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ABSTRACT. When anatural disaster hits, the affected households try to cope with itsimpacts. A variety of coping strategies,
from reducing current consumption to disposing of productive assets, may be employed. The latter strategies are especially
worrisome because they may reduce the capacity of the household to generate income in the future, possibly leading to chronic
poverty. We used theresults of ahousehold survey inrural Ugandato ask, first, what coping strategieswoul d tend to be empl oyed
in the event of aweather disaster, second, given that multiple strategies can be chosen, in what combinations would they tend
to be employed, and, third, given that asset-liquidation strategies can be particularly harmful for the future income prospects of
househol ds, what determinestheir uptake? Our survey isoneof thelargest of itskind, containing over 3000 observationsgarnered
by local workers using smartphone technology. We found that in this rural sample, by far, the most frequently reported choice
would be to sell livestock. This is rather striking because asset-based theories would predict more reliance on strategies like
eating and spending less today, which avoid disposal of productive assets. It may well be that livestock is held as a form of
liquid savings to, among other things, help bounce back from aweather disaster. Although, we did find that other strategies that
might undermine future prospects were avoided, notably selling land or the home and disrupting the children’s education. Our
econometric analysis revealed afairly rich set of determinants of different subsets of coping strategies. Perhaps most notably,
households with a more educated head are much less likely to choose coping strategies involving taking their own children out
of education.
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INTRODUCTION

Extreme weather events often have severe impacts on lives
and livelihoods in the devel oping world, and climate change
is predicted, with varying degrees of confidence, to increase
the frequency and intensity of extreme weather in the future
(IPCC 2007). Itistherefore of great interest to investigate how
vulnerability to extreme weather can be reduced.

One aspect of vulnerability is the way in which households
copeintheaftermath of aweather disaster. A variety of coping
strategies may be employed, from reducing current
consumption, for example, reducing expenditure and food
intake, to disinvestment, for example, disposing of assetssuch
as land and livestock, and also, reducing investment in
educating children. Disinvestment strategies are especialy
worrisome because by eroding the household's capital stock
now and inthefuture, they erode the capacity of the household
to generate income, which may eventually lead to chronic
poverty.

We used the results of a household survey inrural Ugandato
inquire into the nature of coping strategies used after an
extreme weather event and their drivers. Our survey is one of
the largest of its kind, containing over 3000 observations
garnered by local workers using smartphone technology. As
part of a much larger survey, we constructed a hypothetical
scenario in which our respondents were exposed to a large

drought/flood, which rendered them unable to rely on formal
support from the market or state, or from local remittances.
We asked them to state which coping strategies they would
expect to employ in this scenario.

This enabled us to investigate three things. First, we
investigated the nature of the coping strategiesmost frequently
employed, i.e., do respondents turn most often to strategies
that reduce current consumption but avoid disinvestment? Or
arethey in fact morelikely to disinvest, and in what? Second,
given that multiple strategies can be chosen, we investigated
what combinations would tend to be employed. This gave us
further insight into the propensity of surveyed households to
disinvest, i.e., are disinvestment strategies chosen alongside
consumption-reduction strategies, or in isolation? Finally,
using the wealth of socioeconomic information that we
collected in other parts of the survey, we investigated what
determined the uptake of disinvestment strategies that could
be particularly harmful for the future income prospects of
households.

NATURAL DISASTERS, VULNERABILITY,AND
COPING STRATEGIES

The ultimate impact of a natural disaster on a household
depends on the household' s vulnerability to its effects. In the
literature on vulnerability, it is often conceptualized as a
function of three elements, i.e., exposure, sensitivity, and
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adaptive capacity (Adger and Winkels 2007). Depending on
the unit of analysis, e.g., theindividual, the nation, etc., these
elements can take on somewhat different meanings, although
the basic scope of the framework remains the same.

For our purposes, exposure depends on the physica
characteristics of the natural hazard, including its magnitude
and the frequency of occurrence. This makes sense when the
unit of analysisis a particular household in space and time,
but otherwise exposure clearly also depends on who lives
where, the value of their assets, and so on. Sensitivity, in the
household context, denotes the extent to which it can absorb
theimpacts of the disaster without suffering long-term harm.
Adaptive capacity represents the ability of the household to
evolve to cope with a changing exposure to natural disasters.
Therefore, when one takes a snapshot of household
circumstances at a particular point in time, adaptive capacity
reduces sensitivity, and it is convenient to look at the two
together.

In terms of exposure, it iswell known that Africa, especially
sub-Saharan Africa, experiences a large number of droughts
and floods, and athough there is considerable uncertainty,
there is some evidence from predictive modeling studies to
suggest that extreme weather will become more frequent in
the future because of anthropogenic climate change (Boko et
al. 2007, IPCC 2007). In terms of sensitivity and adaptive
capacity, itisa sowidely understoodthat theimpactsof natural
disastersare disproportionately largein the devel oping world,
especially in Africa, most especially rural Africa. Our interest,
however, is more fine grained and concerns differential
vulnerability to extreme weather within the rural developing
world, in particular between households living in a broadly
similar socioeconomic context, i.e., rural Uganda

One of the proximate determinants of vulnerability is the
choice of strategies households make to manage natural
disaster risks. Strategies for managing natural disaster risks
are usually divided into ex ante and ex post (Mechler 2004).
Our interest is in ex post coping strategies. As with ex ante
strategies, these can begroupedintoformal, i.e., market-based
or publicly provided, and informal, i.e., self-organized on the
individual or household/group levels.

