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EXTENDED ABSTRACT

Tigray is one of the food-insecure regions in Ethiopia with many people living under the condition
of chronic hunger. Rigorous food security studies are vital for proper intervention mechanisms.
Yet, previous food security studies have rarely addressed the four pillars of food security:
availability, access, utilization, and stability. On the other hand, the impact of precipitation
variability on food security is very significant. For food-insecure rural areas, understanding the
nature of precipitation variability and its teleconnection has paramount importance in guiding
regional and local-level decisions. However, there is a lack of information regarding the nature
of precipitation variability and the degree of impact the climate factors have on the precipitation
pattern of the study areas. In addition, there is limited knowledge regarding how vulnerable rural
households deal with food insecurity. Furthermore, food security intervention mechanisms applied
by various governmental and non-governmental agents is not studied well. Thus, this study aims
to investigate the food insecurity status of the drought-prone rural areas of Tigray in relation to
the associated precipitation variability, coping, adaptation, and intervention mechanisms.

This study has employed a cross-sectional study design based on a mixed research approach with
primary and secondary data. For this, 363 households from three selected drought-prone rural
districts, i.e. Atshi-wenberta, Irob, and Hintalo-wejerat were studied. Primary data were collected
using questionnaires, key-informant interviews, Focus Group Discussions, and observations. And,
secondary data were collected from relevant archives and policy documents. Questions from
Household Food Insecurity Access Scale (HFIAS) and Food Insecurity Experience Scale (FIES)
were adapted to measure the food availability, access to food, and stability components of food
security. And, Household Dietary Diversity Score (HDDS), Food Consumption Score (FCS), Mid-
Upper Arm Circumference (MUAC), and Bitot’s spot were used to analyze the food utilization
aspect. Besides, the precipitation, sea-surface temperature (SST), and El Nifio Southern
Oscillation (ENSO) indices data for the study were used from 1979 to 2019. A Summary of
descriptive statistics and Mann-Kendall tests were used to detect trends; Sen’s Slope and
coefficient of variation were used to analyze the magnitude of the trend and degree of variation in
the precipitation pattern. Further, Pearson’s correlation is used to determine the effect of ENSO,
and SST variations on the precipitation using the Canonical Correlation Analysis (CCA). Data
analysis techniques consisting of descriptive statistics, Coping Strategies Index (CSl), and Paired
Comparative Analysis (PCA) were used to analyze the household’s coping and adaptation
strategies. Data regarding food security intervention mechanisms were analyzed content-wise.

Findings show that 68 percent of the studied community frequently ate less food than they felt they
needed and 82.1 percent of the households have experienced hunger because of lack of food. The
study showed that rural districts were poorly connected to the road networks; 87.9 percent of the
elderly and 20.4 percent of the women and girls had no access to food markets. Regarding food
utilization, 81.5 percent of the studied households had poor FCS; the average HDDS and FCS for
the study areas were 2.47 and 18.9, respectively. In the study areas, the prevalence of Global Acute
Malnutrition (GAM), Severe Acute Malnutrition (SAM), and Moderate Acute Malnutrition (MAM)
for children aged 6-59 months were 50.3, 4.2, and 46.1 percent, respectively. More notably, the
prevalence of SAM for children from the food-insecure households was 21.2 percent. The
prevalence of MAM for pregnant and lactating women (PLW) in the study areas was 59.5. Further,
the prevalence of Bitot’s spot among 6-59 months of age children was 1.9 percent. On the other
hand, all the rural households had anxiety about their future food demands. Meanwhile, the
average annual precipitation for Atsbi, Irob and Hintalo was 542.5, 318, and 520.7, respectively.

Xi



Hintalo’s average precipitation for March-May was declining by 16.3mm per annum (P<0.01)
and its average annual precipitation was declining by 4.1mm per annum (P<0.05). The SST of
central and eastern equatorial Pacific Ocean and northeast and northwest equatorial Atlantic
Ocean was strongly correlated with the April average precipitation of the three districts. In
addition, SST of the South, West, and southwest of the equatorial Indian Ocean, and West
equatorial Pacific Ocean was associated with July-September average precipitation with greater
variation in strength among the three districts. Moreover, July’s average precipitation of the three
districts, April’s average precipitation of Atsbi and Irob, and May’s precipitation of Hintalo are
found significantly associated with the ENSO indices of JFM and FMA (P<0.01); MJJ and MAM
(P<0.05). Regarding the coping strategies, 74.4, 74.1, and 73.8 percent of the studied households
were frequently limiting the portion of household’s meal size, depending on aid, and consuming
less quality and cheap food, respectively to cope with food insecurity. About 70 percent of the
food-insecure rural households were relying on the most severe coping strategies. The average
CSI score was 148.5 out of 301 with the highest result of 268 implying severe food insecurity
status. Further, 77.1 and 69.5 percent of the studied households have never practiced the
adaptation strategies of preparing alternative wetting and rainwater harvesting, respectively.
Livestock production, cultivating drought-tolerant crops, and shorter-duration crops were the first
three prioritized adaptation strategies of the households. There were several international
interventions intended to halt food insecurity sustainably through financial aid, but many of the
interventions were found to be responding to humanitarian crises mainly the food shortages.
Ethiopia’s Food and Nutrition Policy, Food Security Program, Food Security Strategy, and Food
Security Pack program were the food security intervention mechanisms at the national level. These
interventions were found to be inconsistent with each other in achieving their intended goals.
Regionally, no food security strategy or program was found intervening in the prevailing food
insecurity of Tigray. More notably, apart from the PSNP office, no specific food security office
was found in Tigray during the study period. Food aid and PSNP transfers have been the usual
food security intervention mechanisms at a community level. 35.6 percent (77,010) of the
population in the study rural districts were found to be rural PSNP beneficiaries. The food aid and
PSNP transfers were outrageously insufficient for the recipients to cope with food insecurity.

The rural households living in the studied areas were found to be critically food-insecure. All the
measurements implied that the food insecurity situation was unacceptably worrisome and life-
threatening. This calls for an instant action to avert the occurrence of famine and starvation in the
drought-prone rural areas of Tigray region. Thus, interventions should primarily target the
vulnerable rural people and need to be planned based on attaining food availability first rather
than concurrently addressing all components of food security. The limited amount of precipitation,
exacerbated by a higher degree of variability, makes the food production in the three districts
more uncertain. Therefore, the task of achieving food security should incorporate the design of
informed food production strategies that can adapt to the limited and variable precipitation based
on these SST and ENSO indices. Most of the food-insecure households were using severe coping
strategies, and the mostly applied adaptation strategies were barely recommended to deal with the
varying and short precipitations. Therefore, relevant organizations should focus on enhancing
these households’ coping and adaptive capacities to deal with the problems. In this regard, all the
food security intervention mechanisms of various levels should be integrated into the common goal
of achieving food security.

