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People who live in the rural areas of poor countries often must cope not only with
severe poverty but with extremely variable incomes. The study of the implications of this
variability for individual utility, production decisions and the evolution of economic
institutions has been a central theme of recent work in development economics.! However,
income variability implies consumption variability only if households do not use ex post
mechanisms to insulate consumption from the income fluctuations. One such mechanism is
cross-sectional risk pooling through insurance. In earlier work, | have examined the credit-
cum-insurance arrangements used by rural households in northern Nigeria (Udry
[1990,1994]). The complementary ex post mechanism is the use of saving behavior to
smooth income fluctuations over time. This paper provides an analysis of the extent to which
the same Nigerian households use their assets to cope with risk.

When insurance markets are incomplete, saving and credit transactions assume a
special role by allowing households to smooth their consumption streams in the face of
random income fluctuations. The first goal of this paper, therefore, is to examine the
hypothesis that households dissave when confronted with adverse shocks to their incomes. In
section 2, | explore thisissue using a unique data set which includes household level
information on the receipt of random production shocks over the course of asingle
agricultural year. The availability of this direct measure of transitory shocks at the household
level means that shocks need not be inferred from the residual between actual income and
some measure of permanent income.? The analysis shows that the asset drawdown upon the
receipt of an adverse shock islarge (relative to per-capita GNP) and statistically significant.

This result must be interpreted with care. It is derived from data on changes in asset



stocks and the receipt of discrete transitory adverse shocks on farmers fields (e.g., flooding).
For two distinct reasons, these data do not permit a direct test of optimal saving behavior.
First, the saving data are constructed from differences in asset stocks over time. If the asset
stock data are comprehensive, then asset accumulation corresponds to actual saving and one
can speak confidently of the responsiveness of saving to transitory shocks. However, if the
asset stock data are incomplete, then variation in the inventories of the subset of assets which
are observed need not track saving. In section 2, | draw on external evidence to evaluate the
likelihood that significant saving occurs through assets not included in these data. In addition,
| quantify the differing responsiveness of different assets to household risk in section 3. |
show that grain inventories grow more slowly upon the receipt of an adverse shock, but that
livestock holdings are unaffected. Thisis consistent with consumption-smoothing via buffer
stocks when there are direct links between the ownership of assets and production. If
livestock ownership is subject to diminishing returns while other potential assets (in
particular, grain stocks) are not, then consumption smoothing should be effected exclusively
through variations in holdings of grain as long as these are positive.> However, it remains true
that if there is significant saving in unobserved assets, then the observed relationship between
grain stock accumulation and the receipt of transitory shocks need not reflect consumption-
smoothing. It could be an outcome of avariety of other mechanisms which could cause shifts
in the composition of portfolios contingent upon the receipt of an unanticipated shock. A set
of alternative hypotheses are discussed in section 3. It will not be possible to distinguish
definitively between these alternatives using these data alone. However, supplementary

evidence is presented which suggests that these specific alternatives to a consumption-



smoothing interpretation of the results are incorrect.

The second reason that these data do not permit a direct test of optimal saving
behavior is the absence of income or consumption data. Suppose that the asset data are
complete, so that saving is measured correctly. If income in period t depends on the
realization of transitory shocks Z, defined so that Y,'(Z,) < 0, then aminimal implication of
standard models of intertemporal choiceisthat if s=A.-A.;=Y,-C, then ds/dZ, < 0, so that
transitory changes in income are not fully reflected in current consumption. Section 2
provides evidence that ds/dZ, is negative. Thisis sufficient (again, if saving is measured
correctly) to show that households use their saving behavior to smooth variations in income,
because consumption changes less than pari passu with income. However, this finding is not
entirely surprising. It does not imply that households' saving behavior corresponds to the PIH
nor to amore general model of intertemporal choice. Even if households simply set c=aY,
(ax<1), engaging in no forward-looking behavior, one would observe ds/dZ, < 0. With neither
consumption nor income data with which to match the saving data, it isimpossible to quantify
the responsiveness of saving or consumption to income shocks and therefore to test directly
particular models of consumption-smoothing. Instead, the data can be examined from a
number of angles to provide suggestive evidence distinguishing passive saving behavior from
forward-looking management of asset stocks designed to smooth consumption. In section 4, |
examine the households' participation in asset markets to disentangle passive accumulation of
stocks in response to income variation from the use of specialized buffer stocks. Section 5
exploits the panel nature of the data set to explicitly test the hypothesis of forward-looking

behavior: do households save in anticipation of the receipt of adverse shocks?



1. Data and Geographical Setting

The study is based on a nine-round survey of 200 farming households | conducted in
northern Nigeria. The survey was designed to yield reliable and uniquely detailed data
concerning wealth and asset market transactions, as well as information about the incidence of
random production shocks.*

Saving - Thereisdata on each household's stock of grain and farm inputs, livestock,
and goods for trading at three points during the survey year (denote these by A, ,, p€{0,1,2}).
In addition, | have data on each household's cash holdings for each round of the survey, but
this information must be considered very unreliable: | believe that respondents often
understated their true cash holdings in our interviews. Cash istherefore excluded from the
measure of saving used in most of this paper. Finally, there is data on each household's
landholdings and land market transactions. However, only five plots were sold or purchased
by sample households during the survey year. This paper, therefore, focuses on assets which
are more liquid than land.

Saving in any asset k can be defined for two periods for each household: s.=A, -A, .,
for te{ 1,2} and total saving s=),s,. Period 1 runsfrom April to September and period 2
covers September to February. Summary statistics are reported in Table 1. Mean saving is
strongly seasonal, as can be expected in an agrarian economy, although it is positive in each
period. The saving measure generated by data on changes in asset ownership is supplemented
by data on the households' participation in asset market transactions.