When coping with the aftermath of a natural disaster, a
household faces a form of portfolio-choice problem. The
portfolio could include everything from reducing spending
and eating less, through begging and borrowing, migration,
selling physical assets, taking children out of school either to
work or liveel sewhere, torelying on state-based disaster relief,
remittances, or insurance payouts.

Rural households in developing countries, however, have in
most casesavery limited portfolio, including reducing current
spending on food and other items, if possible given the
constraints set by subsistence, and disposing of assets such as
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livestock and land. One of the reasons for this limited choice
set is the unavailability of formal strategies because of weak
public services and a lack of penetration of market-based
instruments because of, for example, alack of ingtitutions to
provide finance or alack of collateral. Another reason for the
limited choice set is the nature of the disaster, i.e., in many
cases, the disaster affects the magority of individuals
simultaneously, a covariate risk, and therefore informal
insurance structures, e.g., family and social networks, do not
provide effective relief either.

Thisunfortunate combination of circumstancescan meanthat,
in the event of a covariate natura hazard, the poorest
households may resort to coping strategies tipping them
toward chronic poverty, sometimes conceptualized as a
poverty trap (Barrett et al. 2006). A poverty trap exists if a
household’ sassetsfall to alevel below which income growth
cannot be supported, and this approach is used to explain low
growth paths after disaster events (Carter and Barrett 2006).
A lack of productive assets is seen as the most significant
driver of the poor falling into vicious circles of extreme
poverty (Carter et al. 2007). Therefore, inthe context of coping
with natural disasters, the key issue is whether a household
will need to liquidate productive assets or equivalently reduce
the rate of investment in assets, providing it with a means of
survival intheshort run, but eroding itscapacity toearnincome
and for livelihoods in the longer run.

Weareinterested in what coping strategies householdswould
employ in the aftermath of a (covariate) natural disaster, and
what determines the choice of coping strategies involving
various kinds of disinvestment. Within the subset of coping
strategies that are likely to damage long-term prospects by
disinvesting, we include a focus on strategies involving the
disruption and curtailment of children’s education. Theories
of growth recognize the increasing role of human-capital
formation in the development process, in particular a shiftin
the course of devel opment from demand for skillsacquired on
the job to skills acquired through formal education (Galor
2011).

It may be assumed that the rational approach to coping with a
natural disaster for ahousehold isto first choose those coping
strategies that do not erode the household’ s productive assets
now and their accumulation for the future, and resorting to
disinvestment only when absolutely necessary. Corbett’s
(1988) well-known review of the literature on coping with
famine interprets various case studies as saying exactly this
(seealso Ravallion and Chen 1997, Ellisand Mdoe 2003), and
it isconsistent with Banerjee' s (2000) explanation of poverty
as vulnerability.

Recent empirical literature yields contrasting and nuanced
findings. There is some specific evidence that coping
strategies that reduce human-capital investment by sending
children to work rather than to school are avoided for aslong
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as possible (Flug et a. 1998), and this is consistent with the
idea that they fall low in the priority-ordering of strategies.
However, other studiesfind that thisdoes not hold truefor the
poorest households, for whom the immediacy of coping
outweighsfuturereturnsto human-capital investment (Jacoby
and Skoufias 1997, Duryea 1998, Skoufias and Parker 2002).
The notion clearly emerges that coping-strategy choice
depends on household circumstances.

Similarly, thereismixed evidence on how we should consider
the sale of livestock as a coping strategy. Some studies find
that selling livestock is one of the first coping strategies
households turn to because livestock are held as a form of
liquid savings for, among other things, coping with natural
disasters(Dercon 1998, Kinsey et a. 1998). Other studiesfind
that the sale of livestock plays amarginal rolein coping with
extreme weather, or is only employed if households do not
have access to other methods of risk-sharing, such as formal
credit (Fafchamps and Gavian 1996, Kazianga and Udry
2006), whichisactually rather uncommon in many rural parts
of sub-Saharan Africa. Two factors that may bear upon the
reliance on selling livestock are, first, the extent to which
households need to augment cash income as opposed to food
consumption, and second, thetype of natural disaster, i.e., sale
of livestock makes more sense when the environmental shock
is a drought or flood because the shock reduces available
grazing land and some or all of the livestock could be lost

anyway.

In the process of looking at what coping strategies are
employed, these studies also offered up clues about the
determinants of choice. Unsurprisingly, household income/
wealth is seen to play quite a strong role, and this is
corroborated by other literature on differential vulnerability
(Wisner et al. 2004). Other studies, however, stressthat social
and demographic factors such as ethnicity, gender, age, and
seniority within the community may a so beat play (Anderson
and Woodrow 1998, Eade 1998). Further clues are provided
by the literature on climate vulnerability at the global level,
which has stressed the contribution to vulnerability from low
incomes, a lack of livelihood diversification, a lack of
infrastructure, includinginfrastructurethat providesresilience
to extreme weather, such as water storage and flood defense,
limited access to credit and insurance, and weak social safety
nets (Stern 2007). In the context of credit and social safety
nets, oneway to copethat may till beoperableafter acovariate
natural disaster isthrough remittances. Asmobile banking has
taken hold throughout sub-Saharan Africa, remittances have
surged (Blumenstock et al. 2011, Jack and Suri 2011).