Keywords: nutrition, climate change, sea-surface temperature, El Nifio, food policy
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CHAPTER ONE
INTRODUCTION

1.1 General Background of the Study

Food security is the condition in which all people, at all times, have physical, economic, and social
access to sufficient and nutritious food that meets their dietary needs for an active and healthy life
(FAO, 2008). Achieving global food security has been a growing concern, prompting governments
and humanitarian organizations to make it a priority agenda. In line with this, the Sustainable
Development Goals (SDGs) seek to end all forms of hunger and achieve food security by 2030
(SDG 1: no poverty and SDG 2: zero hunger). This is because food is one of the vital necessities

of life that profoundly determines the survival and prosperity of human beings.

While many strides have been made, the proportion of global people facing severe hunger has been
increasing over time. FAO (2023) reported that the number of severely food-insecure world
population increased from 623.8 million people (7.5%) in 2017 to 783.1 million people (9.2%) in
2022. In 2023, an estimated 2.33 billion people (28.9% of the global population) were moderately
or severely food-insecure (FAO et al., 2024). In the 59 food-insecure countries listed by the Global
Report on Food Crises (GRFC), about 282 million people (21.5% of the population) faced high
levels of acute food insecurity in 2023, an increase of 24 million from 2022 (FSIN and GNAFC,
2024). More notably, it is projected that nearly 600 million more people will face chronic hunger
by 2030 (FAO et al., 2023), casting serious doubt on the likelihood of achieving the SDGs target
to eliminate hunger and reduce poverty.

Food insecurity disproportionately affects rural communities. A World Bank (2016) report
indicated that food insecurity is significantly more prevalent in rural areas than in urban ones, with
rural residents facing more than three times the risk of experiencing food insecurity when
compared to their urban counterparts. The report further reveals that the risk of food insecurity is
over four times greater for those employed in agriculture than those working in other sectors of
the economy. Globally, food insecurity affected 33.3 percent of rural people in 2022 compared to
26 percent in urban areas (FAO et al., 2023).

Regionally, Sub-Saharan Africa (SSA) has the highest proportion of severely food-insecure people
in the world with a total of 310.6 million people (22.5% of the total population) facing chronic
hunger in 2022 (FAO, 2023). Ethiopia is one of the SSA countries with a significant number of


https://www.fsinplatform.org/report/global-report-food-crises-2024/
https://www.fsinplatform.org/report/global-report-food-crises-2024/

food-insecure people. In the last twenty years, Ethiopia has gained important achievements in food
security. Nevertheless, food insecurity is still prevalent in many parts of the country. In 2023, an
estimated 20.1 million people were facing chronic hunger across the country with 7.4 million
severely undernourished children and women (WFP, 2023).

Tigray, one of the regions most affected by food insecurity in Ethiopia, has faced recurring food
insecurity for decades (Endalew et al., 2015). During 1984/1985, Tigray experienced severe food
insecurity which caused the death of an estimated one million people (Reid, 2018). As such, food
insecurity is still a pressing issue in the region. In June 2022, almost half of Tigray's population, a
staggering 47 percent, were struggling with severe food insecurity (WFP, 2022a). That time was a

dire humanitarian crisis in the region when compared to earlier times.

According to the Tigray Region Productive Safety Net Program (PSNP) Office (2024), only one
rural district in western Tigray, named Kafta Humera, was classified as food-secure and, nearly
ten rural districts from eastern, southeastern, and southern parts of the region were classified as
severely food-insecure rural districts. In 2003, there were 16 food-insecure rural districts out of
the then 34 rural districts in Tigray (WFP, 2009). This number increased to 31 (91% of the region)
rural districts in 2019, as reported by the Tigray Region PSNP Office (2019).

Following the administrative boundary restructuring that took place in 2020, the food-insecure
rural districts increased to 56 (98.2%). Of which, three drought-prone rural districts of Tigray
namely: Irob, Atsbi-wenberta (Atsbi, after the new structure), and Hintalo-wejerat (Wejerat, after
the new structure) were categorized as the most food-insecure rural districts in Tigray, as reported
by the Tigray Region PSNP Office. Yet, there was very little information about the degree of
severity of the food insecurity in general, and in particular, the status of food availability, access

to food, utilization (nutrition), and stability in the food-insecure rural districts of the Tigray region.

Food insecurity, in many parts of the developing world, is associated with climate change,
particularly with precipitation variability (Darwin, 2001; Schmidhuber and Tubiello, 2007;
Wheeler and Braun, 2013; Afifi et al., 2014 and Muluneh, 2021). According to VVon Braun (1991),
a 10 percent decrease in average precipitation had a notable impact on food production, resulting
in a 4.4 percent decrease. A similar study by Kinda and Badolo (2019) showed that precipitation

variability has reduced food availability and increased fluctuation in food production for 71



developing countries. It is projected that nearly 100 million global people will need food assistance

in 2024, mainly because of the ongoing strong El Nifio event (World Bank, 2023a).

Ethiopia's economy is heavily reliant on agriculture, with over 80 percent of the population
depending on it. More importantly, nearly 90 percent of smallholder farmers mainly depend on
rain-fed agriculture (Alhamshry et al., 2020). For this reason, Ethiopia is listed as the most
vulnerable to adverse impacts of climate change (World Bank, 2010). However, not all parts of
the country are equally vulnerable to the impacts of climate change. Subsistence farmers were
relatively the most susceptible to climate change in Ethiopia (Asfaw et al., 2018). Further, an
overdependence on rain-fed agriculture was one of the reasons for the pervasiveness of food
insecurity in rural Ethiopia (Mekonnen and Gerber, 2017). Correspondingly, because of
dependence on erratic precipitation and limited livelihood strategies, rural communities in

the Tigray region are more vulnerable to acute malnutrition (Weldemariam et al., 2023).

The intensity and variability of precipitation have been the important determinants of food security
in rural areas of Ethiopia (Demeke, 2011; Alemayehu and Bewket, 2016; Lewis, 2017 and Agidew
and Singh, 2018). Between 2015 and 2016, an EIl Nifio induced drought took place mainly in the
lowlands of the country (Singh et al., 2016). Likewise, the history of food crises in Tigray in the
last three to five decades has been associated with recurrent droughts (Endalew et al., 2015). In
addition, Demeke et al. (2011) and Weldearegay and Tedla (2018) reported that precipitation
variability was the major cause of food shortage in the Tigray region. The average precipitation in
Tigray is very short and variable as compared to the southern and western parts of Ethiopia (Seleshi
and Demaree, 1995; Woldehanna, 2000 and Weldearegay and Tedla, 2018). However, there is a
lack of information about the degree and intensity of precipitation variability and detailed

knowledge-based evidence about its drivers in the drought-prone rural areas of the region.

