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Abstract Despite large increases in national cereal production in recent decades, Ethiopia
continues to experience regular acute food insecurity crises, often associated with drought events.
However, the meteorology of these events is poorly defined and local populations frequently
experience food insecurity crises in years when national rainfall and cereal production totals are
high. Therefore, looking at national, or even to some extent sub-national, rainfall variability is a
misappropriation of climate as a causal factor in food insecurity in Ethiopia. The distinction
between ‘drought’ as catch-all driver of food insecurity and a more nuanced view of the
relationship between rainfall variability and food security is necessary both for addressing food
insecurity now and for interpreting long-term climatemodel projections. The on-going recurrence
of acute food insecurity is a feature of the heterogeneity of climate and climate variability in
Ethiopia, but only in the context of a food system dominated by smallholder farming and climate-
sensitive livelihoods. Climate variability has the greatest adverse impact in the most marginal
livelihood zones in the drier east of the country. Increasing the resilience of smallholder farmers
and pastoralists to climate variability and improvements in early warning and disaster risk
response could reduce the frequency and severity of food security crises. However, unless the
food system in Ethiopia undergoes transformational adaptation, food insecurity crises will
continue to occur, and the opportunity to achieve zero hunger by 2030 will be missed.

1 Introduction

Ethiopia suffers from both chronic, long-term food insecurity (WFP and CSA 2014), and the
regular incidence of severe food insecurity crises, often associated with drought events (Guha-
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Sapir et al. 2015). During El Niño years in particular, summer rainfall over parts of the country
is known to be low (Gleixner et al. 2016), and these years are often associated with food
security crises (Glantz 1994). As the climate changes, there is concern that changes in rainfall
amounts and increasing frequency and intensity of droughts will lead to Ethiopia becoming a
more food insecure country (WFP 2014). Climate model projections for changes in rainfall
over the Greater Horn of Africa have low confidence (Otieno and Anyah 2013), and in the
absence of a clear climate change signal, adaptation to climate change has focused on building
resilience to variability (For example, (BRACED 2015), (CADAPT 2015)). However, drought
in Ethiopia is often defined from a socio-economic perspective, which can be as much a
consequence of the food system structure, as climate itself (Devereux and Sussex 2000). The
assumption that drought, in a broad sense, is a major driver of food insecurity in Ethiopia
affects not only the way climate model projections are interpreted and the challenges of climate
change are viewed but also the way agricultural development activity is prioritised today.

A large number of studies have been undertaken to evaluate how climate, climate variability
and change could affect food security in Ethiopia (Devereux and Sussex 2000; Funk et al.
2008; Oxfam 2010; Mahoo et al. 2013; Hagos et al. 2014; WFP 2014; Jirata et al. 2016). All
these reports concluded that climate variability is a causal driver of food insecurity, and
therefore that climate change represents a threat to future food security. In similar studies
(Deressa 2007; Ludi 2009; Arndt et al. 2011; Brown et al. 2011; Anderson and Farmer 2015),
this conclusion is drawn from an understanding that water is critical to food production, and in
many acute food security events, ‘drought’ is reported as the cause. However, in each of these
studies, no formal definition of what constitutes a drought is given, so it is not necessarily clear
that these ‘drought’ events have the same meteorological characteristics.

This lack of definition for drought is a problem, because it makes it difficult to evaluate
what climate model projections mean for longer term food security outcomes. Furthermore, the
reliance on anecdote also has the potential to undermine efforts to improve food security today.
One example of a social study that looked at drought in Ethiopia was conducted by USAID
(2000), stated that in the Ethiopian state of Amhara ‘there has been no single year since 1950
where there was no drought’. From a socio-economic perspective, there is a chronic shortage
of water in the region, but in meteorological terms, a drought, defined as some deficit relative
to the climate average, cannot occur every year. Unpacking the socio-economic and meteoro-
logical context associated with the food security outcomes of climate in Ethiopia is key to
providing salient and actionable advice on both climate variability and change, and on the
action necessary to tackle food insecurity now and long term.