We contribute to the literature on coping strategies by
reporting relevant results from one of the largest surveys of
househol d disaster-risk management in the devel oping world,
implemented using novel smartphone technology with the
help of anetwork of local community knowledgeworkers. We
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provide new evidence on which coping strategies are used
most frequently. In particular, weadd to theliterature pointing
totheimportance of selling livestock asameansof recovering
from a disaster, but we aso focus on how often households
fall back on disinvestment in the education of children, and
the associated causes. The effect of natural disasters on
household investment in children’s education has not been
studied extensively to date.

SURVEY DESIGN

The survey, on which our results are based, was conducted in
two districts of Uganda. Oyam district isin northern Uganda,
bordering the recently war-torn Gulu region. The town of
Oyam lies at 02°14'04"N and 32°23'06"E, at an dtitude of
900m. Thesecond districtisKapchorwa, intheeast of Uganda,
bordering Kenya and encompassing Mt. Elgon. The town of
Kapchorwa lies at 01°24'00"N and 34°27'00"E. The two
regions were chosen to capture intracountry variation in
disposable income, as well as geographic location.
Nevertheless, the economies of both regions are based
primarily on subsistence agriculture. Figure 1 maps the study
areasin the context of Uganda.

Fig. 1. Study areas; Oyam (02°14'04"N and 32°23'06"E)
and Kapchurwa (01°24'00"N and 34°27'00"E).
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Farming methods in these two areas are traditional, not
encompassing much technological advancement. Only 1% of
the househol ds we sampled own aborehol e, for example, and
mechanized ploughs and active irrigation are seldom used.
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Most farming families in our sample have a source of
secondary income, including smal shop ownership,
participation as an educator in a local school, working for
NGOson alocal level, money-lending within the community,
and renting personal assets, such as car batteries to charge
neighbors' phones. Few of the households we sampled have
access to formal credit.

The survey (Muth and Helgeson 2011) consisted of 125
guestions, asking about the household's socioeconomic
circumstances, its attitudes to natural disaster risks, and the
courses of action it would take in the event of a disaster. In
the latter two cases, it was the stated opinions of the head of
the household that were sought. Two small games were
integrated into the survey to measure, in an indirect way, the
respondents’ risk preferences. Such an approach is a hybrid
of what is known, in the field of economic vauation, as a
stated-preference approach, whereby respondents are directly
asked to report their preferences, and a revealed-preference
approach, whereby preferences are deduced from real
behavior (Pearce et a. 2006). The advantage of the latter is
that problems created by the generally hypothetical nature of
stated-preference questions, and other aspects of theinterview
context, can be avoided. However, real behavior is complex
and difficult to disentangle into the constructs of interest
because in many casesthe relevant real behavior simply does
not exist or cannot be measured. We make use of the results
of one of the games, which we further explainin Appendix 1.
Finally, a series of literacy and numeracy questions tailored
to a developing-world context were asked in the survey with
the results used as a control for other responses.

The survey was administered in the field by the Grameen
Foundation's network of community knowledge workers
(CKWSs). A CKW is alocal person who is familiar with the
realities of the farmer's daily life, including agricultural
practices and typical financial arrangements. A CKW speaks
the local language/dialect and lives in-country, often on an
income similar to that of the farmers with whom she or he
works. One hundred and fifty CKWs in the two regions were
equipped with smartphone technology. The survey tool took
the form of a software application. Responses were gathered
from each survey respondent by a CKW and remotely
transmitted to a central database. Before administering the
survey, weheldtwotraining sessionswith CKWsineach study
region, aswell asapilot study, again in both Kapchorwa and
Oyam.

There were a total of 3258 usable responses in the dataset,
1858 were from households in the Kapchorwa region, and
1400 from Oyam. One hundred and nineteen responses were
dropped from the dataset (53 from the Kapchorwa region and
66 from Oyam), either because they were incomplete and key
piecesof information weremissing, or becauseresponseswere
judged by the authors to be implausible and likely the result
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of mistakes in data entry, misunderstandings between the
respondent and the CKW, or similar errors. During the survey
process, there was a nonresponse rate of about 6% reported
by the CKWs. The main reason given for nonresponse was
that potential respondents were busy farming.

The mean age of the household head was 40.4 years, with a
standard deviation of 13. The mean number of household
members in addition to the survey respondent was 4.9 (s.d.
2.9). The average land holding was 5.1 acres (s.d. 70.7), but
more than 60% of the sample farmed lessthan 2 acres of land
and nearly all owned the land they farmed. The skew in the
distribution of the size of land farmed is thus clear.

It was rare that our households shared land, and only 20% did
so for any part of the growing season. Fifty-two percent of the
sample generated more than half of their total household
income through farming (Table 1) and 80% had surplus crops
to sell on the market. Table 2 outlines the survey sample's
educational attainment in terms of years of schooling.

Table 1. Percentage of household income from farming
activities.

