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The impact of weather insurance on consumption,
investment, and welfare

FraNcEscA DE NicoLA
The World Bank

I develop and estimate a dynamic stochastic optimization model to assess the im-
pact of weather insurance on the consumption, investment, and welfare of farm-
ers in developing countries. Weather insurance has the potential to provide large
welfare gains, equivalent to a permanent increase in consumption of almost 17%.
Moreover, it can allow for the adoption of riskier but more productive seeds, fur-
ther enhancing welfare. The interplay with other uninsured risks, the presence of
liquidity constraints, basis risk, and loading factor on the insurance premium may
account for the low take-up that is often empirically observed.
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1. INTRODUCTION

Weather variations can have severe effects on the well-being of farmers in developing
countries. Dercon (2002) finds that 78% of Ethiopian households suffered “hardship
episodes” over the past 20 years as a result of harvest failures due to weather shocks.
Similarly, Cole, Giné, Tobacman, Topalova, Townsend, and Vickery (2013) report that
drought and weather risks in general are reported as the major source of adverse in-
come shocks by almost 88% of rural Indian households in the state of Andhra Pradesh
and Gujarat.!

Weather shocks are particularly detrimental to farmers’ welfare because it is diffi-
cult to insure against them. As shown by Giné, Townsend, and Vickery (2007), weather
shocks impact all households in the affected area and thus severely limit the effective-
ness of informal risk-sharing networks.? The provision of weather insurance therefore
has the potential to largely enhance farmers’ welfare by improving their ability to more
effectively insure against risks associated with weather shocks. Based on this premise,
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more and more funds have been devoted to the design and promotion of weather insur-
ance projects in recent years.3

Despite the many resources being allocated to weather insurance projects, however,
there has been little research to quantify the potential benefits of this type of insurance.
As recognized by Morduch (2006), “the expanding gaggle of microinsurance advocates
are ahead of the available evidence on insurance impacts. [...] The advocates may be
right, at least in the long term, but it is impossible to point to a broad range of great
evidence on which to base that prejudice.” If anything, past research casts doubts on
the effectiveness of weather insurance. Rosenzweig and Wolpin (1993) show that the
availability of weather insurance has little effect on the well-being of Indian farmers,
and recent experimental studies have found a low take-up of weather insurance (for
example, Cole et al. (2013), Giné and Yang (2009)).

In this paper, I construct and structurally estimate a dynamic stochastic model of
farmers in developing countries to analyze the impact of weather insurance on their
investment, consumption, and welfare. In each period, farmers decide how to allocate
their resources between consumption and agricultural investment; this decision then
determines their income in the next period. The return on investment is subject to both
idiosyncratic productivity shocks and weather variations. Considering first the qualita-
tive implications of the model, I show that the introduction of insurance has a priori
uncertain implications for consumption and investment. This is because the presence
of weather shocks has two counterbalancing effects on investment decisions. On the one
hand, uncertainty in the rate of return deters investment; on the other hand, the pres-
ence of risk generates a precautionary motive that leads to extra investment. Therefore,
whether the provision of insurance induces farmers to invest more or less depends on
which of these two forces prevails.

To explore the quantitative implications of the model, I calibrate the distribution of
weather shocks with agronomic data from Malawi and pin down the other parameters
using Malawian household survey data from Giné and Yang (2009). In particular, I esti-
mate the intertemporal discount factor and the coefficient of relative risk aversion based
on questions of intertemporal preferences and attitudes toward risk. The survey also in-
cludes information regarding incomes and farm inputs that allows me to structurally
estimate the remaining parameters of the model, such as the curvature of the agricul-
tural production function and the standard deviation of the idiosyncratic shocks. The
estimation is performed by matching the median and standard deviation of the income-
to-investment ratio.

Using the estimated parameters, I proceed to assess the impact of weather insur-
ance on consumption, investment, and welfare. I first consider a very simple setting,

3Alderman and Haque (2007) and Hess, Skees, Stoppa, Barnett, and Nash (2005) provide a review of some
of the multimillion-dollar weather insurance projects in developing countries, such as Mongolia, Ethiopia,
Malawi, Kenya, India, Mexico, Nicaragua, Ukraine, Peru, and, still in a pilot stage, Madagascar and Tanzania.
For instance, in 2008, AGROASEMEX, a Mexican company that markets insurance against drought, covered
about 1.8 million hectares (nearly 4.5 million acres). Similarly, the Agricultural Insurance Company of India
offers protection against excessive and deficit rainfall, humidity, and frost for more than 1 million Indian
farmers.
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assuming that weather insurance is actuarially fair and free from basis risk, and allow-
ing farmers to buy the desired amount of insurance after observing the realization of
their idiosyncratic productivity shock. Under these assumptions, farmers fully insure
against weather shocks, and the estimated welfare gains therefore correspond to the po-
tential gains that could be seized by providing an ideal insurance product. I find that the
provision of weather insurance boosts consumption and reduces investment, as farm-
ers’ precautionary motives to overinvest weaken considerably as insurance reduces their
risk. The associated welfare gains are quite large, equivalent to a permanent increase in
consumption of 16.9%. Therefore, weather insurance has the potential to substantially
enhance farmers’ welfare.

However, the fact that weather insurance reduces investment leads to a gradual re-
duction in these welfare gains over time, since lower investment leads to lower future
incomes. Interestingly, this is not necessarily the case once the model is extended to
incorporate alternative investment options. For example, a major issue for farmers in
developing countries is the decision to use traditional versus hybrid seeds. The latter
have higher expected yields but may be more sensitive to weather variations and thus
riskier. I show that in this setting, the provision of weather insurance involves an ad-
ditional source of welfare gains because the elimination of weather risk allows farmers
to adopt higher yield hybrid seeds, leading to higher productivity and higher incomes.
Contrary to the case in which only one farming technology is available, this scenario (in-
volving both weather insurance and improved seed varieties) involves a gradual increase
in welfare gains over time.

