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1 Introduction

Despite considerable achievements in reducing under-nutrition over the last few decades,
hunger has been on the rise again in Africa. The latest estimate from FAO et al. (2020)
shows that more than 250 million people in Africa are undernourished and the figure
is growing at a faster rate in the region than anywhere else in the world. Weather
variability is a major driver of under-nutrition and is regarded to be among the main
constraint for the region to accomplish Sustainable Development Goal-2' (Mason-
D’Croz et al., 2019). This applies particularly to East Africa as droughts become both
frequent with a recurring period of about three years and severe as in some cases a

drought event stretches over two or more rainy seasons (Haile et al., 2019).

Numerous studies examined the implications of weather variability on food security
(Wheeler and Von Braun, 2013; Funk et al., 2008; Demeke et al., 2011; Wossen et al.,
2018), nutrition (Cooper et al., 2019b,a) and diet quality (Carpena, 2019). These stud-
ies examined the effects of weather variability in one season disregarding the long-term
influence of historical weather patterns. By doing so, they overlook the long-term con-
sequences of weather variability. However, since most agricultural decisions are made
based on farmers’ expectations about the upcoming weather condition, past weather
patterns can also affect food and nutrition security by influencing farm investment de-
cisions in future harvest periods. For instance, areas with historical weather variability
might adjust their business and livelihood activities to mitigate the effects of current
weather variability (Chuang, 2019). Recurring shocks in the past could also leave
households with inadequate time to recover before encountering later shocks (De Silva

and Kawasaki, 2018).

Hence, separating the effects of current and past weather variability is vital to thor-

'The goal aims at ending hunger, achieving food security, improving nutritional status, and pro-
moting sustainable agriculture.



oughly understand the impacts of weather variability. To this end, few recent empirical
works engaged in disentangling the effects of current and past weather patterns. These
studies emphasized the effects on agricultural production (Burke and Emerick, 2016),
rural livelihood diversification (Chuang, 2019; Call et al., 2019), and farm income
(Sesmero et al., 2018). However, weather variability could also influence household
consumption as in most cases the production and consumption decisions of agricul-
tural households facing imperfect markets cannot be separated (De Janvry et al., 1991).
A high degree of auto-subsistence in the Ethiopian rural economy is highlighted by
Worku et al. (2017); Minten et al. (2018) and FAO (2018). Among them, FAO (2018)
shows that only 21 percent of the total production of smallholder farmers is brought

to the market.

Besides, the effects of weather variability on consumption could also differ from its
effect on income. For instance, weather variability can lead to crop diversification
(Piedra-Bonilla et al., 2020; Mulwa and Visser, 2020). This might affect farm income
since farmers are allocating resources at suboptimal points (losing income from special-
ization). However, diversification can improve nutritional status since it leads to diet
diversification (Tesfaye and Tirivayi, 2020; Sibhatu et al., 2015; Jones, 2017). Further-
more, the relation between farm income and nutritional status is not always straight-
forward as it depends on a series of factors including access to markets, and women’s
education and decision-making power (Gupta et al., 2019; Malapit and Quisumbing,
2015). Therefore, the effects of weather variability on income and nutrition can differ
vastly, and a separate investigation of the effects on nutritional status is relevant from
both policy and academic points of view. Our study contributes to the literature by
focusing on the effects of current and past weather variability on the availability of

micro-and macronutrients of rural households.

For the analysis, we combine three waves of nationally representative panel data

from rural Ethiopia with Standardized Precipitation-Evapotranspiration Index (SPEI)
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data—a reliable water balance indicator that accounts for both changes in precipita-
tion and evapotranspiration. Ethiopia provides an attractive framework for this study
for the following reasons. Firstly, drought and rainfall variability are a recurring phe-
nomenon in the country and the recurring period is significantly shortened (Mera,
2018). Secondly, rural livelihoods in the country are profoundly vulnerable to weather
variability since rain-fed agricultural activities are the single most important livelihood
strategy of the vast majority of rural households. Thirdly, unacceptably high rates of
food insecurity, malnutrition, and deficiencies of essential micro and macronutrients
among vulnerable groups are still widespread and continued to be a major public
health problem in the country. As indicated in the Global Nutrition Report (2020),
the country is off track to achieve most of the SDGs’” nutritional targets. Therefore,
the presence of widespread historical weather variability and the high level of malnu-
trition in the country coupled with the availability of detailed panel data collected in
2011/12, 2013/14, and 2015/16, provide an opportunity to examine the effects of two
recent droughts that occurred in the country, alongside the effects of historic weather

variability.

We implement three steps to address our objectives. We start by exploring the effects
of current weather conditions on the nutritional status of farm households. In the
second step, we include past weather variability in our model to examine its effects.
Finally, we explore if the effects of current weather variability vary based on past
weather patterns by introducing an interaction term between past and current weather
variability. We use a household fixed effects approach hence our identification comes
from the within-household variation in exposure to plausibly exogenous current and

past weather variability.

We find that farming households’ nutritional status is more sensitive to past weather
variability than the current weather conditions, which signals the fact that the effects

of adverse weather patterns may be considered as regressive. Our result also shows
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that adverse weather history might stimulate some responses that are associated with
the deterioration of nutritional status. We find that adverse past weather conditions
shrink farmers” market participation rate. Consistent with the recent work by Aragoén
et al. (2021), we also find that farmers respond to weather variability by adjusting
their land-use decision that includes increasing the size of land allocated for staple
crops. Besides, we provide empirical evidence on the role of livestock ownership as a

buffering mechanism against past weather variability.

The remaining sections of the paper are organized as follows: the next section outlines
our hypotheses. Section 3 provides an overview of the context of weather variability,
agriculture, and nutrition programs in Ethiopia. Section 4 gives more detail on the
data used. In section 5 we present the empirical strategy used to address the objectives
of the study. We present and discuss the empirical results in section 6 and the last

section gives concluding remarks.