Region Percent income from farming

0-25% 25-50% 50-75% 75-100%
All 194 18.1 27.7 33.2
Kapchorwa 20.3 195 26.7 320
Oyam 18.1 16.3 29.1 34.9

Table 2. Years of schooling of the household head.

Region Educational level attained by household head (percentage
of sample)
No formal Primary O-level Above O-
education school equivalent level
All 18.78 45.76 26.30 9.15
Kapchorwa 20.61 38.37 31.16 9.85
Oyam 16.36 55.57 19.86 8.21

The mgjority of farmers obtained funds in atime of disaster
from friendsand family, although if the disaster was covariate
then this was only of value if the help was obtained from
outside the community. As expected, the proportion of those
receiving remittancesfrom outsidetheir villagewascorrel ated
with the percentage of those with close family living outside
their village. Looking at the opposite flow, upward of 70% of
the sample sent remittances outside the village on a regular
basis, 23% by means of mobile money.

Asmentioned, we used agame, involving coins, to gauge risk
aversion in the context of farming. The resultswere measured
intermsof thecoefficient of relativerisk aversion, thestandard
measure of risk aversion in economics (Gollier 2001). The
results of this game are presented in Table 3 because we will
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later make use of them in our econometric analysis, albeit the
interpretation of the variable must be at the ordina level of
measurement.

Table 3. Risk aversion.

Region Coefficient of relative risk aversion (higher means more risk
averse)
<01 0.1-1.3 1332 3.2-5.0 >50
All 13.96 7.61 30.73 12.32 35.38
Kapchorwa  18.42 8.74 31.16 1391 27.77
Oyam 7.82 6.06 30.14 10.12 45.86

PREVALENCE OF COPING STRATEGIES
Respondents to our survey were presented with a scenario in
which they fall victim to ahypothetical natural disaster, most
plausibly adrought or flood, which is covariate, in the sense
that all householdsintheareaareaffected and thusrespondents
are told to assume there would be no form of help, eg.,
remittances, available from family or friends close by. They
were presented with twelve coping strategies and asked to
choose as many as they would expect to employ in such a
situation. It was possible to choose none. Table 4 lists these
coping strategies and the frequency of responses for each
strategy acrossthewholesample, andin Kapchorwaand Oyam
regionsindividually. Our list of coping strategieswasinitially
developed by reviewing the literature. We aso conducted
background qualitative field interviews in both Kapchorwa
and Oyam to check therelevance of our set of strategiesto the
local context.

Table 4. Coping strategies that would be used after a disaster
event.

Coping Strategy Frequency (percentage of total)
Total Sample  Kapchorwa Oyam
Reduction of food intake 738 (23) 419 (23) 323(23)
Borrow food 624 (19) 379 (20) 251 (18)
Reducing expenditures 1250 (38) 697 (38) 558 (40)
Sell livestock 2196 (68) 1290 (70) 913 (65)
Begging 327 (10) 179 (10) 153 (11)
Sell household items 336 (10) 182 (10) 157 (11)
Sell land or home 95 (3) 40 (2) 59 (4)
Take children out of 67 (2) 33(2) 41 (3)
school
Send childrento live 38 (1) 29 (2) 16 (1)
elsewhere
Migrate 44 (1) 37(2) 10 (2)
Change profession 294 (9) 157 (9) 138 (10)
Send children to work 178 (6) 81 (4) 99 (7)

Theresultsacrossthetwo regionswerevery similar. Thus, we
can say with some confidence that conditional on the scenario
we presented region-specific factors were unimportant in
determining the frequency of uptake of coping strategies.
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What was particularly interesting about the results was the
frequency with which the sale of livestock was chosen. It was
by alarge margin the most frequently chosen coping strategy,
i.e., 68% of the pooled samplewould useit, compared to 38%
for the next most popular strategy, reducing expenditures. To
some extent, this was to be expected, because livestock is a
commonly held asset among sampled households, i.e., 91%
of households reported owning livestock. In addition, the sale
of livestock may not undermine the household's productive
base as much as some other strategies, such as selling land or
one' shome, or disrupting the children’ s education, especially
in conditionswherethelivestock may not beableto grazewell
for some time. This high frequency of livestock ownership
and willingness to cope via livestock sale supports the claim
that farmersin the rural developing world use livestock as a
form of liquid savings (Dercon 1998, Kinsey et al. 1998). We
cannot make that claim definitively, however, because our
survey response categories did not distinguish between the
sale of surplus livestock that may have been accumulated
during times of relative plenty precisely for insurance against
natural disasters, and the sale of livestock required for
subsistence.

On the other hand, it was surprising that strategies involving
reducing current consumption or augmenting it through other
means were not chosen more frequently. This runs somewhat
counter to the literature on coping strategies, which suggests
they are chosen in sequence such that the disposal of
productive assetsisresisted until other possibilities have been
exhausted (Corbett 1988). Theseincludethe reduction of food
intake, chosen by 23% of the pooled sample, borrowing food
(19%), reducing expenditures (38%), begging (10%), and
perhaps some forms of migration, e.g., temporarily for work
(only 1%).

