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ABSTRACT

This study measures the vulnerability of farmers to climatic extremes such as droughts, floods and
hailstorms, by employing the “vulnerability as expected poverty” approach. This approach is based on
estimating the probability that a given shock or set of shocks will move household consumption below a
given minimum level (such as the consumption poverty line) or force the consumption level to stay below
the given minimum if it is already below this level. The utilized data come from a household survey of
farmers performed during the 2004/2005 production year in the Nile Basin of Ethiopia. The results show
that the farmers’ vulnerability is highly sensitive to their minimum daily requirement (poverty line). For
instance, when the daily minimum income is fixed at 0.3 United States dollars (USD) per day, only 12.4
percent of farmers are vulnerable to climate extremes, whereas 99 percent of farmers are vulnerable when
the minimum requirement is fixed at 2 USD per day. The results further indicate that farmers in kola
agro-ecological zones (which are warm and semi-arid) are the most vulnerable to extreme climatic events.
Policy-wise, these preliminary results indicate that, keeping other factors constant, increasing the incomes
of farmers (with special emphasis on those in kola agro-ecological zones) and enabling them to meet their
daily minimum requirements will reduce their vulnerability to climatic extremes.

Keywords: vulnerability to climate extremes, Nile Basin of Ethiopia, minimum daily income
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1. INTRODUCTION

Ethiopia has a population of 70 million, but remains one of the least developed countries in the world.
Agriculture, which is the main sector of the Ethiopian economy, contributes about 52 percent of the
country’s gross domestic product (GDP), generates more than 85 percent of the foreign exchange
earnings and employs about 80 percent of the population. The real per capita Gross National Product
(GNP) is about 100 United States dollars (USD) in Ethiopia, and most residents find it hard to meet their
daily basic needs. About 50 percent of the population lives under absolute poverty, and the average life
expectancy in the country is about 43 years (CSA 2005).

The agricultural sector is dominated by small-scale mixed crop-and-livestock production with
very low productivity. The major factors responsible for this low productivity include: reliance on
obsolete farming techniques; soil degradation caused by overgrazing and deforestation; poor
complementary services such as extension services, credit, markets and infrastructure; and climatic
factors such as drought and flood (Deressa 2007). These factors reduce the farmers’ adaptive capacity
and/or increase their vulnerability to future changes, negatively affecting the performance of the already
weak agricultural sector.

Despite the fact that Ethiopia has a long history of drought, studies have shown that the frequency
and spatial coverage of droughts have increased over the past few decades (Lautze et al. 2003). Moreover,
over the past 50 years, the average annual minimum and maximum temperatures across the country have
increased by about 0.250C and about 0.10C, respectively, per decade, and precipitation has shown a
decreasing trend throughout the country (NMSA 2001). This trend of increasing temperature, decreasing
precipitation and increasingly frequent drought is predicted to continue in the tropics (which include
Ethiopia) through the future (World Bank 2003; Mitchell and Tanner 2006; IPCC 2001). Thus, the
country’s agricultural sector should be considered vulnerable to future climate change.

Attempts have been made to analyze the vulnerability of Ethiopian farmers to climatic and non-
climatic shocks in studies using panel datasets (Dercon 2004; Dercon et al. 2005; Skoufias and
Quisumbing 2003; Dercon and Krishnan 2000), and policy options have been suggested to reduce
vulnerability. The studies by Dercon (2004), Dercon et al. (2005) and Dercon and Krishnan (2000) used
ex ante vulnerability assessment approaches to analyze the vulnerability of Ethiopian farmers by taking
maximum of only 15 villages. The Skoufias and Quisumbing (2003) study used an ex post approach to
analyze vulnerability in the same 15 villages. While these studies are informative and methodologically
sound, their use of a relatively small data pool means that they are unlikely to accurately represent the
vast agro-ecological and socio-economic diversity of the country. This represents an important limitation,
since the results from these studies cannot be generalized to farming communities that do not share the
same socio-economic and environmental attributes.

The present study addresses this knowledge gap by using a cross-sectional dataset collected from
162 villages in the Nile Basin of Ethiopia, representing diverse socio-economic and environmental
settings. The paper is organized as follows. Section 2 reviews the literature on approaches to vulnerability
assessment. Section 3 describes the empirical method employed in this study. Section 4 discusses the
results, and Section 5 provides conclusions.



