is a choice variable under an
individual’s discretion, because it incurs losses in labor income and affects consumption
if insurance is imperfect. The proportion of year sick cannot be used directly to infer the
effectiveness of the village mutual insurance on idiosyncratic health risks. To make valid

inferences, we shall model individuals’ decision on taking sickness leave properly.

In Chapier 3 of this dissertation, individuals are assumed to derive utility from
consumption, health, and leisure. An individual’s health is reduced from the natural level
by i.i.d. risks, and can be recovered by taking sickness leave. The theoretical predictions
on consumption, health, and sickness leave derived under three preference specifications
are very intuitive and can be taken into estimations very easily. Therefore, the empirical
estimations in this chapter are based on the theoretical framework developed in Chapter 3

of this dissertation.
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62 CONSUMPTION AND HEALTH UNDER FULL INSURANCE

62.1 TESTS FOR FULL INSURANCE UNDER DIFFERENT PREFERENCE
SPECIFICATIONS

Health is one of the most important aspects of an individual’s wellbeing—it is a highly
valued asset by itself, a prerequisite for enjoying consumption and leisure, and a
prerequisite for labor earnings. In developing countries, especially in the rural areas,
good health is of particular importance because production technologies are labor-
intensive. Good health does not only serve as a basis for deriving labor income, but also
reduces the monetary costs associated with seeking medical treatment, and the

opportunity costs resulting from the loss of work due to illnesses and injuries.

In addition to good health, there are other goals in life, such as consumption. From
Chapter 3 of this dissertation, we know that there is no tradeoff between health and
consumption if an individual ismeanings under different preference specifications. Under
separable preferences (additive CARA and multiplicative CRRA), conditioning on
individual-specific factors and the village aggregate variables, full insurance implies that

an individual’s consumption is not affected by his or her health status and health risks.
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The relative ratio between health and consumption under full insurance can be expressed

as

(6.1) %: f6,,w,.K,),
is

where parameter 6, represents individual i’s characteristics such as risk attitude and

welfare weight, w, represents individual i’s market wage rate, and K, represents the

village aggregate economic resources. By “no tradeoff”, we mean that the ratio between
health and consumption is not affected by the idiosyncratic health risks, or, consumption

is not excessively sensitive to changes in health, other things equal.

Under general nonseparable preferences, the substitutability between consumption and
health varies at different levels of consumption and heaith. Due to nonseparability
between, the determination of an individual’s consumption under full insurance
necessarily involves health. The relative ratio between health and consumption cannot be
easily derived, but the relationship between the percentage changes of health and
consumption can be derived from
B.14) &,AH =&, AC-Aw.

Following the notations in (6.1), (B.14) implies that there exists an implicit function
relating the percentage change of health and the percentage change of consumption as
follows,

AC b
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a ratio that depends on the substitutability between health and consumption (the elasticity
terms), and the market wage rates. Notice that it also changes with the levels of

consumption and health because the elasticitities varies at different consumption and
health levels. %—% also has the interpretation of elasticity of health with respect to

consumption. By “no tradeoff”, we mean that health does not change excessively with

consumption variations more than the elasticity.

Tests for full insurance for all three preference specifications can be carried out under a

unified framework such as

C,-C, =al +7T, +5}A, +6/ X, +u,
(6.3)
T, -7—', =a,.2 +}’,.1C',», +5,-2A,-, +§,-2Y.-g +Nw, +V,

(see Chapter 3 of this dissertation for more discussions). The 7’s reflect the degree of
nonseparability between consumption and health. The ¢’s on the “exogenous” variables
measure how the socioeconomic status of an individual such as incomes, wealth, and
family demographic characteristics affect his or her consumption and health. Under
imperfect insurance, these factors will restrict the scope and coverage of mutual
insurance an individual receives. For example, when insurance is imperfect, a wealthy
landlord is more at ease taking sickness leave to recover from health risks, because his or
her income does not rely on labor-intensive production as much as a landless individual.
In fact, the landlord is more capable of coping with all labor-related risks such as

involuntary unemployment, fluctuations in wage rates, and seasonality in the labor
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market than the landless because of the relative independence from labor-intensive
activities of his or her income sources. In addition, since land can be used as collateral
in informal borrowings, it helps reduce the interest rate of the loan or increase the amount
of loan taken out by reducing default risks. Similarly, when insurance is imperfect,
incomes and family demographic characteristics also affect the scope and coverage of
mutual insurance an individual receives, because they determine the ability of making
repayments. For instance, an individual from a family with more working adults is more
capable of engaging in a mutual insurance arrangement because the contingent income

transfers is backed up by more income-earners.

There are two concemns associated with including wealth in X and Y as an explanatory
variable. Wealth is accumulated over time and endogenous, and, the marginal utilities of
consumption and health may be hiéher for wealthier individuals, which may still be
compatible with perfect risk-sharing. The implication of the first concem is that the
significance of wealth in the consumption or sickness leave equation cannot be
interpreted as evidence against full insurance. In the empirical estimations, land is used
as a proxy for wealth, because it represents at least 80 percent of family assets. The
ICRISAT data set provides a categorical variable that classifies landholding into four
classes—landless, small farm, medium farm, and large farm—and the landholding
classes never changed during the survey years. Therefore, I treat landholding as a

household fixed factor in panel regressions.
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The correction for the second concern is also clear. When there is no restriction on the
functional form of the utility function, we can at most say that the weighted (by welfare
weights) marginal utilities of consumption, health, and leisure for all individuals are
equalized in any given state, and that the weighted (by the probability) marginal utilities
are equalized for each individual across all states. In principle, the marginal utilities can
be expressed completely in terms of all exogenous factors in the economy under study.
To proceed with empirical tests for full insurance, the only approach is reduced-form
estimation, that is, regressing consumption levels on a set of explanatory variables,
exogenous and endogenous, and using instrumental variables to control for endogeneity.
In the case of wealth, since it is endogenous, there is an endogeneity problem if it is
included directly on the right-hand side when estimating individual consumption. In a
semi-structural system such as (6.3), the endogeneity of wealth is not a problem. Under
full insurance, other things being equal, the consumption of an individual is the same as
the average consumption of the village. Other endogenous variables do not matter, since
they are assumed to be captured in the village average consumption. If insurance is
imperfect, the difference between the consumption of an individual and the average
consumption of the village is no longer independent of other endogenous variables,
including wealth. As discussed in Chapter 3 and Chapter 5 of this dissertation, wealth
restricts the scope and coverage of insurance that an individual receives, therefore affects
his or her consumption across various states of nature. In (6.3) and later empirical
formulations, the dependent variable is not individual consumption, but rather, the

difference between individual consumption and village average consumption. In other
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words, we have already controlled for wealth effects on the marginal utility of
consumption of an individual by using the envelope theorem. The “residual effects” that

wealth has on this difference shall reflect imperfect insurance.