Food-insecure rural households have adopted a range of coping and adaptation mechanisms to deal
with their food insecurity. In the Tigray region, consumption of less-quality or less expensive
foods, remittance, reduction of food portion size, selling of assets, daily labor, and borrowing
money or grain were used as a means of coping strategies for food insecurity (WFP, 2022a and
Weldemariam et al., 2023). Besides, crop diversification, planting date adjustment, soil and water
conservation, use of agricultural input, integrating crop production with livestock, and tree planting

were the agricultural adaptation strategies adopted by rural communities in Tigray (Belay et al.,



2017). Nonetheless, the coping and adaptation mechanisms that are being specifically used in the
drought-prone rural areas of Tigray have not yet been studied well. Besides, which of these coping

and adaptation strategies are mostly preferred by the vulnerable communities is not well studied.

Recognizing the need for action, a range of interventions aimed at achieving food security have
been implemented across different sectors and levels of governance in Ethiopia and Tigray, in
particular. Nevertheless, only the PSNP and agricultural interventions were repeatedly mentioned
in studies (Wordofa and Sassi, 2020 and Cordonnier et al., 2022), and other food security
intervention mechanisms of various levels are not scientifically reported. Besides, why these

interventions have failed to address food insecurity is the question that needs to be answered.

An effective food security intervention demands proper information about the food insecurity
situation, its associated climate factors, coping and adaptation strategies, and a description of the
undergoing interventions. Therefore, this study has described the food insecurity situation clearly
in reference to the fundamental components of the food security concept. In addition, the trend in
the precipitation pattern of the study areas and its associated climate factors is duly described.
Further, the various coping and adaptation mechanisms used in the study areas are identified.
Moreover, the food security intervention mechanisms being undertaken at different levels are
reviewed to guide the activities intended to seek sustainable solutions to food insecurity. These
findings are believed to play a vital role in serving policy-makers, decision-makers, and other
relevant state and non-state actors to make an evidence-based decision to address food insecurity

in the vulnerable rural communities sustainably.
1.2 Research Problems

Globally, nearly nine million people die every year from hunger; losing one person to hunger every
few seconds (UN, 2023). Ethiopia is among the leading countries in the total number of people
facing hunger. Based on the Global Hunger Index (2023), Ethiopia was ranked 101st out of 125
countries with a "serious” hunger level. More notably, Ethiopia had the second-highest number of
children (1.6 million) with acute malnutrition in 2023 (FSIN and GNAFC, 2024). In 2022, more
than 26 million (nearly 22% of the population) were severely undernourished (FAO et al., 2023).
An updated projection by the World Bank (2023a) indicated that up to 13 million extra people in
Ethiopia will be food insecure by March 2024. Similarly, WFP (2023) estimated that 20.1 million

people in Ethiopia require food support.



In rural areas of the Tigray region, a very high prevalence of acute malnutrition was reported in
August 2023 (FSIN and GNAFC, 2024). In addition, a research cited in the Associated Press News
(2023) reports that nearly 1,400 people died because of hunger in Tigray between November 2022
and July 2023, and hunger was associated with about 68 percent of deaths, making hunger the
main cause of death in the region. This implies the need to employ, in an improved and more robust
manner, a scientific approach to answer why food insecurity is still an unresolved issue in

developing countries, particularly in Ethiopia.

Although there are many suggestions associated with addressing food insecurity, having a dynamic
and clear understanding about the concept of food insecurity and its underlying causes is vital for
addressing the problem sustainably. Having a clear and pragmatic concept of food security is
believed to be one of the preconditions needed to address food insecurity (Mock et al., 2013). Yet,
the concept of food security has been a complex one, subject to different meanings (Maxwell,
1996; Pinstrup-Andersen, 2009; Clay, 2002; Gibson, 2012 and Coates, 2013). As a result, there
have been more than 200 separate definitions of food security in published materials (Napoli et
al., 2011 and Gibson, 2012). For this reason, decision-makers and various stakeholders are usually
challenged with incomplete and contradicting information about food insecurity situations (FAO,
2015), which leads to deficient lessons and practices therefrom. This calls for a deconstruction of

the concept into a more understandable and practicable concept which this study aims to achieve.

Food security, as indicated by the FAO (1996), is an aggregate measure of food availability, access
to food, utilization, and stability. Thus, food security assessment reports are expected to reflect
those food security components and their levels. In this regard, a significant number of food
security assessment methods have been applied by different practitioners. However, it was difficult

to understand which food security component those mechanisms were measuring and why.

A proper analysis of food insecurity is crucial for developing effective intervention strategies.
Nevertheless, most of the previous researches have analyzed food security by considering only the
food availability and access to food components (Manikas et al., 2023); the utilization and stability
aspects were seldom addressed when analyzing food security. Similarly, many food insecurity
studies in Ethiopia used one or combined indicators of food security where the key components of
food security were not fully addressed (Tora, 2023).



In addition, previous food security researchers like Asrat and Anteneh (2020); Eshetu and Guye
(2021) and Getaneh et al. (2022) focused on identifying the proportion of food-insecure people in
their study areas. Thus, there is no sufficient understanding about the degree of severity and general
food insecurity situation within the food-insecure rural communities living in drought-prone rural
areas. Therefore, this study fills the gap by explicitly pinpointing the food insecurity status in the
drought-prone rural areas of the Tigray region by analyzing and capturing the four important

components of food security.

Concerning the impact of climate change on food security, a substantial number of scholars support
the significant influence of climate change on food security (Darwin, 2001; Schmidhuber and
Tubiello, 2007; Wheeler and Braun, 2013 and Muluneh, 2021). Precipitation is one of the climate
elements that highly determine agricultural production in rural areas. However, the nature of
precipitation and its associated climate factors are not yet well known at a micro level. Hence, a

significant number of rural farmers in the region are still at higher risk of food insecurity.

The most significant aspects of precipitation variability are the intensity and timing of precipitation
patterns. According to Torres et al. (2019), variations in timing and intensity of precipitation are
higher in an intra-year than inter-yearly. Intra-year precipitation variability matters most as many
rural farmers keep months and seasons to do farming activities. In the Tekeze-Atbara river basin,
Abebe et al. (2022) found that precipitation variability was higher in the other seasons than the

summer and most of the precipitation was occurring in less than three months.

Precipitation variability is highly determined by global sea-surface temperature (SST) and El
Nifio/La Nifia Southern Oscillation (ENSQO). The SST is among the major drivers of precipitation
variability (Dittus et al., 2018), particularly for the Ethiopian precipitation (Alhamshry et al.,
2020). Besides, the ENSO is the other most important determinant of precipitation variability,
particularly in the precipitation pattern of Ethiopia (Kasie et al., 2019 and Tefera et al., 2020).

These two factors highly determine the intra-year and inter-year precipitation variability.

However, different areas have varying sensitivities to the SST and ENSO indices; the impacts of
those indices greatly vary spatially. Hence, studies on precipitation variability and its associated
climate factors should be conducted at the lowest possible geographical spaces. Furthermore, there
is a lack of knowledge on how significant is the influence of SST and ENSO in determining local

level precipitation variability in the food-insecure rural areas of the Tigray region.