Despite the large welfare gains predicted by the model, experimental evidence has
often documented a surprisingly low take-up of weather insurance. To shed light on this
issue, I relax the assumptions of actuarially fair insurance premium, no basis risk, no
liquidity constraints, and the ability to buy weather insurance after observing the id-
iosyncratic productivity.* If the price of weather insurance includes a risk premium or if
the insurance payouts are not perfectly correlated with the impact of weather shocks on
yields (basis risk), farmers would not fully insure. This is also the case if farmers have to
purchase insurance before observing their idiosyncratic productivity shock or earning
their farm income. Under these circumstances, the model predicts a much lower take-
up and smaller welfare gains. However, it is interesting to note that even if the take-up is
fairly low, the welfare gains are still relatively high, so that a low insurance take-up does
not imply that the provision of weather insurance is of little value.

The paper is structured as follows. The model is presented in Section 2 and the es-
timation of the parameters is discussed in Section 3. Section 4 analyzes the impact of
weather insurance on consumption, investment, and welfare, and Section 5 extends the
model to incorporate the choice between hybrid and traditional seeds. Section 6 dis-
cusses the factors that hinder insurance take-up, and Section 7 concludes by summariz-
ing the key findings.

4In general, issues of moral hazard and adverse selection also impair the effectiveness of insurance. Prob-
lems of asymmetric information are, however, not relevant in the case of weather insurance, since payments
are conditional on weather realizations that are exogenous for the farmer and directly observed by the in-
surer through local weather stations.
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2. MODEL

To analyze the effects of weather insurance on farmers’ consumption, investment, and
welfare, I construct a dynamic model of farmers in developing countries who face aggre-
gate weather risks and idiosyncratic production shocks. I first present the model in the
absence of weather insurance (“baseline” framework) and then consider how the opti-
mization problem changes with the introduction of insurance (“insurance” framework).

2.1 Baseline framework

Farmers maximize the expected present discounted utility of consumption
EZ;’iO Blu(cy i), where u(c) = % is a constant relative risk-aversion (CRRA) utility
function with a coefficient of relative risk aversion p. In each period, they decide how to
allocate their wealth w between consumption ¢ and agricultural investment &, which
generates income according to a production function with decreasing marginal re-
turns. Agricultural income is also subject to both idiosyncratic productivity shocks &
and weather variations 7.

Formally, farmers’ optimization problem in the absence of weather insurance (la-

belled baseline framework) can be expressed as

V(w, ) = max u(w — k) + BEV[Aeik®a'~*n, &}],
where a is the land owned by each farmer and A is the individual-specific time-invariant
productivity. The idiosyncratic term ¢ is log normally distributed with mean 1 and vari-
ance o2. The distribution of the weather shock 7 is empirically calibrated as discussed
in Section 3. I assume that farmers cannot adjust the amount of land a with which they
are endowed.®

The first-order condition for the optimal level of agricultural investment is com-
puted by equating the marginal utility of consumption today to the expected discounted
marginal utility of consumption tomorrow. The optimization problem implies the exis-
tence of a well defined target level of wealth toward which farmers would converge if not
hit by idiosyncratic or weather shock.® I solve numerically for this target level of wealth
and used it as the starting point to trace the impulse response function of the model to
the introduction of weather insurance.

As in Rosenzweig and Wolpin (1993), I do not explicitly account for price variations
caused by weather changes. The model is estimated using agronomic data from ru-
ral Malawi regarding the production of maize and groundnuts. Maize production is al-
most entirely (95%) consumed within the household. Additionally, since famine struck

5In developing countries, land trading is often limited by lack of property rights: indeed, according to
survey data from Giné and Yang (2009), farmers claim ownership with deeds on only 25% of the land. Rental
or sharecropping arrangements are only used on 2.3% and 0.2% of the total land, respectively. Moreover, it
is unlikely that farmers would find it profitable to sell land when struck by an aggregate negative weather
shock because weather shocks affect all farmers living nearby; thus the price of land would fall considerably
if all farmers in the area try to sell land when facing a negative weather shock.

6There exists an interior solution for capital such that, at the steady state, households optimize their
consumption decisions to equate the risk-adjusted marginal return from investment to the intertemporal
discount rate, EAg;ak® lal~%n = %
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in 2002, the Malawian government has imposed an upper bound on the price of maize
to ensure that farmers are able to finance consumption even during times of drought.
A lower percentage of groundnut production (35%) is devoted to autoconsumption, but
groundnuts account for a very small share of farm production, only about 15%. To the
extent that price risk exists, it will play a similar role to a small amount of basis risk.

One possible concern with the model is that it may overstate the gains from weather
insurance since farmers are not allowed to hold liquid assets or earn nonfarm income
that could help them cope with weather shocks.” Regarding liquid assets, the available
household survey data show that farmers in Malawi have extremely low savings, which
severely limits their ability to smooth consumption (Table 2). Cash at home and bank
deposits—the two most popular saving instruments—correspond to only about 1% and
0.06% of farm income, respectively. These extremely low savings are likely the conse-
quence of various episodes of high inflation that have generated strong negative real
rates and made liquid holdings unattractive.? In addition, savings in the form of nonliq-
uid assets are of limited use in buffering consumption since it is unlikely that farmers
can sell these assets among themselves when they are all hit by a weather negative shock,
such as a drought, as documented by Dercon (2002). Regarding alternative sources of
income, nonagricultural income is negligible, amounting to only about 0.09% of farm
income (Table 3). A small number of farmers earn some agricultural income from on-
farm work, but this source of income is likely to be heavily correlated with weather
shocks since the demand for agricultural labor dramatically falls during episodes of se-
vere weather.

2.2 Insurance framework

I introduce weather insurance by assuming that farmers have the opportunity to buy
¢ units of insurance, each of which pays (1 — n) to offset any bad weather shocks. The
optimization problem thus becomes V (w, &) = max;>o u(w — k) + BEV[Agk%a'~*n +
t(1 —m) — P, &1, where P is the insurance premium. Note that the insurance payout is
perfectly correlated with the weather shocks and that I am thus neglecting the possible
presence of basis risk. In this section, I make two other simplifying assumptions that will
be relaxed in Section 6. First, I assume that the insurance premium P is actuarially fair,
so that P = fol( 1—1n)f(n)dn. Second, I allow farmers to observe the realization of their
idiosyncratic shock & before deciding how much insurance to buy.