Random Shocks to Income - The data on the realization of adverse production shocks

on the sample households farms is based on a count of specific incidents of discrete adverse



events on each plot. These events are transitory in nature and should not affect income after
the current harvest. Dates of the events were not recorded, but for most events an
approximate date can be inferred (for instance, wind damage to maize only occurs late in the
season,; flooding causing poor germination of millet occurs early). The events are divided
into period 1 (Z;,) or period 2 (Z;,) occurrences. In each period, the index of self-reported
adverse shocks is a weighted average of the number of these negative events, where the
weights are the sizes of the plots on which they occur. Two indices of adverse shocks are
constructed for each household, for each period, one for each type of land (upland or lowland)
on which they occurred. The two most common adverse events were waterlogging and insect
attacks (accounting for 54 percent of all adverse shocks), followed by animal, bird, wind and
weed (wutawuta) damage.

Timing - Therelative timing of the receipt of random shocks, the realization of the
effect of these shocks on income, and measured saving behavior isimportant for the
interpretation of the results. The harvest period beginsin period 1, when early-planted millets
on upland fields mature and lowland garden crops are harvested. Harvesting continues into
period 2, when most upland grains are harvested. The effects of period 2 shocks (Z;,) are
realized on income in period 2, and thus should be reflected in period 2 saving if assets are
used as buffer stocks. | attempted to define early period shocks (Z;;) so that their impact on
income would be realized in period 1, but the imprecise nature of the data implies that, in
addition, period 2 income might be affected by Z;,. If thisisthe case, then the effect of Z;; on
period 1 saving becomes ambiguous.® | provide atest for this possible effect in section 2.

2. Responses of Saving to Income Shocks



Saving by household j in period t (s;) is assumed to be alinear function of a vector of
household characteristics (X;) which determine the level and variance of the household's
permanent income, and which indicate the stage of the household initslife cycle. Saving
may also depend on the season of the year and on village-level shocks to income; both of
these sources of saving variation are captured by an indicator of the period (d,). Finally,

saving may respond to the receipt of transitory idiosyncratic production shocks (Z;,):
(1) s, =doo+XB +Z,y+dX5+v,,.

The data cover only one year, so the effects of seasonality and aggregate shocks are
collinear. In order to disentangle the effects of these different sources of income and saving
variation a time series spanning different years would be required. The effects of seasonality
or aggregate shocks on saving might depend on household characteristics, hence | have
included interactions between X, and d,. For instance, one might expect the extent of land
holdings to have an effect on seasonal variation in saving (larger landholders would be
expected to save more than smaller landholders during a period which spans the harvest
relative to their saving during the farming season). Similarly, an aggregate shock to rainfall
might have a larger effect on the saving of larger landholders. v isthe product of the effect of
adverse transitory shocks on transitory income and the effect of transitory income on saving.
If assets are used as buffer stocks against the receipt of adverse shocks, then y<0.

This formulation requires the assumption that idiosyncratic shocks across the two
periods are independently (though not necessarily identically) distributed.® The realization of

the shock in period 1 therefore provides no information about the shock due to occur in period



2. If thisis so, then the shocks are transitory and the simple behavior described in equation
(1) can capture the use of assets as buffer stocks. Aggregate shocks can be correlated over
time without affecting the results, for their influence on saving is captured in ¢ and 4.
Feasible generalized least squares estimates of (1) are presented in the first column of
Table 2. The null hypothesis that net saving is unaffected by the receipt of adverse
idiosyncratic shocks can be rejected.”® The Wald test of the joint significance of the two
shock variables is distributed as ¥%(2) and has a value of 8.00 (p=.02). The results are
consistent with simple models of consumption smoothing: saving islower in those households
subjected to adverse idiosyncratic shocks on their upland plots, though there is no statistically
significant relationship between shocks on lowland plots and saving. Moreover, the
responsiveness of saving isvery large. Nigeria's 1988 GNP per household (at the average
household size of this sample, 8.5 members) was N10,500. The receipt of a one standard
deviation adverse shock on afarmer's upland plots is associated with dissaving of N1,584 or
over 15 percent of average Nigerian household income (mean saving per period is N2,746).°%°
Thisfinding implies that households are not completely insured against the receipt of
these idiosyncratic shocks and therefore provides corroborating evidence for the conclusion of
Udry (1994) that afully Pareto efficient allocation of risk is not achieved in these villages.
There, it is shown that there is much stronger evidence of insurance (through state-contingent
credit transactions) against shocks on lowland plots than against shocks on upland plots,
probably as aresult of the better availability of information concerning shocks on lowland
plots. The differential effects on saving of shocks on upland and lowland plots, therefore,

may reflect the relative availability of insurance against these different types of idiosyncratic



shocks.