Therefore, this study contributes to filling the knowledge gap by investigating the precipitation
time-series trend on monthly, seasonal, and annual scales, its degree of variability, and the
significance of the global SST and ENSO indices on the precipitation pattern of the food-insecure
rural areas of Tigray. This is crucial for guiding local-level food production-related decisions and

indicating feasible adaptation strategies to reduce risks in food production.

In dealing with food insecurity and associated precipitation variability, household’s choice of
coping and adaptation strategies plays a significant role in reducing and averting the risks of
precipitation variability and the subsequent food insecurity. Researchers like Belay et al. (2017)
and Teklewold et al. (2019), emphasized the factors that determine household’s decision to choose
from the different coping mechanisms. Likewise, Asesefa et al. (2018); Gebre et al. (2021);
Yohannes et al. (2023) and Bahiru et al. (2023), studied the different coping strategies that have
been used by rural households in Ethiopia to cope with food insecurity.

However, coping and adaptation strategies adopted by the food-insecure households living in
drought-prone rural areas and their choices of strategies are less researched. Besides, food
insecurity coping strategies were barely reported in line with adaptation strategies to the
meteorological drought, which is vital for leading intervention mechanisms. Hence, this study
contributes to the current literature by describing the food insecurity coping strategies and

agricultural adaptation mechanisms in the study areas along with their ranked choices of strategies.

The role of food security intervention mechanisms applied by governments and NGOs of various
levels is essential in enabling vulnerable rural communities to effectively deal with food insecurity
and adapt to the varying precipitation. So far, there are very little and fragmented researches that
examined intervention mechanisms intended to halt food insecurity. Therefore, this study produces
new knowledge by critically describing and reviewing the existing food security intervention
mechanisms at the international, national, regional, and community levels. The findings will help

researchers in evaluating the impact of these interventions in the quest to address food insecurity.

Eventually, this study will add to the existing literature by informing academicians, practitioners,
and policy-makers about the features of the prevailing food insecurity, its associated precipitation
variability, food insecurity coping strategies, adaptation mechanisms for the variable precipitation,
and food security intervention mechanisms. This will contribute to the tasks aimed at achieving

food security in the drought-prone rural areas of Tigray and other susceptible areas in general.



1.3 Objectives of the Study

1.3.1 General Objective

The main objective of the study was to investigate the status of food insecurity in the drought-
prone rural areas of Tigray region in relation to the precipitation variability, coping, adaptation,

and intervention mechanisms undertaken by the vulnerable households and various relevant actors.
1.3.2 Specific Objectives
The specific objectives of the study were:

1. To describe the food insecurity status in the selected drought-prone rural areas of Tigray.

2. To analyze the nature and associated climate factors of precipitation variability in the

selected drought-prone rural areas of Tigray.

3. To explain the rural household’s coping and adaptation mechanisms to food insecurity

and associated meteorological drought in the selected drought-prone rural areas.

4. To explore the food security intervention mechanisms used by various actors of different

levels in the selected drought-prone rural areas.
1.4 Research Questions
Research questions on specific objective 1:

Food insecurity in this study is described in terms of the four pillars of food security. Accordingly,

the study answers the following questions:

i.  What is the food availability situation in the drought-prone rural areas of the study

areas?
ii.  Does the study population have physical, social, and economic access to food?
ilii.  What is the nutritional status of the vulnerable households living in the study areas?
iv.  How stable are the food availability, access to food, and nutrition in the study areas?
Research questions on specific objective 2:

Regarding the nature of the precipitation variability in the drought-prone rural areas and its

associated climate-related factors, the study answers the following questions:



Is there any trend in the monthly, seasonal, and annual precipitation variability in the

study areas?

Is there any correlation between the monthly precipitation of the study areas and the
global SST?

Is there any correlation between the precipitation variability of the rainy months of the

study areas and the ENSO indices?

Research questions on specific objective 3:

The study answers the following research questions in relation to household’s coping and

adaptation mechanisms to food insecurity:

What are the coping strategies for food insecurity adopted by the food-insecure rural

households?
What coping strategies are mostly chosen to cope with food insecurity?

What are the adaptation mechanisms to meteorological drought adopted by the food-

insecure rural households?

What adaptation mechanisms are mostly chosen to cope with the meteorological
drought?

Research questions on specific objective 4:

In addition to the above-mentioned questions, this study answers the below-listed research

questions related to the different food security intervention mechanisms:

What are the intervention mechanisms at the international level?
What are the intervention mechanisms at the national level?
What are the intervention mechanisms at the regional level?

What are the intervention mechanisms at the community level?

1.5 Conceptual Framework

As illustrated in Figure 1.1, food insecurity is an aggregate measure of food availability, access to

food, nutrition (utility), and stability at a household or a higher level (FAO, 1996). This study

assumes that food security in rural areas can be achieved gradually in which these four pillars of
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food security can be attained through a step-by-step process. In addition, these pillars of food
security do not have the same weight as food availability is the most important aspect that should
be addressed first, followed by access to food. Nutrition and stability are the issues that can be
addressed once the food availability and access are secured.

The entitlement, capability, and livelihood approaches to food security offer distinct but
interconnected frameworks for understanding and addressing food insecurity. The entitlement
approach focuses on individuals' legal and economic access to food, arguing that starvation results
not from a lack of food availability but from failures in people's "entitlements" to acquire it (Sen,
1982). The capability approach broadens this perspective by emphasizing people's freedoms and
opportunities to achieve food security, highlighting the importance of education, health, and
agency as critical factors that enable individuals to live nourished lives (Dreze and Sen, 1990). The
livelihood approach builds on these ideas by examining how people sustain access to food through
diverse strategies like farming, employment, or social networks while considering the resilience
of these strategies against shocks like droughts (Chambers, 1988). Together, these approaches shift

the focus from mere food supply to the stable physical, social and economic access of food.

Although many factors affect food insecurity in rural households, the intra-year and inter-year
precipitation variability are the major determinants of food insecurity (Weldearegay and Tedla,
2018). This variability, in turn, is highly determined by the global SST and ENSO (Alhamshry et
al., 2020). Although the food availability and the stability components of food insecurity are under
the direct influence of the precipitation variability, the access and nutrition aspects can also be
indirectly influenced by it.

Food security intervention mechanisms are crucial in achieving food security; the intervention
mechanisms should be guided based on information about the prevailing food insecurity and its
associated precipitation patterns. Besides, the household’s coping strategies to withstand food
insecurity and adaptation mechanisms to the varying precipitation play a vital role in dealing with
food insecurity (Wolteji et al., 2022). The government, humanitarian agencies, and vulnerable
households are the major actors in addressing food insecurity. More importantly, the government
and other relevant humanitarian agencies have a significant role in enhancing vulnerable

household's capacity to effectively cope with food insecurity and adapt to erratic precipitation.
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1.6 Significance of the Study

Academic significance: the findings of the study will contribute to the food insecurity-related
science with respect to precipitation variability and response mechanisms. It will also serve as a
base for other researchers who are interested in investigating food insecurity and associated climate
factors in rural areas by providing methodological guides to assess food insecurity in the
vulnerable rural areas. Besides, the findings related to the coping, adaptation, and intervention
mechanisms in this study will assist future researchers in critically reviewing the mechanisms and
coming up with practical solutions to reduce the prevalence of severe and moderate food insecurity

nationally, regionally, and at the household level.