2 Conceptual Framework

As in many developing countries, smallholder farmers in Ethiopia are also expected to
face imperfect input, financial, and labor markets, and encounter both production and
consumption decisions simultaneously. They are also assumed to maximize their well-
being subject to the resources that they are endowed with and the productivity of these
resources is expected to be influenced by exogenous factors such as weather conditions
(Asfaw et al., 2012). As agricultural activities are the major sources of food and income
for farm households, weather variability has the potential to limit the availability and
accessibility of food for farm households. However, recent studies including Newman
and Tarp (2020) and Nguyen et al. (2020) unveil that farm households smooth their
consumptions from the adverse effects of current weather variability either by relying

on food aids or by using their own coping strategies.



However, in the face of incomplete financial market, which is the common feature in
most developing countries, coping strategies used by the farm households might involve
the use of strategies that potentially affect the capital accumulation and productive
assets, such as the selling of agricultural assets and livestock Newman and Tarp (2020);
Nguyen et al. (2020). As farmers cope with adverse current weather conditions by
relying on such types of strategies, over the long term, the occurrence of repeated
adverse weather conditions might lead to a worsened nutritional status. This is because
recurring weather fluctuations in the past could leave farm households with inadequate

time to recover before encountering later shocks.

In addition to the depleting of productive assets, adverse weather history might also
stimulate some responses that are associated with the deterioration of nutritional sta-
tus. For instance, farmers residing in areas where there is historical rainfall variability
abandon sensitive crops and specialize in less risky crop portfolios (Brown and Kshir-
sagar, 2015; Bezabih and Di Falco, 2012; Ponce, 2020). On top of this, since the
demand for basic staples is inelastic to price and income changes, farmers become
adamant to secure their access to staples unaffected in the face of any shocks includ-
ing price and weather variability (Fafchamps, 1992). This may force farmers living in
a riskier environment to allocate relatively more agricultural land to the production
of staple crops to maintain a buffer stock for their consumption at the expense of
commercialization since securing their food demand from the market may not be a
reliable option during drought times. However, agricultural production needs to be
diversified at the household level as this makes a wide range of different types of foods
available and accessible (Tesfaye and Tirivayi, 2020; Sibhatu et al., 2015). Contrary to
this, restricting crop portfolios to less risky crop items due to the challenge imposed
by adverse weather history may limit farmers’ ability to diversify their diets. Hence,

based on the discussions presented above, we hypothesis:

H1: Farm households protect their consumption from the adverse effects of current
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weather variability;

H2: Farm households would increase the share of agricultural land allocated to the
production of staple crops and reduces their market participation rate in response to

adverse past weather conditions;

H3: Past weather variability would reduce the availability of macro and micronutrients

for farm households.

3 The Context

The Ethiopian economy is largely dominated by the agricultural sector. The sector
employs about 70% of the labor force and the country’s exports almost entirely rely
on agricultural products. Despite its considerable share in the economy, the sector is
dominated by rain-fed subsistence farming that makes both the sector and the economy

vulnerable to climate variability.?

Drought and rainfall variability are a recurring phenomenon in Ethiopia and the coun-
try has faced more than ten drought events since the 1970s (Mohammed et al., 2018;
Degefie et al., 2019; Mera, 2018). Recent catastrophic droughts that happened in
the country include 1983-1985, 2002-2003, 20102011, and the 2015 droughts (Kasie
et al., 2020). Out of them, the 1983-85 drought is remembered for its devastating
effects that include the death of an estimated number of people ranging from 500,000
to one million (Kidane, 1990). Studies also show that the drought has affected the
long-run health status of the survivors (Dercon and Porter, 2014) and the cognitive

and health status of their children (Tafere, 2016).

Experts argue that the severity of the 2015 drought, which was intensified by the

El Nino effects, is comparable with the 1983-85 drought. For instance, Philip et al.

2An estimated 95 percent of agricultural output in the country is produced by about 12 million
smallholders.http://www.fao.org/ethiopia/fao-in-ethiopia/ethiopia-at-a-glance/en/
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(2018) claimed that the drought observed during 2015 in some areas like the central
and north-eastern parts of the country is expected to happen only about once every
260 years whereas, FEWSNET (2015) labeled it as ”the worst in more than 50 years”.
Similar to the 1983-85 drought, the 2015 drought also caused drastic crop failures,
widespread livestock death, and affected about ten million people in the country. A
severe drought that affected an estimated 4.5 million people was also observed in the

southern, eastern, and north-eastern parts of the country in 2011 (Sandison, 2012).

In addition to those extreme drought events, rainfall variability is common in the coun-
try. In this context, several studies have shown that the rural livelihoods in the country
are profoundly vulnerable to weather variability. To mention a few of them, rainfall
variability is found to have a significant effect on food security, poverty and inequal-
ity (Demeke et al., 2011; Dercon et al., 2012; Thiede, 2014), consumption dynamics,
and poverty trap (Barrett and Santos, 2014; Dercon, 2004; Dercon and Christiaensen,
2011), human capital development (education and health) (Porter et al., 2008; Miller,
2017; Randell and Gray, 2016; Dimitrova, 2021), migration, and population mobility
(Ezra and Kiros, 2001; Meze-Hausken, 2000; Gray and Mueller, 2012), agricultural
technology adoption, and farmers’ risk-taking behavior (Alem et al., 2010; Di Falco

et al., 2019), and livestock ownership, and their productivity (Megersa et al., 2014).

There are also success stories in the country that can enhance farmers’ adaptive capac-
ity. The country registered 10.9% average growth between 2004 and 2014 that enabled
the country to reduce poverty rates substantially—as it declined from 55.3% in 2000
to 24% in 2016 (World Bank, 2019; ?). Growth in the agricultural sector played a
significant role in this progress. For instance, cereal production quadrupled between
1994/95 and 2014/15 (Dorodh and Rashid, 2015). The size of cultivated land also in-
creased by 27 percent between 2004/5 and 2013/14, while fertilizer imports increased

by 124 percent (Bachewe et al., 2019).