2. REVIEW OF LITERATURE

2.1. Definitions of Vulnerability

The term “vulnerability” has no universally accepted definition, largely because different disciplines use
the term differently to explain their areas of concern. Studies on natural hazards and epidemiology define
vulnerability as the degree to which an exposed unit is susceptible to being harmed by exposure to a
perturbation or stress, in conjunction with its ability (or lack thereof) to cope, recover or fundamentally
adapt (become a new system or go extinct) (Kasperson et al. 2001). In contrast, the poverty and
development literature, which focuses on social, economic and political conditions, defines vulnerability
as an aggregate measure of human welfare that integrates environmental, social, economic, and political
exposure to a range of harmful perturbations (Bohle et al. 1994). According to Yamin et al. (2005), the
disaster community defines vulnerability as conditions that are determined by physical, social, economic,
and environmental factors or processes, and that increase the susceptibility of a community to the impact
of a hazard. In the resilience community, vulnerability is defined as a loss of resilience (Franklin and
Downing 2004).

Adger (1999) defines social vulnerability as the exposure of groups or individuals to stress as a
result of social and environmental change, where “stress” refers to unexpected changes and disruptions to
livelihoods. Reilly and Schimmelpfennig (1999) define vulnerability as a probability-weighted mean of
damages and benefits, and give examples of crop yield vulnerability, farmer or farm sector vulnerability,
regional sector vulnerability, regional economic vulnerability, and vulnerability to hunger. The
Intergovernmental Panel on Climate Change (IPCC 2001) defines vulnerability to climate change as:
“The degree to which a system is susceptible, or unable to cope with adverse effects of climate change,
including climate variability and extremes, and vulnerability is a function of the character, magnitude and
rate of climate variation to which a system is exposed, its sensitivity, and its adaptive capacity.”

2.2. Approaches to Estimating Vulnerability

Two types of analytical methods for measuring vulnerability are discussed in this section, namely
indicator and econometric approaches.

Indicator Approaches

The indicator approaches are based on developing a wide range of indicators and selecting some of them
through expert judgment (Kaly and Pratt 2000; Kaly et al. 1999), principal component analysis (Easter
1999; Cutter et al. 2003), or correlation with past disaster events (Brooks et al. 2005). Each of these
selection procedures is used to choose the indicators that account for the largest proportion of
vulnerability. The selected indicators may be used at the local (Adger 1999; Leon-Vasquez et al. 2003;
Morrow 1999), national (O’Brien et al. 2004), regional (Leichenko and O’Brien, 2001; Vincent 2004) or
global (Brooks et al. 2005; Moss et al. 2001) scales. According to Luers et al. (2003), the indicator
approaches are valuable for monitoring trends and exploring conceptual frameworks. However, these
approaches are limited by: 1) considerable subjectivity in the selection of variables and their relative
weights, 2) the availability of data at various scales, and 3) the difficulty of testing or validating the
different metrics.

Econometric Approaches

The econometric methods, which use household-level socio-economic survey data to analyze the
vulnerability levels of different social groups, include three assessments: vulnerability as expected
poverty (VEP), vulnerability as low expected utility (VEU) and vulnerability as uninsured exposure to
risk (VER) (Hoddinott and Quisumbing 2003). All of these methods construct measures of welfare loss
attributed to shocks, but differ in that VEP and VEU measure the ex ante probability of a household’s



consumption or utility falling below a given minimum level in the future due to current or past shocks,
while VER measures ex post welfare loss due to shocks. The most commonly cited shocks resulting in
welfare loss include climatic, economic, political, social, legal, crime and health shocks (Hoddinott and
Quisumbing 2003).

Vulnerability as expected poverty

In the expected poverty framework, an individual’s vulnerability is the prospect of that person becoming
poor in the future if currently not poor, or the prospect of him/her continuing to be poor if currently poor
(Christiaensen and Subbarao 2004). Thus, vulnerability is seen as expected poverty, while consumption
(income) is used as a proxy for well-being. This method is based on estimating the probability that a
given shock or set of shocks will move household consumption below a given minimum level (such as a
consumption poverty line) or force the consumption level to stay below the minimum if it is already
below this level (Chaudhuri et al. 2002).

