PRIMCED Discussion Paper Series, No. 37

Household Vulnerability to Wild Animal Attacks in
Developing Countries:
Experimental Evidence from Rural Pakistan

Takashi Kurosaki and Hidayat Ullah Khan

March 2013

Research Project PRIMCED
Institute of Economic Research
Hitotsubashi University
2-1 Naka, Kunitatchi Tokyo, 186-8601 Japan
http://www.ier.hit-u.ac.jp/primced/e-index.html

Household Vulnerability to Wild Animal Attacks in Developing Countries:
Experimental Evidence from Rural Pakistan

March 2013
Takashi Kurosaki and Hidayat Ullah Khan *

Abstract: Based on a three-year panel dataset of households collected in rural Pakistan, we first
quantify the extent to which farmers are vulnerable to attacks by wild boars; we then examine
the impact of an intervention on households’ capacity to reduce related income losses. A local
nongovernmental organization implemented the intervention as a randomized controlled trial at
the beginning of the second survey year. This experimental design enabled us to cleanly identify
the impact of the intervention. We find that the intervention was highly effective in eliminating
the crop-income loss of treated households in the second year, but that effects were not
discernible in the third year. The finding from the third year could be due to the high implicit
cost incurred by the households in implementing the treatment. Regarding the impact of the
intervention on a number of consumption measures, the difference-in-difference estimate for the
impact on consumption was insignificant in the second year, but highly positive in the third year
when estimated without other controls. A part of this consumption increase was because of
changes in remittance inflows. The overall results indicate the possibility that treatment in the
absence of subsidies was costly for households due to hidden costs, and hence, the income gain
owing to the initial treatment was transient.
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1. Introduction
Farmers around the world face various risks when they make a decision on agricultural
production. In low-income developing countries, research has been undertaken on household
vulnerability to weather-related shocks, such as floods and droughts (Fafchamps, 2003; Dercon,
2005; Sawada, 2007). These studies have shown that poor households are likely to suffer not
only from low levels of welfare on average, but also from fluctuations in their welfare due to
their limited coping abilities and the vagaries of weather. As an intervention to cope with
weather-related risks, there is now an expanding body of economics literature on weather index
insurance (Binswanger-Mkhize, 2012; Cole et al., 2013).
In sharp contrast, farming risk stemming from wild animal attacks in developing
countries has not been well analyzed in the literature by applied economists. 1 This does not
imply that such risk is not important; on the contrary, owing to the increased frequency of
human–wildlife confrontation, farmers face the ever-growing risk of such attacks on their crops
and subsequent income losses, as natural scientists have pointed out since the 1980s (e.g., Else
and Lee, 1986; Naughton-Treves, 1998). Wild boars are universally notorious among wild
animals and inflict substantial damage to crops. According to Chauhan et al. (2009), crop
damages because of wild boar attacks (WBAs) have been reported for decades by farmers in the
Indian subcontinent. However, the existing literature on WBAs mostly comprises technical
reports, while ignoring the monetary and welfare aspects of agrarian households that have
succumbed to WBAs. 2 Furthermore, there is no economic research on the impact of an
intervention that is specifically designed to reduce or cope with WBAs.
To fill the research gap, this study first quantifies the extent to which agricultural
households in a developing country are vulnerable to WBAs; it then examines the impact of an
intervention to enhance households’ capacity to mitigate income loss. A salient feature of this
study is that it cleanly identifies the impact of the intervention through a randomized controlled
trial (RCT) and the use of a three-year panel dataset of households. The RCT intervention was
implemented at the beginning of the second year of the panel survey by a local
nongovernmental organization (NGO) in rural Pakistan, where randomization was designed at
the household level. The main component of the intervention was in human resource
development (HRD). In the third year of the panel data, no intervention was conducted. To the
best of our knowledge, none of the existing studies cleanly identifies the impact of HRD
interventions on losses due to WBAs. As a result, the findings of this study are expected to add a
new dimension to the existing literature on household vulnerability to the risk of wild animal
attacks.
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As an exceptional work in applied economics, Sutton et al. (2008) estimate the costs of living under the
threat of wild animal attacks, using Namibian farmers’ willingness to pay.
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See Khan (2013) for a reference list of these technical reports.
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As a preview of the results, we found that the sample households did indeed face
substantial risk with respect to WBAs. The attacks affected the crop income of 34% of the
sample households, with the average damage equivalent to approximately 3% of the total annual
consumption and 20% of self-produced food consumption. The HRD intervention was highly
effective in eliminating the crop-income loss of treatment households in the second year, but its
impact in the third year was indiscernible. The impact of interventions on a number of
consumption measures was insignificant in the second year and significantly positive in the
third year.
In the remainder of this paper, Section 2 describes the study area, data, and the RCT
intervention by which to reduce WBAs. Section 3 proposes an empirical strategy to identify the
impact of the intervention. Section 4 quantifies the incidence of WBAs among the sample
households, as well as the impact of the intervention on crop-income loss. Section 5 assesses the
intervention’s impact on household consumption. Section 6 concludes the paper.

2. Study Area, Data, and the RCT Intervention
2.1 Study Area and the NGO
Pakistan suffers from underdevelopment in terms of both economics and human
development. For example, the United Nations Development Programme (UNDP; 2013) ranks
Pakistan as the 146th of 185 countries in terms of its Human Development Index, with mean
years of schooling at only 4.9 years and per-capita gross national income at USD 2,566 (in
purchasing power parity dollars of 2005). Meanwhile, Pakistan’s economy is highly dependent
on agriculture: in terms of value added, approximately 21% of GDP originates in agriculture;
meanwhile, in terms of employment, approximately 45% of the labor force is absorbed by
agriculture (Government of Pakistan, 2012). Given this dependence on agriculture, wild animal
attacks pose a potential risk to the national economy and the rural population alike.
Given the Pakistani government’s failure to deliver basic services to the nation—and
especially to the poor—NGOs have been intervening and providing such services. Several of
them have adopted community-based development (CBD) approaches since the 1990s. To
analyze the impact of such NGOs and identify the conditions underlying their success or failure,
in 2010, we began a study on an NGO called the Pakistani Hoslamand Khawateen Network
(PHKN), which has its headquarters in District Haripur of Khyber Pakhtunkhwa (KPK). 3
PHKN intervenes in areas of microfinance, HRD training, micro infrastructure
projects, and the like. In providing these services, PHKN adopts a CBD approach, under which
3

