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The effects of climate change are alarming, with projections suggesting that weather events will become
more extreme and frequent, affecting households in regions that are already highly vulnerable. This study
explores the role of livestock as a household coping strategy against climate shocks. Using quantile
regression analysis, we examine the potential of different animal species to buffer the effects of drought
on income and consumption. We assemble a unique global dataset that combines household-level
socioeconomic information with a multi-scalar climatic drought index. Our study confirms the signifi-
cant, yet context-dependent, role of livestock portfolios as a buffering mechanism against the effects of
drought on household income and consumption. The effect is driven by the specific type of animal spe-
cies, length of the shock, and socioeconomic features. These findings could assist the design of livestock-
oriented policy interventions. The novel contributions of this study include the first cross-country anal-
ysis of the buffering effect of livestock against drought; use of the standardized precipitation-evapotran
spiration index as a multi-scalar drought indicator -; and a uniquely extensive dataset allowing for the
analysis of interactions.

� 2021 The Food and Agriculture Organization of the United Nations. Published by Elsevier Ltd.
1. Introduction

Developing countries are plagued by risks—including droughts,
floods, and storms—afflicting large numbers of people every year.
Exogenous shocks to income and consumption can be devastating
for poorly equipped low-income households (Fafchamps & Lund,
2003). This is particularly true for rural households in areas where
formal and informal safety nets are absent and there is no financial
support (Banks et al., 2001). The difficulties are magnified when
shocks hit all members of a community simultaneously, as is the
case with climate shocks. A severe drought, for instance, may inflict
dire conditions on an entire village, inhibiting local-based con-
sumption smoothing schemes that, under normal circumstances,
may effectively provide some insurance against unexpected con-
sumption reductions (Binswanger & Rosenzweig, 1986).

Households can employ a wide array of mechanisms to mitigate
the adverse effects of extreme weather events. Common ex-ante
coping strategies include precautionary savings to smooth con-
sumption or diversification into income-generating activities. The
ex-post strategies include selling productive assets during hard
times or using formal or informal safety nets (Gao & Mills, 2018).
The role of livestock as an asset that allows vulnerable households
to cope with income-reducing shocks has been widely discussed in
the literature (Alary et al., 2011; Fafchamps et al., 1998; Hänke &
Barkmann, 2017).

However, the empirical literature does not provide unanimous
support for the buffering capacity of livestock assets in smoothing
external shocks fromweather (Hänke & Barkmann, 2017). Whereas
a significant number of studies have noted that livestock assets
may build resilience to climatic risks (Alary et al., 2011; Ellis &
Mdoe, 2003; Hänke & Barkmann, 2017), others have found a small
or insignificant effect as a coping strategy for climatic stress
(Fafchamps & Lund, 2003; Fafchamps et al., 1998; Kazianga &
Udry, 2006).

Using an original and unique database and applying quintile
regression analysis, this study sheds empirical light on the role of
the livestock portfolio as a coping strategy against severe drought.
We assemble a global dataset that combines socioeconomic and
livestock asset information from more than 150,000 rural house-
holds from 19 countries worldwide (FAO, 2018) with a multi-
scalar drought index based on climate data (Bequeria et al., 2017).

The quintile regression approach examines whether climatic
effects are regressive or progressive with respect to income. By
contrast, the standardized precipitation-evapotranspiration index
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(SPEI) allows quantification of the specific effect of the shock
depending on the magnitude and duration of the drought. This
database is, therefore, particularly appropriate to test the capacity
of livestock assets to buffer severe droughts.

The results show that livestock portfolios play a significant role
as a coping strategy against droughts for rural households. How-
ever, the buffering potential tends to be context-specific and varies
depending on the length of the shock, composition of the livestock
portfolio, buffering capacity of different livestock species, house-
hold socioeconomic features, and specific geographical conditions.
These findings could assist the design and effectiveness of
livestock-oriented policy interventions.

This analysis extends the existing literature in several direc-
tions. First, we provide cross-country evidence on the contribution
of livestock to households’ buffering mechanisms against severe
drought. Second, we study how this relationship varies depending
on socioeconomic quintiles, drought length, and animal species.
Third, unlike most studies, we use the SPEI as a proxy for drought,
which has the advantage of accounting for anomalies in tempera-
ture and their effect on drought intensity. To the best of our knowl-
edge, this study is the first to carry out a cross-country analysis
that empirically assesses this research question.
2. Literature review: The complex role of the livestock portfolio
as a coping mechanism

The academic literature on the role of livestock as a coping
mechanism for households has evolved over recent decades. The
literature explores three main directions: one strand focuses on
analyzing rural households’ coping strategies, including livestock.
A second strand examines the role of specific livestock species as
an income smoothing mechanism against external shocks, and a
third strand concentrates on the buffering capacity of livestock
assets against extreme climate events.

The effects of drought on rural households go beyond physical
environments, also affecting social systems and, therefore, the
economy (Paul, 1998; Wilhite & Glantz, 1985). According to Paul
(1998), drought effects can be classified as direct and indirect.
The direct effects lead to a reduction in the supply of food, whereas
the indirect effects include income reduction. Wilhite and Glantz
(1985) provide a list of the potential consequences of drought,
the majority of which concern the agricultural sector. Livestock
are affected by the limited availability of water, feed, and grazing
land. Indeed, the lack of water affects the entire agricultural sector
by hindering crop production and damaging pastures (Ding, Hayes,
&Widhalm, 2011). Further, according to Campbell (1984), owing to
the lack of feed, livestock suffer from starvation and become more
vulnerable to diseases, leading to an increased rate of animal
death.

To respond to the indirect shock on income, farmers implement
a variety of strategies and tend to first rely on stocks of grain to
ensure consumption and preserve their livestock assets (Kazianga
& Udry, 2006; Paul, 1998). To smooth the consumption shock, live-
stock holders are usually forced to first sell small animals, such as
poultry, pigs, sheep, and goats; whereas major livestock assets,
such as cows, are left to be sold when the drought causes more sev-
ere negative shocks (Devereux, 1993Devereux, 1993; Fafchamps
et al., 1998; Speranza, 2010). The shock is partially transmitted
to consumers through increased food prices (Ding, Hayes, &
Widhalm, 2011). Finally, some rural households respond to the
income shock by migrating to seek jobs in non-agricultural sectors
(Gray & Mueller, 2012; Paul, 1998).