Using this method on cross-sectional survey data obtained in 1998, Chaudhuri et al. (2002) found
that while only 22 percent of the Indonesian population was poor, as much as 45 percent of the population
could be considered vulnerable to poverty. Tesliuc and Lindert (2002) examined cross-sectional survey
data obtained from Guatemala in 2000 and showed that three-quarters of the total poor had a vulnerability
index in excess of 0.67, indicating that two out of three of the then-poor households would still be poor in
the coming period. Similarly, Sarris and Karfakis (2006) measured the vulnerability of rural households in
Tanzania, and found that poorer regions were considerably more vulnerable to poverty.

One of the disadvantages of this method, however, is that the use of estimations made across a
single cross-section requires the strong assumption that the cross-sectional variability captures temporal
variability (Hoddinott and Quisumbing 2003).

Vulnerability as low expected utility

Ligon and Schechter (2002, 2003) defined vulnerability as the difference between the utility derived from
some level of certainty-equivalent consumption (at and above which the household would not be
considered vulnerable) and the expected utility of consumption. Ligon and Schechter (2003) applied this
method to a panel dataset obtained from Bulgaria in 1994, and found that poverty and risk played roughly
equal roles in reducing welfare. The disadvantage of this method is that it is difficult to account for an
individual’s risk preference, given that individuals are ill-informed about their preferences, especially
those related to uncertain events (Kanbur 1987).

Vulnerability as uninsured exposure to risk

This method is based on as ex post assessment of the extent to which a negative shock causes welfare loss
(Hoddinott and Quisumbing 2003). Here, the shock impact is assessed by using panel data to quantify
shock-induced changes in consumption. Skoufias (2003) employed this approach to analyze the impact of
shocks on Russia. In the absence of risk-management tools, shocks impose a welfare loss that materializes
through reductions in consumption. The amount of loss incurred due to shocks equals the amount paid as
insurance to keep a household as well off as it had been prior to any shock.

This approach, which is mainly based on regressions of panel datasets containing the
consumption levels of specific households before and after a specific shock, analyzes how households
mange to smooth their consumptions over time, and categorizes households as vulnerable or less
vulnerable. In the absence of panel data, it is typically impossible to measure the impact of shocks such as
droughts, floods and hailstorms, as ex ante and ex post consumption and income data are generally not
included in cross-sectional household-level datasets. Moreover, an attempt to compare the predicted
incomes between households that did and did not experience shocks will result in a biased estimate of the
shock impacts, largely because household income levels do not vary only due to shocks. Instead,
households vary across many different attributes and hence may have different income levels even in the
absence of shock. Thus, these exercises cannot precisely quantify shock-specific losses.



3. EMPIRICAL MODEL, STUDY AREA AND DATA

3.1. Empirical Model

Here, the probability of a farmer falling below a given consumption (income) level due to climatic shocks
(droughts, floods or hailstorms) was measured with the vulnerability as expected poverty approach. This
allows estimation of the proportion of people that are vulnerable to shocks, and hence may be used to
support policies aimed at implementing safety nets or adaptation strategies.

Following Chaudhuri et al. (2002), the stochastic process generating the consumption of a
household h is given by:

InC, =X,5+e, 1)
where C, is per capita consumption' expenditure, X, represents a bundle of observable household
characteristics (household size, location, educational attainment of the household head, etc.) and climatic
shocks (droughts, floods and hailstorms), 3 is a vector of parameters, and eh is a mean-zero disturbance
term. The dependent and independent variables are described in Table 6.

We assume that the variance of eh is given by:

2 _
o, =X,0 o

where [ and 0 are parameter estimates obtained from the three-step feasible generalized least squares
(FGLS) procedure suggested by Amemiya (1977).

Using the estimates 3 and 0, the expected log of consumption and the variance of log
consumption for each household h are, respectively, estimated as:

R A 3
E[lnch|Xh]:Xh,B ®)

A

V[lnCh | X, =0 =X, 9}
4)

By assuming that consumption is log-normally distributed (i.e. that InC,, is normally distributed),
the above equations allow us to estimate the probability that a household with characteristics X, will be
poor (i.e., the household’s vulnerability level). If d(.) denotes the cumulative density of the standard
normal, the estimated probability will be given by:

lnz—Xh[;‘
VX, 0 )

where In z is the log of the minimum consumption/income level beyond which a household would be
called vulnerable.

This analysis is based on the assumption that experiencing climatic shocks such as a drought,
flood and/or hailstorm will increase the probability of a farmer falling below a given consumption/income
level, or force him/her to stay under such a level if already below it.