Pakistan is a federal state comprising four provinces, with the district as the basic unit of local
administration under the province. Khyber Pakhtunkhwa (KPK) is one of those four provinces, formerly
known as the North-West Frontier Province (NWFP). In April 2010, the constitution of Pakistan was
amended and the former NWFP was renamed Khyber Pakhtunkhwa.
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dwellers of a village or rural community are organized into community-based organizations. In
the case of PHKN, such organizations are called community organisations (COs). COs are
organized before any kind of intervention takes place in a village. Owing to social and cultural
constraints, there are separate COs for males and females. Each CO has 16–40 members.
Almost three-quarters of its COs are run by women. A unique characteristic of PHKN is that it
is led by a woman and managed by an executive board comprising mostly women, and it
undertakes activities focused on women. Such NGOs are rare in the context of the
male-dominated society of Pakistan.
2.2 Data
During September–December 2010, we implemented a three-tier survey as the
benchmark; the three tiers are villages, COs, and households. Khan et al. (2011) describe the
three-tier benchmark survey in detail. The benchmark village survey was designed as a census
survey to cover all villages that were (potential) target areas of PHKN. We gathered 105
observations of villages, of which 99 are located in District Haripur. In the CO benchmark
survey, we successfully collected information from all 90 COs registered with PHKN; all 90
COs were located in District Haripur. In the household benchmark survey, three types of
households were randomly chosen: (i) those who have been members of PHKN activities, (ii)
nonmember households living in villages with COs (CO villages), and (iii) households living in
villages where no CO exists (non-CO villages). The total size of the sample is 583, classified
into 249 member households, 234 nonmember households in CO villages, and 100 nonmember
households in non-CO villages. The population we intend to represent with the household data
is that of rural households living in Haripur District that are potential targets of PHKN (those
households excluding the rich).
After a year, during November–December 2011, we resurveyed the same sample
households and collected village-level information from the villages having these resurveyed
households. Due to refusal or nonavailability, 12 households were not resurveyed in the second
round, and 2 households changed their membership status. In the resurvey, the 12 attrition
households were replaced by 12 households, which were randomly chosen from the same
household category to which the attrition households belonged.
After another year, during November–December 2012, we implemented the third
round of the household survey. All the 583 households that were covered in the second round
were resurveyed successfully in the third round. Therefore, from these three rounds of surveys,
we compiled a balanced panel dataset of 569 households. The attrition or change of membership
status does not affect the main analysis in this study, because we use the subset comprising the
“eligible” households (see below) and there was no attrition in the subset. The dataset includes
4

detailed information on household characteristics; consumption expenditures, including the
imputed cost of in-kind transactions; assets and credit access; involvement in PHKN and
government welfare activities; and crop losses attributable to WBAs, inter alia. Information on
crop-income loss as recalled by respondents was collected using a structured questionnaire. To
compare monetary variables measured in Pakistan rupees (PKR) across three rounds of surveys
in real terms, we deflated these variables from the resurvey and the third-round survey, using the
official statistics of consumer price indices (Government of Pakistan, 2012).4 Therefore, all
monetary variables are denoted in 2010 prices.
2.3 Descriptions of the RCT Intervention
Presently, farmers in KPK frequently report incidents involving WBAs. The attacks
cause immense damage to crops, grasslands, and soil. Local agriculture and wildlife experts
consider the loss of the wild boars’ natural habitat to be the root cause of WBAs. WBAs are at
their peak frequency during the summer season, particularly at harvest time. Cereal
crops—especially maize and wheat—are vulnerable to WBAs. Nothing can be salvaged of a
farm’s crops once it is attacked by wild boars; the leftover crop cannot even be used as livestock
fodder. As a result, crop losses owing to WBAs constitute not only a loss of grain for
self-consumption and of buffer stock used to manage liquidity crisis; it also represents a loss of
livestock fodder for use in the dry seasons. Because the main damage due to WBAs is the lost
output of crops including fodder, the damage is short-term in nature. Villagers in the region once
implemented basic techniques for scaring or trapping wild animal herds, but this knowledge has
been lost in recent years, as villagers regarded the techniques obsolete and useless.
PHKN has observed news of widespread crop losses owing to WBAs and carefully
reviewed the needs of its CO members for remedial action. Given the WBA information
collected through the household benchmark survey, PHKN was able to convince donors and all
stakeholders to fund this remedial action.
With the help of the district’s agriculture and livestock departments, PHKN designed a
pilot version of the Anti-WBA Program (AWBAP). The main objective of this program was to
prevent WBAs and subsequent crop-income losses. The program comprises HRD training that
focuses on the awareness and prevention of WBAs. The prevention component of the program
imparts information on basic techniques for scaring or trapping animals and for curtailing
boar-population growth. 5 Moreover, under the program, some basic equipment and animal
4

This is unsatisfactory, because the official inflation figures in Pakistan are notoriously underestimated,
and there could be heterogeneous inflation across villages and household types. The use of more precise
and disaggregated inflation rates is left for future research.
5
Drugs are used in the long term to control the boar population. It is claimed that female boars lose their
fertility after consuming the drugs; however, the efficacy of the drugs has not yet been established.
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drugs were provided free of charge to the treated households, upon the successful completion of
training. 6 The average direct cost of AWBAP treatment per household was around PKR 6,000, 7
of which about one-third is the recurrent cost of equipment and drugs.
However, the funding was not sufficient to treat all households who reported crop
losses due to WBAs. Therefore, to ensure equal treatment ex ante, PHKN decided to randomize
the treatment. According to the household benchmark survey, 197 of the 583 households had
reported WBAs (henceforth referred to as “eligible households”). PHKN selected 55 of the
eligible households, using a random luck draw. We refer to these 55 households below as the
“treatment households”; we call the remaining 142 eligible households not given treatment
“control households.” In typical situations, the CBO approach does not allow nonmembers to be
treated with any PHKN intervention. In the case of the AWBAP, however, nonmembers were
also included but with a lower rate of being selected through the luck draw, owing to PHKN
policies and donor restrictions.
The 55 treatment households are distributed as follows: 48 member households, 3
nonmember households in CO villages, and 4 nonmember households in non-CO villages. As
the randomization was implemented at the household level, the number of treatment households
in a village differed. Across villages, the eligible households spread over 30 villages—of which,
19 villages had at least one treatment household. Among the 19 villages with treatment
households, the number of such households in the village is distributed as follows: 1 household
in 8 villages; 2 households in 4 villages; 3 households in 3 villages; and 3, 6, 8, and 12
households in one village each. The villages with more than five treatment households were
large villages with several wards within. Village-level variation with respect to the number of
treatment households will be utilized in our empirical analysis to examine the spillover effects
of the AWBAP. Household-level variation with respect to PHKN membership will be utilized to
examine the possibly differential impact of member status.
The selected households were contacted in a telephone call about their participation in
HRD training under the AWBAP. However, the theme and details of the program were not
disclosed to participants until they actually attended the training sessions. The AWBAP was an
intervention comprising HRD training, and hence, participants were given neither income
transfers nor credit. The program was implemented in February–March 2011. All selected
households completed all training sessions. Hence, the AWBAP has zero noncompliance, which
6