Despite the above achievements, the country still faces a broad range of hurdles in-
cluding a high rate of food and nutrition insecurity, and deficiencies in essential micro
and macro-nutrients. Diets for many Ethiopians remain very monotonous and the pro-
portion of young children who meet the minimum acceptable diet remains less than
10% (Yadene, 2019). To curb the challenges, the government of Ethiopia has been
working with its partners to establish and implement several interventions. This in-
cludes mainstreaming nutrition into the agricultural sector. For instance, the second
National Nutrition Program?® aims to end hunger by 2030 by integrating nutritional
needs with improvements in the agriculture sector. Specifically, it aims, among oth-
ers, to (i) support and promotes community-level production of fruits, vegetables, and
enriched complementary food; and (ii) ensure market access for smallholder farmers
by improving market linkages with local markets. Hence, as the effects of weather
variability on the nutritional status of farming households come mainly through its
effect on agriculture, exploring the effects of actual and expected weather variability
on nutritional status and farmers’ behavioral responses is essential from a policy point

of view.

4 Data and Methodology

4.1 Ethiopian Socioeconomic Survey

This research mainly relies on the three rounds of the Ethiopian Socioeconomic Sur-
vey, which was administered by the Living Standards Measurement Study (LSMS)
of the World Bank. The data was collected in 2011/12, 2013/14, and 2015/16. The
survey produced rich geo-referenced data at the household, plot, and community lev-
els using five questionnaires: household, community, post-planting, post-harvest, and

livestock questionnaires. The household questionnaire was used to collect data on

3The document can be accessed at http://extwprlegsl.fao.org/docs/pdf/eth190946.pdf.
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household characteristics such as basic demographic characteristics, asset ownership,
welfare indicators, and access to institutions and infrastructure. The community ques-
tionnaire enabled the collection of socioeconomic indicators of the enumeration areas
where the sample households reside. The remaining three questionnaires are related
to agricultural practices. One questionnaire was used to collect information on live-
stock production and the other two questionnaires gathered plot-level data on both

post-planting and post-harvest agriculture activities.

Each panel dataset is collected in three rounds. Accordingly, the post-planting agri-
culture questionnaire of the 2011/12 survey was administered between September and
October 2011, while the livestock questionnaire was administered between November
and December 2011. The household, community, and postharvest agriculture question-
naires were administered in the third round between January and March 2012. Simi-
larly, the data regarding post-planting agriculture activities of 2013/14 was collected
from September to October 2013, and the collection of information about livestock
was conducted between November and December 2013. Information regarding house-
hold characteristics and post-harvest agriculture was collected during the third round
between February and April 2014. Likewise, the 2015/16 survey was administered
between September 2015 and April 2016. Particularly, data from the household, com-
munity, and post-harvest agriculture questionnaires were gathered between February

2016 and April 2016.

Regarding the sampling techniques, the 2011/12 survey was designed to draw a rep-
resentative sample for rural and small-town areas of the country. Thus, respondents
were selected from all regional states of the country using a two-stage probability sam-
pling. In the first stage, 290 and 43 primary sampling units (enumeration areas) were
selected from rural and small towns respectively (Figure 1). This stage was followed
by the selection of 3,996 households to be interviewed from each enumeration area

(EA). The same households with additional households from the newly included 100
9



EAs from urban areas of the country (that increased the number of sample households
to 5,469) were re-interviewed in the second (2012/13) and third waves (2015/16). This

study was carried out using data gathered from rural EAs.

Figure 1: Locations of the enumeration areas in the country
Source: authors’ illustration using data from the Ethiopian LSMS dataset.

The 2013/14 and 2015/16 surveys managed to re-interview 95 and 93 percent of those
interviewed in the first wave, respectively. Attrition analysis is conducted to see if
there is a systematic association between attrition and weather variability. The results

presented in Table 1 show no indication of systematic bias.

4.2 Current and Past Variability Indicators

This study uses the Standardized Precipitation Evapotranspiration Index (SPEI),
which provides a more reliable water balance indicator by estimating deviations in to-
tal precipitation and evapotranspiration from historical means (Vicente-Serrano et al.,
2010).* Recent evidence from both developed and developing countries (including

Schlenker and Roberts (2009); Carleton and Hsiang (2016); Hsiang et al. (2017); Lo-

4Recent papers that used this index include (Azzarri and Signorelli, 2020; Von Uexkull et al., 2016;
Mueller et al., 2014; Zipper et al., 2016; Nath et al., 2017).
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Table 1: Attrition analysis

VARIABLES Attrition between 2011 Attrition  between
and 2013 2013 and 2015
Current weather 2011 -0.113
(0.133)
Current weather 2013 0.215 0.059
(0.131) (0.131)
Current weather 2015 0.265
(0.169)
Past weather 0.031 0.035
(0.028) (0.029)
Other controls Yes Yes
Constant -0.623%** -1.646%**
-0.216 -0.314

Source: authors’ calculation based on the three waves of Ethiopian LSMS

Note: Coefficients are estimated using the probit model. Other household characteristics included
in the analysis are Sex, age, and educational status of the household head, family structure, and
location indicators. Robust standard errors in parentheses, *** p<0.01,

bell et al. (2011)) shows that factors other than rainfall, such as temperature, can
significantly affect agricultural yield even under optimal rain-fed conditions. Studies
undertaken in East Africa (like Rowhani et al. (2011) and Ray et al. (2015)) also show
that agricultural productivity in the region can only be explained by a complex link
between precipitation and temperature variability. The SPEI that provides the index

with a 0.5 degrees spatial resolution is used for this study.’

Since the study is designed to examine the effects of current and historical weather
variability on nutritional status, separate indicators are produced to distinguish both
phenomena. Accordingly, weather conditions during the agricultural seasons approx-
imate current weather variability. There are two main cropping seasons in Ethiopia:
Meher and Belg seasons. Meher is the main cropping season in the country, and about

90 percent of the total cereal output is produced in this season. The Belg season

5The index is constructed using the CRU TS 4.03 gridded precipitation and potential evaporation
dataset of the University of East Anglia’s Climate Research Unit. A comprehensive theoretical and
estimation details of the index alongside the description of sources and types of data used to estimate
the index can be found from Vicente-Serrano et al. (2010) and Begueria et al. (2014).
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is essential for long-season crops, such as maize, and for the production of pasture
for livestock. It is also useful for land preparation for the coming Meher production
(Asfaw et al., 2018). Hence, current weather variability is represented by the SPEI
constructed based on a time scale of six months— from April to September— of the
survey years, which correspond to the two main cropping seasons in the country. The
SPEI for each survey period during the two main cropping seasons is then merged
with the household level observations using the enumeration area level latitude and
longitude coordinates by utilizing the stata package called ‘geodist’. The maps in Fig-
ure 2 show the current weather variability for each study period. The figures show
that noticeable weather variability has occurred in all three survey years, though it
varies in size and spatial coverage. Overall, an extensive water balance shortage was
observed in 2011/12 and 2015/16, while 2013/14 showed a positive water balance in

most regions of the country.