Using panel data collected from a sample of households in Burk-
ina Faso between 1981 and 1985, a period that coincides with
some of the most severe drought years, Fafchamps et al. (1998)
2

applied a variety of statistical methods to estimate the extent to
which households use livestock to smooth income against climate
shocks. Contrary to optimal saving theory predictions, the authors
argued that livestock plays a less significant role in insulating con-
sumption from income variation shocks than commonly believed.
Kazianga and Udry (2006) examined the consumption conse-
quences of income shocks generated by a severe drought. The
authors found no evidence that livestock served as an effective buf-
fer that compensated for income losses compared with other
sources.

Several studies identified a mixed crop-livestock system as the
most effective strategy for farmers attempting to adapt and
respond to climate shocks (Altieri, Nicholls, Henao, & Lana, 2015;
Schiere, Ibrahim, & Van Keulen, 2002; Thornton & Herrero, 2014).
According to Jones and Thornton (2009), the combination of crops
and livestock is critical to the survival of populations in arid areas
as a response to stronger and more frequent climate shocks. Gao
and Mills (2018) showed that the consumption level of households
owning livestock assets tends to be significantly less affected by
weather shocks. Megersa et al. (2014) highlighted that livestock
portfolio diversification is significantly associated with a shorter
period of food deficit and better dietary intake under severe
drought. Alary et al. (2011) found that the contribution of livestock
to poverty reduction is not direct but comes through interactions
with other economic activities.

Hänke and Barkmann (2017) emphasized the role of livestock
portfolios, particularly chickens, goats, and sheep, as an insurance
mechanism to compensate for crop failure. The authors’ findings
showed that approximately 54% of total cash income comes from
livestock sales, helping to compensate for approximately 57% of
cash expenditure on food. Seo et al. (2009) estimated the probabil-
ity of a farmer choosing a livestock species under different climate
conditions in a cross-country study in Africa. The results showed
that the likelihood of choosing goats and chicken increases at high
elevations, whereas sheep are more likely to be chosen in low-
lands. By contrast, dairy cattle decrease in semi-arid zones, and
beef increases in dry agroecological zones. In Zimbabwe, Mutenje
et al. (2008) identified goats and poultry as the livestock species
with the greatest potential to improve the economic conditions
of HIV-affected households.

In Africa, Seo (2010) compared the climate resilience of a mixed
livestock-crop farm with farms specializing in either crops or live-
stock. Their results show that when temperatures increase, the net
revenue of both farms specializing in crops and mixed farms
decreases, whereas the net revenue of farms specializing in live-
stock increases. By contrast, with higher precipitation, the net rev-
enue of farms specializing in crops increases, whereas the net
revenue of mixed farms and livestock farms decreases.

Whereas livestock might buffer households’ income or con-
sumption, animals are themselves directly affected by drought
through water and feed scarcity, heat, and physical stress. In an
assessment of farmers’ perceptions on the effects of drought on
cattle production, Dzavo et al. (2019) ranked water shortage as
the constituent of drought with the most severe effect in semi-
arid environments; whilst feed shortage ranked first in sub-
humid environments. El-Tarabany et al. (2017) found that high
levels of thermal stress decreased goat milk production by around
19–27% under subtropical conditions. Several studies (Kekana
et al., 2018; Salama et al., 2014; Broucek et al., 2007) have
employed a thermal-humidity index to assess the physiological
effect of heat load on different animal species. According to Das
et al. (2016), the vulnerability of livestock to high temperatures
can vary according to species, genetic potential, life stage, manage-
ment, production system, and nutritional status.

Studies have highlighted the greater resilience of small rumi-
nants (particularly goats) to droughts in comparison with larger
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ruminants (Lallje et al., 2018; Feldt, 2015; Lebbie, 2004). This is
because of small ruminants’ higher rusticity and hardiness, and
ability to graze and utilize a wider range of poor-quality foraging
and browsing. According to Salama et al. (2014), goats are more
tolerant to thermal stress than dairy cows because of their greater
sweating rate and lower body weight to surface area ratio, allowing
greater heat dissipation. Although it is important to consider the
differences in adaptation between sheep and goats, the current evi-
dence is mixed and inconclusive as to the favored species. Indeed,
surveying farmer perceptions of the drought tolerance of goats and
sheep, Kosgey et al. (2008) found as much intra-species variability
(between breeds) as inter-species variability.

Overall, substantial work in the literature has examined the role
of livestock as a coping strategy against external shocks. Although
several studies revealed the relevance of the livestock portfolio as a
resilience mechanism, others questioned the effect of livestock
portfolios as a coping strategy against exogenous shocks. Recent
evidence suggests that this combination of results can be partially
explained by the complexity of the underlying factors that link
livestock, shocks, and well-being outcome interactions. Our study
contributes to this discussion by showing that the role of the live-
stock portfolio as a buffering mechanism tends to be context-
specific and varies depending on the length of the shock, the com-
position of the livestock portfolio, the buffering capacity of differ-
ent livestock species, household socioeconomic features, and the
specific regional conditions.

3. Data

We assembled a unique and original dataset of more than
150,000 observations from 19 countries spread across 4 continents.
This dataset combines household-level socioeconomic information
across the world from the FAO Smallholders Dataportrait (FAO,
2018) with a multi-scalar drought index from the Global SPEI data-
base (Bequeria et al., 2017).

3.1. Household data

The FAO Smallholders Data Portrait (FAO, 2018) provides con-
sistent measures of income, consumption, farm size, labor, produc-
tion, inputs, livestock, crops, input markets, technology, and
demographics. This dataset uses household surveys developed by
national statistical offices. All the surveys are nationally represen-
tative and cover urban and rural areas, except for the Ethiopian
survey, which covers only rural households. In this study, we con-
sider only rural households. This dataset collects information from
19 countries worldwide. For some of the countries, data are
reported for more than one round, resulting in 29 surveys.