Vi=Pr(InC, <lnz| X,)=®

! This study considers farmers’ incomes rather than their consumption. In poor countries, including Ethiopia, it is assumed
that most or all of the farmers’ incomes are consumed, and the farmers do not save.



3.2. Study Area

The study area for this research is the Nile basin of Ethiopia. The Nile basin of Ethiopia covers a total
area of about 358,889 km”, which is equivalent to 34 percent of Ethiopia’s total geographic area, and
contains about 40 percent of the country’s population. Portions of six different regional states of Ethiopia
are contained within the basin, namely: 38 percent of the total land area of Amhara, 24 percent of
Oromiya, 15 percent of Benishangul-Gumuz, 11 percent of Tigray, 7 percent of Gambella and 5 percent
of Southern Nations Nationalities and Peoples (SNNP) (MoWR 1998).

The basin contains three major rivers: the Abbay River, which originates from the central
highlands; the Tekeze River, which originates from the north-western parts of the country and the Baro-
Akobo River, which originates from the south-western part of the country. The total annual surface runoff
of the three rivers is estimated at 80.83 billion cubic meters per year, which amounts to nearly 74 percent
of the total runoff from Ethiopia’s 12 river basins (MoWR 1998). Of the five agro-ecological zones found
in Ethiopia (Table 1), the surveyed districts all fall under three: namely dega, weynadega and kola (Figure

1.

Table 1. Climatic zones and their physical characteristics

Zone Altitude (meters) Rainfall (mm/year) Average annual temperature
(°C)

Wurch 3200 plus 900 — 2200 >11.5
(cold and moist)
Dega 2300 - 3200 900 — 1200 17.5/16.0 - 11.5
(cool and humid)
Weynadega 1500 — 2300 800 — 1200 20.0-17.5/16.0
(cool and sub-humid)
Kola 500 — 1500 200 — 800 27.5-20
(warm and semi-arid)
Berha under 500 under 200 >27.5
(hot and arid)

Source: MoA (2000)



Figure 1. Nile Basin of Ethiopia with its agro-ecological classifications and survey districts
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3.3. Data

The data used for this study come from a farmers’ household survey performed during the 2004/2005
production year in the Nile Basin of Ethiopia. The International Food Policy Research Institute (IFPRI)
conducted this cross-sectional survey in collaboration with the Ethiopian Development Research Institute
(EDRI). The sampled districts were selected to represent the different attributes of the basin, including the
typologies of the regions’ agro-ecological zones (dega, weynadega and kola), the degree of irrigation
activity (percent of cultivated land), the average annual rainfall, the rainfall variability, and the
vulnerability (food aid-dependent population).

Peasant associations (administrative units lower than districts) were also purposively selected to
include households that irrigate their farms. One peasant association was selected from each of 20
sampled districts, for a total of 20 sampled peasant associations. Once the peasant associations were
chosen, 50 farming households were randomly selected from each peasant association (Peasant
associations have more than one village) for a total of 1000 interviewed households. Table 2 lists the
surveyed districts and peasant associations.



Table 2. Surveyed districts and peasant associations

Regional state Zone District Peasant Number of
association households

Tigray East Tigray Hawzein Selam 50
Atsbi Wonberta  Felege Woinie 50

South Tigray Endamehoni Mehan 50

Ambhara North Gondar Debark Mekara 50
Chilga Teber Serako 50

Wogera Sak Debir 50

South Gondar Libo Kemkem Angot 50

East Gojam Bichena Aratband Bichena 50

West Gojam Quarit Gebez 50

Oromiya West Wellega Gimbi Were Sayo 50
Haru Genti Abo 50

East Shoa Bereh Aleltu Welgewo 50

East Shoa Hidabu Abote Sira marase 50

East Wellega Limu Areb Gebeya 50

Nunu Kumba Bachu 50

Jimma Kersa Merewa 50

Benishangul Gumuz ~ Metekel Wonbera Addis Alem 50
Asosa Bambasi Sonka 50

Kamashi Sirba Abay Koncho 50

SNNP Zone 1 Gesha Daka Kicho 50
Total 1,000

Source: Authors’ calculations from the IFPRI/EDRI survey data

The collected dataset includes the following: household characteristics; the incidence of different
climatic and other shocks over the previous five years; food aid; land tenure; machinery ownership; rain-
fed and irrigated agriculture; livestock production; access to credit, markets and extension services;
income and food expenditures; perceptions of climate change; adaptation options; and social capital.
Moreover, temperature and rainfall data for the surveyed households during the relevant production
seasons were obtained from IFPRI.