The absence of basis risk, the actuarially fair premium, and the ability to observe
the idiosyncratic shocks imply that farmers fully insure against weather shocks, so

I also consider the possibility of investing in a riskless but less productive asset. Qualitatively, the main
difference is with regard to the distribution of the welfare gains from weather insurance, which is no longer
monotonically nondecreasing in wealth. Poorer, but not extremely poor, farmers gain more from the provi-
sion of insurance.

8In past years, Malawi has experienced high inflation rates of up to 73% in 2002 and equal to 18% in
2006 at the time of the Giné and Yang (2009) survey used in the estimation. Double-digit inflation leading to
negative real rate of returns induced farmers in rural Tanzania to keep very little savings in cash or deposits
(Dercon (1996)).
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that « = Ag;k“a'~*. This formulation of the insurance problem allows us to quan-
tify the potential welfare gains that could be seized by designing effective insurance
products. The farmers’ optimization problem (insurance framework) simply becomes
V(w, &) = maxgso u(w — k) + BEV [ Agik®al=*(1 — P), &;], which differs from the base-
line optimization problem since the weather shock has been replaced by its expected
value (1 - P) = fol nf(n)dn.

Before proceeding with the estimation and quantitative analysis, I consider the qual-
itative implications of the model. Interestingly, the introduction of weather insurance
has an ambiguous impact on investment that can either increase or decrease, depend-
ing on the parameter values. This is because, on one hand, weather shocks deter invest-
ment since they create uncertainty in the rate of return. But on the other hand, weather
risk can stimulate investment through a precautionary motive as farmers overinvest so
as to have enough income even in the case of negative weather shocks. Depending on
the relative strength of these forces, investment can either increase or decrease when
insurance removes weather risk.

To clarify with an example, Figure 1 traces the evolution of consumption and invest-
ment following the introduction of weather insurance under two different calibrations
for the CRRA coefficient, which has a key impact on the investment response. More
specifically, I set @« = 0.7, o, = 0.05, and 8 = (.76, let p be either 0.9 or 2, and initialize
the impulse response functions at the target level of wealth without insurance, which
remains constant until insurance is introduced at time ¢*.%

Wy Ct k:
sseeee . L1111 ]
t* t* t*
(a) High CRRA coefficient, p is 2
W Ct ke
t;‘ t;' t t‘*

(b) Low CRRA coefficient, p is 0.9

F1GURE 1. A priori unclear effect of the supply of weather insurance.

91 trace the impulse response functions by setting both idiosyncratic and aggregate shocks to their mean
values. The actual shocks, however, are obviously present in the calculations of the policy functions.
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Depending on the magnitude of the CRRA coefficient, the provision of weather in-
surance may either increase or decrease investment. More risk-averse individuals re-
act to the provision of weather insurance by reducing the amount of capital invested
given the weakening of precautionary motives (Figure 1(a)). Consequently, consump-
tion jumps upward initially and then declines over time as the level of investment and
income falls. Conversely, less risk-averse agents immediately cut consumption to fi-
nance additional investment (Figure 1(b)). Their consumption then gradually increases
and eventually levels off at a higher level than under the baseline regime since farmers
achieve higher income due to the initial increase in invested capital.

3. CALIBRATION AND STRUCTURAL ESTIMATION

To analyze the quantitative implications of the model, I need to choose appropriate val-
ues for the CRRA coefficient p, the discount factor B, the capital share «, the variance
of the idiosyncratic shock ¢, and the parameters regarding the distribution of the aggre-
gate weather shock 7. As further discussed below, the production parameters .4 and «
act only as scaling factors; thus, I simply normalize them to 10 and 1, respectively.

To pin down these parameters, I use two data sources. First, I rely on agronomic
data elaborated by the crop water satisfaction analysis (CWSA) module to estimate the
weather shocks 1. The CWSA module estimates the impact of rainfall variations on farm-
ers’ yields that, combined with the rainfall probability distribution, approximate the fre-
quency and size of 1.!° The covariant shock takes the value between 0 and 1, where 0
corresponds to the most disruptive weather shock. The crop model captures shocks due
to both excess and lack of rainfall; thus, in case of either a devastating drought or flood,
7 would be equal to 0.

The rest of the parameters are pinned down using household survey data collected
by Giné and Yang (2009).!! About 770 maize and groundnut farmers in Malawi were
interviewed in September 2006, gathering information on demographic and economic
characteristics as well as on attitudes toward risk.!? The latter set of questions allows us
to pin down the coefficient of relative risk aversion p and the discount factor 8, which
are estimated to be, respectively, 2.67 and 0.76, using the answers to questions regarding
the choice of gambles and the timing of lottery payments.'3

The remaining parameters « and o, cannot be directly pinned down; therefore,
I structurally estimate them in the context of my model. The estimation is performed by

10Further details on how the CWSA module is constructed and the data it requires are available in Ap-
pendix A.

'The household survey was fielded only before the randomized experiment, when farmers did not have
access to weather insurance.

12The survey also asked farmers about the most serious risks they face. Weather shocks are clearly ex-
tremely important, since a lack of rainfall constitutes the main threat to groundnut production. Consistent
with the model, farmers are also subject to idiosyncratic shocks, with pest infestation being the (distant)
second most cited source of problems. Variations in input prices are a major concern for fewer than 2% of
farmers.

13The specific questions and the calibration techniques are presented in Appendix A.
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minimizing the distance between the median and the standard deviation of the income-
to-capital ratio w/ k generated by the model with their empirical counterparts.'* Since
the survey data were collected when farmers had no access to weather insurance, the
estimation is performed using the model without insurance (baseline framework). In-
vested capital k from the survey data is computed by summing all expenditures on farm
inputs (irrigation, fertilizers, chemical pesticides, manure, or animal penning), rented
equipment (such as tractors), hired manual labor, hired oxen labor, and seeds.'® Farm-
ers’ income, which in the model simply corresponds to the beginning of next-period
wealth, is calculated as the total revenue from the sale of products and by-products har-
vested plus the value of crops internally consumed minus all the expenses farmers in-
curred.'®

The curvature of the production function « is essentially identified by the median
of the income-to-capital ratio. To understand why this is so, it is useful to think about a
simplified version of the model without investment risk. The Euler equation would re-
quire ak®! = %, leading to a steady state capital level k* = ( %)1/ (@=1) This implies a
steady state income-to-capital ratio equal to #, which clearly allows us to identify « for
a given calibrated value for 8. To show that this intuition is still valid in the presence of
investment risk, I solve the baseline model under two different levels of «, with a2 > a1,
and show that they imply different equilibrium income-to-capital ratios. Figure 2 plots
the production functions under each level of « and shows the equilibrium levels of cap-
ital on the horizontal axis.!'” We observe that, as in the version of the model without in-

Wis

K A
FiGURE 2. Identification strategy for the share of capital «.