After merging all available information, we obtained a cross-
sectional dataset covering 156,472 rural households. Annex 1
shows that the information is not equally distributed across conti-
nents, with most respondents originating from Africa and Asia.
Appendix A summarizes the number of households per country
by continent. We note that not all surveys have been conducted
in the same year, and some surveys were repeated across time
for some countries.1 In these cases, however, it was not possible
to construct a longitudinal panel dataset at the household level as
the sample of households is not constant over time. However, it
was possible to merge the different survey waves because the ques-
tionnaire and the overall design mostly remained consistent. Overall,
the first surveys were conducted in 1992, and the last surveys were
conducted in 2013. Fifty percent of the observations were collected
between 2002 and 2007 (see Table A5).
1 For Tanzania, we have three surveys, from 2009, 2011, and 2013. For similar
cases, see the last columns in Tables A1 to A4 of Appendix A.
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3.2. Climate data

Our climate variable is the SPEI, which is a multi-scalar index
employed in several disciplines to measure drought severity
according to intensity and duration. One of the main advantages
of the SPEI index is that it can be calculated over a wide array of
climatic zones, and it guarantees comparability across time and
space (Vicente-Serrano et al., 2010). In climatologic literature
(Asfaw et al., 2018), there is a common alternative index: the stan-
dardized precipitation index (SPI; McKee et al., 1993). In compar-
ison with precipitation-only-based indicators such as the SPI, the
SPEI has the main advantage of accounting for warming-induced
drought stress.

Use of the SPEI in an empirical analysis requires several deci-
sions. The first regards space. In a research framework such as ours
for which the unit of analysis is a single household, ideally,
researchers combine each household’s data with the narrowest
possible climatic information. A localized value for the SPEI, which
has a 0.5� spatial resolution, is preferable. However, the precise
locations of households are often missing in the original dataset
or censored for privacy purposes. For this reason, the best approx-
imation is to compute an average SPEI index at the administrative
regional level (sub-country regions) and pair it with households
residing in that administrative region, which is available
information.

The second decision regards time. The SPEI has a monthly reso-
lution and can be calculated over different time scales: convention-
ally, between 1 and 48months (Fig. 1). The choice of the index time
length is relevant because it enables the identification of different
drought types. Time scales below 12 months show a high fre-
quency of drought andmoist periods of short duration. Longer time
scales account for droughts of longer duration and lower fre-
quency. Therefore, different time scales are useful for monitoring
different drought conditions in different hydrological subsystems.

To clarify this point, the graphical example in Fig. 1 refers to the
grid cell at latitude 8.75 and longitude 38.75 in the Oromia Region,
Ethiopia, which is approximately 30 kms south of Addis Ababa, for
the years 1990–2016. The figure shows that short time scales are
volatile and change rapidly, whereas longer time scales represent
more structural tendencies. If we consider, for instance, the years
2015 and 2016, which were extremely dry, Fig. 1 shows that differ-
ent types of SPEI provide evidence of different tendencies. SPEI 1
(one month), for instance, shows that precipitation was erratic:
from one-half to three-quarters less than the usual magnitude in
many months of the year, but particularly from February to
September. However, SPEI 1 also had positive values for some
months, registering the occurrences of higher-than-average pre-
cipitation and lower temperatures.

Consequently, we believe that SPEI 1 is not suitable for an eco-
nomic analysis such as ours in which researchers are interested in
determining how persistent climatic events affect productive sys-
tems and farmers’ living conditions. On the contrary, SPEIs 24
and 48 clarified that the area experienced a severe two-year
drought, as shown by the trend of the two indices that are con-
stantly below zero. For these reasons, we exploit three indices—
SPEIs 12, 24, and 48—in the following analysis. This allows us to
avoid short and probably insignificant climatic anomalies while
employing three indices that have different degrees of flexibility
and persistence. As the analysis shows, the choice is non-neutral;
welfare outcomes respond differently to different drought events.
In our analysis, where otherwise not stipulated, we have opted to
default to the SPEI 24 index, which still has some of the flexibility
of monthly indices while also accounting for a more structural and
persistent drought. To appreciate the geographical heterogeneity
of the SPEI index, Appendix B presents the average regional value
of the SPEI 24 index in the survey years.



Fig. 1. Changes in the standardized precipitation-evapotranspiration index (SPEI)
time scale. Note: SPEI: standardized precipitation-evapotranspiration index.
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3.3. Variables

The study applies two dependent variables: i) the natural loga-
rithm of household income and ii) the natural logarithm of house-
hold consumption expenditure. Income is composed of all receipts,
whether monetary or in kind, received or produced by the house-
hold annually. Consumption expenditures refer to annual regular
per capita outflows from the household. For poorer households,
food expenditure typically makes up the largest component of con-
sumption. The main independent variables are the SPEI described
above and livestock units (LU). Using the original SPEI index would
produce estimates that are difficult to interpret because the SPEI
also considers positive values (low temperature and high precipita-
tion). These values have an effect on consumption and income
levels that is difficult to predict a priori. Thus, based on the SPEI
index, we built a proxy for severe drought. This proxy is a dummy
variable that takes the value of one if the SPEI is in the lowest five
percentiles of the SPEI distribution and zero otherwise. Finally, in
the analysis, the SPEI variable always refers to the year in which
the survey was conducted (see Tables A1 to A4 of Appendix A).

Two similar indicators, Livestock Unit (LU) and Tropical Live-
stock Unit (TLU), can be used to aggregate and compare the num-
ber of different categories of livestock (FAO, 2011). However, for
global comparisons, LU is preferred because TLU focuses on live-
stock raised in the tropics, reducing inter-regional comparability
(Chilonda & Otte, 2006). We employed LU as our measure of live-
stock rather than heads of livestock for several reasons. First, the
coefficients for small livestock (e.g., chickens) are small in magni-
tude when measured by heads. This creates difficulty in interpret-
4

ing the contribution of small animals and comparing the effects of
small animals with any other species. As LU allow some compar-
ison in terms of body weight, we believe this is a better approach
as one goal of this study is interspecies comparison. However, cau-
tion is required when interpreting these coefficients as the
resources required to increase chickens by one LU (the marginal
effect reported in the coefficient estimates) are not equal to those
needed to increase cattle by one LU. Annex 2 provides the list of LU
coefficients used (FAO, 2011).