4. RESULTS AND DISCUSSION

4.1. Descriptive Statistics

The average income of the sampled farmers was equal to Ethiopian Birr 4356.20 per year (about 1.2 USD
per day). The percentages of households that reported droughts, floods and hailstorms over the prior five
years were 31, 12 and 18 percent, respectively (Table 3). The relatively high frequency of drought-
affected households is consistent with Ethiopia being a drought-prone country. These shocks resulted in a
variety of reported losses, primarily consisting of crop yield declines and asset/income losses (Table 4).
The majority of farmers did nothing to respond to these shocks, mainly due to poverty. Those farmers
who attempted to cope with the negative impacts of the shocks responded mainly by selling their
livestock, borrowing from their relatives, participating in food-for-work programs, and/or obtaining food
aid (Table 5).

Table 3. Major shocks encountered by surveyed farmers

Shock Number of farmers  Percent of farmers
Drought 380 31.0
Hailstorm 225 18.3
Flood 142 11.6
Animal disease 112 9.1
Pest damage to crops before harvest 84 6.8
Illness of family member 71 5.8

Source: Authors’ calculations from the IFPRI/EDRI survey data

Table 4. Effects of shocks by surveyed farmers

Result Number of farmers Percent of farmers
Decline in crop yield 403 32.8
Loss of assets 213 17.4
Loss of income 201 16.4
Food insecurity/shortage 140 11.4
Death of livestock 128 10.4
Decline in consumption 124 10.1

Source: Authors’ calculations from the IFPRI/EDRI survey data

Table 5. Coping strategies by surveyed farmers

Response to shocks Number of farmers Percent of farmers
Did nothing 503 41.0
Sold livestock 438 35.7
Borrowed from relatives 106 8.6
Participated in food-for-work 34 2.8
Received food aid 21 1.7
Ate less 35 29
Sought off-farm employment 18 1.5

Source: Authors’ calculations from the IFPRI/EDRI survey data



Closer examination of the coping strategies used to deal with the major environmental shocks
(droughts, floods and hailstorms) reveals that most of the surveyed farmers who reported taking action to
deal with shocks experienced over the prior five years coped by selling livestock. This suggests that in
addition to serving as source of power for farming (e.g., oxen) and manure for fertilizing soil, livestock
can serve as assets and insurance against shocks (Yirga, 2007). The other utilized coping strategies
include borrowing from relatives, eating less, depending on food aid and food-for-work, and looking for
off-farm employment. Figure 2 describes the types of coping strategies employed under different climatic
shocks by percent of farmers who used a coping strategy.

Figure 2. Coping strategies used to deal with major environmental shocks
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Source: Created by the authors from the IFPRI/EDRI data

Across the household survey, 90 percent of the households were male-headed; the average years
of education for the household head was 1.7 years; the average age of the household head was 44.3 years;
and the average household size was 6.15 individuals. As indicated in the previous section (section 3.1),
the logarithm of farm income has been used as a dependent variable where as different socio-economic
and environmental factors have been used as independent variables. Table 6 gives the means and
standard deviations of the dependent and independent variables included in the analysis from the surveyed
households.



Table 6. Description of the utilized dependent and independent variables

Dependent variable Mean value Std. dev. Description
Farm income 4356.169 7276.695 Continuous
Explanatory variables Mean Std. dev. Description

Dummy, takes the value of 1 if occurred during
Drought 0.3099511 0.4626619  the prior five years, and 0 otherwise

Dummy, takes the value of 1 if occurred during
Flood 0.1158238 0.3201441 the prior five years, and 0 otherwise

Dummy, takes the value of 1 if occurred during
Hailstorm 0.1835237 0.3872532  the prior five years, and 0 otherwise
Years of education for
household head 1.7035 2.7777 Continuous
Size of household 6.1493 2.2206 Continuous

Dummy, takes the value of 1 if male and 0
Gender of household head 0.8963 0.3051 otherwise
Age of household head 442915 12.6248 Continuous

Dummy, takes the value of 1 if owned and 0
Livestock ownership 0.9488 0.2205 otherwise
Use of crop and livestock Dummy, takes the value of 1 if visited and 0
extension services 0.5455 0.4982 otherwise