141 target the median rather than the mean since it is robust to the presence of outliers. The estimate of
the capital share is unaffected by the presence of liquidity constraints (further discussed in Section 6) as
long as the farmer with the median investment-to-income ratio is not liquidity constrained.

15Table 4 in Appendix C presents the summary statistics for farmers’ total expenditures and the separate
components.

16The value of internal consumption is also accounted for since, in the model, w is the wealth at the
beginning of the period before consumption takes place. The value of internal consumption is calculated
as the product of the difference between the amount produced and the amount sold and the specific price
for each crop.

17The equilibrium capital levels are defined as the investment levels that farmers choose at the target
level of wealth. As defined in Section 2.1, the target level of wealth is the amount of wealth that remains
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vestment risk, an increase in « leads to a reduction in the equilibrium income-to-capital
ratio.

The standard deviation of the idiosyncratic shock o is instead identified by the stan-
dard deviation of the income-to-capital ratio. The intuition is straightforward with a
higher variance of the idiosyncratic shocks leading to a wider dispersion in wealth levels
and in the associated income-to-capital ratio.'®

To briefly describe the details of the estimation procedure, I take a pair of values
for @ and o, and using the policy functions solved under the baseline model, simu-
late the consumption and investment responses of 1000 agents subject to idiosyncratic
and weather shocks over time. The realization of weather shocks mimics the specific
weather conditions in Malawi in the years leading up to the survey. At the end of each
simulation, I compute the median and standard deviation of income-to-capital ratio.
This procedure is repeated to search for the values of « and o, that minimize the gap
between the empirical and simulated statistics.

Figure 3 shows the contour plot for the joint estimation of the parameters. The level
curves represent the parameters’ combinations that generate an equal deviation be-
tween simulated and actual statistics, while the darker areas indicate lower distance. We

Te

F1GURE 3. Identification strategy for both the share of capital « and the standard deviation (SD)
of the idiosyncratic shocks o.

constant if the farmer is not hit by shocks. This is also very close to the average level of wealth obtained
from simulating the model.

18ppssible measurement error in the data may lead to overstatement of the volatility of idiosyncratic
shocks unless capital and income are characterized by identical multiplicative measurement error.
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TABLE 1. Model parameters.

Calibrated Parameters
Distribution of weather shock 7, Empirical distribution from the CWSA module
Discount factor 8 0.76 Parameters calibrated using Giné
CRRA coefficient p 2.67 and Yang (2009) survey data
Estimated Parameters
Point Estimate Standard Deviation
Capital share « 0.39 (0.0010)
SD idiosyncratic shock o, 0.54 (0.0075)
1l,jj1sumnce ItbJ'Ensu.r;uu:e kri.nsura.nce
14 .(jesssss 8.2 . 6.2 %00
st . 8.1 6.0
13.5 ., goi ", S8 e
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F1GURE 4. Impulse response functions of wealth, consumption, and investment to the introduc-
tion of weather insurance.

observe that there is a well defined region where the simulated and actual statistics are
closer to each other. The values for a and o, that lead to the minimum gap are, respec-
tively, 0.39 and 0.54. The standard errors for these point estimates are computed using a
bootstrap procedure, repeating the estimation 500 times over a sample of 500 observa-
tions chosen with replacement from the survey data set. The standard errors and all the
other parameters are reported in Table 1.

4. WELFARE GAINS FROM WEATHER INSURANCE

Using the calibrated and estimated parameters, I first consider the impact of weather
insurance on consumption and investment. Figure 4 traces the impulse response func-
tions triggered by the provision of actuarially fair insurance as described in Section 2.2.
Starting from the target level of wealth and setting the idiosyncratic and weather shocks
to their mean values, I observe that the introduction of insurance at time * determines
a sudden increase in consumption and reduction in investment.!® As discussed in Sec-
tion 2.2, this implies that the availability of insurance weakens the precautionary mo-
tives that lead to overinvestment. The reduction in investment lowers future income,
generating a gradual decline in consumption. However, even in the long run, house-
holds are able to sustain a higher level of consumption than is possible in the absence of

19This result holds at any level of wealth, as evident from the change in the policy functions for con-
sumption and investment with the introduction of insurance. These plots are available from the author
upon request.
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insurance. The reduction in investment leads to an increase in the marginal productiv-
ity of capital, allowing farmers to consume more from each unit of farm income.?° The
predicted reduction in investment has very important implications. It may be tempting
to argue that insurance is welfare-enhancing as long as it allows farmers to increase in-
vestment. However, the model shows that this conclusion is erroneous, since insurance
may actually allow farmers to reduce the excessive investment they previously had to
engage in as a protection against negative weather shocks.

Moving to the quantification of the welfare gains from weather insurance, I ex-
press these as the permanent increase in consumption that would make a farmer with-
out insurance as well off as a farmer with insurance. Formally, this corresponds to
the x, such that EY"%2, B/ u(cgﬁi‘}h“e(l +x0))=EY 7B/ u(c}’r}irujrance). Given the homo-
theticity of the CRRA utility function, the percentage of the increase in consumption

can also be expressed more clearly as (1 + y,)!~Pl/baseline(y, y — prinsurancey, y that i,

_ Vinsurance( )\1/(1—
Xt = Vbaseline(;ljt) ) /d=p) — L

Figure 5(a) shows the welfare gains as a function of the wealth level. First, I observe
that these gains are quite substantial, being equal to a permanent increase in consump-
tion of 16.9 percentage points for a farmer at the target level of wealth, identified by
the vertical dashed line. Second, it is interesting to note that the gains are higher for
wealthier farmers. This might seem somewhat counterintuitive since the poorest farm-
ers should be the ones who suffer the most from negative shocks; however, weather
insurance provides protection against investment risk and thus is more beneficial for
those farmers with higher investment.