In addition to current weather variability, a proxy for historical weather patterns is
constructed for each enumeration area. Following the works of Mulwa and Visser
(2020), Rao et al. (2011) and Sesmero et al. (2018) who argue that the preceding
ten years can be considered as a relevant boundary to construct the past weather
pattern, we proxy historic weather variability by the coefficient of variation computed
using SPEI of the main agricultural seasons within the previous ten years prior to
the survey period.Table A1 provides descriptive statistics for the weather variability
along with other working variables. In addition, Table A9 in the appendix shows
the correlation between past weather variability and household characteristics. The
results presented in the Table show no indication of a significant association between

past weather variability and household characteristics.

Before concluding the data section, we summarize the timetable of the data collec-
tion stages in Table 2. Each column of the Table represents a specific period—panel

wave, calendar year, or month. Six columns marked by a blue color (from April to
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Figure 2: Current weather variability during the survey periods (SPEI)
Source: authors’ illustration
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September) represent the two main agricultural seasons in the country. Hence, current
weather conditions, for example, for wave-1 is the SPEI of the six agricultural months
of 2011, and the outcome indicators are computed using the consumption data from

the household questioner collected between January and March 2012.

Table 2: summary of data collection periods

2011 Post-planting Livestock
l Household, community, and
2012 | post-harvest modules
2013 Postplanting | Livestock
Household,
I community, and
post-harvest
2014 modules
2015 ‘ Postplanting | Livestock
111 Household, community, and
2016 post-harvest modules

Source: authors’ illustration using data from the Ethiopian LSMS dataset.

4.3 Nutritional Status Indicators

Adequacy of macro and micronutrients is vital for the human body. Specifically,
macronutrients such as calories and proteins are essential for the healthy functioning
of the human body and they serve as building blocks for cellular activities (Headey
and Masters, 2019). Similarly, micronutrients are fundamental for human health and,
as each micronutrient has a specific role in the human body, the absence or deficiency
of any given micronutrient can cause severe and sometimes irreversible adverse effects

on health and economic outcomes (Kronebusch and Damon, 2019).

We consider the availability of calories, protein, iron, zinc, and calcium as indicators of
nutritional status. The selection of these indicators is guided by previous studies (e.g.:
Teklewold et al. (2019)) and the prevalence of the deficiency of the selected indicators

in the study area (Amare et al., 2012; Abebe et al., 2008; Harika et al., 2017; EPHI,
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2016). For instance, zinc deficiency is categorized as a public health problem in the
country by the Ethiopian public health institute (EPHI, 2016), and it is found to be
a major factor affecting cognition among pregnant women in the country (Stoecker
et al., 2009). Likewise, Haidar (2010) found one in every two women in the country
has iron deficiency. Besides, problems of micronutrient deficiencies are more prominent
among rural residents in the country (EPHI, 2016). A recent survey by Poole et al.
(2021) reveals that the deficiencies of micronutrients are among the widely recognized

indicators of nutritional outcomes currently used by social researchers.

To estimate the availability of nutrients, the quantities of food consumed at the house-
hold level were converted into calorie and nutrient levels using the Kenya food com-
position table (FAO/GoK, 2018).° Following this, the estimated values of nutrients
consumed at the household level were divided by family size measured in adult equiv-

alents to adjust numbers to age- and sex-specific differences of household members

Tedford et al. (1986).7

Table 3: Descriptive statistics of nutritional status indicators from the Ethiopian LSMS
pooled panel data

Variable Mean  Std. Dev.
Daily energy availability (kilocalorie per adult equivalent) 2768.94  1765.39
Daily protein availability (g per adult equivalent) 84.1 56.8
Daily iron availability (mg per adult equivalent) 34.12 25.17
Daily calcium availability (mg per adult equivalent) 535.7 495.04
Daily zinc availability (mg per adult equivalent) 19.29 13.14
The ratio of households with deficiency of the identified nutrients

Protein 0.31 0.46
Iron 0.49 0.5
Energy (calorie) 0.41 0.49
Calcium 0.86 0.35
Zinc 0.41 0.49

Source: The three waves LSMS of Ethiopia.

6To the best of our knowledge, there is no complete, user-friendly, and publicly available food
composition table for Ethiopia.

"The conversion factor used to estimate adult equivalent can be found at http://microdata.
worldbank.org/index.php/catalog/2053/download/40407.
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Table 3 presents summary statistics of the nutritional status indicators. To avoid
influential outliers, values are estimated after winsorizing the lowest and the highest
one percent values. The table also shows the prevalence of the deficiencies of the
identified nutrients using the daily intake recommendations of 52.5 mg protein, 27 mg
iron, 1000 mg of calcium, 2100 kilocalories energy, and 14 mg zinc for a healthy life
of adult male aged between 19 and 65 years (FAO, 2001; WHO et al., 2005).5 As
indicated in the Table, the availability of protein, iron, calcium, and zinc of 31, 49, 86
and 41 percent of households are not sufficient to meet the recommended daily intake

levels.

4.4 Summary and descriptive statistics of control variables

Table A1l presents the definitions and descriptive statistics of the working variables.
About 75 percent of the households are headed by males. The average age of the
household head is about 46 years and 38 percent of them at least read and write.
The average family size, measured in terms of adult equivalent, is 4.04. Regarding
their access to institutions, 34 percent of them have access to agricultural extension
services and 22 percent of them have access to micro-financial institutions. On average,
households travel about 66km to reach the nearest market and 55 percent of them have
road access. Furthermore, 62 percent of them live in the community where there are
irrigation schemes and 43 percent reside in communities where productive safety net

programs (PSNP) operate.”