Dummy, takes the value of 1 if there is access
Credit access 0.2191 0.4138 and 0 otherwise
Farm size in hectares 2.02 1.18 Continuous
Distance to output market in
kilometers 5.70 4.14 Continuous

Dummy, takes the value of 1 if Amhara region
Ambhara region 0.4380098 0.4963448  and 0 otherwise

Dummy, takes the value of 1 if Oromia region
Oromia region 0.3026101 0.4595754  and 0 otherwise

Dummy, takes the value of 1 if Beneshangul
Beneshangul region 0.1272431 0.333381  region and 0 otherwise

Dummy, takes the value of 1 if South Peoples’
South Peoples’ region 0.0228385 0.1494494  region and 0 otherwise

Continuous, annual average over the 2004-2005
Average temperature 18.63101 2.578172  survey period

Continuous, annual average over the 2004-2005
Average rainfall 111.4413 36.58814 survey period

Dummy, takes the value of 1 if Kola and 0
Local agro-ecology is Kola 0.25 0.43 otherwise
Local agro-ecology is Dummy, takes the value of 1 if Weynadega and 0
Weynadega 0.50 0.50 otherwise

Dummy, takes the value of 1 if Dega and 0
Local agro-ecology is Dega 0.25 0.43 otherwise

Source: Authors’ calculations from the IFPRI/EDRI survey data.
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4.2. Model Results

Using the procedures discussed in Section 3 (applied through the STATA software), we estimate the
probability of a household falling below a given level of income (poverty line), and perform a sensitivity
analysis by examining this probability using four different minimum levels of income (poverty lines).
The choice of minimum levels of income is based on different assumptions such as the international
poverty line of 1.25 US per day (World Bank, 2008), average income of the surveyed households and
arbitrary values above and below the average income of the surveyed households.

The results are plotted in Figures 3 to 6. The x-axis shows the observed and imputed values for
the natural log of income, while the y-axis shows the computed estimates of vulnerability. Each graph is
broken in to four sections. Those in the upper left are poor today and likely to be poor tomorrow, and
those in the bottom left are poor today, but have characteristics suggesting they have a less than 50 ( 0.5
probability level is taken as a cutoff point) percent chance of being poor in the future. Those in the upper
right corner are not below the income threshold at present, but are likely to become so in the future, while
those in the bottom left are above the income threshold and are likely to remain above it in the future.

In Figure 3, where the poverty line is fixed at 2USD per day, most farmers are poor today and
more likely to be poor tomorrow. As Figure 6 shows, when the poverty line is fixed at 0.3USD per day,
most people have the characteristics that they are not poor today and are likely to remain above the
poverty line in the future. Figures 4-6 depict that the number of people poor today and likely to be poor
in the future increases with increasing the minimum income level required to sustain daily life.

The analysis undertaken to compare the vulnerability of households across different agro-
ecologies over different scenarios of poverty line indicate that farmers living in kola are the most
vulnerable to climatic extremes. Percent of farmers vulnerable under each agro-ecology in conjunction
with the different scenarios is presented in Table 7.

Figure 3. Vulnerability (income at 2 USD per day or 6570 Ethiopian Birr per year) plotted against
Ln (income)
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Source: Created by the authors from the IFPRI/EDRI data.
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Figure 4. Vulnerability (income at 1.5 USD per day or 4928 Ethiopian Birr per year) plotted against
Ln (income)
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Source: Created by the authors from the IFPRI/EDRI data.

Figure 5. Vulnerability (income at 1.25 USD per day or 4471 Ethiopian Birr per year) plotted
against Ln (income)
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Figure 6. Vulnerability (income at 0.3 USD per day or 900 Ethiopian Birr per year) plotted against
Ln (income)
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Source: Created by the authors from the IFPRI/EDRI data.

Table 7. Sensitivity analysis at the agro-ecological level: percent of farmers in each agro ecology

Agro- 2 USD per day 1.5 USD per day 1.25 USD per day 0.3 USD per day
ecological
zone
p>0.5 p<0.5 p>0.5 p<0.5 p>0.5 p<0.5 p>05 p<05
Kola 100.00 0.00 99.64 0.36 98.57 1.43 17.20 82.80
Dega 100.00 0.00 97.69 2.31 88.65 11.35 9.26 90.74
Weynadega 99.73 0.27 93.57 6.43 93.98 6.02 12.72 87.28

Source: Authors’ calculations from the IFPRI/EDRI survey data.