It might be argued that food intake and expenditures cannot
be reduced because households are aready at subsistence
level, and further reductions in consumption would present
potentially severe consegquencesfor lives. Theremay certainly
be some truth to this, especialy if the disaster is severe, but
81% of households in our sample were able to sell surplus
crops on the market under normal circumstances, i.e., they
wereabove subsistence prior to the shock. Moreover, thisdoes
not explain the reluctance to beg and borrow. It remains
striking that sale of livestock was reported so much more
frequently than reducing consumption, or augmenting it
through borrowing or begging.

More consistent with the literature is the finding that coping
strategies that more unambiguously erode the household's
stock of productive assets, were seldom chosen. Among these
were strategiesinvolving disrupting the children’s education,
i.e., taking children out of school, sending children to live
elsewhere, and sending children to work, suggeststhat, across
the board, househol ds do indeed take education seriously and
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Table 5. Principal components analysis loadings.
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Component 1 2 3 4
Sell land or home 0.141105 0.37362 -0.066 0.437837
Sell livestock -0.15134 0.22887 0.621184 0.229587
Change profession 0.048482 0.008033 -0.69758 0.021163
Beg 0.254222 0.212041 -0.12513 -0.3422
Take children out of school 0.270276 0.348158 -0.01925 0.369079
Send children to live el sewhere 0.230579 0.413378 0.101 -0.27516
Sell household items 0.326232 0.190426 -0.06193 0.041663
Migrate 0.232515 0.245374 0.136839 -0.53162
Eat less 0.42126 -0.39377 0.127547 0.039524
Borrow food 0.440882 -0.09887 0.122783 -0.03415
Send children to work 0.321157 -0.02363 -0.10315 0.371403
Reduce Expenditures 0.358498 -0.45721 0.17997 0.032845
% Variance Accounted for by Component 17.98 11.26 9.82 9.28

treat it as a long-term investment, as theories of household
capital formation would suggest (Barham et al. 1995).

Because households could choose several strategies, as they
caninared disaster situation, itisof further interesttoexamine
the response data for frequently chosen combinations. We
employed a principal components analysis (PCA) to do this.
PCA isacommonly used method in exploratory dataanalysis
for identifying, among other things, how variables cluster in
a dataset. We wanted to identify whether there were clusters
of coping strategies that were frequently chosen together and,
if so, what strategies comprised these clusters. One can thus
think of acomponent asan overarching strategy choice, which
isrealized through choosing specific coping strategies.

Figure 2 displays the results of the PCA in terms of a scree
plot (Cattell 1966), which plots the principal components of
the dataset against their eigenvalues, a measure of the amount
of variance in the dataset explained by each component.
Highly clustered datasets yield scree plots in which the
eigenvalues drop off very steeply from the first component,
quickly flattening out. In addition, Kaiser (1960) proposed a
well-known criterion for the interpretation of PCA results,
such that only those components whose eigenvalues are
greater than one are retained.

What is striking about Figure 2 is how gently the scree plot
falls away, especially from the second component onward.
The eigenvalue of the first component is also relatively low
because it is not unusual to see eigenvalues of well over five
inhighly clustered datasets. Thus, thereappearstoberel atively
little clustering of coping strategies in the survey data. This
hints at a heterogeneous set of strategy combinations chosen
by the sampl e househol ds, and/or at few households choosing
combinationsat all. Wereit the case that certain combinations
of strategieswere frequently chosen, wewould have expected
to see the relevant components explain more of the sample
variance.

Fig. 2. Scree plot of eigenvalues for principal components
analysis of coping strategies.
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Table 5 presents the component loadings, whereby aloading
isthe correlation between the variable and the component on
the first four components whose eigenvalues are greater than
one. Thehigher theloading, thehigher theassociation between
a strategy and the overall component, i.e., the overarching
strategy. Consistent with the lack of clustering indicated by
Figure 2, theloadingsaregenerally small. Thereissomeweak
evidence that strategies involving reducing current
consumption are sometimes chosen together because the first
component hashigher loadingson borrowing food, eating less,
and reducing expenditure. The second component has higher
loadings on sending children to live elsewhere and taking
children out of school, which are similar strategies, seldom
chosen overall (see Table 4). Perhaps the strongest result is
for the third component, which has a very strong loading on
sellinglivestock, but very weak loadingsonall other strategies,
indicating that this most popular strategy tends to be chosen
in isolation.


http://www.ecologyandsociety.org/vol18/iss2/art2/

Besides the lack of variance accounted for by the principal
components and what this indicates about the survey
responses, one of the main conclusions we can draw from the
PCA isthat the component structureisrather at odds with the
popular theory that strategies are chosen in typical sequences
(Corbett 1988). Werethat the case, the sequences should have
been evident in the results.

DETERMINANTS OF ASSET LIQUIDATION

Of the 12 coping strategies presented to respondents, 6 could
fal into the category of capita disinvestment, i.e., sdll
livestock, sell householditems, sell land or home, takechildren
out of school, send children to live elsewhere, and send
children to work. Within this subset, by far the most readily
adopted would bethe sale of livestock, with 68% of thesample
willing to do so. Therefore, even though it is unclear to what
extent sale of livestock affects the household’'s future
prospects, on weight of numbers alone, it is of interest to
analyze what determines the choice of this strategy, either in
isolation or in combination with any other strategies. To do
thiswe constructed abinomial variable, LivestockLig, which
took the value of 1 for those households indicating a
willingness to utilize the coping strategy of livestock sales.
Clearly, only households that own livestock can sell it, so we
accounted for this by restricting the sample to livestock-
owning households, reducing the sample by only 290
households.