The dynamic structure of the model provides a further interesting insight regarding
the evolution of welfare gains over time. By reducing investment, the introduction of
weather insurance leads to a gradual reduction in wealth. As shown in Figure 5(b), this

XJ' ’;gh
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(a) Across wealth (b) Over time

F1GURE 5. Welfare gains from weather insurance.

2ONotice that in the qualitative analysis of the model in Figure 1 (top middle plot), the ultimate level of
consumption was lower than that without insurance, following a reduction in investment. This is because
different values of « were used, implying a lower response in the marginal productivity of capital.



648 Francesca de Nicola Quantitative Economics 6 (2015)

implies that welfare gains tend to decline over time. In the next section, I show that by ex-
tending the model to introduce several investment options with a different rate-return
combination this does not necessarily have to be the case.

5. ADOPTION OF RISKIER BUT MORE PRODUCTIVE TECHNOLOGY

The analysis has so far revealed that weather insurance can lead to large welfare gains
that shrink over time due to a reduction in investment. We now extend the model to
show that weather insurance can actually stimulate investment by inducing farmers to
choose riskier but more productive investment technologies.

As documented by the agricultural and development literature, their inability to pro-
tect themselves against weather risks forces farmers in developing countries to make
conservative investment choices; this lack of choices can perpetuate poverty. Fafchamps
and Kurosaki (2002) and Dercon and Christiaensen (2011) claim that rare but severe
weather shocks may induce farmers to underinvest in high return, but also highly
volatile projects. Similarly, Chetty and Looney (2006) point out that small consumption
fluctuations should not lead one to underestimate the need for insurance; rather, these
fluctuations may indicate that, because of their limited ability to cope with risk, farmers
invest in low-volatility, low-return activities.

A particularly relevant issue for farmers in Malawi is the decision to use hybrid seeds
instead of traditional varieties. The former have a higher average yield but are also more
sensitive to weather shocks.?! To incorporate these alternative varieties of seeds, I mod-
ify the dynamic stochastic optimization problem in the absence of insurance as

V(w,e)= max u(w—k¢—kp)

kil kp=0

+ BEV[Apeikf (1 - 1)y + Aweik $ 1y, €],

where Ay and Ay are the total factor productivities, and ny and 7 are the aggregate
weather shocks, respectively, for hybrid and traditional crops. Hybrid crops are on aver-
age more productive than traditional crops; thatis, Ay > Afg—;’;, but their yields are also
more volatile, Var(»ny) > Var(n¢). Each crop is produced using its technology-specific
capital ky or k¢, and labor /i, or /¢ as input. The total amount of labor, /y, + I, is normal-
ized to 1.22

21Simtowe (2006) reports that local Malawian crops perform better than their hybrid counterparts (i.e.,
are potentially more productive) during times of weather stress. Furthermore, as argued by Duflo, Kremer,
and Robinson (2008), so as to maximize hybrid yields, farmers need to apply fertilizer (an expensive farm
input with volatile returns) twice: at sowing time and as top-dressing during the growing season. However,
if it rains too little and the seed does not germinate, the investment in both the seed and the fertilizer is
completely lost.

22Note that when farmers invest in only one crop, all their labor is allocated to the production of that
crop. This is because labor was not explicitly included as a choice variable in the previous version of the
model with only one investment technology.
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Let us consider how the optimization problem changes if farmers are given the
opportunity to purchase actuarially fair weather insurance with no basis risk for both
crops after they observe their idiosyncratic shock. Under these conditions, farmers
would again fully insure against weather shocks, so that the optimization problem be-
comes

V(w,e)= max u(w—k¢—kp)
kt,lt,khzo

+ BEV [Apeik{ (1 — 1) ™*(1 = Py) + Ak {1{*(1 = Py), €],

where Py and P correspond to the insurance premia for the traditional and hybrid
crops, which are defined as Py, = fol(l — 1) fy(my) dny and Py = [01(1 — o) fr(ne) dny.
The optimization problem can be further simplified by considering that with weather
insurance, hybrid seeds become as risky as traditional ones. Therefore, farmers entirely
invest in hybrid seeds, simplifying the optimization problem to

V(w, &)= lr(r;iuéu(w —ky) + BEV[Abaik‘é‘(l —Py), €]

The distinction between hybrid and traditional seeds requires us to calibrate the
respective distribution of weather shocks and average productivity. We use again the
CWSA designed by Osgood, McLaurin, Carriquiry, Mishra, Fiondella, Hansen, Peterson,
and Ward (2007) to derive the empirical distributions of the weather shocks n and 7.
The yields from hybrid crops are much more volatile in response to weather fluctua-
tions, with the standard deviation of 5y being more than twice as large as that of 7
(o, = 0.23, oy, = 0.1). Regarding the relative productivities, I set A, = 1.5At£77'; since,
according to Malawi Department Meteorological Services (2007), hybrid crops are 50%
more productive than traditional ones.

Let us now reconsider the impact of weather insurance on consumption, invest-
ment, and welfare when farmers can plant both traditional and hybrid seeds. In the ab-
sence of insurance, farmers invest in both crops and the proportion of capital invested
in hybrid seeds is an increasing function of wealth, ranging from 40% for poorer farmers
to about 60% at the target level of wealth.?3 Figure 6 shows that when weather insurance
becomes available, farmers invest entirely in hybrid crops.?* The level of consumption
increases on impact, and the total level of investment (k¢ + ky) falls moderately. How-
ever, the higher investment return boosts income so that wealth increases over time,
which is different from the result seen in the model with only one crop.

23This implication of the model is consistent with the empirical evidence. Rosenzweig and Binswanger
(1993) show that poorer households adopt less efficient and less productive techniques so as to minimize
weather risks. Similar conclusions are reached by Zimmerman and Carter (2003), who show that optimal
portfolio strategies are a bifurcate function of wealth, with poorer households investing in a lower return
portfolio to reduce volatility. Collier and Gunning (1999) and Eswaran and Kotwal (1990) suggest that this
can be due to the presence of initial start-up costs that poorer households cannot afford. Interestingly, the
model shows that the existence of initial fixed costs is not a necessary condition to account for the empirical
evidence.