The set of equations in (6.3) is a semi-structural form for the equilibrium conditions in
Chapter 3 of this dissertation. All of the equilibrium conditions are in terms of the actual
levels of consumption, sickness leave, and leisure, not about marginal utilities. This is
the benefit of being explicit about the utility specifications—actual levels of the utility

commodities can be solved in terms of village aggregates and individual-specific factors.

The error terms u, and v, are functions of the idiosyncratic health risks according to the

theories developed in Chapter 3 of this dissertation. However, in an empirical
formulation such as (6.3), they not only represent the unobserved idiosyncratic health
risks, but also include other factors, characteristics, measurement errors, and risks either
not included in theoretical discussions (omitted variables due to mis-specification) or

unobservable to the econometrician.

A drawback here is that all errors and risks are summarized under 4, and v,, so that it is

empirically impossible to identify the actual sources that cause consumption and health
fluctuations. For example, sickness leave fluctuations may result from weather changes
or unexpected changes in market price of agricultural products, not health risks. One way

of separating the aggregate shocks from the idiosyncratic shocks is to include a village-
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year dummy in the right-hand-side of (6.3) for each panel regression. Notice that the
village average consumption and sickness leave will also be included in the village-year

dummy, in addition to the aggregate shocks. (6.3) can be rewritten as
Ci =ail +ﬂlD:l +7:Ti: +5ilAiz +g}X,-, tu,
(6.3)° ’
T, =a} + 82Dt +7iC, +07A, +7Y, +1w, +V,

where the D’s are the village-year dummies.

Not knowing the actual nature of the study individuals’ preference, there are two sets of
null hypotheses that we can consider in (6.3) and (6.3)’. One null hypothesis is ¥y =0
and ¢ =0 jointly, that is, preferences are separable and insurance is perfect. The other
null hypothesis, ¢ =0, is less restrictive on preferences. The implications of testing full
insurance under general nonseparable preferences are discussed in greater detail in the

next section.
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6.2.2 EXCESS SENSITIVITY IN CONSUMPTION AND SICKNESS LEAVE

Recall that in Chapter 3 and Technical Appendix B, we find that under general

nonseparable preferences, the relative percentage change in health and consumption

depends on -g—”—g- , other things equal. %’L‘; describes the curvature of the utility function,
CH CH

or, the risk attitude of an individual. Conditioning on other factors, if consumption
appears to vary more than this ratio in the determination of health, we can reject full
insurance and infer how much welfare loss is incurred due to imperfect insurance.
Similar arguments apply to the excessive variations in sickness leave in the determination

of consumption.

The tests for full insurance can then be carried out in panel regressions, in which
individuals from the same village are pooled together. Let us choose the point of log

linear approximation as the village average. Individual i’s consumption variation from

the village average is given byAC, =C,~C,. Of this total variation, 6—“- proportion is

§CH
due to nonseparability in consumption and heaith, which is an individual-specific factor
(see Technical Appendix B). The rest, if there is any, is due to imperfect insurance,
therefore is a function of the socioeconomic status of the individual, because these factors
restrict the scope and coverage of mutual insurance the individual receives if insurance is

imperfect. Similarly, we can derive the variation of individual i’s sickness leave from the
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village average, AT, =T ,~T,. According to the derivations in Chapter 3 and Technical

Sue_

Appendix B of this dissertation,
EcnC

proportion is due to nonseparability in

consumption and health, which is an individual-specific factor. The rest of the variations
in sickness leave are due to imperfect insurance, which is explained by the

socioeconomic status of the individual.

To sum up, tests for full insurance can be conducted by the following semi-structural

panel regression:
(l‘i}cn 'a):’afl +6; Xty

Ee
(64)

1= 7. _T)=a? + 62, +7,(w, -7, )+v,
| &,

when aggregate shocks and idiosyncratic shocks are pooled together in 4, and v,, and

.

( i
l-é%c‘ it =ail ‘*‘ﬂlDr‘ ’*'g;Xa +u,
\ fcu

6.4

4 i
l“g,ﬁ it =ai2 +ﬂzDrz+gizYi: +77s(wix "'Wr)'*'vix
\ ;CH

Testing full insurance is equivalent to testing ¢ =0 for the socioeconomic factors X and
Y. The coefficient on the mean wage difference, 7);, is expected to be positive under the

theoretical predictions from Chapter 3.
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An empirical difficulty with (6.4) or (6.4)’ is that we do not observe —gﬁ and
CH

—-6—"-"'; from the data. Let us consider a reduced form of (6.4):
CH

C,-C =a}+B'C,+7T, +5,A, +¢/ X, +u,

(6.5)
T,-T =a} + BT +y*C, + 5} A, +67Y, +7,(w, = W,)+V,

(See Technical Appendix B for derivations).

Similarly, the reduced form of (6.4)’ is given by
C,-C, =a} +B'D} +7\T, +5;A, +6, X, +u,

6.5y .
T,-T, =a? + B*D} +7}C, + 6] A, +6lY, +1,(w, =, )+v,

The sickness leave of an individual is included in the right-hand side of the consumption

equation, because gﬁ varies with health. Other things equal, the coefficient 7; only
CH

reflects the degree of substitutability between consumption and health, therefore shall not

be used as a test for full insurance. Similarly, the consumption level of an individual is

included in the right-hand side of the sickness leave equation, because % varies with
CH

consumption. Controlling for other factors, 7? measures the substitutability between

consumption and health and the net rate of investment in health. Therefore, it shall not be

used as a test for full insurance either. The real test for full insurance is still ¢=0.
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6.3 EMPIRICAL RESULTS

Full insurance can be tested in reduced forms by (6.3) or (6.3)’. In fact, (6.3) or (6.3)’
can serve purposes more than testing full insurance. For example, it can be used to test

whether or not the income effects dominate the substitution effects by testing the
statistical significance of the coefficient on wage rate, 7,. It can also be used to test the
separability between consumption and health by testing the joint significance of the y’s
and the ¢. If =0 and ¢=0 is rejected jointly, we can reject the null hypothesis that
preferences are separable and insurance is perfect. However, since there are more than

one alternative hypothesis against this null, further tests are needed in order that we are

able to infer more on preferences and insurance. For example, if y =0 and ¢=0 are
rejected jointly but ¢=0 is not rejected in a separate test, then full insurance is not
rejected, and the coefficient ¥ can be used to infer the degree of nonseparability between
consumption and health in preferences. If ¥ =0 and ¢ =0 are rejected as well as ¢=0
in a separate test, one can reject full insurance, however, the coefficient ¥ may reflect the

tradeoff between consumption and health due to imperfect insurance (the excess
responses), and the changes between consumption and health due to nonseparability. To

separate these two effects, (6.5) or (6.5)’ can be used.
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In the following, consumption and sickness leave from work are estimated jointly in
panel regressions to test for full insurance with the ICRISAT data. All consumption and
grain consumption are estimated separately, because grain consumption is the key to food
security and nutrition. Information on all consumption items was collected at the
household level. To circumvent the data aggregation problem, adult-equivalent
consumption measures are used in regressions. They are the age and sex adjusted
consumption of an adult-equivalent in a household (see Chapter 2, 3, and 5 of this

dissertation for more discussions).