Wealso focused on the choice of disinvestment strategiesthat
would take children out of the educational system. Given the
risingimportance of human-capital formation to development,
and notwithstanding the continuing importance of practical
learning-by-doing in the labor markets of less-developed
economies, these strategies can be particularly important in
affecting long-run vulnerability. We developed the binomial
variable, AssetLigChild, which took the value of 1 for those
households indicating willingness to take children out of
school, send children to live elsawhere, and/or send children
to work.

These two variables, LivestockLiq and AssetLiqChild, were
used as dependent variables in a regression analysis of our
survey data to shed light on which socioeconomic and
attitudinal factors determined their uptake by households.
Note that because of the rather weak clustering of strategies,
we did not take forward the principal components into this
analysis.

Research on household vulnerability to natural hazards has
previously emphasized the importance of capital assets
(Wisner et a. 2004, Carter and Barrett 2006), so we included
measures of (1) the household’ sbuilt and financial capital and
(2) itshuman capital. Because neither of theseformsof capital
is directly observed, we used proxies for them based on
relevant literature and what our survey made available.
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For built/financial capital, we used the acreage of land owned
by a household as our proxy measure (Acres). Previous
literature has suggested that there is a strong relationship
between access to land and household income, certainly in
eastern and southern Africa(Jayneet al. 2003). Human capital
is straightforwardly captured via the ordinal-level variable
education, which summarizes the respondent’s years of
schooling. The data for this variable, in Table 2, shows that
the majority of respondents (64%) leave formal education at
the end of elementary/primary school at the latest, a further
26% of respondents|eave school at the ordinary level, i.e., O-
level, and only 9% of respondents remain in school thereafter
to complete advanced-level secondary education. Natural
capital stocks are stressed in the literature, but we excluded
them in this study because it was assumed that environmental
conditions were the same in agiven period for all households
sampled. Socia capital is also stressed in the literature, but
socia capital is notoriously hard to measure, and in our
scenario it is social capital that exists beyond the local level
that is of interest because the natural disaster scenario is
covariate. Weincluded one explanatory variablethat partially
captures social capital beyond the local level.

We included severa other explanatory variables relating to
thehousehol d’ swealth andincome. None of thesewerehighly
correlated with the others, and each promised to control for a
rather different effect, so we included them in our models.

First, weincluded the share of householdincomefrom farming
(IShare). This was an ordinal-level variable ranging from O
(0-25%) to 3 (75-100%), which mapped to intervals that
respondents could choosein the survey. Two householdswith
the same income, and perhaps a so wealth, but with differing
degrees of dependence on farming for income, might be
expected to rely to a different extent on livestock sale in the
event of a drought or flood; for example, more diversified
households may be less reliant on selling livestock because
they have other coping strategies within their feasible set.

Second, we included a dummy variable indicating whether a
household was engaged in subsistence farming or whether it
was able to sell surplus crops to the market (Surplus). This
may, for example, affect whether a household has areduction
in food intake or expenditure within its feasible set. It may
also affect therelativeimpact on ahousehol d of adisaster that
affects crop yields. Note that for interpretation of the results,
the coding of this dummy variable was 0 for a surplus and 1
for no surplus.

Third, we specified the dummy variable (FamRem), which
indicated whether the household was a net recipient of
remittancesfromoutsideof itsvillage, or anet provider beyond
the village. This was first and foremost an indicator of the
household’ sfinancial position, i.e., we assumed net providers
were in a stronger position, al else being equal, but because
remittances also depend on socia capital, it can be seen to
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partially capture super-local social capital stocks as well.
About 47% of households received more in remittances from
outsidethe village than they provided, although 34% were net
providers. The remainder neither sent nor received
remittances.

That there coul d be connections between the choice of coping
strategy and attitudestorisk, especially those held by the head
of the household, is intuitive. To gauge the effect of risk
perceptions, we included the outcome of our coin game for
each respondent (CoinRisk). The coin game provided uswith
ameasure of household risk aversion, specifically asit applies
to agricultural planning. In this model, we used an ordinal
variable to indicate if a respondent was relatively more risk
averse. The higher the variable value for a given household,
the morerisk averse it was. We also controlled for the age of
the household head via the variable Age, and we controlled
for the size of the household (FamSize). A particular concern
in any regression model is bias resulting from unobserved
variation. This is more difficult to counter in cross-sections
than in panel datasets, but we included two variables to deal
with it. Possible regional differenceswereincorporatedin the
model by specifying aregion-level dummy variable (Region)
that took on different values depending on whether the
respondent was located in Oyam or Kapchorwa. More
importantly, we exploited detailed local data on where the
responseswere garnered to specify 34 dummy variablesat the
sub-county level. The estimation technique is probit. Table 6
summarizes the regressors.

Table 6. Explanatory variables of differentia vulnerability.