According to Chauhan et al. (2009) and Hone and Ackison (1983), fencing is an effective way of
mitigating crop damage because of WBAs. However, it is a costly technique; it is also not suitable for the
RCTs that have a potentially higher spillover effect among the control group. Furthermore, such a
technique does not fall under the purview of HRD training. For these reasons, fencing was not included as
a component of the AWBAP.
7
USD 1.0 = PKR 91 at the time of intervention; hence, the direct cost per household was around USD
70.
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implies that the intent to treat impact equals the treatment on the treated impact.
Figure 1 summarizes the process by which the AWBAP treatment and our three rounds
of surveys took place. The main objective of the AWBAP was to eliminate crop losses in the
2011 kharif crops that would be sown in June–July 2011 and harvested in September–October
2011. Therefore, the data on crop-income loss in the resurvey of November–December 2011
would fully reflect the AWBAP impact. On the other hand, it is possible that our measures of
annual consumption in the resurvey (the 2011 consumption measures) may not reflect the full
impact of the AWBAP. This is due to our survey design: in our three rounds of household
surveys, we gathered information on consumption on a recall basis, with reference periods for
food consumption items in the week preceding the survey, and for nonfood consumption items
in the 12 months preceding the survey. From this detailed data, we compiled the annual
consumption as the sum of (1) the sum of expenditures over items listed in nonfood
consumption and (2) the sum of expenditures (including the imputed values of in-kind
transactions) over items listed in food consumption, multiplied by 52 (weeks per year). In using
this data compilation procedure, it is possible that not all of the impact of the AWBAP that is
attributable to the crop-income loss reduction in 2011 is captured by the 2011 consumption
measures; some of the impact may be captured by the 2012 consumption measures.
2.4 Balance Check
In Table 1, we compare treatment and control households. This comparison shows that
in most cases, the difference between the means of the two sets of households is statistically
insignificant. Especially when we look at variables corresponding to housing conditions,
demographics, household asset indicators, cash inflows and outflows, and income loss due to
WBAs, the difference is both small in terms of magnitude and statistically insignificant.
Therefore, we can safely claim that the randomization process resulted in two almost similar
sets of households, and that there is no systematic observable difference between them. Any
difference observed in any of variables between the benchmark and later surveys can be safely
attributed to the impact of the AWBAP.
One concern in Table 1 is that all five consumption measures have higher average
values among control households than among treated households. The difference was
statistically significant at the 5% level for food consumption and in-kind food consumption. As
we implemented the randomization strictly, we assess this finding as a chance occurrence.
However, since consumption is the endogenous variable for which we measure the impact of the
AWBAP, to be safe, we control the imbalance in benchmark observations by using a double
difference, rather than a single difference, as our main empirical specification (see Section 3
below).
7

On the other hand, although not important to the internal validity of our RCT, eligible
households were not similar to noneligible households (Khan, 2013). For example, eligible
households’ land holdings were five times larger than were those of noneligible ones; these
households had an unpaid consumption level that was twice that of noneligible households and
had slightly larger family sizes than did noneligible households. Eligible households closely
resemble a typical Pakistani farm household. This is as expected, eligible households were not a
random subset of the whole sample. The set of eligible households comprises farm households
only, while the whole sample includes a large number of nonfarm and/or landless households.
This implies that the internal validity of our RCT applies only to the subset of eligible
households, and not to the whole sample of households in our dataset. In other words, the
population we intend to represent through the AWBAP impact analysis comprises agricultural
households living in Haripur District that are not affluent and are (potentially) susceptible to
WBAs.

3. Empirical Strategy
We first plot the distribution of crop-income loss due to WBAs and the total household
consumption differentiated by the survey year and treatment status. This allows us to undertake
a graphical investigation of the AWBAP impact.
As the graphical perusal may have limited power in determining differentiated change,
we turn to microeconometrics. 8 For econometric analyses, we use the subsample of eligible
households, because noneligible and eligible households are systematically different, while
control and treatment households within the subset of eligible households are not. The basic
model is specified as:
Yit = bi + b10T2011 + b11T2011×Xi + b20T2012 + b21T2012×Xi + uit,

(1)

where Yit is the crop-income loss due to WBAs, or a measure of household consumption for
household i in period t; bi is the household fixed effect; T2011 is a dummy variable for the
resurvey data; Xi is a dummy variable that represents the AWBAP treatment, and it takes a value
of 1 if the household is in the treatment group; T2012 is a dummy variable for the third-round
survey data; and uit is a zero-mean error term. Two coefficients on the interaction terms between
Xi and Tt, b11 and b21, are the double difference (difference-in-difference, or DID) estimators for
the treatment impact. If the AWBAP in early 2011 resulted in higher consumption in year 2011
than in 2010, the coefficient b11 should be positive and significant; if the intervention resulted in
8

As the household data were collected using villages as the primary sampling unit (Khan et al., 2011),
we use in all regressions robust standard errors clustered at the village level.
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higher consumption in year 2012 than in year 2010, the coefficient b21 should be positive and
significant. In terms of crop-income loss due to WBAs, the expected sign is reversed.
If randomization is implemented properly and the resulting two groups are completely
similar in the statistical sense, ex post, then the use of a single-difference estimator that
compares the treatment and control groups will suffice in identifying the AWBAP impact. As
suggested through the balance check test, however, the consumption of the control households
was slightly higher than that of treatment households, ex post, despite the fact that we had
implemented the randomization properly. Therefore, as our main specification, we employ the
DID specification, which allows for potential nonrandomized elements conditional on
household fixed factors.
To examine whether the intervention had a spillover effect on neighbors who were not
treated directly, the basic specification is extended to distinguish control households living in
villages where some households had been treated with the AWBAP from control households
living in villages where no household had been treated with the AWBAP. Using the latter as the
reference category, the basic model is extended as:
Yit = bi + b10T2011 + b11T2011×Xi + b12T2011×Xvi + b20T2012 + b21T2012×Xi + b22T2012×Xvi + uit,

(2)

where Xvi is the dummy variable for a control household that lived in a village where there was
at least one treatment household.
Theoretically, the spillover effect could be positive or negative. If control households
living in a village with treatment households learn from those treatment households (social
learning), a positive spillover effect on income and consumption is expected. Furthermore, if
wild boars avoid a village where some households are implementing the AWBAP treatment
(positive externality), a positive spillover effect on income and consumption is expected. On the
other hand, if wild boars change their target plots within a village—thus going from attacking
plots protected by the AWBAP treatment to unprotected plots (negative externality)—a negative
spillover effect on income and consumption is expected. Thus, whether b12 and b22 are positive
or negative is an empirical question. If the null hypothesis that b12 = b22 = 0 is not rejected,
equation (2) is reduced to equation (1).
Equation (1) can be extended in other directions as well, allowing for a heterogeneous
impact among treatment households. Let Di be the dummy variable for the subcategory of
treatment households. Then we estimate:
Yit = bi + b10T2011 + b11T2011×Xi +b’11T2011×Xi×Di
+ b20T2012 + b21T2012×Xi +b’21T2012×Xi×Di + uit.
9

(3)

We will attempt to distinguish treatment households in terms of PHKN membership status
(Di = 1 if the treatment household is a nonmember of PHKN) 9 and 2010 flood damage (Di = 1 if
the treatment household was severely hit by the 2010 floods).10 If the null hypothesis that b’11 =
b’21 = 0 is not rejected, equation (3) is reduced to equation (1).