Policy significance: this study has come up with the features of the prevailing food insecurity, its
associated climate-related factors, and critiques of the food security intervention mechanisms.
Hence, the main results of the study will serve as vital policy inputs to revise the existing national
food security policy and/or formulate new food security policy, strategies, and programs at

regional or lower levels.

Practical significance: the study will help state and non-state actors in ensuring food security in
the vulnerable areas by providing relevant food insecurity information that could help them

understand the main features of food insecurity in rural areas and its associated climate factors.
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1.7 Scope of the Study

Geographical scope: This study was conducted in the selected drought-prone rural areas of Tigray
region. Thus, other food-insecure rural, urban, or other areas like refugee and internally displaced
(IDP) camps were not considered in this study.

Conceptual scope: This study has limited itself to assessing the chronic food insecurity in the
drought-prone rural areas of the Tigray region. For this reason, the transitory food insecurity
caused by the war and external shocks were not considered. In addition, the term drought is
delimited to a meteorological drought. Furthermore, adaptation mechanism in this study is used to
refer to the agricultural adaptation mechanisms practiced by the vulnerable rural households of the

study areas.

Time scope: The time of data (recall period) for the study to analyze the food insecurity status in
the study areas was spread over 12 months. Further, to analyze the climate factors associated with

precipitation patterns in the selected study areas, the time frame covers 41 years, i.e. 1979-2019.
1.8 Organization of the Dissertation

This dissertation is organized into eight chapters. Chapter one deals with the introduction, which
incorporates the background of the study, research problem, objectives, research questions,
significance of the study, and scope of the study. Chapter two deals with a review of related
literature. In the third chapter, research methodology that includes research design, population and
sampling methods, data collection techniques, and data analysis methods are described in depth.
The operational framework of the study is also depicted in table form in this chapter.

Chapter four describes the status of food insecurity in the drought-prone rural areas
comprehensively. Further, chapter five addresses precipitation variability and its teleconnection
with the global SST and ENSO indices in the food-insecure rural areas. Chapter six is all about
coping strategies for food insecurity and further addresses the adaptation mechanisms to
meteorological drought in the drought-prone areas. And, chapter seven captures food security
intervention mechanisms of various levels relevant to the study areas. Chapter eight, the last
chapter of the dissertation, summarizes the overall findings, lessons as well as policy

recommendations. These are followed by references used in the study.
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CHAPTER TWO
REVIEW OF RELATED LITERATURE

2.1 Review of Theoretical Literature

2.1.1 The evolution of the concept of food security and its developments

In 1943, the Food and Agriculture Organization (FAO) was established at the United Nations
Conference on Food and Agriculture. Two years before, President Roosevelt identified ‘freedom
from want’ meaning that the supply of secure, sufficient, and suitable food for everyone, as one of
the “four essential freedoms’ that should be considered all over the world (Shaw, 2007). Further,
in 1948, the right to food was stated in the Universal Declaration of Human Rights as one of the

essential elements of an adequate standard of living (UDHR, 1948).

Since 1970, the concept of food security has undergone major developments. According to
Maxwell and Smith (1992), in the 1970s, the concept of food security was attached to the national
and global food supplies; a decade later it shifted to the household and individual’s access to food.
The same source revealed that during the period from 1970 to 1990, more than 180 issues were
dealing with the concept of food security. This implies that a considerable reconstruction of
thinking on food security has occurred over the last three decades. These concepts were also

indications of the policy analyses, which have reshaped our thinking about food security.

The 1970s was the period when food security evolved as a concept. The world’s food crises that
occurred between 1972 and 1974 were believed to be the sources of concern for food security
(Maxwell and Smith, 1992 and Clay, 2002). This led to discussions on the global food problems
and the set-up of different institutions for information provision. Consequently, the World Food
Conference was held in 1974 covering discussions on policy issues and resources to promote food
security (Shaw and Clay, 1998).

During the World Food Conference of 1974, the United Nations (1975) defined food security as:
“availability at all times of adequate world food supplies of basic foodstuffs to sustain a steady
expansion of food consumption and to offset fluctuations in production and prices”. This indicates
that the focus was given to the volume and stability of food supplies. In 1983, the concept of food
security was expanded to include secure access to food supplies by vulnerable people, basically
because of the failure of the Green Revolution to meet the intended poverty and malnutrition

reduction aims (Clay, 2002); implying that the problem was from lack of demand of food. It was
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then redefined as “ensuring that all people at all times have both physical and economic access to
the basic food that they need” (FAO, 1983).

Three years later, in 1986, the World Bank came up with a report on the temporal dynamism of
food insecurity. According to the report, two concepts were distinguished in food insecurity:
chronic food insecurity and transitory food insecurity, in which the former was associated with
problems of continuing poverty and low incomes, and the latter was associated with periods of

intensified pressure caused by natural disasters, economic collapse or conflict (World Bank, 1986).

By the mid-1990s, the concept of food security was broadened to incorporate food safety,
preferences, and nutrition (Clay, 2002); reflecting concerns about food composition and nutrient
requirements for an active and healthy life. These incorporations specifically imply that the
concept had an interrelated set of actions contributing to the same agenda. In addition to this, food
security was included as one major component of human security in the 1994 UNDP Human
Development Report (UNDP, 1994). This inclusion has related the concept of food security with

the human rights perspective.

In 1996, a World Food Summit took place which provided a framework for important changes in
the policies to achieve food security. And, a widely accepted new definition of food security was
adopted as: “Food security, at the individual, household, national, regional and global levels is
achieved when all people, at all times, have physical and economic access to sufficient, safe and
nutritious food to meet their dietary needs and food preferences for an active and healthy life”
(FAO, 1996). This definition describes the accessibility, availability, utilization, and stability,

which are known as the four pillars of food security.

Five years later, in 2001, this definition was again defined as: “Food security is a situation that
exists when all people, at all times, have physical, social and economic access to sufficient, safe
and nutritious food that meets their dietary needs and food preferences for an active and healthy
life” (FAO, 2002). This was the generally accepted and most recent definition in the development
of the concept of food security. The basic difference between these two definitions is that the
ultimate focus in the 1996 definition was members of the individual household; whereas, the 2001
definition focuses on the access to food by vulnerable individual households.
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According to the last definition, food insecurity exists when people do not have adequate physical,
social, or economic access to food. This concept shall not be used interchangeably with famine

and hunger, because famine and hunger are results of food insecurity.
2.1.2 Issues behind the current concept of food security

Three important changes have been observed in the development of the concept of food security
since its origin in 1974. One of the significant transformations was the shift from the view of food
security from the food supply approach to a sustainable livelihoods approach (Carr, 2006). The
second shift was the change from standardized indicators to logical perception (Maxwell, 1996)
and the third shift was the change from a global overview down to the household (Coates, 2013).
No one would be certain how the concept of food security would be changed in the future,

considering the dynamic nature of the issue.