Variable Name Scale of
measurement

Region Region Categorical
Educationa status Education Ordinal
Acres owned Acres Ordinal
Age Age Continuous
Family size FamSize Continuous
Income share from activities outside IShare Ordinal
farming

Surplus crop sold on the market Surplus Categorical
Risk aversion CoinRisk Ordinal
Remittances FamRem Categorical

Table 7 (column i) presents the estimated probit model for
willingnessto sl livestock. It shows good explanatory power
overall. A number of key explanatory variables were
individually significant in the model. Of these, 1Share and
Surplusweresignificant at better thanthe 1% level, theformer
positive, the latter negative. In particular, households with a
higher share of income from farming were more likely to sell
livestock after anatural disaster, aswerethose househol dsthat
grow surplus crops to sell on the market. In both cases, the
most likely explanation is that the variable reflects
vulnerability to natural disasters and that greater vulnerability
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leads to a greater reliance on the sale of livestock to cope.
IShare was indicative of the diversification of household
employment, which has been shown to be associated with
lower levels of vulnerability (Wisner et a. 1994).
Furthermore, diversification has been argued to act asa saf ety
valvefor the rural poor by providing abroader set of feasible
coping strategies from which to choose (Ellis 2000).
Households that have surplus output to sell on the market
(Surplus) losenot only their own source of food when anatural
disaster wipes out crops, but they also lose potential income
from market sal es, burdening them with agreater need to cope
overall. It might be objected that households selling surplus
cropsonthe market are better off and thereforelessvulnerable
to natural disasters because their farms are more productive,
but recall that wecontrol invariouswaysfor householdincome
and wealth.

Table 7. Probit models of the determinants of strategiesto (i)
sell livestock and (ii) taking children out of education.

Variable (i) LivestockLiq (ii) AssetLigChild
Region -6.52 -3.14
Education 0.03 -0.16 ***
Acres -0.001 -0.000
Age 0.004 * 0.006 *
FamSize 0.025 ** 0.042 ***
IShare 0.098 *** -0.009
Surplus -0.314 *** 0.016
CoinRisk -0.161 ** 0.170
FamRem 0.050 -0.005
Number of Ob 2788 2935
Log likelihood -1471.59 -726.440
Pseudo R2 0.134 0.166

FamSize and CoinRisk had significant positive effects on
willingness to sell livestock, albeit only at the 5% level. The
greater thefamily size, the morelikely it isthat the household
will sell livestock to cope, which could again reflect apositive
association between family size and vulnerability, i.e., the
larger the family the more mouths there are to feed. Together
with the significant coefficients on IShare and Surplus, the
picture is thus building that the sale of livestock is a strategy
commonly turned to by households more vulnerable overall
to natural disasters. Thispictureisin turn consistent with the
notionthat livestock isheld asaliquid asset toform afirst line
of defense in coping with such shocks, although it is also
consistent with the notion that more vulnerable households
cannot cope by reducing consumption alone, or by using other
strategiesthat avoid disinvestment, i.e., livestock isonly sold
once the returns from other strategies have been exhausted.
Y et we know that such strategies are used less frequently, and
we did not find evidence that they were employed in
combination with selling livestock.

The positive coefficient on CoinRisk indicated that, the more
the head of the household was risk averse, the less likely it
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was that livestock was sold as a means to cope. This could
reflect a number of considerations because the dynamic
relationship between coping strategies and income risk for
particular households is extremely difficult to know. It could
also reflect a correlation between CoinRisk and income/
vulnerability because it is widely thought that relative risk
aversion decreases with household income (see Rosenzweig
and Binswanger 1993 for classic evidence on farmers’ risk
aversion).

Age was significant at the 10% level and positive, indicating
that households in which the household head was relatively
older were morelikely to sell livestock as a means of coping.
It is probable that age encompasses an underlying effect not
accounted for directly in our model. By way of one possible
explanation, in many rural societies age correlates with
changesintheroleplayed withinthewider community (Lipton
and Maxwell 1992). The older the household head, the higher
the cost to his reputation from borrowing or begging, for
example. With increasing age may also come reduced
mobility, ruling out coping strategiesinvolving migration, for
instance. Neither our financial-capital nor human-capital
proxies were significant in this model.

The probit model with the dependent variable AssetLigChild
isshownin Table 7 column (ii). Asmentioned previously, this
type of coping strategy unambiguously reduces the
household’ sinvestment in capital (human capital) that would
likely reap returns in the future. The estimated model shows
good explanatory power overall. Education was significant at
the 1% level and negative, indicating that, the higher the
educational attainment of the household head, the less likely
they were to risk compromising their children’s educational
attainment. It may well be that those with higher educational
attainment placed more value on investment in human capital
per se because, within our sample, there was no significant
correlation between education and built/financial capital
wealth.

By contrast, FamSize was significant at the 1% level and
positive, indicating a higher propensity to disrupt the
children’s education after a natural disaster when the family
sizeisgreater. Thisisintuitive because households that have
more people to care for are more likely to take up coping
strategies that may endanger future prospects, but stabilize
household prospects in the immediate term. With increased
family size, in particular increased numbers of children, we
can also hypothesize an effect at the margin, whereby the cost
tofuture prospectsof having onelesschildinformal education
islower. There was awesak, i.e., significant at the 10% level,
positive association between Age and AssetLiqChild, which
may again reflect factors linked with age.