24This is consistent with the empirical evidence in Cole, Giné, and Vickery (2011).
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F1GURE 6. Dynamic responses of wealth, consumption, and investment to the introduction of
weather insurance when farmers plant hybrid and traditional crops.
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FIGURE 7. Welfare gains from weather insurance when farmers plant hybrid and traditional
CIops.

Regarding welfare implications, the gains from weather insurance are considerably
larger when I allow for this adjustment in the investment composition. As can been seen
in Figure 7(a), the welfare gains are higher at any level of wealth, being equivalent to a
permanent increase in consumption of 23.4% at the target level of wealth in the model
with two crops. Furthermore, Figure 7(b) shows that the gains are now increasing over
time, essentially reflecting the increase in wealth.

These large welfare gains contrast with Rosenzweig and Wolpin (1993), who argue
that the introduction of actuarially fair weather insurance is associated with only neg-
ligible welfare gains. Three elements may explain these contrasting results. First, I ex-
plore an additional channel through which weather insurance can improve welfare, by
extending the analysis to the production of two crops and introducing the possibility for
farmers to adopt a more productive but riskier technology. Second, I modify the struc-
ture of the production shocks and no longer impose a minimum consumption floor that
would automatically reduce the need for insurance. Third, I bundle all the expenditure
on farming inputs so as to improve the precision of the structural parameters’ estimates
as the level of heterogeneous variation in the data increases.
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6. FACTORS HINDERING TAKE-UP

Despite the large potential welfare gains from weather insurance predicted by the
model, experimental evidence has often documented a low take-up (see, for instance,
Cole et al. (2013) and Giné and Yang (2009)). In this section, I consider four factors that
may be responsible for low take-up. For each of them, I present the related changes in
the theoretical framework, discuss the calibration of the new parameters, and assess the
impact on insurance take-up and welfare gains.

First, the insurance premium may not be actuarially fair but may include a loading
factor to cover administrative costs or risk premia. As a result, the optimization problem
becomes V' (w, &) = maxy-o u(w—k) +BEV[Agik%a'~n+1(1—n)—P(146), £’], where
the loading factor 6 inflates the actuarially fair premium P.

Second, the insurance payouts may not perfectly compensate for the actual losses
experienced by farmers due to the presence of basis risk. Farmers may live relatively far
from weather stations and thus experience precipitation different from that recorded.
Furthermore, differences in soil composition, exposure to sunlight, and slope of the
plot can change the impact of rainfall on yields and thus prevent the insurer from ac-
curately predicting the losses suffered by farmers. The insurance payouts are no longer
perfectly correlated with the weather shocks due to the presence of the error term ¢,
which captures basis risk. Hence the optimization problem can be written as V' (w, ¢) =
max>o u(w — k) + B]EV[Aeik“a}’“n +1(1—=mn)é — P, ], where £ is assumed to be log
normally distributed with mean 1 and variance U§~

Third, I have so far assumed that the purchase of weather insurance takes place
after the realization of uninsurable idiosyncratic shocks. The desired take-up, how-
ever, is lower if farmers are instead offered insurance before observing their idiosyn-
cratic shocks. For example, a farmer may be reluctant to insure against weather shocks
if he is obligated to pay the insurance premium even if he later falls sick and is un-
able to harvest. Farmers now have to decide how many units of insurance to purchase
¢, conditional only on their wealth level w and, thus, before the realization of the id-
iosyncratic shocks ¢, that is, they solve V' (w) = max>o u(w — k) + B]EV[Asik“a}_“n +
t(1—m)—P].

Fourth, I have not yet accounted for the presence of liquidity constraints. Thus far
I have assumed that farmers pay the insurance premium after they earn their farm in-
come, so as to quantify all the potential benefits from insurance.?® I now relax this as-
sumption and let households pay the premium in advance. To isolate the role of liquid-
ity constraints, I assume that farmers buy insurance at the same time they make their
investment and consumption decisions, but after they observe the realization of their
idiosyncratic shock. Their optimization problem becomes V' (w, &) = max; o u(w — k —
VP) + BEV [Agik®a'~n + 1ei(1 — 1), &}].

25Technically I have implicitly imposed that farmers could pay for the insurance premium through an
interest-free loan, as U.S. farmers are able to do (Liu and Myers (2012)).
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F1GURE 8. Weather insurance with loading factor (6), basis risk (£), unobservable idiosyncratic
shocks, and upfront payment of the premium.

To assess the role of each factor, the values of § and o need to be determined. I set
the loading factor 0 equal to 17.5%, which corresponds to the government tax levied on
the provision of insurance in the Giné and Yang (2009) randomized experiment. Cali-
brating the extent of basis risk is less clear-cut; for the purpose of this exercise, I simply
set the standard deviation of o¢ equal to the standard deviations of the idiosyncratic
shocks, 0.54. This leads to a correlation between the insurance payments and actual
losses of 0.74.

Figure 8(a) shows how the take-up rate varies depending on the features of the
weather insurance contract sold. I measure take-up as the ratio W’ that is, the pro-
portion of agricultural income that farmers decide to insure against weather shocks.
Each factor by itself can reduce take-up rates quite substantially. Not surprisingly, the
largest drop in take-up is observed when poorer farmers have to pay upfront for the in-
surance premium. As farmers become richer, they can afford to buy as much insurance
as needed to fully insure their investment (100% take-up). Interestingly, insurance take-
up is nearly halved when farmers observe the realization of their idiosyncratic shocks
after purchasing insurance.

The consequences for welfare are shown in Figure 8(b), which plots the gains from
the provision of insurance as a percentage of those derived in Section 4 with an actu-
arially fair premium paid after the harvest, no basis risk, and observable shocks at the
time of the insurance decision. The percentage reduction in take-up due to the load-
ing factor and basis risk is mirrored by an (almost) equivalent fall in welfare gains of
about 50%. When idiosyncratic shocks are unobservable, the impact on welfare gains is
much smaller since they shrink by only 10%. Even poorer farmers are able to improve
their welfare when forced to pay upfront.?® They gain access to insurance and no longer
need to overinvest to smooth their consumption. It important to notice that the gains
from the provision of insurance are still far from negligible, despite their contraction.

26Qualitatively similar results are obtained in case less expensive, catastrophic weather insurance is of-
fered.
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Therefore, an interesting insight of the model is that even with a fairly low insurance
take-up, the benefits from weather insurance remain substantial.