Other variables of interest include a number of household attri-
butes such as age, gender, education level, and household size.
Table 1 provides a brief description of each of the variables
employed as descriptive statistics.
4. Empirical framework

This study examines the role of the livestock portfolio as a cop-
ing strategy against drought. Conceptual models of household
income and consumption dynamics imply that weather shocks
show a low correlation with changes in household welfare if
households have access to liquid assets and if shocks are transitory
(Gao & Mills, 2018; Kazianga & Udry, 2006). Furthermore, we
expect the relationship between a livestock portfolio and welfare
outcomes to be non-linear across income groups (Asfaw et al.,
2018). To account for this non-linearity and to improve robustness
against outliers and distributional assumptions, we employ a
quantile regression framework.

The model specification can be written as Equation (1):

ln Oitð Þ ¼ ai þ tt þ b1SPEIit þ b2Cattleit þ b3SPEIit � Cattleit
þ b4Sheepit þ b5SPEIit � Sheepit þ b6Goatsit þ b7SPEIit

� Goatsit þ b8Pigsit þ b9SPEIit � Pigsit þ b10Poultryit
þ b11SPEIit � Poultryit þ citXit þ eit ð1Þ

where, Oit is total consumption or income of household i in year t,
our two chosen measures of household welfare; ai is a set of coun-
try dummy variables; and tt is the year fixed effect. SPEIit is the sev-
ere drought dummy derived from the SPEI index. We replicated all
regressions with three different SPEI indexes: 12, 24, and 48months.
Poultry refers to the total poultry LU, Pigs represents pigs, Sheep rep-
resents sheep, Goats represent goats, and Cattle represents cattle.
SPEI*Cattle refers to the climate-shock livestock-portfolio interac-
tions, and the subsequent interactions refer to the livestock portfo-
lio species-specific interactions. Finally, Xit is a vector of household
characteristics including agricultural income, non-agricultural
income, male labor availability, female labor availability, food pro-
duction, education, household size, female head, age of head, mar-
ried head, and widowed head (for more details on the variables,
see Table 1). ai and tt are country and time effects, which capture
country-specific unobserved characteristics and possible differ-
ences across different survey waves (for the same country). For
many countries, different surveys were conducted in different
years. For instance, in the case of Tanzania, we have three different
survey waves: 2009, 2011, and 2013 (for a full list, see Table A1 in
the Appendix). eit is the stochastic error term.

Using this regression framework, we estimate the effect of the
climate shock (b1), proxied here by the SPEI dummy; the direct
conditional correlation between different livestock species and
income or consumption (b2; b4; b6; b8; b10), and the buffering effect
of different livestock species on an extreme climatic event
(b3; b5; b7; b9; b11). Specifically, a negative and significant value of
(b1) implies that the presence of a severe drought has an adverse
effect on income or consumption. A significant and positive value
of (b2; b4; b6; b8; b10) implies that livestock contributes to income
or consumption, and a significant and positive value of b3



Table 1
Descriptive statistics for rural households; total sample and average value by continent.

Variable name Obs. Mean St Dev Mean
(Africa)

Mean
(Asia)

Mean
(South America)

Mean
(Europe & Central Asia)

Variable Description

Income 154,671 4,487.39 23,535.86 3,174.31 4,668.28 8,183.21 6,568.21 Total gross household income (Const. 2009 Int. $). This consists of all receipts,
whether monetary or in kind (for food, goods, and services), that are received or
produced by the household or by the individual members of the household at
the annual level, but it excludes windfall gains and other such irregular and
typical onetime receipts. Natural log in the analysis.

Consumption 156,472 948.05 2,439.61 868.51 731.80 1,675.28 1,697.63 Per capita household consumption expenditure (Const. 2011 Int. $). This consists
of all expenditure, whether monetary or in kind (for food, goods, and services),
thatis spent by the household or by the individual members of the household
annually. It excludes irregular and typical onetime expenditure. Natural log in
the analysis.

Agricultural income 154,696 0.49 0.37 0.54 0.51 0.23 0.44 Share of income from farm activities, which include crop production, crop by-
products (only when it is possible to distinguish them from crop production),
livestock, and livestock by-products.

Non-agricultural income 154,696 0.29 0.36 0.27 0.28 0.41 0.27 Share of household income from non-agricultural economic activities.
Male labor availability 153,821 1.25 0.98 1.14 1.34 1.22 1.70 Number of males in the household aged from 14 to 60 years.
Female labor availability 153,821 1.34 0.94 1.22 1.41 1.3 1.89 Number of females in the household aged from 14 to 60 years.
Food production 153,242 0.34 0.34 0.36 0.33 0.24 0.37 Share of food produced and consumed by the household.
Education 155,252 4.85 4.29 4.40 5.27 3.4 9.17 Education of the household head (years).
Household size 156,472 5.05 2.59 5.15 4.73 5.1 6.37 Number of persons per household.
Female head 153,744 0.22 0.41 0.24 0.19 0.19 0.13 Proportion of households with female heads.
Age head 153,672 46.39 15.51 45.76 46.51 46.4 51.31 Age of head of household.
Married head 151,340 0.73 0.44 0.71 0.82 0.46 0.84 Proportion of households with married heads.
Widowed head 151,340 0.10 0.30 0.11 0.11 0.07 0.05 Proportion of households with widowed heads.
SPEI 12 156,472 0.04 0.21 0.06 0.08 0.09 0.09 Dummy for severe drought based on the SPEI – 12 months. The variable equals

one if the value of the SPEI is in the lowest five percentiles of the SPEI
distribution and zero otherwise.

SPEI 24 156,472 0.05 0.22 0.09 0.12 0.05 0.09 Dummy for severe drought – 24 months. (Calculated as per SPEI 12).
SPEI 48 156,472 0.05 0.23 0.05 0.06 0.08 0.10 Dummy for severe drought – 48 months. (Calculated as per SPEI 12).
Cattle 156,472 0.45 4.39 0.53 0.11 1.06 0.86 Livestock unit – cattle.
Sheep 156,472 0.05 0.34 0.06 0.01 0.09 0.20 Livestock unit –sheep.
Goats 156,472 0.11 0.9 0.21 0.01 0.02 0.14 Livestock unit – goats.
Pigs 145,783 0.21 1.3 0.04 0.45 0.23 0.01 Livestock unit – pigs.
Poultry 146,136 0.069 0.46 0.06 0.09 0.04 0.04 Livestock unit – chicken.