DISCUSSION
Our survey results suggest that the sale of livestock is by far
the most frequently chosen coping strategy after a weather
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disaster. Thisrunscounter to some previous studiesindicating
that the sale of livestock plays a minor role in coping with
extreme weather (Faf champs and Gavian 1996, Kaziangaand
Udry 2006), and to the thrust of the literature on choosing
coping strategies in sequence (Corbett 1988), such that a
reduction in current consumption is always attempted prior to
liquidating any assets. We found that strategies involving
reducing current consumption or augmenting it by borrowing/
begging would be used fairly seldom. Conversely our results
support the argument that livestock isheld asaform of liquid
savings, one possible use of which isto recover from a shock
(Dercon 1998).

Our findingsreveal afairly rich set of determinantsof different
subsets of coping strategies. We chose to focus on drivers of
the choice to cope via the sale of livestock, given its
prevalence, and the reduction of children’s education, given
its potential importance. Our findings point out the impact of
initial vulnerability onthepropensity todisinvest, whereinitial
vulnerability is represented by a lack of income
diversification, alarge family size, and in the case of selling
livestock, whether surplus crops are sold on the market, and
hence, how much of ashock the weather event isto household
income. However, our findings also point out attitudinal and
socia factors (thus consistent with Anderson and Woodrow
1998, Eade 1998), notably the effect of educational attainment
on educational aspirations for children, attitude to risk, and
albeit weakly, age.

Therearesomelimitationsto our study, chiefly that our survey
questions, being hypothetical in nature, could yield answers
affected by various forms of bias. However, the fact that the
survey was administered by loca CKWs, who had a pre-
existing relationship with the respondents, built on trust,
hel ped to combat thisissue. Also, intheareasresearched, large
covariate weather shocks, i.e., involving loss of at least half a
crop, occurred at least once every four years, so respondents
were familiar with the issues in question. Furthermore, in
neither region is there formalized agricultural insurance,
which also serves to make the scenario realistic.

Though our regression model s have good explanatory power,
the issue of endogeneity, principally through omitted
variables, is one that we need to be aware of. We account for
this as best we can by (1) specifying arich set of regressors,
none of which is highly correlated with other regressors, and
(2) by including dummy variables at the subcounty and
regional levelsto account for unobserved variations.

Responsesto this article can be read online at:
http://www.ecol ogyandsoci ety.org/i SSUes/responses.

php/5390
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Appendix 1. The coin game.

The coin game is a way to quickly measure the risk aversion of a single subject through
binary-choice iterations. The game is designed in a triple-bounded dichotomous-choice
structure. The subject is given two coins and told each coin represents a crop he could choose
to grow in the coming season. One flip of the coin will decide the size of the harvest his crop
yields. The participant is allowed to examine and handle the coins, which are metal tokens
(see Figure A.1), and is then asked to choose which crop he will plant (dichotomous choice).
One coin offers a yield of 5 on either side, thus being risk-free, while the other coin offers
yields of 9 on one side and 3 on the reverse, thus involving risk. For consistency, in
describing administrations of the game, the former coin is referred to as ‘Alpha’, while the
latter is called ‘Beta’. The yields are expressed in arbitrary units, with icons representing
crops to minimize any cultural or linguistic skew in the results.

Figure A.1. The coins.

The Choices Offered in Round One of the Coin Game

After the subject chooses between Alpha and Beta in the first round, he is provided in a
second round with a choice of two new coins. The choice of coins depends on the coin
chosen in the first round, according to the decision tree in Figure A.2. It is possible to go
through three rounds (triple-bounded), as illustrated by the shaded pathway in the figure.

Figure A.2. Constant-relative-risk-aversion decision tree.

If Alpha,
Report result 1

If Beta,
Report result 3
If Gamma,
Gamma vs. Epsilon

Note that maize was chosen as the crop to display on the coins, as it is familiar to nearly all
farmers in Uganda.

If Delta,
Report result 2

If Gamma,
Report result 4

If Epsilon,
Report result 5

If Beta,
Beta vs. Gamma



The game itself is a version of a classic risk-aversion classification exercise. To analyze the
game output, we use the framework of constant relative risk aversion. Under constant relative
risk aversion, the utility of consumption u(c) is given by the following function:

C1—0‘

u(c) = 1

where o is the coefficient of relative risk aversion, a parameter controlling the curvature of
the utility function, which measures risk aversion.

Where the player chooses the 9:3 coin (Alpha) rather than the 5:5 coin (Beta) in the first
round of the game, his choice is mathematically equivalent to an inequality between
probabilities where the participant prefers one probability to the other. The choice of the 9:3
coin can be represented by:
1
51—0‘ — E(91—0 + 31—0’) - 0Og.3

As the context of each decision is a choice between two coins and the probabilities of any
given outcome at any given time are equal, this follows for all other values in the opportunity
set, e.g.:

1
51—0 — E(81—0 + 41—0) - Og.q
and

1
51—0 — E(101—6 + 21—0) - 0102

This method allows the player to be quickly categorized according to the variance he will
tolerate with two choices at a mutual probability of 0.5. The coins represent variances of the
following values (each of which represents a comparison of a coin’s two sides expressed as a
fraction): 1, 1/2, 1/3, 1/5, 1/11.

Hence, the participants are classified into five categories of risk aversion.
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