As discussed in Chapter 5 of this dissertation, even though one is able to use the complete
ten-year data set, there are selection problems with the labor data. To obtain consistent
estimates, the results from Chapter 4 of this dissertation are incorporated here. The
results from Chapter 4 suggest that conditioning on household demographic
characteristics, an individual from a lower income household is more active in the village
labor market. Therefore, when estimating consumption and sickness leave jointly to test
full insurance, we shall also include a third equation for income to control for
endogeneity problems. Here, the adult-equivalent income of a household is regressed on

the previous year’s average adult-equivalent food consumption of the village.
Consumption and income measures are deflated by a set of village-specific prices

developed by Walker and Ryan (1990). (6.3), (6.3)’, (6.5), and (6.5)’ are estimated with

3SLS. The results are presented in Tables 6.1.a, 6.1.b, 6.2.a, and 6.2.b respectively.
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6.3.1 TESTING FULL INSURANCE

Explanatory Variables

There are three categories of explanatory variables included in the regressions, namely,
measures of household and individual demographic characteristics, socioeconomic
factors that may restrict the scope and coverage of mutual insurance, and variables that
appear in the structural equations in (6.3) or (6.3)’. The right-hand-side explanatory
variables included in the consumption equation are not all the same as those included in

the sickness leave equation.

The age and sex of an individual, and the interaction terms controlling for family
structure are not included in the consumption equation because the consumption
measures are in adult-equivalent terms, which can be viewed as the age-sex adjusted
average consumption of a household. They are included in the sickness leave equation
because sickness leave is measured at individual level. They also serve as a check for
intrahousehold allocation of labor resources and can be used to infer how risk-sharing is
achieved—how much is achieved within a household, and how much is resorted at the
village level. Wage rate is included in the sickness leave equation, because the theories
developed in Chapter 3 of this dissertation predict that it negatively affects one’s sickness

leave. It is not included in the consumption equation because consumption is measured
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annually, so that all impacts from wage rate changes have already been summarized in

adult-equivalent income on the right-hand side.

In the consumption equation, the number of family size, the number of age 18 to 45
adults, and the number of age 17 or less children are included as measures of household
demographic characteristics. Individual level demographic characteristics such as age
and sex are not included, because the dependent variable is the adult-equivalent
consumption of the household, which is already adjusted by age and sex. The proportion
of yearly sickness leave is included as a measure of nonseparability since it appears in the
structural equation. It can also be used to infer the tradeoff between consumption and
health if there is imperfect insurance. The adult-equivalent income of the household and
the proportion of involuntary unemployment are included as measures of the
socioeconomic status the household. Recall in Chapter 5 of this dissertation that the
proportion of involuntary unemployment in univariate panel regressions in Townsend’s
fashion is found to be positive and significant in the consumption equations. It may
either be attributed to the nutrition-based efficiency wages, or result from income
transfers from other households to offset the adverse impacts on consumption due to
unemployment, or both. With multivariate panel regressions, we now are able to control

for other factors and separate these two effects.

In the sickness leave equation, the dependent variable is the ratio of reported incidences

of sickness leave out of total interview times for an individual. Age and sex of an
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individual and the aforementioned household factors are included as measures of
demographic characteristics. Interaction terms such as the interaction between the age
and sex of the individual under study and the number of adults in the household, and the
interaction between the age and sex of the individual under study and the number of
children in the household are also included. They can serve as checks and controls for
intrahousehold allocation of economic resources. Factors such as landholding classes and
the household adult-equivalent income are included because they may affect the scope
and coverage of mutual insurance a household receives. Wage rate appears in the
structural equation for sickness leave, but it is not included in the regressions. The
village average wage rate is used instead, because it is the average opportunity cost an
individual incurs when taking sickness leave. The aduit-equivalent consumption of a
household is included in the sickness leave equation, serving as a measure of

nonseparability between consumption and health.

A selection factor is also included in the sickness equation. It is the ratio between the
predicted interview frequencies and the actual interview frequencies. From Chapter 4 of
this dissertation, we know that the number of interviews an individual receives depends
on three factors—individual demographic characteristics determining the type of job and
nature of employment, family structure and socioeconomic status determining
intrahousehold allocation of labor resources, and the learning-by-doing of the
investigator. The predicted value of interview frequencies summarizes all of these

factors. Its relative value to the actual interview frequencies summarizes how these
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factors make the labor market observability of an individual deviate from the village

average.

Consumption Determination

In the 3SLS regressions for mean-differences of consumption (Table 6.1.a), we can see
that the coefficients on household adult-equivalent income are positive and significant for
all three villages, with an average of 0.265, and the magnitudes are very close to each
other. In the 3SLS regressions for consumption with village-year dummy variables
(Table 6.1.b), we find the estimates are of similar magnitudes, with an average of 0.236.
This is strong evidence against full insurance under all preference specifications. Other
things equal, the results suggest that around 25 percent of consumption is due to income
fluctuations. Following the calculations in Chapter 1 of this dissertation, with a moderate
relative risk aversion of 2, we can infer that households are willing to pay around 6.6
percent of their income to eliminate income fluctuations and protect consumption, an
amount approximately equals to a medium farm household’s annual profits from animal

husbandry.
Sickness leave is positive and significant for all three villages in the mean-difference as

well as village dummy regressions. The estimates are the highest for Aurepalle and the

lowest for Kanzara in both regressions. As discussed earlier in this chapter, these cannot
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be taken readily as evidence against full insurance, because possible nonseparability

between consumption and health has not been controlled for.

A test for joint significance of the coefficients on adult-equivalent income and sickness
leave in the mean-difference consumption equation is performed for each village. The
2%(2) statistics for Aurepalle, Shirapur, and Kanzara are 954.92, 3905.81, 3010.79,
respectively, rejecting the hypothesis that the coefficients are jointly insignificant at 95%
confidence level. Given that full insurance is reject on the grounds that the coefficients
on adult-equivalent income for all villages are positive and significant, we can reject the
hypothesis that preferences are separable and insurance is perfect. To infer how much
tradeoff between consumption and health is incurred due to imperfect insurance, we need

to use a specification such as (6.5) or (6.5)’.

Similar patterns can be found in the regressions involving village-year dummies,
although with much larger magnitudes. A test for joint significance of the coefficients on
adult-equivalent income and sickness leave is performed for each village, and the X (2)
statistics for Aurepalle, Shirapur, and Kanzara are 3311.59, 4385.00, 1876.33,
respectively, rejecting the hypothesis that the coefficients are jointly insignificant at 95%

confidence level.