In this study, we compare socio-economic information about the food system and food
security outcomes in Ethiopia, with the physical temporal and spatial patterns of rainfall
associated with these outcomes. The aim is to address some of the interdisciplinary barriers
associated with analysis across natural and physical sciences (Lewis and Lenton 2015), to test
some basic assumptions about the food security-climate relationship in Ethiopia, and to provide
robust evidence on that relationship to support action to tackle food insecurity at a national level.

2 Data

National indicators of food availability (production and yields), population and economy are
available from the UN Food and Agriculture Organisation (FAO) (FAOSTAT 2014) and the
World Bank (The_World_Bank 2016). These organisations in turn receive their data from
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national statistical authorities. Acute food security disasters as reported in the EMDAT
database are also used (Guha-Sapir et al. 2015). Table 1 shows the list of reported drought-
attributed disasters for Ethiopia since 1981. The EMDAT database contains information about
disasters (rather than hazard) which are measured in terms of the impact on people. This data is
rather subjective, and not reported in a standardised way, but is the best information available
that records the occurrence of such events.

The climate data available for comparing with these reported events also has its limitations.
The coverage of available observation sites and rain gauges for climate is poor in Ethiopia (Cattani
et al. 2016; Tsidu 2012), and much of the data is available only to the National Meteorological
Administration (NMA) in Ethiopia. Alternative representations of the meteorology include the
use of reanalysis data (a hybrid of observational data and climate model interpolation), such as
ERAInt (Balsamo et al. 2015), 20CR (Compo et al. 2011), or MERRA (Rienecker et al. 2011),
satellite data, such as TRMM (Adler et al. 2016), and combined satellite and observational
datasets such as CHIRPS (Funk et al. 2015). A comparison of reanalysis, satellite and CHIRPS
data indicated quite large differences between the different data types, and in particular, there are
some serious shortcomings in the skill of reanalysis data to represent Ethiopian climate (Sylla et al.
2013). CHIRPS data is considered by many to be the ‘gold standard’ of data for drought
monitoring in Ethiopia and is used extensively by humanitarian agencies in the region (Boniface,
R., 2016, personal communication). This data set only includes rainfall, not other variables such as
temperature or evapotranspiration, which might become increasingly important as the climate
warms. However, as inter-annual variability in temperature is quite low in Ethiopia, it is
reasonable that the focus is on rainfall as fluctuations in this variable are the dominant driver of
drought in the country. For this reason, and because it is the rainfall data of choice for food security
activity in the country, CHIRPS rainfall data is used throughout this study.

3 Food security and climate in Ethiopia

Around 30% of the 97 million population of Ethiopia are reported as undernourished
(FAOSTAT 2014). The absolute number of undernourished people has declined very little in

Table 1 Reported drought disasters for Ethiopia with ≥100,000 people affected (source EMDAT (Guha-Sapir
et al. 2015), WFP (2014))

Dates Location Total
deaths

Total
affected

1983/1984 Wollo, Gondar, Goe, Eritrea, Tigray, Shoa, Haregre, Sidamo 300,000 7,750,000
1987a Eritrea, Tigray, Ogaden, Wello, Shewa, Gama, Gofa, Sidamo, Gondar,

Bale
367 7,000,000

1989–1994a Northern Ethiopia, Eritrea, Tigray, Wollo, Gondar, Harerge 6,500,000
1997 Oromia, Bale, Borena, South Ome, Somali 986,200
1998a