4. Income Losses due to Wild Boar Attacks, and the Impact of the Intervention
Table 2 summarizes crop-income loss due to WBAs, for three types of sample
households; Figure 2 shows this data’s distribution graphically. Before the intervention, 197 of
the 583 sample households suffered income losses in 2010 due to WBAs; therefore, the
incidence rate at the household level was 34%. The average WBA crop-income loss in 2010
among treatment households was PKR 7,260, while that among control households was PKR
8,160. Because of randomization, the difference was statistically insignificant (Table 1). The
average loss upon combining the two categories was PKR 7,900.
How large an amount is PKR 7,900? To put this figure into perspective, the average
annual consumption expenditure among eligible households was PKR 264,000, and the average
food component from the field (in-kind part) was PKR 40,300. Therefore, the income loss due
to WBAs was approximately 3% of the total consumption and 20% of the self-produced food
consumption. This is not a negligible amount.
Following AWBAP treatment, the treatment households reported no income loss due
to WBAs in 2011 (Table 2 and Figure 2). On the other hand, control households suffered again
from WBAs, with an incidence rate of 83% and an average income loss of PKR 4,370 (in 2010
prices, to ensure comparison in real terms). Since attacks by wild animals are stochastic, 17% of
noneligible households suffered from WBAs in 2011. Therefore, the AWBAP was highly
effective in eliminating crop-income loss due to WBAs in 2011.
After another year (without further attempt at AWBAP interventions by PHKN), the
third-round survey data show that the AWBAP impact on the crop-income loss was not
sustained. As Table 2 shows, 55% of treatment households again suffered income loss in 2012
due to WBAs. Their average income loss was PKR 3,170, which was lower than the income loss
in 2010. On the other hand, 73% of control households and 5.6% of noneligible households
suffered from crop-income loss in 2012. The average income loss among the former was PKR
9

Possibly, the intervention could be more effective among treatment households that were also members
of PHKN’s CO, since such households are more familiar with the intervening agency. As discussed in
Subsection 2.3, of 55 treatment households, 7 were nonmember households.
10
Possibly, the intervention did not lead to an increase in welfare among treatment households that had
also been hit by the 2010 floods. See Kurosaki and Khan (2011) for a discussion of the disastrous impact
of the 2010 floods in Pakistan. Of 55 treatment households, 26 had suffered from damage due to the 2010
floods.
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5,080, which is lower than that in 2010.
To cleanly identify the impact of the AWBAP on crop-income loss, equation (1) is
estimated (see column 1, Table 3). The DID impact in 2011 (the follow-up survey) is substantial,
and statistically significant at the 1% level. The treatment households were able to reduce the
loss by PKR 3,473. As there was no crop-income loss among treatment households in 2011 (i.e.,
no statistical variation), the DID impact is likely to be an underestimate. This is because the
crop-income loss cannot be negative. For those treated with the AWBAP and having sustained
an initial loss of PKR 5,000, for example, the observed reduction in crop-income loss was PKR
5,000. However, if their initial loss had been PKR 10,000 instead, the observed reduction could
have been PKR 10,000, rather than PKR 5,000. The single difference impact can be calculated
from column 1, Table 3 as PKR 7,260 (that is, (3.787 + 3.473) × 1,000). It could be possible that
this single difference estimate is still an underestimate, for the same truncation reason. To be
conservative, we set our estimate of the AWBAP impact on crop-income loss reduction in 2011
as being in the range of PKR 3,500–7,300. This indicates that if the impact was around PKR
7,300 and there was no implicit cost inherent in the AWBAP implementation, the AWBAP was
cost-effective, as its direct cost per household was approximately PKR 6,000. If other indirect
costs existed for PHKN or for the treatment households—or if the impact on crop-income loss
were around PKR 3,500—the AWBAP could not be considered cost-effective.
On the other hand, column 1, Table 3 shows that the DID impact in 2012 (the
third-round survey) was no longer significant. Although its point estimate shows that each
treatment household’s income loss was PKR 1,000 smaller than that of control households, this
difference is statistically insignificant. This finding seems to suggest that treatment households
had difficulty in implementing the AWBAP measures strictly during 2012, in the absence of
PHKN interventions. In other words, one-shot HRD training to reduce WBAs were not
permanently effective. One of the reasons for this failure among treatment households could be
the difficulty in obtaining the necessary drugs. However, since the nominal cost of the drugs is
small, this reason is not likely to be important. Another reason could be that either there existed
a nonnegligible implicit cost of implementing the AWBAP treatment (such as labor or effort), or
that treatment households were not able to master the treatment technique to the extent that they
could implement it without the help of PHKN.
Another interesting feature of column 1, Table 3 is that the coefficients on the time
dummies (b10 and b20) are both highly negative and statistically significant. In other words, the
whole set of eligible households, regardless of their treatment status, suffered less from WBAs
in 2011 and 2012 than in 2010. This could be due to the positive externality of the treatment on
wild boars—that is, the animals avoided the whole area because some of the villages there had
been implementing the AWBAP treatments in early 2011. This interpretation assumes that wild
11

boars’ area of activity is wider than a district. At the same time, a part of the negative coefficient
in 2011 could be explained by the stochastic nature of wild boar behavior. As the eligible
households were defined as those that had suffered from WBAs in 2010, it is possible that their
loss would have been smaller without any intervention in 2011, if the animals tended to choose
plots for attack in a stochastic manner. To examine these possibilities further is beyond the
scope of this study, as such an examination is in the realm of animal science, not economics.
Regarding the potential positive externality of the AWBAP, column 2, Table 3 shows
the regression results of equation (2). Coefficient estimates for b12 and b22 are positive,
indicating that control households tended to suffer more from WBAs if they lived in a village
where other households were treated than if they lived in a village without any AWBAP
treatment. This suggests negative externality within the village (i.e., the animals stop targeting
plots owned by treatment households and turn to plots owned by control households), and that
both positive externality and social learning were weak. However, the two coefficients have
large standard errors so that the null hypothesis—that b12 = b22 = 0—is not rejected (see the last
row of Table 3).
Regarding potential heterogeneity among treatment households, columns 3 and 4,
Table 3 show the estimation results of equation (3). In all cases, the additional coefficients are
small and statistically insignificant. The null hypothesis that b’11 = b’21 = 0 is not at all rejected
(see the last row of Table 3). Therefore, the AWBAP impact on crop-income loss reduction is
homogenous, with there being no difference, regardless of the treatment household’s PHKN
membership or the extent of 2010 flood damage.
The results reported in Table 3 are robust to other alterations. 11 For instance, we
attempted to use the dummy variable for crop loss instead of the income loss amount in PKR as
the dependent variable; we also tried replacing Xvi in equation (2) with the number of treatment
households in the village that had interacted with the control household dummy, and we tried
other definitions of Di in equation (3). The results were qualitatively similar to those reported in
Table 3. Therefore, we regard column 1, Table 3 as our best estimate for the AWBAP impact; we
conclude that the positive AWBAP impact occurred only in 2011, and that there was no
significant spillover effect within a village, as far as crop-income losses due to WBAs are
concerned.