In the mean-difference regressions, household demographic structure is found to affect

the adult-equivalent consumption of a household in the villages of Shirapur and Kanzara,
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but not in Aurepalle. Recall that the adult-equivalent consumption is the weighted-
average per capita consumption of a household. Under full insurance, an average
individual receives the average of village consumption, other things equal. The estimates
on family size for Shirapur and Kanzara clearly do not support this view. As family size
increases, an average individual receives lower consumption because of imperfect
insurance, suggesting that the village mutual insurance has limited coverage, especially
for those households who have more family members to support. For example, the
annual reduction in adult-equivalent consumption with the addition of a family member is
around 55.2 rupees for the households in Shirapur, and around 66.3 rupees for the

households in Kanzara, other things equal.

The number of age 18 to 45 adults seems to have a positive impact on the adult-
equivalent consumption of a household, also in contradiction to the full insurance
predictions. It implies that with limited coverage from the village mutual insurance,
households with more working adults are more capable of coping with idiosyncratic risks
and smoothing consumption. For example, in Shirapur, the results suggest that the
weighted per capita consumption of a household increases by 53.6 rupees annually if the

household adds one addition working adult. In Kanzara, this number is around 27 rupees.
The number of age 17 or less children is found to be positive and significant on the adult-

equivalent consumption of a household, suggesting that other things equal, as the number

of dependents increase, the consumption allocated to an adult-equivalent also increases,
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other things equal. However, this cannot be taken as evidence for or against insurance,
because children are usually given priorities in consumption. To sum up, the significance
of household demographic characteristics provides evidence against full insurance at the
village level, as well as evidence for intrahousehold allocation of economic resources.
Similar results can be found in the regressions with village-year dummies, and the pattern

is more consistent and the magnitudes are also much larger.

One of the most important critiques on the empirical tests for complete risk sharing
regards the treatment of aggregate shocks. It argues that part of the comovement among
individual choice variables is driven by aggregate shocks. Therefore, if one does not
control for aggregate shocks, the degree of risk sharing may be over-estimated. The
differences in Table 6.1.a and 6.1.b clearly is in support of this critique. The difference
between (6.3) and (6.3)’ (i.e., the difference between Table 6.1.a and 6.1.b) is that (6.3)’
controls for all village-level factors, including aggregate economic resources, rainfall,
price changes in the village markets, infrastructure, environmental health problems, etc.,
while (6.3) only controls for village-level aggregate economic resources. For example,
in the regressions with village-year dummies where all village-level factors are controlled
for, the adult-equivalent consumption is found to reduce by 65 rupees with the addition of
a family member for a household in Shirapur, and to increase by 70 rupees if the
household has one more working adult. In the mean-difference regressions, the

corresponding estimates are 55 rupees, and 53 rupees. Conditioning on other factors, we
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can infer that around 10 percent of the variations in individual consumption is due to

changes in village-level conditions rather than aggregate economic resources.

Similar to the findings in Chapter S of this dissertation, the coefficients on the proportion
of involuntary unemployment tend to be positive and significant in the regressions, at
least for Shirapur and Kanzara. The estimates in the regressions with village-year
dummies share similar features although much smaller. The reason for this difference is
similar to the above—part of the variations in the proportion of involuntary
unemployment is due to village-level factors such as annual rainfall, technological
changes, and government projects. These are included in (6.3) together with

idiosyncratic variations, which results in larger estimates in Table 6.1.a.

Since the impacts of income, sickness leave, and household demographic factors have
been controlled for in the regressions, the coefficients on involuntary unemployment can
be viewed as reflecting mutual insurance. Other things equal, we can infer that
consumption is protected at the incidence of involuntary unemployment through the

informal mutual insurance arrangements.

Sickness Leave

The coefficients on the adult-equivalent household income are found to be negative and

significant in the mean-difference regressions for all villages, however, they are not as
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significant as in the regressions with village-year dummies. For example, the estimate
for Shirapur is ~0.024 in the mean-difference regressions, and —0.012 in the regressions
with village-year dummies. Controlling for other factors, they suggest that with 100
rupees increase in adult-equivalent household income, if there is no changes in the overall
economic conditions, the average sickness leave decreases by 2.4 percent in Shirapur.
Controlling for fluctuations in overall economic conditions in Shirapur, this percentage is

about half as before.

According to the theories developed in Chapter 3 of this dissertation, consumption and
health are both normal goods, therefore, when income increases, an individual is
expected to consume more and take longer sickness leave, other things equal. The
estimates on adult-equivalent income from both regressions seem to be in contradiction to
the theoretical predictions. It might be that there exist other linkages between income
and health that are not considered in the theories. For example, higher incomes can lead
to better sanitation and hygiene, and improve preventive cares, therefore reduce the
incidence of human illnesses. In theoretical terms, income changes the distribution of the
idiosyncratic health risks. Conditional on other factors, an individual with a higher
income has either lower expected health risks, or lower variations in health risks, or both.
Village-level risk sharing is not longer based on a single distribution of health risks. It
becomes a multi-leveled process. If this is the case, the significance of adult-equivalent
income shall not be taken as evidence for or against full insurance, because we do not

know the actual multi-leveled distributions of health risks.
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The coefficients on landholding class in the mean-difference regressions (large farm is
the omitted category) for Aurepalle and Kanzara are negative and significant, suggesting
that large farm households take much longer sickness leave relative to others in the same
village, other things equal. In the regressions with village-year dummies, however, the
estimates are very noisy. In the mean-difference regressions, the results suggest that
conditioning on other factors (including fluctuations in overall economic conditions), as
landholding class increases, the difference in the proportion of yearly sickness leave
decreases relative to the large farm households. Take, for example, in Aurepalle,
individuals from landless households take 29.5 percent shorter sickness leave than those
from large households in the same village, other things equal. This difference becomes
23.2 percent for those from small farm households, and is 14 percent for those from

medium farm households.

Landholding status determines the income sources of a household. Landless households
derive at least 80 percent of incomes from the village labor markets. As landholding
increases, a household relies less on labor incomes. When afflicted with illnesses and
injuries, those who are more dependent on labor incomes find it more expensive to take
sickness leave when insurance is imperfect, other things equal. Therefore, we can reject
full insurance because the decision to take sickness leave is affected by a household’s
socioeconomic status. The results also suggest that conditioning on other factors, when

afflicted with similar health problems, a landless farmer has a lower health status than a
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large farmer, because he or she seek less sickness leave (the metaphor for medical

treatment).

Family size is found to be negative and significant for Aurepalle and Kanzara in the
mean-difference regressions, but its direction and significance are not very clear in the
regressions with village-year dummies. Nonetheless, we can reject full insurance in
Aurepalle and Kanzara. Under full insurance, the amount of sickness leave solely
depends on the severity of the health problems. However, here we see that household
structure affects this decision. Conditioning on other factors, it suggests that with an
additional family member, an individual reduces the amount of sickness leave by 3.3

percent in Aurepalle, and 22.5 percent in Kanzara.