7. CONCLUSION

In this paper, I have developed and structurally estimated a dynamic stochastic model
of investment and consumption for farmers in developing countries to study the impact
of weather insurance. The potential gains from the provision of weather insurance can
be very large, equivalent to almost a 17% permanent increase in consumption. The dy-
namic nature of the model reveals that these benefits can, however, decline over time
because the introduction of weather insurance can lead to a decline in investment. This
occurs because weather insurance reduces the precautionary motives that stimulate
farmers’ savings and investment.

Welfare gains can be larger if farmers have access to various investment opportu-
nities that differ in their risk-return characteristics. In an extension of the model that
allows farmers to choose between traditional seeds and riskier but higher return hybrid
seeds, the provision of insurance induces farmers to shift to hybrid seeds. This further
boosts their welfare gains and leads to higher welfare over time because of the increase
in farmers’ incomes.

Given the large potential welfare gains predicted by the model, it becomes impor-
tant to understand why the take-up of weather insurance has not been empirically as
high as expected. The model reveals that the desired take-up level can be significantly
reduced by the presence of liquidity constraints, by a loading factor on the insurance
premium, or by basis risk, which leads to insurance payouts that are not perfectly cor-
related with losses. Furthermore, the lower take-up may also be due to the interplay of
other idiosyncratic shocks that are not yet realized at the time of the insurance purchase.
Allowing farmers to pay the insurance premium after harvest, pricing the insurance pre-
mium at its actuarially fair rate, improving the measurement of weather conditions and
their impact on agricultural yields, and conditioning the insurance payouts on idiosyn-
cratic shocks as well as weather shocks are thus important avenues to further improve
the effectiveness of weather insurance.

APPENDIX A: PARAMETER CALIBRATION: FURTHER DETAILS
Coefficient of relative risk aversion p

I calibrate the coefficient of constant relative risk aversion p and the value for the dis-
count factor B using the data with regard to attitudes toward risk based on a series of
hypothetical questions. The calculation of the coefficient of relative risk aversion p is
based on the following question:

You are going to play a game. I am going to flip a coin. Imagine that you would get the
money shown under the GREEN area if the coin lands on heads and the money shown
under the WHITE area if the coin lands on tails. The amount you would win depends on
the bet you choose. Which bet would you choose? a. 50/50, b. 40/120, c. 30/160, d. 20/190,
e. 10/210, f. 0/220.
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The payoffs can be ranked on the basis of their riskiness and by equating the expected
utility from the different gambles. I compute the upper and lower bounds for the true
value of p and then take the average of the median value for each interval, as done by
De Mel, McKenzie, and Woodruff (2008).

Discount factor
The discount factor g is constructed with the answers to the following two questions:

1. Imagine that you bought a lottery ticket and you have just won. The prize is
MWK1000 (1000 Malawian Kwachas). You can get the MWK1000 now for sure. However,
if you are willing to wait 30 days, you can get more. What option do you prefer?

MWK1000 prize today;
MWK1250 prize 30 days from now.
MWK1000 prize today;
MWK1500 prize 30 days from now.
MWK1000 prize today;
MWK1750 prize 30 days from now.

(@)

(b)

(©)

2. If the answer in (a), (b), (c) is “MWK1000 prize today,” then how much would the
prize have to be for you to choose to wait 30 days?

The discount rate is then computed as P22 aci%%ged_woo, and the discount factor B is

then given by m. The point estimate obtained with this method (8 = 0.76) ap-
pears low but is consistent with the findings of Laibson, Repetto, and Tobacman (2007),
and Duflo, Kremer, and Robinson (2011), who use similar values in a recent study of fer-
tilizer adoption in Malawi and Kenya. A caveat should nevertheless be raised regarding
the precision of the discount factor’s estimate. In answering the survey questions, farm-
ers may provide a combination of both the discount factor and the interest rate they
face. For instance, if the return from their activity is higher than the gains they may oth-
erwise obtain by waiting, they may decide to take the money today, not because they are
impatient but because it is more profitable to do so. Such misspecification would lead
to a downward-biased estimate of 3. To assess the relevance of this issue, in Appendix B,
I show how welfare gains are affected by a change in the point estimate of 3.

Weather shock 1

As anticipated in Section 3, the distribution of the weather shock is derived from the
crop water satisfaction analysis (CWSA) module. The CWSA module was designed by the
International Research Institute for Climate and Society at Columbia University. It com-
bines soil, crop phenotype, weather data bases, and management options to simulate
crops’ reaction to a water deficit. In particular regarding weather data, it uses the daily
time series for the rainfall level from 1961 to 2006 from each of the five villages where the
surveyed farmers live, as well as evaporation data regarding the amount of soil moisture
needed to optimize production specific to the four Malawian regions analyzed in Giné
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and Yang (2009). The simulations are based on the United Nations Food and Agricultural
Organization (FAO) estimates for the parameters that regulate each crop’s growth cycle
(the crop coefficients K C), its reactivity to water shortages during the different phases of
this cycle (the varying yield response factors KY), and its sensitivity to evapotranspira-
tion (seasonal K'Y). Finally, using the Osgood et al. (2007) calculations, for each crop the
potential sowing window is fixed to be constant across time and the soil water-holding
capacity. This latter assumption plays a crucial role in ensuring that the crop model is
influenced only by the rainfall distribution and not by other factors, such as a farmer’s
ability to forecast the beginning of the rainy season, which would instead be captured in
the idiosyncratic productivity term.?’

APPENDIX B: SENSITIVITY ANALYSIS

In this section, I explore the sensitivity of the welfare gains to the key parameter val-
ues. In particular, I consider how welfare gains change at the baseline target level of
wealth with respect to one-at-a-time variations in «, o, 8, R, and p, holding constant
the other parameters. Results are reported in Figure 9. Figures 9(a)-(d) show that wel-
fare gains from weather insurance increase in «, o, 8, and p. In reference to the possi-
ble concern expressed in Appendix A that the discount factor 8 is somewhat lower than
other values used in the literature, the sensitivity plot shows that a higher g would imply
even higher welfare gains. Figure 9(d) shows that, intuitively, gains are strongly increas-
ing in the relative risk-aversion coefficient p. It is interesting to note that when p = 0.9,
even if the provision of weather insurance causes an initial fall in consumption (see Sec-
tion 2), it is still highly welfare enhancing, x; = 4.8%. The sensitivity analysis for the
risk preferences parameters plays an important role given that the choice-over-lotteries
question to elicit 8 and p was not incentivized. As such, the estimates of the risk prefer-
ences parameters may be biased by measurement error.?® Specifically, I consider seven
insurance contracts with different premium-coverage combinations. The first contract
provides coverage only against the worst weather shock. Subsequent contracts become
more expensive as coverage is progressively extended.?® Figure 9(e) shows that as the
insurance offers more coverage, the level of the welfare gains that can be achieved in-
creases.