In the 1970s, objective indicators were the ways used to measure food security. Thus, conditions
of food security of people were given due emphasis. In the recent concept of food security, it is
the subjective approach being used to measure the status of food security (Maxwell, 1996). As a
result, there have been more than 200 separate definitions of food security in published materials
(Napoli et al., 2011 and Gibson, 2012). Here, anyone can add or remove any indicators assumed
to measure food security. For this reason, a variety of indicators are used to measure food security
(Carletto et al., 2013), and there have been commendable advances in the measurement of food
security (Coates, 2013).

If this subjectivism has to work for the future, questions would arise about how to make value
judgments for the indicators. Besides, this could be a source of the question for “whose approach
do we choose and why?”, as a subjective degree of belief can bring a range of unfortunate
consequences, such as disagreement in science (Chalmers, 2013). Problems of this kind may lead

analysts to raise questions about the subjective approach to food security.

The contemporary concept of food security goes beyond the food supply approach and tries to link
with other casual elements. This is because a lack of food in each place cannot be the only cause
of food insecurity. Rather, it can be caused by the lack of access and production, which is related
to social capacity and status (Carr, 2006). This emphasizes the roles of society, local knowledge,

and perception in food systems.
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Nowadays, the concept of food security is used in many ways, making it difficult to understand
the true extent of the problem. Many scholars like Maxwell (1996); Clay (2002); Pinstrup-
Andersen (2009); Gibson (2012) and Coates (2013) agree on the complexity of the concept of food
security. The concept has also been exposed to a subjective interpretation by many writers (Gibson,
2012). This is partly because of the nature of the food problems experienced in different parts of
the world (Maxwell, 1996). In this situation, it would be difficult to know enough about the

problem and the mechanisms to respond.

It is very clear that there are four dimensions of food security known as “pillars of food security”
(FAO, 2002): food availability, which refers to the supply side; food access, which refers to the
demand side; food utilization, which refers to the nutrient and energy content of the food consumed
and food stability, which refers to the uninterrupted food access periodically. All these pillars of
food security must be fulfilled to say that a nation or a certain household is food-secured (FAO,
2008). This indicates that food security is measured by the simultaneous fulfillment of all the four
dimensions. The question here is about how all these dimensions combine and interact with each
other to measure food security (Gibson, 2012). Besides, achieving all pillars of food security

simultaneously would be difficult for countries like Ethiopia.

Moreover, there has been a marked distinction between the internationally recognized definition
and the way it is applied in measuring food security (Coates, 2013). This indicates a lack of clarity
in the concept of food security about which indicator is measuring what aspect of food security.
Thus, it is imperative to check the complementariness of the set of indicators and treat the
dimensions of food security separately. Unless the international community reconstructs this
complex concept into a single and clear concept, food security is likely to continue to suffer from
misconceptions and recurring food insecurity (Gibson, 2012). Indeed, the collective actions would

be misguided by the challenges of the practical interpretations.
2.1.3 Theoretical approaches to food security
i. The Entitlement Approach

The entitlement approach to food security is a framework developed by economist Amartya Sen
in 1981. It fundamentally changed how food security is understood, moving beyond food
availability to a more comprehensive view of how individuals or groups gain access to food.

Entitlement approach to food security focuses on how a person's access to food is affected by their
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economic, social, and legal circumstances. This approach challenges the idea that food security is
determined by the food available in a country. It explains why famines occur even when there is
enough food and focuses on how legal, economic, and political processes affect a community's

access to food.

The entitlement approach shifts the focus from food availability to food access. The approach
challenges the traditional "food availability decline” hypothesis, which attributed famines solely
to a drop in food supply (Bowbrick, 2022). Instead, Sen (1982) argued that food insecurity often

occurs even when food is available, because people lack the means to acquire it.

The entitlement approach shifts the paradigm of famines from a supply approach to the ability of
people to access food. It highlights that food insecurity can result from economic collapse or job
loss, natural disasters, and political and social systems, even when food is abundant. In a famine,
there may be sufficient food available in the market, but people may not have the entitlement to
access it if they have lost their jobs, assets, or income due to economic downturns or political

disruptions. This is the difference between availability and entitlement (the ability to access it).

Sen’s approach centers on the concept of "entitlements," which are the resources and opportunities
a person can legally command to obtain food. If someone’s entitlements fail due to unemployment,
falling wages, rising food prices, or loss of assets, they may face starvation, regardless of how

much food exists in the market or region.

According to Sen (1982), food security is not just about the availability of food, but also about an
individual's entitlements, the set of resources they can command through various means, such as
income, assets, or social rights. In simpler terms, entitlements refer to the means or rights through
which people can access food, whether through purchasing power, direct production, or social
networks. Sen argued that food security depends not only on food being available but also on an

individual's ability to access it economically, physically, and socially.

Sen argued that famine and food insecurity often occur not due to a lack of food, but because of
the failure of entitlements, people lose access to food even when the food is available. This could

be because of economic shocks, loss of employment, displacement, or political conflict.

Sen identified four main sources of food entitlement: production-based, trade-based, own-labor,

and inheritance and transfer entitlement. A failure in any of these is called an "entitlement failure"
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which can lead to hunger. This approach revolutionized food security analysis by: highlighting
economic and social factors; showing that famines can strike specific groups and emphasizing the
role of policy and governance. The approach also linked this to broader ideas, like democracy’s
role in famine prevention. He noted that no major famine has occurred in a functioning democracy

with a free press, as public accountability forces governments to act.

The entitlement approach remains relevant as food insecurity persists globally, often tied to
economic access rather than shortages. It is a reminder that boosting production alone is not
enough; policies must ensure people can actually get that food. This has important implications
for addressing food insecurity, as it points to the need for policy interventions that address

economic access, the redistribution of resources, and the strengthening of social safety nets.

Nevertheless, the entitlement approach is not perfect. The approach is too individualistic,
overlooking community or structural factors. It does not also fully address food utilization
(nutrition quality) or stability over time, which are now part of modern food security definitions.
Further, it assumes markets function rationally, which may not hold in conflict zones or during

extreme disruptions.
ii. The Capability Approach

The capability approach to food security, developed by economists Jean Dreze and Amartya Sen
in 1989, focuses on the ability of individuals to achieve well-being through access to the means to
live a healthy and fulfilling life, rather than simply focusing on the availability of resources like
food (Dreze and Sen, 1990). This approach shifts the focus from simply ensuring food availability
to enhancing individuals’ abilities to achieve food security based on their own circumstances,
preferences, and needs. It emphasizes human well-being and freedom, looking at what people are

actually able to do and be, rather than just what resources they have access to.