4.5 Empirical Strategy

To estimate the effects of weather variability on nutritional status, we implement the
following three steps. In the first step, we investigate the extent to which current

weather variability affects the nutritional status of farm households by estimating

8We take these thresholds assuming low bio-availability following related studies in the region.
9PSNP is a government-led social protection program that targets food-insecure households.
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equation (1):

Yioe = oo + a1Cyy + o Hjy + azyear + €y (1)

Y.+ represents a set of nutritional status indicators of household i living in village
v(i.e. enumeration areas) at time ¢. C' stands for the current weather condition and
H denotes the vector of control variables. These controls include household head
characteristics (age, sex, and education), and access to institutions like market, and
extension service, and community-level characteristics, which include the availability
of road, irrigation, microfinance institutions, and productive safety net in the village.
The year fixed effect is included in the model to account for unobserved time-varying
effects, which might not be captured by the control variables included in the regression.

€ represents the error term.

This stage is followed by an examination of the effects of exposure to past weather
variability on households’ nutritional status. This is done by estimating equation 2, in
which P represents past weather variability indicator and all other remaining variables

are defined under equation (1).

Yivt = g + a1Cyy + 2 Py + s Hy + ayear + € (2)

The effects of current weather variability could also vary across areas based on their
historical weather patterns. For example, past weather variability encourages some
forms of adaptation which, to a certain extent, might serve to lessen the effects of
current weather variability. This, in turn, improves/or deters nutritional status as
discussed in the earlier section. Hence, in our final step, we examine if the effects
of current weather variability vary based on past weather patterns by introducing an

interaction term between past and current weather variability in equation 2, as shown
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in equation 3.

Yior = ag + a1Cy + aa Pyt + 03(Civt + Pivt) + aaHip + asyear + € (3)

To investigate if livestock ownership helps farm households mitigate the adverse ef-
fect of weather variability on the household’s nutritional status, the interaction of
livestock ownership and weather variability indicators will be introduced in equation
3. We estimate the above frameworks using a household fixed-effects regression ap-
proach. Although we see the incidence of weather variability to be beyond the control
of farm households (exogenous), this framework helps to improve our identification by
providing several key advantages. It enables, for instance, to account for any time-
invariant household heterogeneities such as taste, preference, and religion that may
determine consumption patterns and the extent of the effects of weather variability. It
also purges the effect of any time-invariant community-level unobserved characteristics
such as soil fertility, agroecology, and other environmental features that influence the

types of crops produced and available in the community.

5 Results and Discussion

We begin by examining the relationship between current weather variability and farm
households’ nutritional status. Table 4 summarizes the results of regression equation
1. As indicated in the Table, the association between current weather conditions and
nutritional status is not statistically significant. To check the robustness of the result,
the same equation is re-estimated by using different definitions of weather variability,
including a square term of the SPEI, a categorical variable that divides the SPEI into
four groups, and self-reported drought shock. In all cases, as presented in Table A3-A7
in the appendix, the relationship between current weather indicators and nutritional

status is statistically insignificant.
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Table 4: The effects of current weather variability on the availability of nutrients

VARIABLES Calorie Protein Iron Calcium  Zinc
SPEI 56.032 1.579 -0.096 18.787  -0.001
(67.778) (2.086) (0.84) (15.511) (0.476)
Other controls Yes Yes Yes Yes Yes
Time fixed Yes Yes Yes Yes Yes
HH fixed effects Yes Yes Yes Yes Yes

Number of observation — 8,782 8,782 8,782 8,782 8,782

Note: Standard errors clustered at EA level in parentheses. The control variables included in the
regression are household size; sex, age, and education status of the household head; access to mi-
crofinance institutions, road, market, and agricultural extension service; availability of irrigation
and PSNP in the community, and time trend.

Source: The three waves LSMS of Ethiopia.

The result implies that farm households smooth their consumption from the adverse
effects of current weather variability. The finding is consistent with existing studies.
For instance, a recent study by Nguyen et al. (2020) from Cambodia shows that current
droughts do not significantly affect household consumption. Similarly, Bachewe et al.
(2017) analyzed the effects of the 2015 drought in Ethiopia on the accessibility of food
by exploring the effects on food prices. They failed to find significant adverse effects
of the drought on food prices. Surprisingly, they documented a significant food price
reduction in most affected areas, and the authors linked this phenomenon with the

effect of major food imports and food aid.

Indeed, a close look into households’ self-reported coping strategies presented in Ta-
ble 5! shows that only 2.9% of households who reported drought shock (or 0.56%
of the total surveyed households) had changed their eating patterns to cope with the
drought shock. More than 41% of households who reported drought shock relied on
either their savings or accessed credit, whereas 40.5% of them relied on unconditional
help received from relatives, government, or non-government organizations. The use of

strategies that potentially affect households’ capital accumulation and productive as-

10Tn the survey, households were asked to self-report the major shocks that they have encountered
and their coping strategies. Table A1 in the appendix presents the distribution and transition matrix
for households that report drought shock during each wave, and Table A2 summarizes the nutritional
outcome of the households based on their coping strategies.
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sets, such as the selling of agricultural assets, buildings, and livestock also reported by
36.8% of the households. However, as farmers cope with the adverse effects of current
weather conditions by relying on strategies that can affect their capital accumulation
and productivity over the long term, recurrent adverse weather conditions may lead

to a worsening nutritional situation.

Table 5: Self-reported coping strategies for households reported drought shock

Percent

Coping strategies Pool 2011 2013 2015
Received unconditional help 40.54 38.89 38.28 42.09
Adjusted livelihood 7.53 10 7.12 6.4

Sold items 36.82 36.85 46.88 33.62
Relied on own savings or accessed credit 41.83 45.93 27 44.44
Changed eating pattern 2.89 333 237 282
Did not do anything 13.62 981 12.76 15.82

Source: The three waves LSMS of Ethiopia.

5.1 The effects of past weather variability on nutritional sta-
tus

Table 6 presents the result of equation 2, which jointly models the effects of current
and past weather variability. We find that adverse past weather variability limits the
availability of calories, protein, iron, calcium, and zinc significantly. However, the
magnitudes of the effects are small. It shows that an increase in the coefficient of
variation by 10 units leads to a reduction in the availability of kilocalories per adult
equivalent by 4.7. Similarly, a 10 unit increase in the coefficient of variation causes
a decrease in the availability of protein, iron, calcium, and zinc by 0.23, 0.07, 1.67,
and 0.04 mg per adult equivalent, respectively. Furthermore, as shown in A8, past
weather condition has the potential to push rural households even farther below the

recommended daily intake values for macro and micronutrients.