5. Impact of the Intervention on Household Consumption
Did the significant income gain in 2011—thanks to effective intervention—result in
higher welfare levels among the treated households? To address this question, this section
examines the AWBAP’s impact on household consumption. This is because consumption is the
11
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summary statistics that reflects the welfare level of a household and is associated with its
permanent income level.
5.1 Basic and Extended Results
We first plot in Figure 3 the distribution of total consumption, differentiated by survey
year and treatment status. In sharp contrast to Figure 2, Figure 3 appears to show no difference
between treatment and control households. Both household types experienced a decline in
overall consumption. The decline in consumption was attributable to macro-level shocks,
including food-price hyperinflation during the posttreatment period that hit the study region
(Khan, 2013). In response to the aggregate shocks, the sample households on average reduced
their expenditures on luxury consumption items and shifted from high-quality to low-quality
food items. The change over three years among noneligible households was similar to the
change among treatment and control households.
In estimating equation (1), we use four measures of household annual consumption as
the dependent variable Yi: total expenditures (tot_exp), per-capita expenditures (exp_pc), food
expenditures (exp_food), and nonfood expenditures (exp_nonfd). All of these are direct
measures of household welfare, but each captures a slightly different aspect. For instance,
tot_exp is the best welfare measure if most of the household consumption items are public
goods within the household; meanwhile, exp_pc is the best welfare measure if most of the
household consumption items are private goods within the household (Deaton, 1997). Food
expenditures (exp_food) are the most urgent concern for the poorest households, while nonfood
expenditures (exp_nonfd) matter for welfare enhancement among other households. The
estimation results are reported in Table 4. In three of the four specifications, the follow-up DID
coefficients are positive, but none of them is statistically significant. After another year, all four
of the third-round DID coefficients are positive, and two of them are statistically significant. For
the case of food expenditure, the significance level is higher (p-value = 0.002). The coefficient
shows that treatment households reduced their food consumption in 2012 by an amount PKR
26,400 less than control households did (a positive impact on food consumption with the
magnitude of PKR 26,400). As described in Subsection 2.3, due to the reference period
definitions, it is possible that not all of the impact of the AWBAP attributable to the
crop-income loss reduction in 2011 is captured by 2011 consumption measures; some of the
impact may be captured by 2012 consumption measures. The results in Table 4 appear to
suggest that this is indeed the case. The treatment households mostly stored the grains saved
from WBAs in 2011 and enjoyed their consumption mostly in 2012. If this interpretation is
correct, the consumption level of the treatment households will become indistinguishable from
that of the control households in 2013, because the crop-income loss reduction effect of the
13

AWBAP almost disappeared in 2012, as shown in the previous section.
Regarding the potential externality of the AWBAP, panel A of Table 4 shows the
regression results of equation (2). The coefficient estimates for b12 and b22 are all statistically
insignificant, and the null hypothesis that b12 = b22 = 0 is not rejected. Therefore, we observe no
significant spillover effects on consumption. Panels B and C of Table 4 show the regression
results of equation (3). Again, in all cases, the additional coefficients are individually
insignificant. However, when the dependent variable is per-capita expenditure and the
heterogeneity is with respect to PHKN membership, the homogeneity hypothesis is rejected at
the 5% level. As coefficients on the additional dummy interactions are all negative in panel B, it
is suggested that the AWBAP impact on consumption is mitigated if the treatment is given to
households that were not PHKN members. As the power of this test is weak (recall that the
number of nonmember treatment households is only seven), we regard this as weak evidence,
for which further testing is needed.
The results reported in Tables 4–5 were robust to other alterations. 12 As before, we
replaced Xvi in equation (2) with the number of treatment households in the village that had
interacted with the control household dummy, and we tried other definitions of Di in
equation (3). The results were qualitatively the same as those in Tables 4–5. Therefore, we
conclude that there is the possibility that the AWBAP resulted in higher consumption
expenditures, especially with respect to food, in 2012.
5.2 Explaining the Over-response in 2012
One puzzle arising from Table 3 is a seeming over-response of consumption in 2012 to
the AWBAP. As discussed in Section 4, our best estimates of the AWBAP’s impact on
crop-income loss reduction in 2011 are in the range of PKR 3,500–7,300 per household. Even if
the treatment households perceived this income increase as a permanent change, the
consumption level would increase by a similar amount at the most; under typical circumstances,
by an amount smaller than the gain in income, on the basis of the standard permanent income
hypothesis (Deaton, 1992). Nevertheless, Table 4 shows that food consumption increased by
PKR 26,400 in 2012 (significant at the 1% level), resulting in a total consumption increase with
a point estimate of PKR 32,600 (significant at the 10% level). Even considering the lower
bound of the 95% confidence interval (PKR 10,700; PKR 42,200) of the DID impact on food
consumption in 2012, the estimates in Table 4 appear to constitute a substantial over-response.
What could be at work here?
One of the reasons for this over-response could be remittance. The rural economy in
the study area is highly dependent on remittances from villagers who work in cities in Pakistan
12
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or outside Pakistan. As shown in Table 1, the average remittance inflow among control
households was PKR 83,300, and that among treatment households was PKR 47,300; the
difference was significant only at the 15% level (p-value = 0.148). In the field, we observed that
the amount of remittance inflow declined over the three-year period on average, but the decline
was smaller among treatment households. Our data show that from 2010 to 2011, the remittance
amount declined among control households by PKR 20,100 on average, while it increased
among treatment households by PKR 42,000 on average. If there is a lag of consumption to the
inflow of remittance in the study area, this inflow of remittance into the treatment households
could be one of the reasons for the large AWBAP impact, as seen in Table 4.
To confirm this observation, we estimate equation (1) using the receipt of remittance
(PKR 1,000 in 2010 prices) as the dependent variable. The estimation result is reported in
column 1, Table 6. The follow-up DID coefficient is large (PKR 62,100) and statistically
significant; the third-round DID coefficient, meanwhile, is positive (PKR 39,300) but
statistically insignificant. As we randomized the AWBAP, one interpretation of column 1,
Table 6 is that the AWBAP caused remittances to increase. Under this interpretation, the
AWBAP response shown in Table 4 is not an over-response, but a genuine impact reflecting
both direct impact through reduced crop income and indirect impact through increased
remittance. In the field, we observed an instance where a treatment household received more
remittance in 2011 after the AWBAP treatment, as the sender had become more confident that
the remittance money would be used for more productive investment purposes. This anecdote
suggests the rationale of how the AWBAP could have caused remittances to increase; in this
way, the household consumption level increased by an amount much larger than the saved crop
income, thanks to the AWBAP.
At the same time, however, theoretically speaking, the endogenous response of
remittance to the AWBAP’s success in reducing crop-income loss could go in the opposite
direction.13 If remittance is motivated by altruism, remittance for nonproductive purposes is
likely to decline if the receipt household’s income position improves. When this effect
dominates, the AWBAP should reduce the remittance receipt.
As we do not have good instrument variables to control for the endogeneity of
remittance, we cannot test which scenario best explains our data. Instead, we re-estimate
equation (1) conditional on the observed changes in remittance receipts, treating the observed
values of remittance receipts as exogenous. As our sample size is small (only 55 treatment
households), some unexpected shocks to remittance to some of the treatment households could
lead to the results shown in column 1, Table 6. In other words, it is possible that the DID
coefficients shown in the column are not the causal impact of the AWBAP on remittance, but
13