The effects of seasonality and aggregate shocks on saving are mediated by land
ownership. Owners of additional upland land save significantly more during the second
period relative to the first period, while owners of additional lowland land save significantly
less. Thisis consistent with the different timing of input application and harvests on the two
types of land. The main farming expenses on upland plots occur during period one, while the
main upland harvest occurs during period two. In contrast, much of the value of lowland
harvests is accrued during period one. In addition, saving displays significant variation across
villages and households which had been wealthier in the past (when the household head first
married, on average 16 years before the survey) have significantly higher current saving.

| have equated accumulation of the measured assets (grain, livestock and trade stocks)
with "saving". Thisis correct only if the asset stock data are complete. We can not rule out
the possibility that there are simultaneous unobserved movements in other asset stocks which
compensate for the observed changes, causing us to misinterpret portfolio adjustments for
saving behavior. These households do have assets which are not included in measured
saving, several of which need not concern us. | have shown elsewhere (Udry, 1994) that
there is no significant responsiveness of net lending to the realization of the shocks examined
in this paper. The value of furniture, farm equipment, vehicles and housewares (for which no
measure of saving can be constructed, because it is measured at only one point during the
survey) averages less than N1300 per household, too small to account for any significant
countervailing accumulation. It isalso unlikely that the responsiveness of the accumulation

of kayan ado, the ornaments of women, to the realization of these shocksislarge. Callaway



(1987) argues that the purchases of kayan ado are financed entirely by the earnings of women
(who do not farm) and that they are virtually never sold (they serve as dowry for daughters).
If Callaway is approximately correct, then there is little room for significant variation in
saving in kayan ado, because the average wage for women in these villages is under N4 per
day. The response of cash balances to shocks is addressed in section 3. Jacoby and Skoufias
(1992) show that investmentsin children's education in Indiais responsive to the realization
of adverse shocks. Itisunlikely that there is asimilarly important response in northern
Nigeria: less than 5 percent of the children in the sample attend school. Accumulation of
these assets is unlikely to exhibit a responsiveness to the realization of shocks of the same
order of magnitude as that shown by the measured assetsin Table 2. Moreover, to the extent
that there is aresponse, it is difficult to imagine that it would be opposite to that shown by the
measured assets. However, there is also unmeasured investment in the quality of farmland
(mainly through erosion control and brush-clearing). The adverse shocks of this paper occur
on the farmers' plots and conceivably could affect the returns to investment in land
improvements. It is possible that the realization of an adverse shock spurs an unobserved
investment in land improvement, thus offsetting some or all of the dissaving in the measured
assets. This possibility cannot be addressed with these data, and should be borne in mind as
the results are interpreted.
3. Portfolio Effects of Income Shocks.

Data are available on the composition of the households' portfolios, so equation (1)
can be estimated for each of the disaggregated components of saving (one is redundant, so

saving in trade stocks is dropped).”* FGL S estimates of the determinants of saving in grain



and livestock are reported in the second and third columns of Table 2. Estimates for cash
holdings are reported in the final column.

Livestock saving is not affected by idiosyncratic shocks. In fact, the point estimates of
the effect of shocks are positive, albeit insignificant.> The effect of the receipt of adverse
shocks on saving is realized through changes in grain stocks. It is possible to reject the null
hypothesis that saving in the form of grain is unaffected by idiosyncratic shocks; the Wald
v¥(2) test statistic is 16.46. The point estimate implies that a one standard deviation shock on
upland plotsis associated with a N2,146 reduction in saving in the form of grain (the mean of
grain saving per period is N991). Cash holdings also grew significantly less rapidly in
households subject to an adverse shock on upland plots. A one standard deviation adverse
shock is associated with a N261 reduction in cash saving. Recall, however, that the cash data
are suspect.

When households receive transitory shocks to their incomes, they respond by reducing
their grain and (to the extent that the results are not compromised by data quality) cash
saving, but livestock saving is unaffected. This pattern is consistent with optimal saving
behavior when a subset of the assets held by householdsis used directly in production.
Livestock production in this farming system requires inputs of land for grazing and household
labor for herding, watering and gathering supplemental food for the animals.*® There are not
complete rental markets for livestock. Thereisahistory of livestock tenancy in thisregion, in
which farmers let out cattle to specialized herders (see Stenning, 1959; Baier, 1980; Frantz,
1975). However, less than 5 percent of the value of livestock owned by these households was

kept in such arrangements. Given household characteristics, therefore, ownership of livestock
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is subject to diminishing returns.*

The important alternative asset held by these householdsis grain. Thereturn to
holding grain is not subject to diminishing returns; it is determined by the seasonal changein
the grain price and the direct loss of stored grain to pests, each of which are constant per unit
of grain stored.™® Given diminishing returns, the amount of livestock held by the household is
determined by considerations of productive efficiency, and consumption-smoothing is
effected through the sale or purchase of only those assets (mostly grain) not used in
production and not, therefore, subject to diminishing returns.

It should be noted that the results of Table 2 are also consistent with a number of other
mechanisms which could cause shifts in the composition of households' portfolios contingent
upon the receipt of an unanticipated income shock. Two of the more obvious mechanisms are
indivisibilities or transaction costs associated with livestock. Neither of these possibilities,
however, are likely to be at work in these data. On average, seventy percent of the value of
the livestock held by these households is composed of sheep and goats, the prices of which
range from N50 to N200, much less than the dissaving contingent upon a one s.d. shock.
Indivisibilities are not a hindrance to the use of livestock to smooth consumption. Nor do
transaction costs seem to be higher for goats and sheep than grain. They are exchanged in
different sections of the same market, and both livestock and grain transactions are extremely
frequent in these markets. Nor are transportation costs of small livestock and grain to the
markets significantly different.

If the shocks contain information concerning the distribution of future returnsto

holding various assets, than a change in the rate of accumulation of grain might reflect

11



portfolio adjustments rather than consumption-smoothing. However, these shocks are
idiosyncratic. They cannot affect future price movements. Moreover, they are plot-specific
and should not affect herding activities or losses to stored grain, so future returns are
unaltered. If there are transaction costs in the grain market, a transitory shock to grain
production might be associated with a change in the rate of growth of grain stocks through
inventory control choices rather than saving decisions. This possibility cannot be excluded
with these data. However, transaction costs are extremely low. Thereis no statistically
significant difference between the (month-specific) sale and purchase price of grain to these
farmers (based on 1,150 recorded transactions). The point estimate is that the purchase price
exceeds the sale price by only 2.5 percent.