2003a Tigray, Oromia, Amhara, Somali, Afar 12,600,000
2005a Afar, Liben, Gode zones, Somali, Borena, Somali 2,600,000
2008/2009a Oromia, Somali, Amhara, Afar, Tigray, SNNPR 6,400,000
2009/2010 6,300,000
2011/2012 Somali, Oromia, Afar, Tigray, Amhara 4,805,679
2012/2012 1,000,000
2015/2016 Somali, Afar 10,000,000

a Some disagreement over exact dates with other sources such as Reliefweb (2016)
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the past 25 years, from 40 million in 1990 to around 35 million in 2015. Although in
percentage terms, there has been a substantial decrease from the 60% level seen in the
1990s, to a figure closer to 30%. By this measure, Ethiopia has met the Millennium Devel-
opment Goal target to ‘halve, between 1990 and 2015, the proportion of people who suffer
from hunger’ (UN 2000). At the same time, the incidence of reported acute food insecurity
events does not seem to have fallen, and although the numbers of people killed as a result of
drought-driven famine have not subsequently reached the totals seen in 1984, events that affect
greater than 1 million people continue to occur frequently (Table 1).

3.1 Rainfall variability as a driver of national food security

One assumption made about Ethiopia is that rainfall variability is a critical driver of food
insecurity nationally. The evidence for this assumption comes from a variety of studies which
find an inverse correlation between GDP growth and rainfall variability (Brown and Lall 2006;
Thornton et al. 2006; World Bank 2006; Grey and Sadoff 2007; Brown et al. 2011).

One study in particular that is widely cited as proof of a relationship between rainfall and
food insecurity at a national scale in Ethiopia is the World Bank Water Report (WorldBank
2006). In this study, rainfall variability was plotted against GDP growth as evidence of a
correlation between the two. This relationship is used to support the argument for the
importance of rainfall variability to economic development, and therefore food security and
other human well-being outcomes in Ethiopia in a number of studies (Thornton et al. 2006;
Grey and Sadoff 2007; WFP 2014).

In their study on adaption to climate change in Ethiopia Conway and Schipper (2011)
revisit this relationship, and find that if more recent data is included the correlation is far
weaker. Revisiting this relationship for a second time to include the latest data, we find that the
relationship between national rainfall anomaly and GDP growth rate does not recover,
suggesting that the initial findings of a significant correlation do not hold. Figure 1 shows a
correlation between rainfall variability (using CHIRPS rainfall data (Funk et al. 2008)) and
GDP growth of 0.24, compared with 0.40 from the original World Bank analysis (as estimated
by Conway and Schipper (2011)), and 0.10 found by Conway and Schipper (2011) in their
subsequent analysis. Introducing a 1-year lag does not improve the correlation.

Around 60% of the average daily calorific intake for Ethiopians comes from cereals, of
which maize, sorghum, teff (a local grain indigenous to Ethiopia) and wheat are the most
important (FAOSTAT 2014). Figure 2 shows annual rainfall variability and the yield and total
production anomaly from the de-trended mean for these four crops. The correlation between
rainfall variability and cereal production is in fact weaker than for GDP (Fig. 3), with a
correlation coefficient of only 0.23. For yield, it is weaker again at 0.15. (For individual crops,
the correlation between production and GDP is highest for maize and wheat at 0.24 and lower
for sorghum at (0.18) and teff (0.1)).

From this, it is possible to conclude that national rainfall variability is not necessarily a
major driver of variability in total food availability in Ethiopia, or even a good indicator of
crop yield. This conclusion is supported by a more in-depth study by (Bewket 2009) which
looked at the relationship between rainfall variability and crop production (rather than food
security) in Ethiopia in more detail, and also found annual rainfall to be weakly correlated with
cereal production. One implication from this is that large-scale climate trends may not be a
useful means of assessing the impacts of weather on future food security, as it relates to
production, regardless of the confidence, or otherwise, in climate change projections.
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3.2 National food availability—exploring the trend

Although production totals for all the major cereal crops have increased considerably over the
past 20 years, Ethiopians’ daily food calorie intake stood at 1858 as an average during 1992–