See, for example, Lucas (2005) for a survey of the theoretical and empirical literature on remittance.
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the result of mere chance. If this is the case, we should control for remittance variables, to infer
the causal impact of the AWBAP on consumption. In columns 2–5, Table 6, we report the
regression results for equation (1), extended with three variables that capture the impact of
remittance on consumption: the level of remittance receipt in each year, the lagged change of
remittance from 2010 to 2011, and the interaction between the lagged change and the AWBAP
treatment dummy. The results show that all eight DID coefficients are statistically insignificant
at the conventional level. The 2012 DID coefficient in the food expenditure (exp_food)
regression is PKR 14,300, much smaller than the amount suggested in Table 4. The coefficient
is statistically significant at the 15% level (p-value = 0.102), so that it is consistent with the
AWBAP impact on the crop income, which is in the order of PKR 3,500–7,300.
The direct impact of the AWBAP on consumption within this range is further
confirmed by additional regression analysis, using the imputed value of food consumption in
kind as the dependent variable for equations (1)–(3). This is also a robustness check regarding
the way we evaluated in-kind consumption—mostly the household consumption of food
produced by themselves. The results so far might have been affected by the (inappropriate)
aggregation of consumption measures, in which the market-based components and
self-produced, unpaid food consumption items were added, using shadow prices. If food
markets are imperfect—bearing high transaction costs or large price volatility, for example—
in-kind consumption should behave differently from market-based consumption expenditure,
and food security concerns may affect the income-generation decisions of households (Kurosaki
and Fafchamps, 2002). In our context, if food markets are highly imperfect—which could be
possible, considering the subsistence nature of our study area—households who initially
suffered a loss to their food due to WBAs but who reduced the loss thanks to the AWBAP
should increase the amount of food consumption by the saved amount of the food they produce.
For these reasons, we replace the dependent variable for equations (1)–(3) with the
households’ unpaid consumption. Under the condition of imperfect food markets, the DID
impact will closely follow the direct AWBAP impact on crop-income loss when we use the
alternative consumption measure. Table 7 reports the regression results. The 2011 DID
coefficients are estimated with large standard errors, so that they are far from being statistically
significant. On the other hand, the 2012 DID coefficients are mostly estimated at around PKR
8,000 and are marginally significant (p-values range from 0.075 to 0.233). The point estimate at
around PKR 8,000 is consistent with the direct AWBAP impact on crop income, which is in the
order of PKR 3,500–7,300. This suggests that the study area is characterized by some friction in
the food markets, so that treatment households’ in-kind food consumption in 2012 changed by
an amount similar to the saved crop-income loss due to the AWBAP in 2011.
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6. Conclusion
This study examined household vulnerability to wild animal attacks—an unexplored
source of production risk to agricultural households in developing countries—and the impact of
an intervention to reduce their damage on crops. Based on a three-year panel dataset of
households collected in rural Pakistan, we first quantified the extent to which farmers were
vulnerable to attacks by wild boars prior to the intervention. We found that the attacks affected
the crop income of 34% of the sample households, with the average extent of damage equivalent
to approximately 3% of the total annual consumption and 20% of the self-produced food
consumption.
We then examined the impact of a randomized intervention to enhance the households’
capacity to reduce income loss. The intervention was implemented in the early months of the
second year. We found that the intervention was highly effective in eliminating the crop-income
loss of treated households in the second year, but that the effect on these households was not
discernible in the third year. The finding from the third year could be due to the high implicit
cost for households to implement the treatment, in the sense that there existed a nonnegligible
implicit cost of treatment implementation, 14 or the treatment households were unable to master
the treatment technique to the extent that they could implement it without agency assistance.
Regarding the impact of the intervention on consumption, the summary measure of
household welfare, we obtained empirical results that were consistent with households
consuming the saved crop income in the third year. In the absence of other controls, the
difference-in-difference estimate for the impact on consumption was insignificant in the second
year but highly positive in the third, with its magnitude much larger than the direct impact on
crop income. A part of this consumption over-response was due to changes in remittance inflow.
After controlling for remittance or using only in-kind food consumption, our estimate for the
impact on food consumption in the third year was found to be in a range similar to the direct
impact on crop income. The overall results thus suggest that treatment in the absence of
subsidies is costly for households, and thus, the income gain due to the initial treatment was
transient.
These interpretations need to be empirically tested using additional follow-up survey
results and other experiments featuring randomly assigned design variations. Regarding the
nature of changes in remittance, we provide in this study two extreme interpretations. One is
that the observed changes in remittance were caused by the intervention; the other is that they
14

Regarding hidden and implicit costs, we can list the opportunity cost of labor in following directions,
which could have resulted in lower wage income; the material and drug costs, whose shadow prices could
be much higher than their market prices, if households are credit-constrained; the social cost of
participating in human resource training organized by a women-led NGO within a male-dominated
society, and the like.

17

occurred only by chance as exogenous changes. Since reality should lie between these two
explanations, further investigations of remittance are required. On the other hand, since the main
component of the intervention was human resource development training, we would like to
know about the extent of capacity building within treatment households; these are currently
unknown matters, and they too are left to future research.
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Figure 1. Timeline of the Anti-wild Boar Attacks Program (AWBAP)

Benchmark survey [Nov.–Dec. 2010]

Identification of 197 households with crop losses due
to WBAs

Declaring the 197 households "eligible" for AWBAP

Random selection of 55 treatment households for
AWBAP treatment

Implementation of AWBAP
[Feb.–Mar. 2011]

Follow-up survey [Nov-Dec 2011]

Third-round survey [Nov.–Dec. 2012]
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Figure 2. Distribution of Crop-income Loss, by Treatment Status

Notes: The first figure in the caption shows the treatment status, while the second figure shows the survey
year. For instance, the caption “0, 2010” in the top-left graph indicates the distribution of crop-income
loss among control households in 2010, while the caption “2, 2012” in the bottom-right graph indicates
the distribution of crop-income loss among noneligible households in 2012.