Finally, these results are consistent with the possibility that households myopically
save afraction of the output each of their activities. These shocks affect grain production, so
asimple proportional saving rule implies that the shocks affect grain inventories but not
livestock holdings. The results with respect to cash provide some evidence that assets other
than grain respond to shocks. For additional evidence which suggests more sophisticated
saving behavior, we turn to the grain market.

4. The Grain Market

Adverse shocks reduce farm profit by both reducing output and inducing higher
expenditures.’® If consumption is stabilized through saving, this implies larger sales of grain
contingent upon the realization of an adverse shock. A simple model will make the intuition
clear. Suppose that farm profits are a function of variable inputs L, and the transitory shocks

Z:
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(2) F, =FL,Z) -wL,.
w, isindependent of the idiosyncratic shocks Z,, so 0?F/dLdZ > 0 implies that the realization
of adverse shocks induces households to use variable inputs more intensively. Thisisrelated

to grain market transactions through the budget constraint
(3) Yo =Sq *Cq * Tgt, wher e

(4) Tgt pt ‘COt * Vvt( Lt - Lts) - pKt TKt )

Yy isthe grain harvest, s, is net grain saving, ¢, is grain consumption and T, is the object of
current interest, net grain salesin period t. Net grain sales equal expenditure on non-grain
consumption items (p,c,,) plus net purchases of variable inputs minus net sales of livestock,
all valued in terms of grain. If consumption-smoothing is substantially effective, then c, and
L$ are not affected by Z,. Section 3 argues that optimal livestock holdings are not affected by
realizations of Z,. Furthermore, these shocks affect crop, not livestock, production, so T, is
independent of Z,. Then JL/0Z>0 implies dT,/dZ>0. The increased expenditure on inputs
required by the realization of an adverse shock is funded through increased net sales of grain.
The monthly net grain sales figures for each household are aggregated into three
periods, corresponding to the periods for which there is information on the receipt of shocks.
Period zero runs from February to April. No adverse shocks were recorded during this
period, which ends before the upland farming seasons begins (so Z,,=0 v j). Periods 1 and 2
are defined asin section 2. Actual net grain sales are not observed because households were
instructed to report only "important” sales or purchases of grain. This resultsin censoring of

reported net grain sales when actual sales are near zero (37 percent of the observations). Each
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household's interpretation of "important” may be different, hence the degree of censoring may
vary across households. This can be captured by fixed effects which differ when observed
sales are positive (1) and when observed purchases are positive (A). The degree of
censoring in reported net grain sales by household j depends on (A-AF)>0 (thereis no

censoring if A>=AP). Net grain sales (T,) are

dyo + thy + dt®Xj6 + )\jp T if do + thy + dt®Xj6 + )\jp YT 0
(5) Tjt =10 i f _)\JP>th > _}\js
do +Z v +deXs + N +u, ifdoa-+ Zy +doeXs + N +u, <0

J J

The vector d, contains two elements which indicate period 1 and period 2. Table 3A-B
reports the results of the estimation of (5).1" The hypothesis that the coefficients of the model
are equal when the household sells grain and when it purchases grain is firmly rejected (the
v¥(8) Wald test statistic is 246), therefore the results are reported separately for the two cases
in Table 3A. However, the hypothesis that the coefficients of the idiosyncratic shock
variables are the same in the two cases cannot be rejected (the x(2) test statistic is 1.05). The
two estimators of these coefficients, therefore, are optimally combined to yield the estimates
reported in Table 3B (see Hansen [1982]). The point estimate indicates that a one standard
deviation adverse shock on a household's upland farm is associated with an N4,668 increase
in grain sales during that period (recall that the estimate of the reduction in grain saving
associated with the receipt of a shock is N2146). The final column of Table 3A provides
estimates when the dependent variable is gross sales of grain. These estimates show a strong
positive correlation between the receipt of adverse shocks on uplands (and thus lower grain

production) and additional gross sales of grain, providing additional evidence that these

changes in grain stocks reflect portfolio adjustment decisions rather than simple proportional

14



saving rules.
5. Do Households Save in Anticipation of Shocks?

It may be that the idiosyncratic shocks discussed in this paper can be foreseen by
farmers.”® If so, then it is possible to test explicitly for forward-looking behavior. If shocks
are predictable, then standard intertemporal models imply that the household would have
saved in advance of the occurrence of the shock. Saving would predict the shock, rather than

vice-versa. Suppose that the PIH is correct. Campbell (1987) shows that saving in period tis

0

(6) s, =-) (L+1) T E (Y, Yiu)-

i=1

Yy, IS non-interest income in period t and the expectation is taken with respect to the
information available to the household at timet. So current saving equals the discounted
value of expected future declinesin income. Now suppose that income is stationary and that
a1 s.d. transitory shock reduces income for a single period by, say, €. If farmersrealizein
period t that they will be subject to an adverse shock in period t+1, then s=er/(1+r)?, or
approximately 15 to 20 percent of € (for .2<r<.4). If information concerning the possible
receipt of shocksin the latter half of the season (period 2) becomes available during period 1,

then

—~
~
~
(7]
|

X B+Zy+Zy,Y, Uiy

(%]
Il

i2 o¢+XjB+Zj2\/ +Xj6+Uj2
where v,>0. Equation (7) can be applied both to overall saving and to saving in the form of
grain. FGLS estimates of the determinants of overall saving and grain saving are presented in

Table 4. The relationship between the realization of idiosyncratic shocks on upland plots and

15



current saving remains significantly negative and of the same magnitude as reported in Table
2. Moreover, in period 1 both overall saving and grain saving are significantly affected by
anticipations of period 2 shocks on upland plots. Both estimates provide evidence that
households increase their saving in anticipation of future shocks on upland plots. The point
estimates imply that the responsiveness of saving to anticipated shocksis quite large. A one
s.d. shock on upland plotsin period 2 is associated with increased saving in period 1 of about
N1500. Thisisof the same order of magnitude as the dissaving which occurs contingent

upon the realization of an adverse shock, and is much larger than would be expected given the
PIH and our assumption that income is stationary and the shocks are transitory. How can this
be interpreted?