Fig. 1 Ethiopian rainfall and GDP growth rate using CHIRPS rainfall (Funk et al. 2015) data correlation
r = 0.244

Fig. 2 Rainfall variability over Ethiopia and total cereal production (maize, sorghum, teff and wheat) anomaly
relative to de-trended mean (source CHIRPS rainfall (Funk et al. 2015) FAOSTAT 2014). Reported drought-
driven food security disaster years from Table 1 are shaded in grey. Rainfall-yield variability correlation
r = 0.147. Rainfall-production variability correlation r = 0.227
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2013 (FAOSTAT 2014); below the standard requirement of 2200 Kcal/capita/day. This means
that Ethiopia does quite not produce enough food to meet a basic calorie allowance for the
population as a whole.

The gap between actual yields for major cereals and the potential yield that could be
achieved is high in Ethiopia. A recent study by the FAO looking specifically at wheat showed
that the main producing regions achieved only between around 50 and 60% of their local
attainable yields, given their altitude, weather conditions, terrain and plant health (Jirata et al.
2016). Ethiopian farming also has a very low level of technological input (low use of
irrigation, specialist seed varieties, fertilisers and pesticides). Even accounting for the fact that
agricultural production in Ethiopia is predominantly rain-fed, research as part of the Global
Yield Gap Analysis project (Tesfaye 2015) concludes that if Ethiopia were able to halve its
water-limited (i.e., rain-fed crop) yield gaps, it would be possible to produce sufficient cereals
to meet the food requirement of a population of 174 million (the projected population of the
county by 2050), without expanding the agricultural production area. Addressing the yield
gaps in agricultural production in Ethiopia is a challenging task. It is possible that climate
change will make this more difficult, but projections of average change in yield associated with
future average climate are smaller than the potential gains associated with closing yield gaps,
under the most climate projections (Kelbore 2012; Kassie et al. 2015). A large number of
initiatives are underway to boost agricultural productivity in Ethiopia, through ‘Climate-Smart’
investment, that aim to reduce yield gaps and eliminate chronic food security. (For a compre-
hensive summary of climate-smart agriculture programmes and projects underway in Ethiopia
see (Jirata et al. 2016)).

The shortfall between potential and actual production is one aspect of the problems of
chronic food insecurity in Ethiopia. However, the number of food insecure has been fairly
static over the same period that total production, and production per capita has increased
sharply, suggesting that the benefits of increased availability are not necessarily translating into
greater access for all. The fact that Ethiopia does not quite produce enough to meet the food

Fig. 3 Average annual precipitation over Ethiopia for 1981–2015 climatology (source CHIRPS (Funk et al.
2015))
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requirements of the whole population does not alone explain the on-going occurrence of food
security disasters in the country.

3.3 Acute food insecurity events

The incidence of food security disasters in Ethiopia shows little signs of decreasing over time,
and the majority of these events are attributed largely to drought (Table 1) (Guha-Sapir et al.
2015). Figure 2 not only shows rainfall and cereal production variability but also includes
shading to indicate periods of reported drought-driven food insecurity crises. This highlights
the weak relationship between fluctuations in national cereal production and specific food
security crises. This is possibly a surprising result. It indicates that while overall national
production (and possibly therefore average climate suitability) is important, it is not availability
of food that causes food insecurity disasters in Ethiopia. Each incidence of a food security
disaster in Table 1 was recorded as an event where there was insufficient rain in an area which
resulted in hunger, but there was no dip in national rainfall totals or cereal production during
these events. These ‘drought’ incidences therefore must have been relatively local but had
serious impacts on livelihoods, leaving the local populations unable to meet their food needs
by buying from other regions, even though, on the whole, the country was no worse off than in
any other year. This suggests that while increasing food production is being achieved, acute
food insecurity is somewhat decoupled from national cereal production, possibly making it
more difficult to manage successfully.