Related studies from developing parts of the world also confirm the same fact. For
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Table 6: The effects of current and past weather variability on the availability of
nutrients

VARIABLES Calorie Protein Iron Calcium Zinc

Current (SPEI) 49.762 1.284 -0.182 16.595 -0.057
(67.818)  (2.085)  (0.839)  (15.505)  (0.476)

Past weather variability (CV) -0.478%** -0.023*** -0.007*** -0.167*** -0.004***
(0.144)  (0.005)  (0.002)  (0.030)  (0.001)

Other controls Yes Yes Yes Yes Yes
Time fixed Yes Yes Yes Yes Yes
HH fixed effects Yes Yes Yes Yes Yes
Number of observation 8,782 8,782 8,782 8,782 8,782

Note: Standard errors clustered at EA level in parentheses, *** p<0.01. Source: The three waves
LSMS of Ethiopia.

instance, Newman and Tarp (2020) from Vietnam fails to show evidence on the ef-
fects of adverse current weather conditions on consumption expenditure, but it shows
that past weather conditions reduce consumption levels by decreasing investment in
productive assets. Likewise, Azzarri and Signorelli (2020) showed that poverty rates
in SSA are more significantly associated with past weather conditions than with the
current shocks.!! They argue farm households in SSA have achieved better drought
resilience as a result of widespread adoption of drought-tolerant crop varieties and

increased agricultural system adaptability to rainfall shortage.'?

In the third stage of our analysis, we explore if there is an interaction effect between
current and past weather variability by estimating equation 3. The result is presented
in Table 7. As shown in the Table, the interaction term is not statistically significant.
Hence, the effect of exposure to adverse past weather conditions on the nutritional
status of farm households does not vary with the realization of adverse current weather

variability.

In addition to the depletion of productive assets and savings, the other possible justi-

"Somehow linked to this, Randell et al. (2021) also showed that neither current rainfall nor earth-
quake shocks affect the food security status of rural households independently.

12The role of adaption strategies in protecting farm productivity and household consumption in
Ethiopia is also highlighted by Marenya et al. (2020); Kosmowski (2018).
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Table 7: The effects of current and past weather variability with an interaction term
VARIABLES Calorie Protein  Iron Calcium Zinc
Current (SPEI) 53.565 1.4 -0.161 17.157 -0.031

(68.419)  (2.104)  (0.847)  (15.699)  (0.481)
S0.426%FF  -0.021FFF  -0.006%FF  -0.159%FF 0. 004%F*

Past (CV) (0.144)  (0.005)  (0.002)  (0.032)  (0.001)
SPEI#CV 0.468 0.014 0.003 0.069 0.003
(0.343) (0.012) (0.005) (0.087) (0.003)
Other controls Yes Yes Yes Yes Yes
Yes Yes Yes Yes Yes
Time fixed Yes Yes Yes Yes Yes
HH fixed effects Yes Yes Yes Yes Yes
Number of observation 8,782 8,782 8,782 8,782 8,782

Note: Standard errors clustered at EA level in parentheses, *** p<0.01. Source: The three waves

LSMS of Ethiopia. Control variables included in the analysis are listed under Table 4

fication for the worsening of nutritional status due to past adverse weather conditions
could be that adverse weather history might have caused responses that are associated
with the deterioration of nutritional status. As rural households encounter limited
crop insurance coverage, their major strategy for coping with weather-related produc-
tion risks is to rely on their own behavioral responses. This includes adjusting farm
portfolio choices and resource allocation decisions (Mulwa and Visser, 2020). For in-
stance, farmers living in riskier areas devote relatively more resources to staple crops
like maize and less on other sources of income and spend less money on commercial
inputs such as fertilizer and improved seed (Sesmero et al., 2018). As shown in Table
8, we also find a suggestive result that supports our arguments. More specifically,
it shows that both the size of land allocated to the production of non-staple crops
and farmers’ market participation rate, measured by the proportion of crop output
sold out of the total crop production weighted by the size of land allocated for each
crop, shrink as farmers experience adverse past weather conditions. This past weather
variability induced restriction of crop portfolios into staple crops and limited market
participation may indicate farm households’ desire to ensure their food security in the

face of repeated climate shocks.
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Table 8: weather variability, farmers land allocation, and market participation deci-
sions

Share of marketed output

VARIABLES . Land allocated to non-staple
annual crops perennial crops
SPEI 3.208%** 2.033%** 0.049%**
(0.813) (0.558) (0.012)
CV -0.004** -0.002%** -0.000***
(0.002) (0.001) (0.000)
SPEI#CV -0.004 0.002 0.000
(0.009) (0.004) (0.000)
Other controls Yes Yes Yes
Time fixed Yes Yes Yes
HH fixed effects Yes Yes Yes
Number of observation 6,497 6,498 7,312

Note: Standard errors clustered at EA level in parentheses, *** p<0.01. Control variables in-

cluded in the analysis are listed under Table 4. Source: The three waves LSMS of Ethiopia

5.2 Heterogeneity of the effects of weather variability based

on Livestock size

We examined if there is heterogeneity in terms of the effects of past weather variability
based on livestock ownership. Aragén et al. (2021); Acosta et al. (2021) and Hénke
and Barkmann (2017) have previously shown that households use livestock sales as
a viable coping strategy during unfavorable weather circumstances. We divided our
observations into two groups by taking the median value of the size of livestock owned,
measured in tropical livestock units, as a threshold. The results are presented in Table
9.13 We find that past weather variability increases malnutrition in households with
fewer livestock units and the effects are not statistically significant for households with

more livestock.