Out of the total households surveyed in kola, 99.4 percent of the farmers are vulnerable at present
or will be vulnerable in the future (fall above the 50 percent cutoff line); where as the remaining 0.36
percent of the farmers are not vulnerable at present or will not be vulnerable in the near future when the
scenario of minimum daily income is fixed at 1.25 USD per day. The same line of explanation also holds
for the rest of the scenarios across different agro-ecologies as depicted in Table 7.

As indicated in Section 3.2, the sampled districts were selected to represent the different attributes
of the basin, not those of the different regional states represented in the basin. Thus, the following results
do not reflect the vulnerability levels of regional states, but rather the vulnerability of the surveyed
districts. The results of the sensitivity analysis indicate that the surveyed districts in Beneshangul Gumz
and SNNP are the most vulnerable under all of the tested scenarios, while the districts in Oromia are the
least vulnerable under all scenarios (Table 8).
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Table 8. Sensitivity analysis at the regional-state level: Percent of farmers in each region

Regional 2 USD per day 1.5 USD per day 1.25 USD per day 0.3 USD per day
state
p>0.5 p<0.5 p>0.5 p<0.5 p>0.5 p<0.5 p>0.5 p <0.5

Ambhara 100.00 0.00 99.63 0.37 89.77 10.23 14.71 85.29
Oromia 99.46 0.54 87.33 12.67 76.82 23.18 6.47 93.53
Beneshangul 100.00 0.00 100.00 0.00 100.00 0.00 10.90 89.10
Gumz
SNNP 100.00 0.00 100.00 0.00 100.00 0.00 5.60 94.40
Tigray 100.00 0.00 97.01 2.99 96.27 3.73 9.70 90.30

Source: Authors’ calculations from the IFPRI/EDRI survey data.
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5. CONCLUSIONS AND POLICY IMPLICATIONS

Based on household-level survey data from the Nile Basin of Ethiopia, we herein use the vulnerability as
expected poverty approach to analyze the probability of farmers falling below a given consumption
(income) level due to climatic shocks (droughts, floods and hailstorms). The logarithm of income is
assumed to substitute for the logarithm of consumption, as most farmers in Ethiopia consume most of
their farm incomes.

A sensitivity analysis, applied by fixing the minimum daily income at different levels, is used to
examine the proportion of households vulnerable to climate extremes when the minimum daily income is
1, 1.5, 2, and 0.3 USD per day. When the minimum income is 2 USD per day, 99 percent of the surveyed
farmers fall below the minimum income level. In contrast, when the minimum income is 0.3 UDS per
day, only 12.4 percent of the surveyed farmers fall below the vulnerability line. Moreover, farmers living
in different agro-ecological settings have different levels of vulnerability under the four scenarios.

This study shows that farmers’ vulnerability is highly sensitive to their minimum per day income
requirement (poverty line) and the agro-ecological setting. When the minimum requirement is higher,
most people will be vulnerable poverty due to climate extremes, whereas this vulnerability is lower when
the minimum requirement is lower. Furthermore, farmers living in kola zones were relatively more
vulnerable to extreme climate events than farmers living in the other agro-ecological zones.

Notably, these preliminary results indicate that increasing farmers’ incomes, with special
emphasis on farmers in kola agro-ecologies, and enabling them to meet the daily minimum requirement
will reduce their vulnerability to climate extremes. Thus, policy interventions should focus on
strengthening both household- and public-level climate risk management, through mitigation and coping
practices aimed at reducing the damages from climate change. The risk-mitigation strategies that should
be addressed at the household level should include those that encourage crop and livestock
diversification, the use of drought-tolerant crop varieties and livestock species, the mixing of crop and
livestock production, and membership in rotating credit groups. Policies that support coping strategies at
the household level should encourage income generation and asset holding, both of which will enable
consumption smoothening during and immediately after harsh climatic events.

Public-level risk mitigation strategies might include water harvesting, resource conservation and
management, irrigation, voluntary resettlement programs, provision of household and agro-ecological
extension packages, inception of productive safety net programs, provision of weather-indexed drought
insurance, and the development of well coordinated drought early warning systems. Some helpful public-
level coping strategies might be those focusing on the efficient administration of foreign emergency relief
aid and effective food-for-work programs.
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