21

Figure 3. Distribution of Consumption, by Treatment Status

Notes: See notes to Figure 2, for explanations of the captions. In this figure, the distribution of tot_exp
(the household’s annual consumption expenditure, including the imputed value of in-kind transactions) is
plotted.
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Table 1. Balance Check

Variable
Housing conditions
h_floor
house floor is paved (dummy)
h_cond
house is made of bricks (dummy)
h_boundry house boundry dummy
room_no
number of rooms in house
toilet
toilet exists in house (dummy)
drainage
drainage availability in house (dummy)
Household demography
hhsize
household size
fem_rate
female/male ratio
hh_age
household head's age
hh_lite
household head' literacy dummy
hh_edu
household head's years of education
Household asset indicators
cellphone
cellphone ownership (dummy)
area_hh
area of house (in Marlas)
tot_area_ol total landholding (area in Kanals)
Household cash flow
fulltime_no number of fulltime employed members
zu_out
zakat payment (dummy)
remittance
receipt of remittance (PKR 1,000)
Household consumption
tot_exp
total expenditures (PKR 1,000)
exp_pc
per-capita expenditure (PKR 1,000)
exp_food
food expenditures (PKR 1,000)
exp_nonfd
nonfood expenditures (PKR 1,000)
exp_kindfd in-kind food expenditures imputed using
village prices (PKR 1,000)
Crop-income loss due to wild boar attacks
estloss_wba income loss due to WBAs (PKR1000)

Mean for each group
Control
Treatment
Household Household
(n =142)
(n =55)

Mean difference
(standard error):
Control-Treatment

0.11
0.52
0.89
3.27
0.89
0.42

0.05
0.45
0.87
3.07
0.87
0.36

0.06
0.07
0.01
0.19
0.02
0.05

(0.04)
(0.08)
(0.05)
(0.21)
(0.05)
(0.08)

6.95
1.03
50.97
0.80
6.69

6.38
1.22
49.22
0.71
5.91

0.57
-0.19
1.75
0.09
0.78

(0.43)
(0.14)
(1.98)
(0.07)
(0.71)

0.95
11.08
14.83

0.89
10.89
11.09

0.06
0.19
3.74

(0.05)
(1.09)
(2.17)

1.56
0.15
83.27

1.60
0.15
47.31

-0.04
0.00
35.96

(0.15)
(0.06)
(24.75)

272.23
40.61
190.20
82.03
44.34

241.15
39.72
163.75
77.41
29.72

31.07
0.89
26.45**
4.62
14.62***

(23.35)
(2.78)
(11.09)
(4.62)
(4.49)

8.16

7.26

0.90

(1.00)

Source: Prepared by the author (same as the following tables and figures).
Notes: All statistics are taken from the 2010 benchmark survey dat. The standard errors are reported in parentheses, estimated
under the assumption that allows the unequal variance of two groups. * p < 0.1, ** p < 0.05, *** p < 0.01.

23

Table 2. Crop-income Loss and Consumption, by Eligibility and Treatment Status
Survey year

Treatment
Control households
Non-eligible
households (n =55)
(n =142)
households (n =372)
(A) Crop-income loss due to wild boar attacks
2010
7.26
8.16
0.00
(5.94)
(7.21)
(0.00)
2011
0.00
4.37
1.18
(0.00)
(5.90)
(5.46)
2012
3.17
5.08
0.28
(6.05)
(8.78)
(1.44)
(B) Crop-income loss (percentage of households attacked by wild boars)
2010
100.0
100.0
0.0
2011
0.0
83.1
16.7
2012
54.5
72.5
5.6
(C) Total expenditures (tot_exp)
2010
241.15
272.23
212.12
(146.78)
(147.75)
(106.54)
2011
159.98
183.39
156.09
(105.57)
(80.32)
(90.03)
2012
146.48
144.99
129.91
(59.93)
(63.52)
(78.78)
(D) Per-capita expenditure (exp_pc)
2010
39.72
40.61
39.35
(17.83)
(16.58)
(17.18)
2011
25.34
27.34
28.27
(12.43)
(10.77)
(13.78)
2012
24.49
22.33
23.89
(9.60)
(9.36)
(13.60)
(E) Food expenditures (exp_food)
2010
163.75
190.20
152.68
(61.94)
(86.99)
(69.55)
2011
102.46
125.27
104.78
(74.46)
(55.41)
(55.95)
2012
100.67
100.69
90.52
(44.41)
(42.85)
(63.38)
(F) Nonfood expenditures (exp_nonfd)
2010
77.41
82.03
59.45
(104.98)
(80.15)
(47.30)
2011
65.52
66.20
58.44
(45.51)
(41.26)
(48.25)
2012
45.80
44.30
39.39
(24.48)
(27.91)
(30.77)
Note: Figures in parentheses are standard deviations. All monetary variables are in PKR 1,000 in 2010 prices. We
report summary statistics for non-eligible households that were surveyed continuously for all three survey rounds
without changes in their membership status. Therefore, the number of observations (n ) is 372.
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Table 3. Impact of the AWBAP on Crop-income Loss
Dependent variable: Crop-income loss (PKR 1,000 in 2010 prices)
(2) Other =
(3) Other =
(4) Other =
(1) Basic spec. Control*Village Treatment*Non_ Treatment*Flood_
_ level_treatment member_dummy damage_dummy
Explanatory variables:
-3.787***
-5.179**
-3.787***
-3.787***
Follow-up
(0.847)
(2.362)
(0.848)
(0.848)
Follow-up*Treatment
-3.473***
-2.081
-3.573***
-3.688***
(1.096)
(2.508)
(1.087)
(1.312)
1.749
0.789
0.457
Follow-up*Other
(2.516)
(2.638)
(1.349)
-3.081***
-6.242**
-3.081***
-3.081***
3rd_round
(0.940)
(2.361)
(0.942)
(0.942)
-1.009
2.151
-1.803
-0.514
3rd_round*Treatment
(1.195)
(2.558)
(1.197)
(1.887)
3.971
6.237
-1.046
3rd_round*Other
(2.547)
(5.896)
(2.251)
Household fixed effects
Yes
Yes
Yes
Yes
R-squared
0.106
0.148
0.145
0.139
F-statistics for zero slopes
22.64***
15.06***
16.51***
16.82***
F-stat. for (1) Basic spec. (F(2, 29))
1.54
0.62
0.58
Notes:
Estimated by a fixed-effect panel specification with the number of observations at 591 (3 periods x 197
eligible households).
Robust standard errors clustered at the village level are shown in parentheses.
* p < 0.1, ** p < 0.05, *** p < 0.01.
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Table 4. Impact of the AWBAP on Household Consumption (Basic Specifications)
Dependent variable: Household consumption (PKR 1,000 in 2010 prices)
Explanatory variables:
Follow-up
Follow-up*Treatment
3rd_round
3rd_round*Treatment
Household fixed effects
R-squared
F-statistics for zero slopes

tot_exp
-88.837***
(12.797)
7.663
(17.042)
-127.240***
(12.346)
32.565*
(19.063)
Yes
0.177
34.97***

exp_pc
-13.264***
(1.656)
-1.120
(2.570)
-18.280***
(1.587)
3.051
(3.038)
Yes
0.254
53.87***