First, footnote 10 implies that period 1 and 2 shocks may not be equivalent. The point
estimates indicate that a 1 s.d. adverse shock in period 2 is associated with dissaving (and thus
an estimate of €) of about N2500. Anticipatory saving of about N1500 is still too large to
reconcile with the PIH and transitory shocks, but the contrast is not as dramatic as implied
above.

Second, the shocks (e.g., weed infestation or erosion) may be persistent, so that a
sequence of relatively poor harvests can be expected. Thisimplies that anticipatory saving
upon the realization that a shock will occur is larger than er/(1+r)?, while dissaving contingent
upon theinitial realization of the shock remains €. If in addition, households have arelatively
short time horizon (thus violating the PIH), anticipatory saving is yet larger, and the dissaving
contingent upon the occurrence of the shock is smaller (implying that € is larger than

estimated above). A persistent shock and short time horizon can reconcile the results of
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Tables 2 and 4.

Finally, the shocks might be endogenous. Despite my efforts to choose uncontrollable
events as shocks, it is possible that lower labor expenditures and thus relatively higher saving
increases the probability that a shock will be realized. Higher saving, therefore, causes the
"shock". Thisinterpretation implies that a reduction in expenditure (and thus increased
saving) of about N1500 causes, in expectation, a one s.d. shock, itself costing (and thus
inducing dissaving to smooth consumption) about N1500. It is not possible to distinguish
between these interpretations with these data. There is some evidence that near-future upland
"shocks" are foreseen and that, in anticipation, households increase their current saving.
However, the evidence is only suggestive and it is not easily reconciled with the PIH.

6. Conclusions

It has often been suggested that an important motivation for saving in poor agricultural
societies is to use asset stocks to stabilize consumption in the face of uncertain incomes.
Households dissave when they suffer an adverse shock and save more when they are favored
with a positive shock. This paper has presented evidence to support this thesis among
agricultural households in northern Nigeria. Data limitations preclude definitive conclusions.
However, the results suggest that: (1) households reduce their saving by large amounts when
they receive an adverse shock on their upland plots - a one standard deviation shock is
associated with dissaving of over 15 percent of average Nigerian household income; (2)
consumption smoothing is effected through adjustments in saving in assets not subject to
diminishing returns; (3) asignificant portion of this response is increased net sales of grain

contingent upon the realization of an adverse shock; and (4) households forecast the receipt of
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near-future adverse shocks on upland plots and increase their current saving in anticipation of
the realization of these shocks.

Households in northern Nigeria use their assets as buffer stocks as one component of
an ex-post risk-coping strategy. The complementary mechanism is cross-sectional risk
pooling. In Udry (1994), evidence is presented that credit cum insurance transactions are
used to pool the idiosyncratic risks faced by households within a village, but that afully
Pareto efficient allocation of risk is not achieved. These households use their asset stocks to
smooth over time the remaining idiosyncratic risk, and presumably transitory aggregate risk
aswell. Unfortunately, the short time period covered by the data makes it impossible to
identify separately the effects of seasonality and aggregate shocks on saving. A more
thorough investigation of the role of saving in households' strategies for coping with risk in
northern Nigeria and Africa more generally will be possible when data become available from
a broader cross-section (so that regional shocks can be identified) or from alonger panel.

Appendix: Ordinary Least Squares Estimates

[Put Tables A2, A3, A4 here. Thereisno Table Al]
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1. See the review by Besley (1993). Deaton (1992a) provides the only previous attempt to address risk
and saving in an African context. He applies methods suggested by Campbell (1987) to a three-year
rolling panel from Céte d'lvoire. He finds evidence that households save in anticipation of declines in
income, but that the amount saved is difficult to reconcile with the permanent income hypothesis.

2. This paper, therefore, is closely related to the important work of Paxson [1992], which uses rainfall
data to identify transitory income shocks affecting households, which are in turn used to measure the
marginal propensity to save from transitory income.

3. This result stands in striking contrast to Rosenzweig and Wolpin (1993), who show that farmers in
India use draft animals to smooth income shocks. As noted by Rosenzweig and Wolpin, it must be the
case that Indian farmers, unlike their Nigerian counterparts, do not have access to remunerative
alternative assets not subject to diminishing returns with which to facilitate income smoothing.

4. The size of the sample was kept small in an effort to reduce non-sampling error on matters that are
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notoriously sensitive (most importantly, great care is required in collecting information on asset stocks).
See Udry (1991) for further details on the study area and survey methodology.

5. If an adverse shock in period 1 lowers period 2's expected income, as well as period 1 income, then
period 1 consumption should fall. Period 1 saving might fall or rise, depending upon the size of the
effect of the shock on period 1 income.

6. The possibility of correlations over time is discussed in footnote 10 and in section 5.

7. A Goldfeld-Quandt test of the hypothesis that the variance is the same for observations in periods 1
and 2 yields a strongly significant F(182,182) test statistic with a value of 2.07. The FGLS estimates
presented in Table 2 are based on the standard two-step procedure. In the first step, OLS residuals are
used to estimate the standard deviation of the errors in the two periods. The second step is WLS using
the inverses of these estimates as the weights. OLS estimates of this equation (and all others in the
paper) can be found in the appendix.