To learn more about the nature of intrahousehold allocation of labor activities, two
additional explanatory variables are included in the sickness leave equation—the
interaction term between the age and sex of the individual under study and the total
number of working adults in the family, and the interaction term between the age and sex -
of the individual under study and the total number of children in the family. The basic
idea is to check how a bread-earner’s decision of taking sickness is affected by the
number of dependents and the number of total bread-earners in the family. When the
village mutual insurance has limited scopes and coverage, households have to rely more
on their own, therefore, we expect to see that factors determining intrahousehold

allocation be play significant roles in determining sickness leave. The empirical findings
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here seem to support this view. The results from the mean-difference regressions suggest
that with one more working adult in the family, a working adult takes longer sickness
leave by 0.65 percent in Shirapur, and by 5.64 percent in Kanzara, other things equal.
The results from the mean-difference regressions suggest that with one more child to
support in the family, a working adult takes shorter sickness leave by 2.49 percent in
Shirapur. Similar patterns can be found in the regressions with village-year dummies,
however, the magnitudes are much smaller, suggesting that at least half of the
intrahousehold allocations of labor activities are responses toward changes in overall

economic conditions.

Village average wage rate is included in the sickness leave equation in the mean-
difference regressions because wage rate appears in the structural equation for the
determination of sickness leave (see Chapter 3 of this dissertation). It is dropped in the
regressions with village-year dummies, because it is unidentifiable from the dummies.
Village average wage rate is used here instead of individual wage rate because it
represents the average opportunity cost if one takes time off from work to seek treatment.
It is also because the village labor market is operated on a daily basis, so that individuals
can engages in different types of jobs across different days within a short time period.
According to the theoretical prediction, as wage rate increases, an individual takes shorter
sickness leave. However, the empirical findings on wage rate are not very clear. In the

mean-difference regressions, the coefficient on wage rate is negative and significant for
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Shirapur, but positive and significant for Kanzara. This may result from measurement

errors in wage rate.

The coefficients on adult-equivalent consumption are positive and significant in the
sickness leave equation in the mean-difference regressions, although very noisy in the
regressions with village-year dummies. Since we reject full insurance on the grounds that
the socioeconomic status and demographic characteristics of a household affect an
individual’s decision to take sickness leave, we can infer that at least part of the sickness
leave response is due to imperfect. However, to see how much tradeoff between
consumption and health is incurred due to imperfect insurance, we need to explore further

with specification such as (6.5).

Selection factors are included in the sickness leave equation for both mean-difference and
village-year dummy regressions. However, none of the estimates are significant. The
main reason is that the selection factor itself summarizes household demographic
characteristics, incomes, and the learning-by-doing of the investigator, which have
already been included in the 3SLS estimations—household demographic characteristics
are included directly in the sickness leave equation, incomes are regressed on past year’s
adult-equivalent food consumption separately to control for endogeneity, and the

learning-by-doing effects are account for the village-year dummies.
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6.3.2 NONSEPARABILITY AND EXCESS SENSITIVITY

This section re-estimates consumption and sickness leave jointly using 3SLS with (6.5)
and (6.5)’. The results are presented in Tables 6.2.a and 6.2.b. The focus is to detect
excess variations in consumption and sickness leave due to imperfect insurance under a
general nonseparable preference specification. (6.5)’ accounts for overall economic
fluctuations, therefore, it sheds more light on the effectiveness of the informal risk

sharing among the villagers.

If preferences are separable in health and consumption, the coefficient on the village
average consumption, C,, is equal to zero in (6.5) in the consumption equation, and the
coefficient on the village average sickness leave, I-;, is also zero in (6.5) in the sickness

leave equation. The coefficient on sickness leave in the consumption equation in (6.5) is
equal to that in (6.3), and so is the coefficient on consumption in the sickness leave
equation. The coefficients on other explanatory variables are expected to be similar to

those obtained in (6.3). Similar arguments can be made to (6.3)’ and (6.5)’.

Under the alternative that preferences are not separable in health and consumption, the

coefficient on C, in the consumption equation and the coefficient on 7; in the sickness

i i
leave equation are equal to l—gt‘f’—c and l--&- respectively. They reflect the excess
Scu Scu0
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responses in consumption and sickness leave due to variations in the socioeconomic

status of a household.

In the mean-difference regressions, the coefficients on C, are negative and significant

except for Kanzara, showing a strong tendency of rejecting the null hypothesis that

preferences are independent over consumption and health. In the regressions with village
dummies, the counterpart to C, is the village-year dummy D,. The estimates on D, for
Shirapur and Kanzara are all negative and significant relative to the omitted year of 1975.
The estimates on D, for Aurepalle are all positive and significant relative to the omitted
year of 1975. Note that the estimates on D, are not comparable with the estimates on C,.

since they only tell the difference of a particular year from a base year. Regardless of the
signs, as long as the estimates are significant, we can reject the null that consumption and

health are independent over consumption and health.

The coefficients on T, show a similar tendency in the mean-difference regressions,

although not as clear. T, is suppressed by the village-year dummies, therefore not

reported in Table 6.2.b. They seem to suggest that marginal rate of substitution between

cU,

H

consumption and health,

, is greater than 1 around the village average when

insurance is imperfect (see Technical Appendix B). In other words, health has a lower

value relative to consumption for the study households, and improved health status by
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taking more sickness leave can increase welfare. Notice that the theories and empirical
estimations are all based on a static model. In reality, however, health functions as a true
stock variable in the sense that current low health status lowers future labor productivity.
Therefore, persistently low health status due to imperfect insurance incurs much larger

welfare losses in a dynamic setting.

Estimates on household adult-equivalent income, involuntary unemployment, wage rate,
the number of children in the family, and family size are all very similar to those obtained
in (6.3) and (6.3)’. The estimates on landholding classes are not very consistent with the

previous results, possibly due to the inclusion of the additional explanatory variables.

As before, selection factors do not have any significance in the regressions since the key

factors determining the selection biases are already included in the regressions.
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6.4 CONCLUSIONS AND POLICY IMPLICATIONS

The empirical results derived in this chapter seem to fit the theoretical implications very
well. Tests for full insurance under separable preferences are similar to those under
nonseparable preferences, because consumption and sickness leave have similar
properties under these two regimes. This is why reduced forms such as (6.3) can be used
to as a unified test for full insurance in a general framework where there is no restriction
on the substitutability between consumption and health. (6.5) is a further development
based on (6.3). It not only carries on the role of (6.3) as tests for full insurance, it also
can demonstrate the degree of nonseparability between consumption and health, and the
tradeoff between consumption and health due to imperfect insurance, namely, the excess

responses.

One of the common critiques on the tests for risk sharing is that comovement of choice
variables across individuals or households are partly driven by aggregate shocks. (6.3)’
and (6.5)’ are further developments based on (6.3) and (6.5) because they answer this
critique by including a set of village-year dummy variables to account for overall

economic fluctuations.