In the context of food security, this approach goes beyond traditional metrics like food production
or distribution and examines whether people have the real capabilities to access, utilize, and enjoy
sufficient, safe, and nutritious food. It considers factors such as income, education, health, social
norms, gender dynamics, and infrastructure, which all influence a person’s ability to be food

Secure.
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According to the approach, capability refers to the set of options or freedoms people have to
achieve food-related functionings. For example, having money to buy food is useless if there’s no
market nearby or if illness prevents someone from eating. The approach asks whether individuals
can convert available resources into food security, emphasizing agency and diversity in needs.
Personal (e.g., age, disability), social (e.g., gender roles), and environmental (e.g., climate,
infrastructure) factors are conversion factors that affect how resources translate into food security.

A farmer might have land but lack irrigation, reducing their capability to grow food.

The capability approach considers food security within the broader context of poverty, where
individuals may be deprived not only of food but also of other critical resources such as education,
healthcare, and access to social networks. This highlights that food security cannot be addressed
in isolation from broader socioeconomic issues. The approach goes further to ask whether
individuals have the freedom and ability to use food to live a healthy life. For example, even if a
person has enough calories, they might not be able to cook or properly use that food if they lack

the capability to do so due to physical, economic, or social constraints.

The approach stresses agency, the ability of people to make choices and decisions about their lives,
including how to use food to enhance their well-being. If individuals lack agency, they might be
food insecure even if they have access to enough food. For example, a person living in a food
desert may have physical access to food, but their ability to obtain nutritious and affordable food

may be limited by other constraints such as transportation or information.

The approach recognizes that people have diverse needs and preferences (Robeyns, 2005). Food
security should thus not be measured merely in terms of calorie intake, but in terms of the
individual's ability to achieve adequate nutrition, health, and a satisfactory standard of living. For
instance, a person's capability to prepare healthy meals may depend on their cooking skills, their

time, and their access to clean water, energy sources, and appropriate food markets.

The capability approach also emphasizes social relationships and social capital as factors
influencing food security. A person’s ability to share food, access community resources, or gain
support through social networks can significantly impact their food security. Cultural factors may
also shape what is considered “adequate” food security, and these should be factored into
assessments. The approach incorporates the idea that food security should not only meet present

needs but should also consider long-term sustainability. This involves ensuring that people can

19



continue to access nutritious food over time without exhausting resources or harming the

environment.

According to the capability approach, food security policies should focus not only on increasing
food production or distribution but also on enhancing individuals’ capabilities. In addition, food
security assessments should go beyond simply measuring food availability or income,
incorporating a broader set of indicators that capture people’s ability to access, afford, and use
food in a healthy way. Furthermore, addressing food security involves addressing other factors
such as health, education, employment, and social support. For example, improving people's health

or education increases their capabilities to use food to maintain a healthy life.

Generally, the capability approach to food security looks at food access not just as a matter of
having enough food but as a question of whether people have the freedom and resources to make
choices that allow them to live healthy and fulfilling lives. It emphasizes a broader view of poverty

and well-being, beyond just the material access to food.
iii. The Livelihood Approach

The livelihood approach, also known as the Sustainable Livelihoods Approach (SLA), is a
framework for improving development cooperation. It was developed in the mid-1980s by Robert
Chambers in response to the limitations of conventional development concepts (Chambers, 1988).
It is based on the idea that development should enhance people's ability to secure their own
livelihoods. The SLA is a holistic approach that considers a household's assets, institutional

structures, and transformations.

The SLA is based on the idea that food security is an outcome of a household's ability to access
and utilize its assets, and food is just one of the range of factors that determine poor people's
decisions. The SLA is based on the experiences of the past and builds on the methods that have

been developed over the past 20 years (Young et al., 2001).

The livelihood approach to food security emphasizes the importance of people's means of living,
including the resources and activities they use to secure food and other essentials. It focuses on
sustaining livelihoods by addressing both the capacity to produce or earn income and the broader
socio-economic and environmental context that shapes people's ability to access food. This

approach integrates economic, social, and environmental factors to understand food security and
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is particularly useful in rural areas or in situations where people depend on multiple sources of

income or activities to meet their food needs.

According to the livelihood approach (Chambers, 1988), the key livelihood assets are: human
capital (skills, knowledge, and health that people possess, which enable them to earn income and
manage food resources); natural capital (natural resources such as land, water, forests, and
fisheries, which provide food and materials); physical capital (physical infrastructure and assets
such as tools, equipment, and transportation); financial capital (the availability of money or credit,
which enables people to purchase food or other necessities when local production is insufficient)
and social capital (the social networks and relationships that people have access to, such as family,

friends, or community groups).

The livelihood approach emphasizes that food security is shaped by a variety of external factors
such as economic policies, climate change, natural disasters, market fluctuations, and political
instability. These factors influence people's ability to access food and sustain their livelihoods.
Vulnerability to shocks (like droughts, floods, economic crises, or market failures) is central to

this approach. Vulnerability varies based on factors such as wealth, location, and social status.

People use a range of strategies to secure their livelihoods, including farming, fishing, herding,
wage labor, self-employment, or remittances from family members. The livelihood approach
emphasizes the diversity of income-generating activities people use to cope with food insecurity,
especially in households or communities where agriculture alone is not sufficient to meet food
needs. For example, a farmer may rely on both crop production and livestock rearing, but also seek

off-farm employment or send family members to work in urban areas to generate income.

Livelihood diversification is a core principle of this approach. People often engage in multiple
activities (agriculture, business, remittances, etc.) to diversify income sources and reduce the risk
of food insecurity. This helps them spread risk in the face of economic shocks, environmental
stress, or other external challenges. For instance, a household might grow crops, run a small
business, and have members working in urban areas to balance risks like poor harvests or

fluctuating food prices.

Food security in the livelihood approach is not just about immediate access to food but also about
sustainability. It includes improving long-term resilience to environmental or economic shocks

and ensuring that livelihoods are sustainable in the face of changing circumstances. This may
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include managing natural resources sustainably, ensuring long-term access to productive land, or

addressing structural inequalities that limit people's access to resources.

The livelihood approach promotes integrated development strategies that address multiple
dimensions of poverty, such as access to education, healthcare, clean water, and financial services,
alongside direct interventions to improve food security. Programs might focus on improving
agricultural productivity, supporting local markets, developing skills and education, or building

community resilience to environmental shocks.

Policies should focus on supporting diverse livelihoods rather than focusing only on increasing
food production. This might involve ensuring access to credit, improving market access, or
investing in education and health to increase the human capital of households. Policies should also
focus on reducing vulnerability, such as by providing safety nets (e.g., social protection, food aid,

or disaster relief) for households at risk of food insecurity.

Targeting the most vulnerable households and communities is key to the livelihood approach.
Vulnerable populations often rely on multiple, less productive livelihood strategies, and
interventions need to strengthen these diverse activities (such as enhancing agricultural
productivity, improving off-farm income opportunities, or securing rights to land and natural

resources).