8. The hypothesis that there are no household fixed effects cannot be rejected: the Hausman test statistic
is x2(4) and has a value of only 1.086 (p=0.90). The fixed effect and FGLS estimates of the
relationship between saving and the receipt of adverse shocks are virtually identical.

9. The Nigerian currency is the Naira, which ranged in value from $1=N4 in February 1988 to $1=N7
in February 1989. Some of the saving over the survey period was seasonal. The data do not cover
February-April, when dissaving is likely to occur. Nominal GNP per capita statistics are calculated
from Summers and Heston (1991).

10. As discussed in section 1, it is possible that the relative timing of the receipt of random shocks and
the realization of their effect on income is not consistent with that demanded by the theory. In order to
test for this possibility, | re-estimate equation (1) permitting the coefficients on Z; to vary across the
time periods. The hypothesis that the effect of idiosyncratic shocks on saving is constant across periods
cannot be rejected - the Wald x?(2) test statistic is 3.86 (p=0.15). When attention is limited to the

effect of shocks on upland plots the Wald (1) test statistic becomes 3.71, near conventional
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significance levels. Adverse shocks on upland plots have a stronger effect on saving in period 2 than in
period 1, indicating that some of the effect of period 1 shocks may be realized in period 2 income.

11. Livestock account for 68 percent of the value of households® portfolios early in the harvest season,
and 30 percent soon after harvest is completed. 2 percent of the value of portfolios is goods for
trading; the remainder of the households" portfolios are held in the form of grain stocks. Virtually all
of the value of livestock is in the form of cattle, sheep and goats.

12. The Wald test of their joint significance is x*(2) with a value of 2.02 (p=0.36).

13. Despite the existence of active agricultural labor markets in these villages, there were no instances
in the sample of labor being hired to care for animals. Presumably, this pattern results from the
potential for moral hazard in the care of animals. In these villages, animals must be confined during the
farming season to avoid crop damage, and therefore must be fed and watered using household labor for
several months each year.

14. There is a large literature in agricultural economics concerning the optimum size of herds.
Mcintire, Bourzat and Pingali (1992) provide a survey. The conclusion of this literature is that there
are initially increasing returns to herd size, but that diminishing returns set in rapidly, and that optimum
herd sizes depend on household size, landholdings and

weather conditions.

15. Hays (1975) describes storage technology, which is based on in-room storage of dried, bagged
grain.

16. This is a technological condition - the marginal product of labor increasing with the shock - which
corresponds to the particular shocks studied here. For example: infestation of a plot with exceptionally
virulent weeds increases the amount of time spent weeding; early season flooding often requires
replanting; late season bird attacks require labor inputs to keep the flocks away; and insects are
removed by hand.

17. See Rosett (1959) for the first formulation of a similar model in the case of a single cross-section.
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The procedure | follow is to first censor all observed net grain purchases from below at zero (all T;, <
0 are set to zero). The resulting fixed effect Tobit model is estimated using Honoré's (1992) trimmed
least squares estimator for censored models with fixed effects. Second, all observed net grain purchases
are censored from above at zero, and again the resulting fixed effect Tobit model is estimated. These
two estimators, one for T:<0 and the other for T,>0, are reported in Table 6A. The household fixed
effects are not estimated.

18. In contrast to the assumption maintained in Udry (1990, 1994).

19. Supposing that the PIH is correct so that all transitory shocks are saved, this and the results in Table
2 imply e~N1500. Stationarity may not be a bad approximation. Incomes grew in the early 1980s
because of the adoption of maize as a primary crop, but the process was complete before this survey

began (see Smith et al., 1994).
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TABLE 1

Descriptive Statistics

Mean  Std. Dev.
Overall Saving (x N1000) (s;) 2.75 14.13
Period = 1 0.77 8.27
Period = 2 5.42 17.82
Saving in grain and farm inputs (such as fertilizer) 0.99 1.14
Period = 1 -2.48 8.02
Period = 2 4.46 13.17
Saving in livestock 1.76 9.65
Period = 1 2.56 5.80
Period = 2 0.96 12.33
Saving in stocks of goods for trading -0.01 0.49
Period = 1 -0.01 0.39
Period = 2 -0.01 0.56
Index of Adverse Idiosyncratic Shocks (Z;,):
On Upland Plots 1.88 7.92
Period = 1 3.06 10.85
Period = 2 0.70 2.33
On Lowland Plots 0.21 1.77
Period = 1 0.34 2.24
Period = 2 0.19 0.81
Household Characteristics (X)):
Wealth at the time the household was formed (x N10000) 8.60 114.11
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Age of the household head 40.64 12.21

Number of wives 1.52 0.79
Number of males 10-60 in the household 2.53 1.57
Number of dependents 3.67 2.61

Presence of a member of the household with a

special skill (dummy variable) 0.60 0.24
Upland land owned in hectares 3.24 4.69
Lowland land owned in hectares 0.44 1.04
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Table 2