In addition to imperfect insurance and nonseparability between consumption and health

in preferences, a very important empirical finding in this chapter is that the study

Reproduced with permission of the copyright owner. Further reproduction prohibited without permissionyz\w\w.manaraa.com



191

households do not take enough sickness leave when afflicted with health problems, and
that taking longer sickness leave can help improve welfare. In other words, the study
individuals have under-invested in health. Even when the mutual insurance arrangements
are not perfect, it is still possible to improve welfare by increasing the amount of sickness
leave relative to consumption. What might have caused the under-investment in health?
One explanation is that the individuals are myopic—the discounted value of future health
is unreasonably low. Another explanation is that individuals are not aware of the
importance of good health today and good health in the future. Having realized these,
public policies aiming at poverty reduction, public health, and efficiency of financial

services can be carried out more efficiently.

In Investing in Health (World Development Report, 1993), the World Bank introduced
the concept of Disability Adjusted Life Years (DALYs) and estimated that the global
disease burden was unevenly spread and concentrated in low income and middle income
countries. In particular, sub-Saharan Africa, China, and India account for 60 percent of
the global disease burden. The report identifies four major problems with international
healthcare systems: the misallocation of funds to less cost-effective interventions, the
ineffective use of funds, the inequality in access to basic healthcare, and the explosion of
healthcare costs outpacing the growth in income. The Bank recommended that low
income and middle income countries should shift the focus of government investment
away from tertiary healthcare toward public health, promote diversity and competition by

introducing private or social insurance schemes, and foster competition in the delivery of
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health services, and improve family health by educating and empowering women. The
bank argued that a healthy economy needed a healthy workforce, and that, of possible
economic policies, “... increasing the income of those in poverty is the most efficacious
for improving health. The reason that the poor are most likely to spend additional income
in ways that enhance their health: improving their diet, obtaining safe water, and

upgrading sanitation and housing.”

The success of a health-improving policy may not be easily seen until after some fifteen
or twenty years, which seems to suggest that developing countries should carry out public
health policies as soon as possible in order to benefit from them in the future. However,
before carrying out public health policies, we shall at least understand the nature of
market failures and the efficiency of the existing private institutions. In our case, the
study households face tremendous risks in production, income and health, and are found
to engage in informal risk-coping arrangements when formal institutions do not exist.
Clearly the informal arrangements do not provide perfect insurance to protect
consumption and health—we find that socioeconomic factors such as income, weaith,
and family structure restrict the scope and coverage of risk protections, also, due to
myopic and unawareness, health is seriously under-invested. For the ICRISAT
households, policy interventions shall be carried out in two dimensions—targeting the
less well insured by offering additional credits and insurance, and reckoning the
awareness of the importance of health through education, either educating the household

head since he or she is the key decision-maker of a family, or educating the mother so
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that she is able to care for her children in a better way, or educating the general public
about environmental health, transmissions of diseases, and prevention can also reduce the

occurrence of covariate health risks.

Health and consumption are found to be nonseparable in preferences for the study
households. One possible explanation is that they translate into each other through the
nutrition link. It seems to be consistent with the findings of the existing literature on
health and nutrition, that at least for very low income individuals, better nutrient- and
caloric-intake improve one’s health. If this indeed is the case, policies of food and

nutrient subsidies will also help improve welfare greatly.
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Table 6.1.a 3SLS with Mean-Difference (Full Insurance)

Mean-Difference of Consumption and Sickness Leave

Village Aurepalle Shirapur Kanzara
Variable Consump Sick Consump- Sick Consump-  Sick
-tion Eg. Leave Eq. | tion Eg. Leave Eq. | tion Eq. Leave Eq.
Adult-equivalent 0.116* 0.028* 0.210*
Consumption (0.006) (0.006) (0.039)
Proportion of Year | 18.303* 8.8645* 1.635*
Sick Leave (0.637) (0.462) (0.450)
Adult-equivalent 0.239* -0.024* 0.294* -0.024* 0.291* -0.149*
Income (0.003) (0.001) (0.004) (0.002) (0.005) (0.028)
Landholding
Landless -29.476* -0.405 -20.918*
(2.383) (3.810) (7.854)
Small Farm -23.200* -1.053 -17.739*
(1.895) (1.241) (6.820)
Medium Farm -13.989* -0.130 -15.751*
(1.238) (3.084) (5.874)
Age -0.078* 0.126* 0.800*
(0.014) (0.022) (0.236)
Sex =1 if male 5.528* -0.707 9.011*
(0.603) (1.013) (5.621)
# Members 31.104 -3.340*% | -55.197* 1.546 -66.324* -22.470'
(19.512) (0.873) (9.8129) (0.950) (14.936) (12.404)
# Adults -30.447 1.900* 53.633* -1.861" 27.135' 20.202'
(19.517) (0.859) (10.282) (1.010) (15.954) (10.575)
# Children -6.938 -0.861 65.421* -2.490* 93.901* 3.0797
(18.842) (0.836) (10.510) (1.245) (15.929) (6.724)
Adult x # Adults -0.091 0.653' 5.642*
(0.190) (0.342) (2.842)
Adult x # -0.252* -0.0840 -1.5609*
Children (0.064) (0.0789) (0.7940)
Proportion of -124.137 373.580* 732.830*
Involuntary (79.383) (66.993) (133.682)
Unemployment
Wage Rate 34,754 -9.247* 140.912*
(24.812) (4.580) (53.084)
Selection Factor -0.107 0.018 -0.125
(0.446) (0.552) (0.998)
Note:

1. Standard errors are reported in parentheses. * are significant at 95% confidence interval. t are
significant at 90% confidence interval.
2. Adult-equivalent income of a household is instrumented by the household’s aduit-equivalent food
consumption of the previous year.
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Table 6.1.b 3SLS with Village Dummy (Full Insurance)