It is also worthy to mention the limitations of our data. Firstly, though we rely on
three rounds of panel data, the outcome indicators are constructed based on the food

consumption data collected at the household level using a 7-day recall method. Hence,

13We also re-estimated the equation using a continuous variable of livestock measured in tropical
livestock units and the result is presented in the appendix Table A10.
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Table 9: The effects of weather variability on nutritional status: Heterogeneity based
access to livestock ownership

VARIABLES Calorie Protein Iron Calcium Zinc
Current (SPEI) 20.709 0.593 -0.559 9.202 -0.221

(85.215)  (2.571)  (1.085)  (17.718)  (0.611)
S0.494%¥% _0,022%FF  0.007FFF 0. 164%FF  -0.004%F

Past (CV) (0.176)  (0.005)  (0.002)  (0.041)  (0.001)
SPEI #CV 0.462 0.015 0.003 0.076 0.003
(0.349) (0.013) (0.005) (0.084) (0.003)
Livestock#SPEI  52.637 1.322 0.647 13.365 0.305
(75.343)  (2.242)  (1.081)  (16.829)  (0.564)
Livestock#CV 0.142 0.002 0.001 0.006 0.001
(0.13) (0.004) (0.001) (0.036) (0.001)
Other controls Yes Yes Yes Yes Yes
Time fixed Yes Yes Yes Yes Yes
HH fixed effects Yes Yes Yes Yes Yes
Observations 8,782 8,782 8,782 8,782 8,782

Note: Standard errors clustered at EA level in parentheses, *** p<0.01. Control variables in-
cluded in the analysis are listed under Table 4. Source: The three waves LSMS of Ethiopia.

the study could not account for seasonal fluctuations in food supply. Our data also
do not allow us to account for differences in intra-household food allocation. However,
as shown by Coates et al. (2018) inequitable nutrition distribution among household
members is not a major concern in rural Ethiopia. Secondly, the bioavailability of
nutrients depends on the composition of the meal and the extraction of nutrients
depends on the efficiency of the body to extract them from food but such information
is not included in the dataset and the study could not control for such differences.
However, as argued by Del Prete et al. (2019), such differences are not expected to

create a systematic bias, since the same issues hold for all observations.

6 Conclusion

Unlike previous studies that examined the effects of climate variability by relying on
current weather conditions disregarding the long-term influence of historical weather

patterns, recent empirical works engaged in disentangling the effects of the current and
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historical weather patterns. These studies examined the effects on agricultural pro-
duction, livelihood diversification, and farm income mostly in the developing parts of
the world. The present article contributes to this growing literature by estimating the
effects on the nutritional status of rural households by combining a rich household-level
panel dataset from rural Ethiopia with the Standardized Precipitation Evapotranspi-

ration Index (SPEI).

Our findings show that the household’s nutritional status is more sensitive to adverse
past weather variability than current weather conditions. We find that households
manage to smooth their consumption in the face of current weather variability by
relying on different coping strategies that include consuming own savings, acquiring
credit, receiving unconditional help from relatives, government, or non-government
organizations, and selling agricultural assets and livestock. Our result also suggests
that the effects of past weather variability on households’ nutritional status could be
due to a past weather variability-induced reduction in the market participation rate

and dependence on low-value, less nutritious staple crops.

The findings show that climate variability makes it difficult for the country to improve
the well-being of rural households and achieve its development goals, such as Target
2.2 of the SDGs—which aims “to end all forms of malnutrition by 2030”. Hence, any
policies that focus on agricultural development and promoting the nutritional status
of rural households need to recognize both current and past climate variability and
have to consider the way how farmers are responding to these two forms of climatic

stress.

A key general policy implication of our results is that, though farmers can withstand
the effects of current weather shocks either through their coping strategies or with the
help of the government and other donors, over the longer term, weather variability

has a far-reaching effect that could aggravate the problem of malnutrition. We also
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underscore the importance of more interventions and additional research work that
can assist policy-making in the process of strengthening the resilience and adaptive
capacity of farmers. For instance, the effectiveness of specific policy responses, such
as rainfall insurance that compensates farmers based on current shocks, could vary
based on past weather experience. Hence, future studies are needed to explore the
effectiveness of available instruments in the face of both current and past weather

variability.
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A Tables

Table Al: Definition and descriptive statistics of the variables used in the study from
the Ethiopian LSMS pooled panel data

Variable Mean Std. Dev.
Sex of the household head (1= male; 0= female). 0.75 0.43
Age of the household head 46.16 15.5
Educational status of the household head (1= can read or 0.38 0.49
write; 0= otherwise)

Family size (in adult equivalent) 4.04 1.94
Access to microfinance institutions (1= yes 0= no) 0.22 0.41
Access to agricultural extension service (1= yes 0= no) 0.34 0.47
Access to road (1= yes 0= no) 0.55 0.5
Distance to Nearest Market (in KM) 66.97 50.84
Irrigation in the community (1= yes 0= no) 0.62 0.49
PSNP operates in the community (1= yes 0= no) 0.43 0.49
SPEI 0.19 0.72
Ten years coefficient of variation for SPEI 9.22 149.36

Source: The three waves LSMS of Ethiopia.
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Table A2: Self-reported drought shock and transition matrix

2011/12 2013/14 2015/16 Percent
No No No 59.13
Yes No No 6.16
No Yes No 2.31
No No Yes 19.19
Yes Yes No 0.86
Yes No Yes 5.58
No Yes Yes 3.76
Yes Yes Yes 3.01

Note: Note: 'No’ denotes those who have not experienced drought shock, whereas "Yes’ denotes
those who have experienced drought shock within the specified time period. For instance, 59.13%
is the percentage of the respondents traced during the three waves who do not report drought
shock in all rounds while 0.86% is the proportion of households who report during 2011/12 and
2013/14 but not in 2015/16. Source: The three waves LSMS of Ethiopia

Table A3: The effects of current weather variability on the availability of nutrients
(subjective drought)

VARIABLES Calorie Protein Iron Calcium Zinc
Subjective Drought -22.74 0.29 -0.777  -53.441*%%  0.104
(99.124) (2.873) (1.394) (23.909) (0.641)
Other controls Yes Yes Yes Yes Yes
Time fixed Yes Yes Yes Yes Yes
HH fixed effects Yes Yes Yes Yes Yes

Number of observation 8,782 8,782 8,782 8,782 8,782

Note: Standard errors clustered at EA level in parentheses, ** p<0.05. Control variables included
in the analysis are listed under Table 4. Source: The three waves LSMS of Ethiopia.