B.1 Departing from the optimal insurance contract

I also study the sensitivity of the take-up rate and welfare gains to the magnitude of ba-
sis risk and loading factor to better understand how the results discussed in Section 5

2"The estimates of the weather shock are robust to alternative crop models; the CWSA estimates are
preferable since this crop model was precisely calibrated for the farmers interviewed by Giné and Yang
(2009).

28More accurate estimates of 8 and p could be derived using the convex time budget approach by
Andreoni and Sprenger (2012). Unfortunately the survey design precludes this option.

29The coverage thresholds are based on a discretization of the distribution of the weather shock in bins
with equal probability.
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F1GUuRre 9. Sensitivity analysis of welfare gains with respect to the model parameters.

depend on the chosen calibration.3? Figure 10 plots the take-up rate and relative wel-
fare gains evaluated at the baseline target level of wealth. As expected, the welfare gains
and the take-up rate are negatively correlated with the presence of either basis risk (Fig-
ure 10(a)) or loading factor (Figure 10(b)). Furthermore, we confirm that the impossibil-
ity of observing a priori the idiosyncratic risks substantially curbs the take-up rate but
only moderately reduces the welfare gains.

30The literature also considers other factors to explain the low take-up of insurance. For example, if farm-
ers have time-inconsistent preferences, they may not be capable of setting aside the funds required to pay
for the insurance premium.



Quantitative Economics 6 (2015) Impact of weather insurance 657

Take—up Rate X(%)
100 100

obs. ¢
80 80 obs. €
unobs. ¢
60 G0

40 /W 40

20 20
0.80 0.85 0.90 0.95 1.00 (.80 (.85 0.90 0.95 1.00
(a) Basis risk measured by the correlation between insurance payment and farmer losses, o¢ > 0
Take—up Rate x(%)

100 1004

80 obs. € 80

obs, €

60 60 unobs. €

40 M 40

20 20

0.05 .10 0.15 0.05 0.10 0.15

(b) Risk premium, 6 > 0
F1GURE 10. Sensitivity analysis of welfare gains and weather insurance take-up with respect to

the model parameters.

APPENDIX C: TABLES

TABLE 2. Savings: Summary statistics.

N Mean SD plo p50 p90
In 2006
Saving deposits with any bank 151 14,719 24,378 1500 6000 35,000
Cash at home 486 5379 9782 400 2000 12,000
Non-livestock assets (seeds, bike, etc.) 402 22,252 60,103 2000 9000 50,000
Club or other group revolving fund 49 3902 6069 400 1000 12,000
Livestock 764 24,670 62,612 0 6350 55,000
In 2005
Saving deposits with any bank 154 22,152 39,150 1000 12,000 50,000
Cash at home 476 7906 11,204 500 5000 20,000
Non-livestock assets (seeds, bike, etc.) 396 20,341 59,822 2000 7000 39,000
Club or other group revolving fund 45 3674 6052 0 900 15,000

Note: All calculations are based on retrospective data regarding 2005 and collected during household survey in 2006. The
variable N indicates the total number of households that declare they have savings; Mean, SD, p10, p50, and p90 correspond,
respectively, to the mean, standard deviation, and 10th, 50th, and 90th percentiles of the distribution.
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TaBLE 3. Nonfarm income: Summary statistics.

N Mean SD pl0 p50 P90
Wages from agricultural labor 240 6259 51,936 250 1000 5500
Wages from nonagricultural sector 104 23,591 51,404 500 5000 78,000
Wages from public works program 102 2484 3264 225 2000 4820
Migration income/remittance 66 3626 3540 600 2050 7800
Benefits from government scheme 67 3673 3375 500 3000 8500
Pensions 13 30,335 99,163 257 2000 15,600
Other income sources (such as gambling) 36 6539 11,574 300 3000 12,000

Note: All calculations are based on retrospective data regarding 2005 economic activity, and collected during household
survey in 2006. The variable N indicates the total number of household declaring receiving income from sources other than
own farm work; Mean, SD, p10, p50, and p90 correspond, respectively, to the mean, standard deviation, and 10th, 50th, and
90th percentiles of the distribution.

TaBLE 4. Total expenditure on farm inputs: Summary statistics.

N Mean SD plo p50 p90
Farm inputs 764 17,580 36,256 1850 7200 39,700
Irrigation 764 122 1223 0 0 0
Fertilizer 764 7297 16,414 0 2350 16,150
Chemical insecticides 764 278 1392 0 0 100
Manure or animal penning 764 597 3501 0 0 300
Hired equipment (tractors) 764 129 3259 0 0 0
Hired manual labor 764 5768 21,951 0 0 13,500
Hired oxen labor 764 499 2049 0 0 1200
Seeds 764 2890 3578 500 1800 6400

Note: All calculations are based on retrospective data regarding 2005 economic activity, and collected during the house-
hold survey in 2006. The variable N indicates the total number of observations; Mean, SD, p10, p50, and p90 correspond,
respectively, to the mean, standard deviation, and 10th, 50th, and 90th percentiles of the distribution.

TaBLE 5. Total farm income: Summary statistics.

N Mean SD plo p50 p90
Farming income 764 40,714 82,699 1963 25,491 82,609
Revenue from crops and by-products sale 764 18,771 39,823 0 8000 41,200
Value of own production 764 39,524 78,817 5781 21,986 74,569

Note: All calculations are based on retrospective data regarding 2005 economic activity and collected during the house-
hold survey in 2006. N indicates the total number of household that declare they have savings; Mean, SD, p10, p50, and p90
correspond, respectively, to the mean, standard deviation, and 10th, 50th, and 90th percentiles of the distribution.
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