Note: SPEI : Standardized precipitation-evapotranspiration index.
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(andb5; b7; b9; b11) implies that livestock can buffer the effect of cli-
matic shocks on household income or consumption. Unless speci-
fied differently, the analysis is conducted on the sample of
154,671 rural households, and the regional subsets of these house-
holds, in the regional robustness check in Section 6.
5. Results

We used a quintile regression analysis to investigate the role of
the rural household livestock portfolio as a buffering mechanism
against drought. We favored the quintile regression approach
because of the high degree of heterogeneity observed among
socioeconomic quintiles such that the aggregated results often do
not reflect the significance and magnitude of the underlying disag-
gregated quintile coefficients. We estimated different versions of
Equation (1) to assess the income, consumption, and regional
effects. The first part of the results section illustrates the income
effect, the second section discusses the consumption effect, and
the third section is a robustness check of the regional effects. To
reduce the family-wise error rate due to disaggregating results
by quintile, we used the first quintile (i.e., the poorest households)
as a benchmark for interpretation and comparison purposes
(Hochberg & Thamhane, 1987).
5.1. Income effects

The results illustrate the high level of interrelations between
livestock species, drought length, socioeconomic quintile, and
household well-being during a severe drought (see Table 2). The
complexity of these interrelations creates difficulty in determining
Table 2
Income effect of livestock portfolios as a buffering mechanism.

SPEI SPEI 12 SPEI 24

Income Quintile 1 Full Sample Quintile 1 Quintile 2 Quintil

Cattle 0.022*** 0.014*** 0.022*** 0.028*** 0.038**
[0.001] [0.004] [0.001] [0.001] [0.001]

Sheep 0.062*** 0.082*** 0.060*** 0.029*** 0.029**
[0.011] [0.011] [0.011] [0.009] [0.008]

Goats 0.103*** 0.019 0.103*** 0.091*** 0.076**
[0.004] [0.020] [0.004] [0.003] [0.003]

Pigs 0.067*** 0.037*** 0.067*** 0.100*** 0.104**
[0.003] [0.013] [0.003] [0.002] [0.002]

Poultry 0.071*** 0.062*** 0.067*** 0.116*** 0.169**
[0.008] [0.017] [0.008] [0.006] [0.006]

SPEI �0.125*** �0.137*** �0.251*** �0.285*** �0.279
[0.023] [0.018] [0.022] [0.017] [0.016]

SPEI*Cattle �0.004 0.004 0.060** 0.064*** 0.072**
[0.006] [0.007] [0.025] [0.020] [0.018]

SPEI*Sheep �0.136* �0.244*** 0.093 �0.133 �0.256
[0.075] [0.069] [0.188] [0.152] [0.138]

SPEI*Goats 0.270*** 0.334*** 0.213*** 0.277*** 0.266**
[0.049] [0.047] [0.054] [0.044] [0.040]

SPEI*Pigs 0.025 0.116* 0.057 0.064 �0.026
[0.075] [0.062] [0.078] [0.063] [0.058]

SPEI*Poultry 0.228** 0.317** 1.726*** 1.987*** 2.001**
[0.095] [0.154] [0.174] [0.141] [0.128]

Observations 136,405 136,405 136,405 136,405 136,40

Full sample columns are estimated via ordinary least squares ; the others are the resul
** p < 0.05, * p < 0.1). All estimates include the following covariates: agricultural incom
production, education, household size, female head, age of head, married head, widowe
evapotranspiration index.
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general effects. Nonetheless, we find specific inferences that shed
significant light on the nature of the results.

The contribution to income of livestock portfolios differs by ani-
mal species and income quintile. The income contribution of differ-
ent animal species (as per the first five coefficients), under quintile
one, varies between 5% and 11%, except for cattle, which con-
tributes approximately 2%. The species with the highest income
contribution is goats, followed by poultry, pigs, sheep and, finally,
cattle. Pica-Ciamarra et al. (2015) found similar results in a cross-
country study –that the direct contribution of livestock to the
income of rural households is limited- with an average of 12%
across the sampled countries.

The magnitude of the livestock contribution to income varies
among socioeconomic quintiles. Interestingly, from the first to
fourth quintiles, the income contribution of most species tends to
increase, whereas the contribution of goats and sheep tends to
decrease. Surprisingly, the contribution of livestock to income
tends to be lower or insignificant for the fifth quintile.

Traditionally, rural households use livestock assets to store
wealth (Alary et al., 2014; Doran, Low, & Kemp, 1979). As the mar-
ginal propensity to save increases with wealth accumulation, this
suggests that wealthier households save a higher percentage of
their income in the form of livestock. This supports previous evi-
dence (Wouterse & Taylor, 2008) suggesting that livestock con-
tributes more to the income of wealthier households than to the
income of poorer households. However, this marginal propensity
contrasts with other studies that found that the contribution of
livestock to income is greater for poorer households than richer
households (Pica-Ciamarra et al., 2015; Ellis & Mdoe, 2003).

A severe drought can have a significant and devastating effect
on the income level of a rural household. As depicted by the ‘‘SPEI”
coefficient, our results show that the effect depends on the length
SPEI 48

e 3 Quintile 4 Quintile 5 Full Sample Quintile 1 Full Sample

* 0.047*** 0.005 0.014*** 0.023*** 0.014***
[0.001] [0.004] [0.004] [0.001] [0.004]

* 0.011 0.143*** 0.083*** 0.053*** 0.079***
[0.009] [0.052] [0.011] [0.011] [0.011]

* 0.049*** 0.003 0.019 0.106*** 0.020
[0.003] [0.018] [0.020] [0.004] [0.020]

* 0.095*** 0.009 0.037*** 0.067*** 0.037***
[0.002] [0.013] [0.013] [0.003] [0.013]

* 0.178*** 0.024 0.062*** 0.072*** 0.063***
[0.006] [0.036] [0.017] [0.008] [0.018]

*** �0.287*** �0.234** �0.255*** �0.108*** �0.067***
[0.018] [0.102] [0.022] [0.023] [0.022]

* 0.072*** 0.052 0.078* �0.020*** �0.011**
[0.021] [0.118] [0.047] [0.004] [0.005]