Consumption and Sickness Leave with Village Dummy

Village Aurepalle Shirapur Kanzara
Variable Consumpt  Sick Consump- Sick Consump-  Sick
ion Eq. Leave tion Eq. Leave tion Eq. Leave Eq.
Eq. Eq.
Adult-equivalent 0.047 -0.037 0.136
Consumption (0.032) (0.037) (0.174)
Proportion of Year 45.410* 17.120* 4.345*
Sick Leave (15.300) (2.408) (1.342)
Adult-equivalent 0.181* -0.009 0.288*  -0.012* 0.241* -0.044
Income (0.009)  (0.005) (0.006)  (0.007) (0.005) 0.054
Landholding Class
Landless -6.705 4313 -160.715
(8.973) (5.506) (104.837)
Small Farm -5.800 1.709 -151.413
(7.679) (0.992) (98.115)
Medium Farm -4.065 5.003 -111.268
(5.488) (4.478) (73.977)
Age -0.032 0.192* 0.422*
(0.041) (0.073) (0.100)
Sex =1 if male 0.111 -1.361 -2.072
(0.277) (0.857) (2.798)
# Members -81.917* 2.521*%{ -65.237* -1.905 -31.946*  -24.490
(30.858)  (1.082) | (12.119)  (1.995) (16.243)  (14.450)
# Adults 79.867*  -2.770* 70.784* 2.038 -0.338 22.200
(31.413)  (1.444) | (12.654) (2.089) (17417)  (16.188)
# Children 71.359*  -2.111* 53.950* 1.961 35.803* 8.940*
(31.108)  (0.902) | (13.008)  (2.060) (17.577) (4.374)
Adult x # Adults -0.052 0.450° 1.853
(0.158) (0.252) (5.493)
Adult x # Children 0.026 -0.081 -0.629
(0.052) (0.057) (1.416)
Proportion of 136.454 234.025* 668.085*
Involuntary (167.578) (87.772) (179.623)
Unemployment
Selection Factor 0.137 -0.769 3.589
(0.216) (0.691) (3.008)
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Table 6.1.b Continued
DUM1976 370.031* -17.270* | 106.086* 3.010 176.257* -8.046
(53.802) (8.814) (26.174) (5.834) (35.778) (21.795)
DUM1977 162.802*  -7.594* | 179.613* 2773 164.781* 3.546
(55.916) (2.686) (29.395) (8.415) (34.901) (11.183)
DUM1978 174.698*  -9.054* | 205.579* 2.689 145.419* -4.805
(56.312) (4.191) (29.571) (8.758) (33.937) (14.086)
DUM1979 246.179* -10.455* | 110.611* 0.293 287.805* -34.478
(57.149) (4.213) (27.291) 4.711) (35.057) (43.115)
DUM1980 290.742* -12.155* | 140.254* -0.359 344.472* -40.511
(57.764) (5.548) (29.297) (5.475) (37.528) (53.343)
DUM1981 258.505*  -9.035* 33.565 -1.519 445.7629 -45.986
(65.208) (2.393) (30.159) (2.589) (36.989) (64.111)
DUM1982 106.450*  -3.165* | -101.298* -4.618 -43.489 55.027
(53.386) (1.504) (29.518) (3.193) (37.467)  (41.081)
DUM1983 -112.202' 8.051 | -429.681* -16.600 | -475.859* 150.894
(64.316) (7.397) (30.432) (16.469) (38.926) (138.765)
DUM1984 -128.845* 10.227 | -427.677* -13.550 | -313.207* 89.463
(60.029) (10.189) (28.867) (15.512) (36.185) (86.511)
Note:

1. Standard errors are reported in parentheses. * are significant at 95% confidence interval. t are
significant at 90% confidence interval.
2. Adult-equivalent income of a household is instrumented by the household’s adult-equivalent food
consumption of the previous year.
3. 1975 is the omitted year for the village-year dummy variables.
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Table 6.2.a 3SLS with Mean-Difference (Excess Sensitivity)

Mean-Difference of Consumption and Sickness Leave

Village Aurepalle Shirapur Kanzara
Variable Consump-  Sick Consump-  Sick Consump-  Sick
tion Eq. Leave tion Eq. Leave Eq. | tion Eq. Leave Eq.
Eq.
Village Average -1.889* -0.176* 0.157*
Consumption (0.088) (0.024) (0.034)
Average Sick -0.375 -1.711* -0.593'
Leave (0.378) (0.535) (0.351)
Adult-equivalent 0.001 0.006 0.002'
Consumption (0.002) (0.004) (0.001)
Proportion of Year 5.766* 12.320* 2.086*
Sick Leave (1.129) (0.425) (0.504)
Adult-equivalent 0.261*  -0.0003 0.328* -0.009* 0.328* -0.002*
Income (0.003)  (0.0003) (0.004) (0.001) (0.004)  (0.0005)
Landholding
Landless 1.600 10.757* -2.092
(0.984) (1.442) (1.757)
Small Farm 1.721* 0.650 -1.482
(0.832) (0.774) (1.542)
Medium Farm 0.585 8.778* -0.208
(0.627) (1.178) (1.416)
Age 0.025* 0.075* 0.299*
(0.010) (0.014) (0.018)
Sex =1 if male -0.735" -2.596* -1.606*
(0.404) (0.606) (0.713)
# Members 24.838 0.260 | -58.778* 1.121 -66.911* 1.001
(19.593) (0.403) (9.906) (0.762) (15.089) (0.670)
# Adults -33.371" -0.218 58.307* -1.265 24.098 -1.279"
(19.617) (0.402) | (10.376) (0.803) (16.101) (0.691)
# Children 3.560 -0.303 75.662* -0.758 104.907* -0.345
(18.944) (0.398) | (10.581) (0.846) (16.129) (0.693)
Adult x # Adults -0.025 0.614* -0.069
(0.156) (0.247) (0.291)
Adult x # 0.026 -0.088* -0.090
Children (0.051) (0.055) (0.076)
Proportion of 399.966* 486.355* '1181.676*
Involuntary (124.769) (50.665) (155.111)
Unemployment
Wage Rate 3.749 -20.179* 4.229
(18.955) (2.246) (2.996)
Selection Factor -0.005 0.224 0.550
(0.015) (0.399) (0.025)
Note:
1. Standard errors are reported in parentheses. * are significant at 95% confidence interval. ' are
significant at 90% confidence interval.
2. Adult-equivalent income of a household is instrumented by the household’s dult-equivalent food
consumption of the previous year.
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Table 6.2.b 3SLS with Village-Dummy (Excess Sensitivity)