The Determinants of Saving

Overall Saving Grain Saving Livestock Saving
Cash Saving
Variable Parameter t Parameter t Parameter t Parameter t
Estimate Estimate Estimate Estimate
Intercept -0.556 -0.25 -0.273 -0.13 -0.388 -0.26 -0.124  -0.55
Period =2 -2.526 -1.80 2017 163 -4.544  -4.57 0.345 2.65
Adverse Shocks:®
On Upland Land -0.197 -2.65 -0.271  -3.85 0.070 141 -0.033 -2.89
On Lowland Land -0.156 -0.84 -0.181 -1.07 0.018 0.14 -0.003 -1.46
Village=1 4.081 254 3.757 256 1.125 1.02 0473 3.00
Village=2 0.952 0.63 0.093  0.07 0.928 0.89 0.089 0.60
Village=3 0.547 0.36 0.103  0.07 0410 0.39 -0.108 -0.72
Past Wealth? 0.022 4.80 0.000 011 0.023 7.35 -0.000 -0.13
Age of Household Head 0.008 0.16 -0.060 -1.31 0.053 1.55 -0.005 -1.07
Number of Wives -0.021 -0.02 -0.239 -0.28 0.159 0.25 0.015 0.17
Number of Males
Aged 10-60 0.269 0.74 0.306 0.93 0.088 0.36 0.049 1.40
Number of Dependents 0.103 0.41 0430 1.87 -0.260 -1.51 -0.020 -0.81
Household Member with
a Special Skill -0.580 -1.01 -0.702 -1.34 0.158 0.40 -0.050 -0.88
Upland Land Owned -0.354 -1.93 -0.438 -2.52 0.094 0.77 0.019 0.88
Lowland Land Owned 0.282 0.42 0.637 0.99 -0.488 -1.09 -0.075 -0.95
Upland Land * Period=2 2598 9.72 1347 5.68 1238 6.56 0.008 0.33
Lowland Land * Period=2 -2.795 -242 -0.781 -0.77 -1.965 -2.40 0.073  0.69

notes. These are FGLS estimates. OL Sresiduals are used to estimate the standard deviation of the errorsin the two periods.
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Theinverses of these estimates are used as weights for WL S to yield the estimates reported in the Table. The dependent
variable in the first column is the change in the value of household stocks of grain, farm inputs, livestock and goods for trading
over each of the two periods. In the columns 2-4, the dependent variable is the change in the value of household stocks of the
relevant asset over each of the two periods.

®Number of self-reported adverse shocks, weighted by plot size.

PAt time of first marriage (x N10,000)
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Tabl e 3A
The Determi nants of Grain Sal es

Net Purchasers Net Sellers Qoss Sellers
(T ¢ <0) (T ;:=0)
Vari abl e Paraneter T-Ratio Par anet er T-Ratio Pararret er T-Ratio
Estimate Estimate
Period = 1 3.532 0. 39 -17.944 -1.02 -17. 550 -1.25
Period = 2 99. 107 1.49 -0.697 -0.10 -12.372 -0.79
Adver se Shocks: @
O Wland Land 5.724 3.12 7.624 2.05 7.106 2.59
O Low and Land 23. 139 0.95 0.554 0.11 -8.042 -0.23
Upl and Land
* Period = 1 -39.531 -5.06 0. 439 0. 07 0. 813 0.18
Upl and Land
* Period = 2 -44.938 -20.55 3.172 0. 80 10. 406 1.35
Low and Land
* Period = 1 83. 132 5.72 12. 905 0. 60 13. 797 0.58
Low and Land
* Period = 2 35. 649 1.95 4.991 0. 39 3. 346 0.22
Tabl e 3B
Optimal |y Conbined Estinmates of the Deterninants of Net Grain Sal es
Var i abl e Par anet er T-Ratio
Estimate
Upl and Shock 7.168 12. 33
Low and Shock 1.139 0.23

notes. The procedure | follow isto first censor all observed net grain purchases from below at zero (all

Ty < 0 are set to zero).

Theresulting fixed effect Tobit model is estimated using Honoré's (1992) trimmed least squares estimator for censored models

with fixed effects and reported in the first column. Second, all observed net grain purchases are censored from above at zero,

and again the resulting fixed effect Tobit model is estimated and reported in the second column. These two estimates are

optimally combined as suggested by Hansen (1982) to yield the estimates reported in section B of the Table. The dependant

variable in the third column is the sum of all sales of grain in each period, disregarding purchases.

*Number of self-reported adverse shocks, weighted by plot size
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Tabl e 4
Do Househol ds Save in Anticipation of Shocks?

The Determ nants of:

Overal | Saving Gain Savi ng
Vari abl e Par anet er T-Ratio Par anet er T-Ratio
Estimate Estimate
I nt er cept -0. 164 -0.07 0. 146 0.07
Period = 2 -2.482 -1.77 2.073 1.68
Adver se Shocks: @
O Wl and Land -0. 209 -2.83 -0. 285 -4.11
O Low and Land -2.288 -0.79 -2.797 -1.11
Village = 1 3.676 2.29 3.204 2.20
Village = 2 0.908 0. 60 0. 048 0.03
Village = 3 0. 342 0.22 -0. 106 -0.08
Past Wealth?® 0. 022 4.83 0. 000 0.05
Age of Househol d Head -0.002 -0.03 -0.068 -1.50
Nunber of Wves 0. 252 0.27 0.083 0.10
Nurmber of Mal es Aged 10- 60 0. 213 0.59 0. 229 0.70
Nurmber of Dependents 0. 064 0.25 0. 373 1.63
Househol d with Special Skill - 0. 666 -1.16 -0. 807 -1.56
Upl and Land Oaned -0.473 -2.49 -0.588 -3.30
Low and Land Onned 0. 393 0.59 0. 787 1.25
Wpl and Land * Period = 2 2.722 9.98 1.501 6. 22
Low and Land * Period = 2 -2.870 -2.50 -0.875 -0.87
Next Period Shocks:
Future Upl and Shock ¢ 0. 649 2.10 0. 800 2.76
Future Low and Shock ¢ -1.583 -0.43 -2.232 -0.68

notes: n=392. Theseare FGLSestimates. OLSresiduals are used to estimate the standard deviation of the errorsin the
two periods. Theinverses of these estimates are used as weights for WL S to yield the estimates reported in the Table. The
dependent variables are, respectively, the change in the value of household liquid assets (grain, farm inputs, livestock, and
goods for trading) and stocks of grain over each of the two periods.