3.3.1 Meteorology of acute food insecurity events

Rainfall totals are highly variable across Ethiopia. Figure 3 shows the average annual
precipitation over the country for the 1981–2015 climatology. The western highland areas
receive the most rainfall (up to 2000 mm or more per year), while areas to the East and
Northeast are extremely dry (receiving 250 mm per year or less). The majority of cereal
production is concentrated in the wetter highlands, and most of the population is concentrated
in these areas. Elsewhere livelihoods are predominantly pastoralist or agro-pastoralist (WFP
and CSA 2014), with pastoralism concentrated in the Afar, Somali and eastern and southern
Oromia regions.

Rainfall across Ethiopia is highly heterogeneous, but this is also true for rainfall anomalies.
Comparing the spatial pattern of rainfall anomalies for each year in the climatological period
(1981–2015) with the incidence of reported drought from Table 1 begins to unpick the reasons
behind the disconnect between climate and food security at the national and sub-national level.
In many years where the total annual rainfall was close to the climatological average for the
country as a whole some areas experienced rainfall totals much lower than the climatological
average, but higher than average totals elsewhere made up the deficit nationally (see
supplementary material SM1 for rainfall distribution for individual years in the
climatological record).

In every year in the period, some proportion of Ethiopia experienced rainfall 70% or less of
the expected climatological average for that location (see supplementary material SM2).
However, this data also shows that in every year, except one (1984), the majority of Ethiopia
received at least 80% of the expected climatological average rainfall. This supports the
conclusion that as a nation, Ethiopia does not have a climate adverse to food security.
However, in most years, local weather conditions can cause problems for sub-national level
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food production. If livelihoods are dependent on rainfall, then in years when some regions do
not receive sufficient, even if national food production totals are unaffected, these regions will
be unable to access that food through the market and will experience food insecurity. Rather
than this being a feature of the large-scale climate that climate models can explore, this is
predominantly a feature of how food is accessed as a result of the livelihood and food system
conditions in Ethiopia.

The states that are most often reported as experiencing drought are Tigray, Afar and
Somali. These three states are the driest, and the states where low precipitation totals
correspond most closely with periods of reported drought (Fig. 4). In the driest states, the
coefficient of variability is, by definition, greater for smaller absolute changes in rainfall,
meaning that in marginal dry lands even small fluctuations in absolute rainfall potentially
have a large impact.

The assertion that ‘every year is a drought year’ (USAID 2000), while not meteorologically
accurate, is a combination of the fact that somewhere in Ethiopia experiences substantially
below average rainfall in almost every year, and that in some very dry parts of the country in
particular, people are living on very marginal lands with highly rain sensitive livelihoods,
where variability has the greatest impact.

An alternative way to show this data is given in Fig. 5a, b. This shows the number of years
for which the rainfall is less than 60 or 80% of the annual average for the climatology. This is
effectively a spatial projection of Fig. 4 and shows that the variability in the very driest states
(Somali, Tigray and Afar) is most significant. Figure 5c, d shows the number of years where
the total rainfall fails to exceed 600 mm (the approximate threshold for rainfall required for the
production of wheat, sorghum and teff) and 800 mm (the approximate threshold for rainfall

Fig. 4 Annual average rainfall over the largest Ethiopian states with coefficient of variability for each state listed
periods of reported drought events from Table 1 shaded in grey (source: CHIRPS (Funk et al. 2015) & EMDAT
(Guha-Sapir et al. 2015))
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required for the production of maize (FAO 2016)). These figures clearly show that some
areas of Ethiopia have been consistently suitable for cereal production (areas in white in
Fig. 5c, d), while other are not suitable at all (areas in black in Fig. 5c, d), and that only
small areas of the country, on the boundary between these two regions, experience
variability in total rainfall that would impact on cereal production in some years. This
further reinforces the conclusion that rainfall variability is not a driver of food availability
nationally. However, in those regions not suitable for cereal production, predominantly the
states of Somali, Tigray and to a lesser extent Afar, where pastoralist livelihoods dominate,
rainfall variability is more significant (Figs. 4 and 5).