Table A4: The effects of current weather variability on the availability of nutrients
(binary indicator)

VARIABLES Calorie Protein Iron Calcium  Zinc
SPEI 56.032 1.579  -0.096 18.787  -0.001
(67.778) (2.086) (0.84) (15.511) (0.476)
Other controls Yes Yes Yes Yes Yes
Time fixed Yes Yes Yes Yes Yes
HH fixed effects Yes Yes Yes Yes Yes

Number of observation 8,782 8,782 8,782 8,782 8,782

Note: Standard errors clustered at EA level in parentheses. SPEI is a binary variable variable
that takes a value of 1 if the village experienced negative SPEI at time t and 0 otherwise. Control
variables included in the analysis are listed under Table 4. Source: The three waves LSMS of
Ethiopia.
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Table A5: The effects of current weather variability on the availability of nutrients

(binary indicator)

VARIABLES Calorie  Protein Iron Calcium  Zinc
SPEI less than -1  80.762 2.801 1.215  -50.848 1.071
(160.133)  (5.302) (2.08) (47.365) (1.242)
Other controls Yes Yes Yes Yes Yes
Time fixed Yes Yes Yes Yes Yes
HH fixed effects Yes Yes Yes Yes Yes
Observations 8,782 8,782 8,782 8,782 8,782

Note: Standard errors clustered at EA level in parentheses. SPEI is a binary variable that takes a
value of 1 if the village experienced SPEI lower tha -1 at time t and 0 otherwise. Control variables
included in the analysis are listed under Table 4. Source: The three waves LSMS of Ethiopia.

Table A6: The effects of current weather variability on the availability of nutrients

(categorical drought indicator

VARIABLES Calorie  Protein  Iron Calcium Zinc
-0.99<SPEI<0.01  -85.786 -3.17 -1.29 44.328 -1.066
(162.034) (5.332) (2.1) (47.043)  (1.253)
0.01<SPEI<1.00 -85.474 -1.856 -1.01 74.125 -1.196
(179.785) (5.926) (2.352) (51.644) (1.379)
SPE>1 121.032 3.214  -0.112 112.258**  -0.38
(210.768) (6.679) (2.578) (55.161)  (1.563)
Other controls Yes Yes Yes Yes Yes
Time fixed Yes Yes Yes Yes Yes
HH fixed effects Yes Yes Yes Yes Yes
Observations 8782 8782 8782 8782 8782

Note: Standard errors clustered at EA level in parentheses. Control variables included in the
analysis are listed under Table 4. Source: The three waves LSMS of Ethiopia.

Table A7: The effects of weather variability on the availability of nutrients (SPEI

squared)
VARIABLES Calorie  Protein  Iron  Calcium  Zinc
SPEI -329.397  -8.138 -3.543  -9.015  -2.784
(188.652) (5.525) (2.314) (49.897) (1.159)
Square of SPEI'* 78.73 1.985 0.704 5.679 0.568
(329.397) (8.138) (3.543) (9.015) (2.784)
Other controls Yes Yes Yes Yes Yes
Time fixed Yes Yes Yes Yes Yes
HH fixed effects Yes Yes Yes Yes Yes
Number of observation 8,782 8,782 8,782 8,782 8,782

Note: Standard errors clustered at EA level in parentheses. Control variables included in the
analysis are listed under Table 4. Source: The three waves LSMS of Ethiopia.
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Table A8: The effects of current weather variability on the deficiency of nutrients

VARIABLES Calorie  Protein Iron Zinc Calcium
SPEI -0.007 -0.012 0.018 0.004 -0.012
(0.018) (0.016) (0.018) (0.018) (0.010)
Past (CV) 0.000*** 0.000*** 0.000*** 0.000***  0.000*
(0.000) (0.000) (0.000) (0.000) (0.000)
Other controls Yes Yes Yes Yes Yes
Time fixed Yes Yes Yes Yes Yes
HH fixed effects Yes Yes Yes Yes Yes
Observations 8,782 8,782 8,782 8,782 8,782

Note: Standard errors clustered at EA level in parentheses. The dependent variables are binary,
with 1 indicating that daily nutrient intakes are insufficient to meet recommended daily consump-
tion levels and 0 indicating that they are enough. Control variables included in the analysis are
listed under Table 4. Source: The three waves LSMS of Ethiopia .

Table A9: Association between past weather variability and household characteristics

VARIABLES Coefficient of variation
Sex of the head 9.533
(13.241)
Age of the head -0.438
(0.88)
Educational status of the head 0.512
(5.413)
Family size in the adult equivalent 0.682
(1.114)
Distance to road -0.413
(0.422)
Distance to market 0.039
(0.235)
year 10.545%%*
(4.060)

Note: Standard errors clustered at EA level in parentheses; Source: The three waves LSMS of
Ethiopia .
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Table A10: The effects of weather variability on nutritional status: Heterogeneity
based access to livestock ownership (livestock in a continuous variable)

VARIABLES Calorie Protein Iron Calcium Zinc
SPEI 21.511 0.513 -0.256 6.068 -0.148
(84.989)  (2.580) (1.095)  (18.748) (0.605)
(GAY -0.474%%  -0.019%%*  -0.006** -0.191*** _0.004***
(0.192) (0.006) (0.002) (0.042) (0.001)
SPEI #CV 0.432 0.016 0.003 0.044 0.004
(0.355) (0.012) (0.005) (0.071) (0.003)
Livestock #CV 0.022 0.000 0.000 0.009 0.000

(0.025)  (0.001)  (0.000)  (0.008)  (0.000)
Livestock #SPEI ~ 9.620%  0.289%  0.074  2.213* 0.054
(5.755)  (0.172)  (0.067)  (1.182)  (0.043)

Other controls Yes Yes Yes Yes Yes
Time fixed Yes Yes Yes Yes Yes
HH fixed effects Yes Yes Yes Yes Yes
Observations 8782 8782 8782 8782 8782

kok >k

Note: Standard errors clustered at EA level in parentheses, p<0.01. Source: The three waves

LSMS of Ethiopia.
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