®Number of self-reported adverse shocks, weighted by plot size
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PAt time of first marriage (x N10,000)

‘Adverse shocks reported for period 2, but included in the equation determining period 1 saving.
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Table A2

OL S Estimates of the Deter minants of Saving

Overall Saving Grain Saving Livestock Saving Cash Saving

Variable Estimate t Estimate t Estimate t Estimate t
Intercept -1.408 -0.55 -0.727 -0.33 -0.555 -0.30 -0.114 -0.51
Period = 2 -2.431 -1.63 2.054 1.62 -4.488 -4.15 0.345 2.65
Adverse Shocks:?

On Upland -0.234 -2.46 -0.285 -3.50 0.052 0.75 -0.034 -3.06
Land

On Lowland -0.013 -0.61 -1.697 -0.95 0.384 0.25 -0.003 -151
Land
Village =1 6.206 343 5.453 3.52 0.708 0.54 0.453 2.85
Village=2 1.128 0.66 0.256 0.17 0.855 0.69 0.095 0.63
Village=3 0.735 0.43 0.114 0.08 0.647 0.52 -0.088 -0.58
Past Wealth® 0.017 3.22 0.001 0.19 0.016 4.21 -0.000 -0.10
Age of Household 0.015 0.27 -0.076 -1.59 0.092 2.25 -0.006 -1.14
Head
Number of Wives 0.336 0.32 -0.121 -0.14 0.327 0.43 0.008 0.08
Number of Males 0.287 0.71 0.467 134 -0.176 -0.60 0.048 1.35
Aged 10-60
Number of 0.029 0.10 0.483 2.00 -0.440 -2.14 -0.015 -0.61
Dependents
Household with -0.845 -1.31 -0.737 -1.33 -0.105 -0.22 -0.050 -0.88
Special Skill
Upland Land Owned -0.350 -1.48 -0.438 -2.18 0.100 0.58 0.018 0.89
Lowland Land 0.238 0.27 0.517 0.69 -0.332 -0.52 -0.074 -0.97
Owned
Upland Land * 2.558 8.87 1.332 5.40 1.219 5.82 0.009 0.35
Period=2
Lowland Land * -2.825 -2.32 -0.793 -0.76 -1.981 -2.24 0.073 0.69
Period =2

notes: The dependent variable in the first column is the change in the value of household stocks of grain, farm

inputs, livestock and goods for trading over each of the two periods. In columns 2-4, the dependent variable is the
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change in the value of household stocks of the relevant asset over each of the two periods.

*Number of self-reported adverse shocks, weighted by plot size.

At time of first marriage (xN10,000)
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OL S Fixed-Effect Estimates of the Determinants of Grain Sales

Table A3

Net Sales Gross Sales

Variable Parameter Estimate t Parameter Estimate
Period =1 0.878 0.19 -2.625 -0.77
Period = 2 8.789 1.91 1.744 0.51
Adverse Shocks
on:?

Upland Land 1.434 3.94 2.011 7.48

Lowland Land 4.862 0.72 2.933 0.59
Upland Land * -1.835 -1.88 0.180 0.25
Period =1
Upland Land * -3.285 -3.85 0.690 1.10
Period = 2
Lowland Land * -0.807 -0.21 -3.186 -1.12
Period =1
Lowland Land * 2.833 0.74 -0.606 -0.21

Period = 2

*Number of self-reported adverse shocks, weighted by plot size.
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Table A4
Do Households Save in Anticipation of Shocks?

OL S Estimates of the Determinants of Saving

Overall Saving Grain Saving
Variable Parameter t Parameter  t
Estimate Estimate
Intercept -1.143 -0.44 -0.446 -0.20
Period = 2 -2.357 -1.58 2.139 1.69
Adverse Shocks:*®
On Upland Land -0.247 -2.58 -0.300 -3.67
On Lowland Land -1.395 -0.49 -2.024 -0.83

Village =1 5.974 3.29 5.174 3.3
Village=2 1.088 0.63 0.220 0.15
Village =3 0.584 0.34 -0.050 -0.03
Past Wealth? 0.017 3.20 0.001 0.16
Age of Household Head 0.008 0.15 -0.084 -1.75
Number of Wives 0.521 0.50 0.111 0.12
Number of Males Aged 10- 0.247 0.60 0.421 121
60
Number of Dependents 0.005 0.02 0.450 1.85
Household with Special -0.907 -1.40 -0.812 -1.47
Skill
Upland Land Owned -0.460 -1.86 -0.573 -2.72
Lowland Land Owned 0.325 0.37 0.628 0.84
Upland Land * Period =2 2.673 8.96 1471 5.78
Lowland Land * Period =2 -2.898 -2.38 -0.881 -0.85
Next Period Adverse
Shocks:®

Future Upland Shock 0.607 1.50 0.729 211

Future Lowland Shock -0.614 -0.15 -1.172 -0.33

notes: The dependent variables are, respectively, the change in the vale of household liquid assets (grain, farm
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inputs, livestock and goods for trading) and stocks of grain over each of the two periods.
*Number of self-reported adverse shocks, weighted by plot size.
At time of first marriage (xN10,000)

“Adverse shocks reported for period 2, but included in the equation determining period 1 saving.
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