4 Discussion and conclusions

Studies into food insecurity and climate in Ethiopia are often founded on the presumption that
drought causes food insecurity in Ethiopia, and that by extension efforts to reduce the impact
of drought through early warning mechanisms, or in the introduction of drought-resilient
crops, for example, can tackle food insecurity in the country (Bryan et al. 2009; Cooper and
Coe 2011). The definition of drought here is critical. Linking total rainfall to food insecurity in
Ethiopia can explain some of the very large-scale events that have occurred (such as in 1984),

Fig. 5 Number of years in which the total annual precipitation was less that a 60 and b 80% of annual average
for that location and less than c 600 and d 800 mm between 1981 and 2015 (Source CHIRPS (Funk et al. 2015))
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but this does not explain either the chronic production shortfall that is largely the result of
failure to optimise yields, or the majority of acute crises that occur much more frequently and
remain a significant challenge. Although the national annual rainfall total is a poor indicator of
food insecurity disasters, a localised deficit in rainfall does correspond to localised food
insecurity. These events most often occur in the same years that other areas of Ethiopia have
average or above average rainfall, and are therefore not associated with widespread reduction
in food availability. Drought does, of course lead to crop failure, but it does not have to result
in food insecurity. Food security outcomes are as much, if not more, a result of how optimised
the food system as a whole is to climate than it is a function of total availability. Therefore,
looking at national, or even to some extent sub-national, rainfall variability is a misappropri-
ation of climate as the causal factor for food insecurity in Ethiopia.

Huge gains have been made in improving the national and international response to food
security disasters in Ethiopia, and the fact that far fewer people now die in such events than 20 or
30 years ago is a major achievement (FAOSTAT 2014). However, if the ambition is to achieve
‘zero hunger’ by 2030 (UN 2015), then improving the response and resilience to disasters is not
enough. It requires recognition that the means to produce enough food to meet the nutritional
needs of the whole population of Ethiopia is not limited by climate, but that access to food that is
affected by climate and this is a feature of the food system, not an environmental limitation.

The two key aspects of underlying systemic causes of acute food insecurity in Ethiopia are
the high proportion of smallholder farmers whose livelihoods depend on sufficient rainfall, and
the fact that around 14% (CSA 2016) of the populationmake those climate-sensitive livelihoods
on the very dry, marginal and highly variable land in the east and northeast of the country.
Regardless of the levels of climate change projected for the next few decades (IPCC 2013), food
insecurity could be addressed by firstly addressing the yield gaps in the most climate-suitable
regions to increase national food availability, and secondly, diversifying the incomes of the
approximately 13million people in most climate-challenging regions away from agriculture. As
long as these populations are dependent on local rainfall for both availability and access to food,
they will continue to experience regular acute food insecurity. Action to improve resilience will
reduce the frequency of these events, and improvements in early warning and disaster risk
response will reduce the impact of these events, but unless there is a transformational change in
the food system in these regions, food insecurity will not be eliminated.

Of course, making such substantial systemic changes is not an easy thing to achieve and are
associated with political, social and cultural changes that are not trivial to implement.
However, there is a danger that while working with existing systems to build resilience to
climate variability through incremental adaptation could reduce the incidence and severity of
acute food insecurity crises, it may also further embed communities in livelihoods that are
dependent on regular humanitarian assistance to avoid catastrophe.

Climate variability, and indeed food insecurity, has always been a feature of Ethiopia, but
the future threats and opportunities for the country require not simply adaptation but transfor-
mation. It is important that we fully understand the contribution of both the climate and the
food system itself to national food insecurity, in order to address the unprecedented challenge
of climate change and achieve the ambitious target of zero hunger by 2030.

Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0 International
License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and repro-
duction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a
link to the Creative Commons license, and indicate if changes were made.
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