Notes: See notes to Table 3.
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exp_food
-64.931***
(7.259)
3.641
(8.464)
-89.514***
(7.190)
26.443***
(7.703)
Yes
0.222
47.28***

exp_nonfd
-23.906***
(8.220)
4.021
(15.058)
-37.727***
(6.909)
6.122
(14.865)
Yes
0.063
15.98***

Table 5. Impact of the AWBAP on Household Consumption (Heterogeneous Impact)
Dependent variable:
DID parameter estimate
A. Using nontreated village as the control
Follow-up*Treatment

tot_exp

exp_pc

5.739
-2.663
(20.870)
(2.895)
-2.417
-1.940
Follow-up*Control*Village_level_treatment
(20.553)
(2.576)
42.085
3.241
3rd_round*Treatment
(27.004)
(3.515)
11.963
0.239
3rd_round*Control*Village_level_treatment
(21.042)
(2.870)
F-stat. for Basic spec. in Table 4 (F(2, 29))
0.51
0.48
B. Heterogeneity if the treatment household was non-member
14.014
-0.575
Follow-up*Treatment
(12.631)
(2.345)
-49.904
-4.277
Follow-up*Treatment*Non_ member_dummy
(104.139)
(13.153)
52.144***
5.001*
3rd_round*Treatment
(11.943)
(2.568)
3rd_round*Treatment*Non_member_dummy
-153.829
-15.327
(104.767)
(12.059)
F-stat. for Basic spec. in Table 4 (F(2, 29))
1.95
5.14**
C. Heterogeneity if the treatment household was affected by the 2010 floods
-0.107
-2.139
Follow-up*Treatment
(27.917)
(3.652)
16.437
2.156
Follow-up*Treatment*Flood_damage
(30.035)
(4.267)
10.005
0.753
3rd_round*Treatment
(34.630)
(4.659)
47.724
4.861
3rd_round*Treatment*Flood_damage
(41.482)
(5.610)
F-stat. for Basic spec. in Table 4 (F(2, 29))
0.76
0.45

exp_food

exp_nonfd

-4.753
(11.428)
-10.548
(11.953)
35.940***
(12.816)
11.934
(11.937)
2.00

10.492
(16.645)
8.131
(13.327)
6.145
(18.374)
0.029
(12.611)
1.18

-1.048
(7.935)
36.848
(27.713)
31.06***
(8.404)
-36.287
(25.358)
1.44

15.063*
(7.818)
-86.752
(96.746)
21.082***
(5.645)
-117.543
(90.081)
2.43

5.768
(11.681)
-4.499
(13.968)
19.816**
(9.582)
14.018
(18.717)
0.43

-5.875
(27.141)
20.935
(27.456)
-9.812
(28.047)
33.706
(28.983)
1.19

Notes: All specifications A, B, and C were estimated by a fixed-effect panel specification similar to those in
Table 4. Coefficients on the follow-up dummy, the 3rd_round dummy, R2, etc. are not reported, to save
space. The number of observations is 591 (3 periods x 197 eligible households). Robust standard errors
clustered at the village level are shown in parentheses. * p < 0.1, ** p < 0.05, *** p < 0.01.
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Table 6. Impact of the AWBAP on Household Consumption and Remittance

Follow-up*Treatment
3rd_round*Treatment
Household fixed effects
Fixed effects for follow-up &
3rd round
Control for remittance
R-squared
F-stat. for zero slopes, all variables
F-stat. for no impact of remittance
variables (F(3, 29))

Dependent
variable:
remittance

tot_exp

exp_pc

exp_food

exp_nonfd

62.102**
(29.897)
39.277
(23.236)
Yes

-6.152
(16.406)
9.913
(21.917)
Yes

-2.201
(2.685)
1.124
(3.386)
Yes

-2.247
(8.119)
14.264
(8.437)
Yes

-3.905
(15.513)
-4.352
(16.607)
Yes

Yes

Yes

Yes

Yes

Yes

0.128
16.82***

Yes
0.460
31.85***

Yes
0.473
43.48***

Yes
0.560
35.27***

Yes
0.193
11.41***

23.12***

16.77***

19.04***

14.98***

Dependent variable: Household consumption

Notes: The control for remittance includes three variables: the level of remittance in each year and the
lagged value of remittance change in the third round, whose coefficient differs between treatment and
control households. The number of observations is 591 (3 periods x 197 eligible households). Robust
standard errors clustered at the village level are shown in parentheses. * p < 0.1, ** p < 0.05, *** p <
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Table 7. Impact of the AWBAP on Consumption in Kind
Dependent variable: In-kind food expenditures (PKR 1,000 in 2010 prices)
(1) Basic spec.
Explanatory variables:
Follow-up
Follow-up*Treatment

-12.436***
(2.013)
3.544
(3.533)

Follow-up*Other
3rd_round
3rd_round*Treatment

-20.391***
(2.557)
7.433
(4.524)

3rd_round*Other
Household fixed effects
Yes
R-squared
0.259
F-statistics for zero slopes
36.66***
F-stat. for (1) Basic spec. (F(2, 29))

(2) Other =
(3) Other =
(4) Other =
Control*Village Treatment*Non_ Treatment*Flood_
_ level_treatment member_dummy damage_dummy
-5.947
(4.485)
-2.945
(5.399)
-8.154
(5.036)
-21.623***
(6.484)
8.665
(7.109)
1.548
(7.038)
Yes
0.268
30.26***
4.20**

Notes: See notes to Table 3.
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-12.436***
(2.017)
3.039
(3.607)
3.972
(6.677)
-20.391***
(2.561)
8.682*
(4.702)
-9.811
(15.584)
Yes
0.264
25.55***
1.20

-12.436***
(2.017)
6.536
(3.901)
-6.329
(3.874)
-20.391***
(2.561)
6.804
(4.841)
1.330
(6.200)
Yes
0.263
27.88***
5.10**