Mean-Difference of Consumption and Sickness Leave with Village Dummy

Village Aurepalle Shirapur Kanzara
Variable Consump-  Sick Consump-  Sick Consump-  Sick
tion Eq. Leave tion Eq. Leave Eq. | tion Eq. Leave Eq.
Eq.
Adult-equivalent -0.001 0.077* 0.026*
Consumption (0.001) (0.003) (0.003)
Proportion of Year 0514 11.975* 6.559*
Sick Leave (1.210) (0.332) (0.479)
Adult-equivalent 0.280 0.000 0.353* -0.027* 0.312* -0.011*
Income (0.004)  (0.0004) (0.004) (0.0009) (0.005) (0.001)
Landholding :
Landless 1.324 -2.479* -12.074*
(1.074) (0.951) (3.360)
Small Farm 1.733' 0.366 -11.263*
(0.936) (0.596) (3.066)
Medium Farm 0.429 -1.782* -1.921*
(0.706) (0.785) (2.544)
Age 0.024* 0.006 0.288*
(0.009) (0.012) (0.022)
Sex =1 if male -0.614 0.263 -2.126*
(0.393) (0.384) (0.722)
# Members 31.310* 0.183 | -61.593* 4.689* -30.573* -0.416
(19.388) (0.407) (10.502) (0.811) (15.796) (0.943)
# Adults -50.106* -0.066 67.845* -5.144* -5.510 0.501
(19.507) (0.411) (10.991) (0.851) (16.839) (0.964)
# Children -23.034 -0.246 53.321* -4.243* 41.012* -0.236
(18.781) (0.400) (11.208) (0.871) (17.230) (0.881)
Adult x # Adults -0.029 0.632* 0.157
(0.156) (0.307) (0.501)
Adult x # 0.025 -0.109* -0.145
Children (0.051) (0.068) (0.131)
Proportion of 197.218* 33.208 638.175*
Involuntary (124.118) (38.461) (169.671)
Unemployment
Select -0.007 -0.356 0.085
(0.406) (0.457) (0.849)
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Table 6.2.b Continued
DUM1976 889.9713 -0.070 | -209.437* -5.709* | -330.987* -1.379
(43.662) (1.133) (24.237) (1.881) (36.357) (1.739)
DUM1977 878.671* -0.397 | -377.420* -6.271* | -343.074* 0.507
(43.512) (0.945) (29.039) (2.272) (35.839) (1.716)
DUM1978 845.690* -0.665 | -402.118* -7.046* | -208.535* -0.872
(44.137) (1.016) (29.524) (2.315) (34.479) (1.653)
DUM1979 767.347* -0.218 | -327.453* -1463 | -190.583* -5.773*
(41.981) (0.949) (26.050) (1.978) (35.928) (1.847)
DUM1980 738.312* -0.271 | -399.159* -1.294 | -256.280* -6.195*
(40.599) (0.979) (28.102) (2.137) (38.939) (2.009)
DUM1981 779.282* -0.789 | -512.029* 5.516% | -298.742* -7.190*
(41.221) (0.861) (29.398) (2.204) (38.850) (2.059)
DUM1982 548.479* -0.516 | -517.828* 13.971* | -477.160* 9.369*
(40.410) (0.782) (27.902) (2.143) (38.169) (2.231)
DUM1983 38.851 -1.299 | -618.858* 41.439* | -678.647* 24.501*
(43.833) (0.961) (27.528) (2.783) (38.991) (3.922)
DUM1984 -230.183* -1.202 | -429.659* 35.714* | -372.997* 13.471*
(43.362) (1.151) (25.224) (2.512) (36.109) (2.706)

Note:

1. Standard errors are reported in parentheses. * are significant at 95% confidence interval. ' are
significant at 90% confidence interval.

2. Adult-equivalent income of a household is instrumented by the household’s adult-equivalent food
consumption of the previous year.

3. 1975 is the omitted year for the village-year dummy variables.
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CHAPTER 7 CONCLUSION

Coping with risks has been an important part of everyday life ever since human
existence. In primitive ages while humans were competing with other species for
survival, food and life security were the most imminent. Archaeological and sociological
findings reveal that our ancestors managed these risks through storage of food, labor
division, and diversification of production activities. In modern times, risks may not be
as life-threatening. Individuals with high incomes or living in well-established societies
may find risks even less troublesome commercial loans, home mortgages, etc.) and
insurance (insurance on life, health, disability, property, unemployment, etc.) that can
help them cope with risks very effectively. Individuals with lower incomes or living in
less-developed societies are less fortunate because of problems of information flow and

contractual enforcement. When formal markets do not function, they have to resort to

alternatives.

Most of the existing economic literature on risk-coping strategies has taken the
theoretical implications on risk-sharing too mechanically. Perfect risk sharing implies
only one thing—welfare smoothing, that is, welfare is smoothed throughout different
states. Welfare is a composite of all commodities in the commodity space, including
consumption, health, and leisure. Only when consumption is independent from other

commodities in the welfare composite in preferences, can consumption smoothing be
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taken as evidence for Pareto optimum. If consumption is not independent in preferences,
testing whether or not consumption is smoothed does not provide much information
regarding the effectiveness of the underlying risk-coping strategies, because the so-called
“excess sensitivity” in consumption may be compatible with Pareto optimality under
nonseparability in preferences. Based on this observation, an important part of this
dissertation starts from the most fundamental issues in preferences, and discusses
nonseparability and their theoretical implications in the literature of risk sharing. In the
theoretical analyses in Chapter 3, it is shown that consumption can be found to have
“excess sensitivity” toward changes in health and wage rates under perfect insurance if it
is not independent from consumption in preferences. To measure the real excess
sensitivity, one needs to peel off the variations in consumption due to nonseparability.
Suitable “peeling” techniques are proposed and brought into empirical estimations.
Another contribution of the theoretical analysis is that it clarifies the controversies over
preference shocks. It reveals that assuming preference shocks is equivalent to assuming
some forms of nonseparability in preferences. The shocks are not really shocks to
preferences, but rather, changes in the substitution patterns across utility commodities

resulting from nonseparability.

Having set the stage for empirical estimations, this dissertation goes on to ask how much
protection can the informal mutual insurance provide in protecting individuals against
idiosyncratic health risks and overall economic risks. In particular, it asks whether the

informal risk-coping strategies can substitute the role of a formal health insurance, so that
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the individuals are able to seek necessary and sufficient amount of heaith care when
afflicted with illnesses and injuries. It asks who are relatively well protected, and the

welfare implications of imperfect insurance.

One strong appeal of the theoretical formulations is that the equilibrium conditions can be
put into empirical estimations with little revision. Because of this, empirical estimations
are all structural and semi-structural, which allow for interesting findings such as the
nonseparability between health and consumption, the degree of excess sensitivity in
consumption and sickness leave due to imperfect insurance, and the marginal rate of
substitution between consumption and health being greater than 1 which suggests under-

investment in health.

This dissertation has also made several important empirical contributions to the literature
using the ICRISAT data, including identifying the sample selection problems in the
ICRISAT labor data, the revisit of Townsend (1994) with village-specific prices and

more years of data.

High quality theoretical and empirical research both requires clear visions, skills, and
perseverance. No matter how comprehensive they are, there are still “holes” left over to
be mined.This dissertation is by no means an exception. For future research, there are
several directions to explore. In Chapter 4, the results show strong evidence for

intrahousehold allocation of labor activities, yet all regressions are done in reduced forms
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without much theoretical discussion regarding the nature of intrahousehold allocation,
and its effectiveness in protecting consumption and health relative to the village-level
interhousehold resource allocations. How exactly are risks shared? Are they mainly
absorbed within a household? How do households choose the types of intrahousehold
allocation? In Chapter 3 and Chapter 6, even though preference shocks have been
identified as changes in substitution between utility commodities, one can still improve
the efficiency of estimations by introducing a random coefficient as a proxy for
preference shocks that are nonseparable from the consumption-health composite. The
results show that the ICRISAT households have under-invested in health. It is argued
that this may result either from myopic behavior or from the unawareness of the
importance of health, yet all estimations are in panel. How do the theoretical and
empirical results change if one allows for dynamics? What do we mean by risk sharing if
risks are carried over time, so are the risk-coping strategies? How to formulate the
nutrition link between consumption and health in a dynamic setting? These are important

questions that deserve to be explored in further research.
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