* �0.199 1.076 �0.114 0.247*** 0.115**
[0.155] [0.890] [0.132] [0.073] [0.055]

* 0.233*** 0.557** 0.326*** 0.167*** 0.180***
[0.045] [0.256] [0.055] [0.040] [0.046]

�0.069 0.389 0.118* 0.002 0.097*
[0.065] [0.372] [0.061] [0.070] [0.056]

* 2.050*** �0.060 1.504*** �0.039 0.009
[0.144] [0.826] [0.437] [0.029] [0.051]

5 136,405 136,405 136,405 136,405 136,405

ts of a quintile regression. Robust standard errors are in parentheses (*** p < 0.01,
e, non-agricultural income, male labor availability, female labor availability, food
d head, and country and year fixed effects. Note: SPEI: standardized precipitation-
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of the drought index (reading across Table 2), following a ‘‘U” curve
of negative effects. After a short-term drought of 12 months (SPEI
12), the level of income of the first quintile reduces by 12.5%. After
24 months (SPEI 24), the level of income of the first quintile
reduces by 25.1%. After 48 months (SPEI 48), the level of income
of the first quintile reduces by 10.8%. The last result suggests that
under an extended period of stress, households might implement
other coping mechanisms. Kochar (1999) noted that under a severe
shock, rural households tend to shift labor from on-farm to off-
farm employment. Gray and Mueller (2012) found that severe
drought can induce labor migration.
Fig. 2. Income buffering effect of livestock portfolios (Quintile 1). Note: SPEI:
standardized precipitation-evapotranspiration index.

Table 3
Consumption effect of livestock portfolios as a buffering mechanism.

SPEI 12 SPEI 24

Income Quintile 1 Full Sample Quintile 1 Quintile 2 Quintil

Cattle 0.005*** 0.005*** 0.005*** 0.011*** 0.016**
[0.000] [0.002] [0.000] [0.000] [0.000]

Sheep 0.010 0.015*** 0.011* �0.008 �0.006
[0.006] [0.005] [0.006] [0.005] [0.005]

Goats �0.003 0.001 �0.003 0.011*** 0.017**
[0.002] [0.005] [0.002] [0.002] [0.002]

Pigs 0.023*** 0.014*** 0.023*** 0.026*** 0.025**
[0.002] [0.005] [0.002] [0.001] [0.001]

Poultry 0.035*** 0.032*** 0.035*** 0.052*** 0.060**
[0.004] [0.007] [0.004] [0.004] [0.004]

SPEI �0.072*** �0.088*** �0.081*** �0.099*** �0.100
[0.013] [0.011] [0.012] [0.010] [0.011]

SPEI*Cattle 0.006* 0.004 0.015 0.023* 0.029**
[0.003] [0.003] [0.014] [0.012] [0.012]

SPEI*Sheep �0.239*** �0.204*** �0.273*** �0.029 0.169*
[0.041] [0.060] [0.104] [0.089] [0.092]

SPEI*Goats 0.169*** 0.135*** 0.183*** 0.132*** 0.115**
[0.027] [0.024] [0.030] [0.026] [0.026]

SPEI*Pigs 0.080* 0.073** 0.106** 0.125*** 0.066*
[0.041] [0.029] [0.043] [0.037] [0.038]

SPEI*Poultry 0.228*** 0.315*** 1.021*** 1.127*** 1.056**
[0.052] [0.088] [0.096] [0.083] [0.085]

Observations 136,405 136,405 136,405 136,405 136,40

Full sample columns are estimated via ordinary least squares ; the others are the results
p < 0.05, * p < 0.1). All estimates include the following covariates: agricultural incom
production, education, household size, female head, age of head, married head, wido
evapotranspiration index
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The interactions (the last five coefficients) show that the capac-
ity of livestock portfolios to mitigate an income shock differs by
animal species. For example, in the first quintile during a 24-
month drought, poultry has a greater buffering effect than any
other species (1.73), followed by goats (0.213), and cattle (0.06).
This result emphasizes that households’ livestock-related strate-
gies depend on the intrinsic value and liquidity of the species; both
aspects are determined, in part, by the length of the drought.
Although LUs allow for a degree of interspecies comparability in
terms of biomass, these results should be interpreted cautiously
for policy purposes, as the resources needed to increase the quan-
tity of some animal species (poultry) by one LU will be different
from those required for others (cattle).

The role of the livestock portfolio is dynamic, changing depend-
ing on the length of the drought and the species (Fig. 2). For exam-
ple, for the first quintile during a 24-month drought, the buffering
capacity of poultry is significantly higher than that of goats; how-
ever, the opposite is true during a 48-month drought. This makes
intuitive sense as, in the short run, households might prefer to sell
liquid assets, whereas goats are more weather-hardy and can thus
provide greater value over a longer drought.

Surprisingly, for the first quintile, the buffering effect of cattle
was negative (yet insignificant) under a 12-month drought , posi-
tive under a 24-month drought, and negative again under a 48-
month drought. This result suggests that in the short-term
(12 months), households might make use of income to maintain
their cattle. However, when the drought stretches beyond a certain
time threshold (24 months), households might start selling cattle
as a destocking strategy. Nevertheless, as households might need
to conserve a positive stock to maintain the reproductivity of the
herd, if the drought is extended (48 months), households will need
to drain more income to keep their cattle alive. Interestingly, this
SPEI 48

e 3 Quintile 4 Quintile 5 Full Sample Quintile 1 Full Sample

* 0.021*** 0.001 0.005*** 0.007*** 0.006***
[0.000] [0.001] [0.002] [0.000] [0.002]

�0.006 0.026 0.014** 0.014** 0.015***
[0.007] [0.017] [0.005] [0.006] [0.005]

* 0.048*** �0.073*** 0.001 �0.002 0.001
[0.002] [0.006] [0.005] [0.002] [0.005]

* 0.023*** 0.004 0.014*** 0.022*** 0.014***
[0.002] [0.004] [0.005] [0.001] [0.005]

* 0.072*** 0.012 0.032*** 0.043*** 0.036***
[0.005] [0.012] [0.007] [0.004] [0.009]

*** �0.107*** �0.116*** �0.089*** 0.041*** 0.037***
[0.013] [0.034] [0.011] [0.013] [0.012]

0.009 �0.048 0.019** �0.012*** �0.007**
[0.015] [0.039] [0.010] [0.002] [0.003]

0.295*** �0.598** 0.005 �0.106*** �0.059
[0.114] [0.293] [0.100] [0.040] [0.046]

* 0.078** 0.369*** 0.140*** 0.088*** 0.123***
[0.033] [0.084] [0.026] [0.022] [0.020]

0.035 0.146 0.094*** 0.150*** 0.067*
[0.048] [0.123] [0.029] [0.038] [0.041]

* 0.961*** 0.519* 0.920*** �0.035** �0.035***
[0.106] [0.272] [0.177] [0.016] [0.012]

5 136,405 136,405 136,405 136,405 136,405

of a quintile regression. Robust standard errors are in parentheses (*** p < 0.01, **
e, non-agricultural income, male labor availability, female labor availability, food
wed head, and country and year fixed effects. SPEI: standardized precipitation-
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finding highlights the trade-offs that households face between
using livestock assets to either smooth the effect of the shock, or
protect future income generation capacity (Corbett, 1988). This
evidence is aligned with that of previous studies.

Corbett (1988) examined sequences of coping strategies, show-
ing that households tend to make use of store-of-value assets (e.g.,
goats) first, whereas they hold on to key productive or investment
assets (e.g., cattle) for as long as possible. Leroy et al. (2018) high-
lighted the role of cattle as a source of prestige in many societies.
Fafchamps et al. (1998) offered a possible explanation, showing
that cattle are less liquid than other livestock assets, and a house-
Fig. 3. Consumption buffering effects of livestock portfolios (Quintile 1). Note: SPEI:
standardized precipitation-evapotranspiration index.

Table 4
Income regional effects of livestock portfolios as a buffering mechanism—SPEI 24.

Income Africa
Q1

Africa
Full Sample

Asia
Q1

Asia
Full Sample

Cattle 0.008*** 0.008*** 0.191*** 0.126***
[0.001] [0.003] [0.018] [0.013]

Sheep 0.171*** 0.229*** �0.045 �0.037
[0.020] [0.023] [0.115] [0.071]

Goats 0.107*** 0.016 0.060 0.073*
[0.004] [0.018] [0.060] [0.041]

Pigs 0.136*** 0.133*** 0.056*** 0.030***
[0.017] [0.029] [0.002] [0.011]

Poultry 0.085*** 0.102*** 0.027*** 0.032***
[0.017] [0.033] [0.007] [0.012]

SPEI24 �0.315*** �0.358*** �0.028 �0.024
[0.027] [0.021] [0.022] [0.019]

SPEI24*Cattle 0.114*** 0.084 �0.105*** �0.075***
[0.030] [0.053] [0.034] [0.025]

SPEI24*Sheep 0.093 �0.074 �0.109 �0.557
[0.217] [0.134] [1.276] [1.150]

SPEI24*Goats 0.230*** 0.345*** �0.157 �0.193
[0.072] [0.056] [0.192] [0.199]

SPEI24*Pigs 0.063 0.018 0.095*** 0.115***
[0.101] [0.057] [0.026] [0.024]

SPEI24*Poultry 1.091*** 0.734* 0.528*** 0.444***
[0.242] [0.420] [0.138] [0.108]

Observations 61,978 61,978 53,037 53,037

All columns report full sample results estimated with ordinary least squares (quintile resu
** p < 0.05, * p < 0.1). All estimates include the following covariates: agricultural incom
production, education, household size, female head, age of head, married head, wido
evapotranspiration index
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hold that sells in a hurry will obtain a reduced price. Kazianga and
Udry (2006) showed that returns on cattle production may
increase substantially after a drought because of market factors,
and households might decide to keep their animals to capture
the expected benefits.
5.2. Consumption effects

The consumption and income effects were similar. The sign and
level of significance of the core coefficients in Table 3 are qualita-
tively consistent with the main evidence found for income. The
contribution of livestock portfolios to consumption is positive
and significant for most species. Droughts of 12 and 24 months
have a negative effect on consumption, but the effect is smaller
than that on income. Unexpectedly, the consumption effect is pos-
itive under an extended 48-month drought. As in the case of
income, this result likely reveals the use of an alternative longer-
term adaptation strategy with a positive indirect effect on con-
sumption (Glwadys et al., 2010).

A livestock portfolio can help to buffer the negative consump-
tion effects of a drought. The climate-livestock interactions are
positive and significant for most species, demonstrating the capac-
ity of livestock portfolios to smooth a consumption shock (Fig. 3).
However, as is the case for income, the buffering effect varies by
species and drought length. For example, under the first quintile
and a 24-month drought, only small species such as poultry, goats,
and pigs show significant consumption buffering. This suggest that
households might prefer to first use small species as a consump-
tion buffering mechanism.

Some livestock species may be more relevant as consumption or
income coping mechanisms. For example, the capacity of pigs to
buffer the effect of a drought tends to be more significant for con-
Europe
Central Asia
Q1

Europe
Central Asia
Full Sample

South America
Q1

South America
Full Sample

0.030*** 0.040*** 0.044*** 0.045***
[0.008] [0.010] [0.002] [0.003]

0.101*** 0.079*** 0.040** �0.014
[0.023] [0.022] [0.017] [0.011]

0.067* 0.051** 0.082** 0.034
[0.035] [0.021] [0.038] [0.022]

0.042 0.032* 0.120*** 0.106***
[0.044] [0.017] [0.017] [0.012]

2.047*** 1.896*** 1.326*** 0.963***
[0.214] [0.136] [0.107] [0.139]

�0.237*** �0.027 �0.319*** �0.356***
[0.062] [0.060] [0.062] [0.045]

�0.026*** �0.035*** 0.033** 0.043***
[0.009] [0.011] [0.017] [0.013]

0.243 0.303** 0.025 0.046
[0.163] [0.152] [0.052] [0.032]

0.816*** 0.656*** �0.084 �0.028
[0.308] [0.225] [0.070] [0.042]

[n.a.] [n.a.] 0.055 0.002
[0.118] [0.063]

2.876** 2.245** 0.841 0.623**
[1.289] [1.101] [0.535] [0.289]

7,003 7,003 14,387 14,387

lts are presented in Appendix C); robust standard errors are in brackets (*** p < 0.01,
e, non-agricultural income, male labor availability, female labor availability, food
wed head, and country and year fixed effects. SPEI: standardized precipitation-
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sumption than for income. This result emphasizes the different
roles of species in smoothing consumption or income shocks
(Opiyo et al., 2015). During a 48-month drought, the poultry inter-
action is negative and significant for most quintiles. In other words,
having more chickens is associated with lower consumption levels.
This result suggests that an extended drought with small mono-
gastrics might cause a trade-off between the use of grain as food
and as feed for livestock.
6. Regional robustness check

Regional heterogeneity can be hidden behind the global aggre-
gate results. A strong aggregate effect can mask significant differ-
ences across diverse areas of the world. This is particularly
relevant in our case, as the analyzed households come from differ-
ent climatologic areas and live in heterogeneous socioeconomic
systems. This section presents a robustness exercise to deal with
the geographical dimensions of the dataset.

We split the full sample into four regions—Africa, Asia, Europe
and Central Asia, and South America—and replicate the previous
analysis by region (see Table 4). In other words, we interact the
three drought lengths—12, 24, and 48 months—with the contribu-
tion of the livestock portfolio to income, effect of the drought,
buffering capacity of different species, and all covariates. Overall,
three main results emerge. First, the global effects are supported
by regional analyses. Second, the relevance of different species var-
ies among regions. Third, the aggregate results are mostly driven
by Africa, which has the largest sample contribution.

We present a synthesis of the main results on income for each
continent in Table 4 and Fig. 4. To limit the number of tables, we
only show results for the first quintile and the full sample for each
region and limit the analysis to SPEI 24—the preferred climatolog-
ical index. Full quintile regression estimates, as well as results for
consumption and the other drought indexes, are reported in
Appendix D.

Taking quintile 1 under SPEI 24 as a reference, we find some
interesting divergence in the order of income contribution of spe-
cies among regions (Fig. 4). In Africa, sheep contribute the most to
income, followed by pigs, goats, poultry, and cattle. In Asia, cattle
contribute the most, followed by pigs and poultry. In Europe and
Central Asia, poultry is the largest contributor, followed by sheep,
goats, and cattle. In South America, poultry is the largest contribu-
tor, followed by pigs, goats, cattle, and sheep.
Fig. 4. Regional income buffering effects of livestock portfolios (Quintile 1 –
SPEI24). Note: SPEI: standardized precipitation-evapotranspiration index.
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Interestingly, and in line with the global full sample, the income
shock tends to be higher for a 24-month drought than a 12-month
or 48-month drought (Appendix D). This suggests that medium-
length droughts, such as a 24-month drought determined by SPEI
24, are better suited to capture the effect of climatic shocks on
farmers’ welfare -a result which can be used as a reference for
future studies-.

The buffering effect among species differs by region (Fig. 4).
Benchmarked to a 24-month drought in the first quintile: in Africa,
poultry have the highest buffering effect, followed by goats and
cattle. In Asia, poultry have the largest buffering effect, followed
by pigs, and cattle have a negative effect. In Europe and Central
Asia, poultry remain the best buffering species, followed by goats,
and cattle have a negative effect. In South America, only cattle have
a buffering effect in the first quintile.
7. Conclusions

This study explores the role of the livestock portfolio as a poten-
tial coping strategy against climate shocks. Previous studies have
highlighted the complexity of the underlying factors and interac-
tions that link livestock, climate shocks, and well-being outcomes.
Our study contributes to this discussion by showing that the role of
livestock portfolios as a buffering mechanism tends to be context
specific and varies depending on the length of the shock, composi-
tion of the livestock portfolio, buffering capacity of different live-
stock species, household’s socioeconomic features, the region.

We assemble a unique global dataset that combines socioeco-
nomic information with a multi-scalar drought index (the SPEI)
that captures the length and severity of drought. Employing a quin-
tile regression analysis allows us to capture the heterogeneity
among socioeconomic groups and ensure robustness against out-
liers and distributional assumptions. The inclusion of covariates
of several socio-economic, regional, and national factors reduces
omitted variable bias. We ascertain the effects of our variables on
household well-being, as determined by income and consumption.

A severe drought has a significant negative effect on rural
households’ well-being that is of a slightly higher magnitude for
income than for consumption. We find that the buffering capacity
of different animal species varies depending on the length of the
drought. We further find that the magnitude of the contribution
varies by income quintile. Some livestock species may be more rel-
evant as income or consumption coping mechanisms. We show
that under prolonged drought, some species can become a liability,
hindering the household’s coping capacity. The findings highlight
the potential presence of trade-offs between using livestock assets
to smooth shocks, or to protect future recovery. Finally, we illus-
trate the relevance of different species changes across regions.

Our study was limited by the geographic resolution of house-
hold data and the available covariates. As a result, it was not pos-
sible to replicate the analysis at the agro-climatic-zone or
livestock-system level as the households are aggregated by region.
There is also a need to better explain the pathways through which
income and consumption are affected by drought, as climate
shocks may affect the household’s income through non-livestock
related avenues such as crop losses, which also affect herd size
and quality.

This latter point also raises the issue of endogeneity, which, to
our knowledge, has never been examined empirically. However,
a panel dataset is needed to account for omitted variable bias prop-
erly and identify drought effects precisely. This would improve the
analysis of the household’s response mechanism. When such data
become available, these are potential areas for further research.

Further, the data did not allow us to examine in detail the role
of different species, particularly cattle, as a source of income
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generation or accumulation, and neither did it allow us to capture
the effects of animal products and by-products. This might help to
explain the lower contribution of some species in helping house-
holds cope with severe drought events.

Protracted crises are among the most challenging contexts in
which to fight hunger and poverty. Animal-assisted programs
designed to build rural households’ capacity to cope with severe
droughts should carefully consider the intricate relationships
among animal species, droughts, and socioeconomic groups. As
we have shown, livestock portfolios can reinforce or hinder the
coping capacity of rural households depending on the specific con-
text. Thus, a deeper understanding of the complex role of the live-
stock portfolio to help cope with drought is fundamental to
enhance the design and effectiveness of livestock interventions in
protracted crises.
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