Strengthening the resilience of livelihoods is critical in this approach. This might involve providing
people with resources and knowledge to manage risks, such as crop insurance, weather forecasts,

or training in climate-resilient farming techniques.

Generally, the livelihood approach to food security goes beyond the simple availability of food
and looks at the broader context of people's livelihoods, focusing on how individuals or households
use a variety of assets and strategies to secure food and sustain their well-being. It takes into
account diverse income sources, vulnerability to risks, and the need for long-term resilience in the

face of economic, social, and environmental challenges.
iv. The Human-right approach

The human rights approach to food security frames the issue of food access and security as a
fundamental human right, emphasizing the legal obligation of governments to ensure that all

people can access sufficient, nutritious food. This approach links food security with the right to
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food, a human right recognized under international law, and stresses that food insecurity is not
simply a matter of individual or household failure but a result of structural inequalities,

governmental policies, and social and political factors.

The right to food is enshrined in international human rights law, including Article 25 of the
Universal Declaration of Human Rights (1948) and the International Covenant on Economic,
Social, and Cultural Rights (ICESCR, 1966), which recognize that everyone has the right to an
adequate standard of living, including food (McClain-Nhlapo, 2004). The right to food goes
beyond merely having enough food; it involves ensuring that people can access, afford, and use

food in ways that are culturally appropriate, nutritionally adequate, and sustainable.

Under this approach, states have an obligation to respect, protect, and fulfill the right to food:
States should not take actions that directly or indirectly interfere with people's ability to access
food (e.g., land grabbing, trade policies that harm local food production). Governments must
prevent others (e.g., private corporations, individuals) from violating people’s right to food (e.g.,
by ensuring that companies do not monopolize food resources or violate labor rights). Further,
States must take positive actions to facilitate access to food by improving food systems, providing
social safety nets, promoting economic opportunities, and ensuring access to food for vulnerable

populations.

The human rights approach emphasizes three key criteria to achieve food security: Availability
(food must be available in sufficient quantities and quality); accessibility (food must be physically
and economically accessible to all individuals, meaning that people must have both physical and
economic access) and adequacy (the food available must be nutritious and culturally appropriate,

ensuring that it meets dietary needs and supports health).

A fundamental principle of the human rights approach is that food security must be achieved for
all people, without discrimination based on race, gender, age, disability, or any other status. This
approach highlights the importance of addressing inequalities in society, as marginalized groups
(e.g., women, children, indigenous peoples, and rural communities) often face higher risks of food
insecurity. Gender equality is particularly emphasized, as women in many societies are
disproportionately affected by food insecurity due to gender-based discrimination in access to

resources, decision-making power, and social support networks (Agarwal, 2018).
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The human rights approach calls for active participation of all affected communities in decisions
that affect their food security. People should be empowered to claim their right to food, engage in
policy-making processes, and hold governments accountable. Ensuring the right to participation
involves public consultations, access to information, and the capacity for individuals and

communities to demand their rights to food security from their governments.

A human rights approach requires that states be held accountable for failing to respect, protect,
and fulfill the right to food. This means that individuals and groups must have access to legal
remedies and complaint mechanisms if their right to food is violated. This could include the ability
to seek judicial or administrative remedies, ensuring that food insecurity caused by government

policies, land grabs, or other violations can be challenged through legal channels.

The human rights approach also emphasizes the sustainability of food systems, recognizing that
the right to food must be realized in ways that do not compromise the ability of future generations
to enjoy food security. The approach also links food security to other human rights, such as the
right to health, the right to work, and the right to an adequate standard of living, recognizing that

food security cannot be achieved in isolation from other socio-economic and environmental rights.

Food security policies must be human rights-based and include measures that respect, protect, and
fulfill the right to food. This might involve enacting laws that protect land rights and prevent land
grabbing or eviction of farmers; ensuring social protection programs like food assistance,
unemployment benefits, or child nutrition programs that help vulnerable populations access food
and promoting policies that ensure equal access to resources for marginalized groups, such as

women, Indigenous communities, or low-income families.

International organizations, such as the United Nations, play a crucial role in promoting the right
to food globally. They can monitor the fulfillment of food security commitments and provide
guidance on best practices. States are encouraged to report on their progress in realizing the right
to food and may be held accountable for violations through international human rights

mechanisms, such as the UN Human Rights Council.

The monitoring of food security under the human rights approach involves both qualitative and
quantitative measures, looking at not only the availability and accessibility of food but also

whether people have the legal capacity and the economic means to exercise their right to food. It
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also requires participatory assessments, involving affected communities in evaluating whether

they are able to realize their right to food.

The human rights approach looks at the root causes of food insecurity, including poverty,
inequality, political instability, climate change, and conflict. It encourages governments to address

these underlying issues to prevent food insecurity from occurring in the first place.

Generally, the human rights approach to food security views food insecurity as a violation of
human rights and stresses that the right to food must be legally guaranteed, with governments
taking responsibility for ensuring that all people have access to adequate, nutritious, and culturally
appropriate food. It highlights the importance of non-discrimination, participation, accountability,
and sustainability, and calls for a broader understanding of food security that encompasses not just
food availability but the social, economic, and political conditions that enable people to live with

dignity and have reliable access to food.
2.2 Review of Empirical Literature
2.2.1 Food insecurity in urban areas

Food security is becoming an increasingly pressing issue in urban areas. This is mainly due to the
rapid urban population growth that does not always practice agriculture to produce food. For this
reason, urban areas are usually dependent on rural areas to meet their food demands (FAO, 2017).
Considering the rapid population growth in urban areas of developing countries, food security
would be a top policy agenda. Thus, investing in food security in rural areas could be one finest

way of responding to urban food insecurity.

The urbanization process in Ethiopia is among the fastest in the world with an estimated
urbanization growth rate of 5.4 percent per year (Schmidt et al., 2020). Today, nearly one-fifth of
the Ethiopian population lives in urban areas. According to CSA (2017), the average household
size in Ethiopia was 4.6 members in 2016; of which, rural households had 4.9 persons per

household and were slightly larger than urban households which was 4.2 persons.

Urban food insecurity in Ethiopia is attention-seeking because of high rates of urban poverty, high
dependence on food supplied by the market, and fluctuating food prices. According to a study by
Birhane et al. (2014), three-quarters of the households in Addis Ababa, the capital city of Ethiopia

were food-insecure, of which 23 percent were in a state of hunger. A similar study done by Etana
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and Tolossa (2017) revealed that 88.6 percent of households in the capital were food-insecure. The
problem was higher among the unemployed and low-income households, daily wagers, and public
servants’ household heads (Birhane et al., 2014 and Etana and Tolossa, 2017).

Scholars like Walsh and Van Rooyen (2015) and Guerrero et al. (2014) tried to compare the food
security status in rural areas to urban areas. Accordingly, Walsh and VVan Rooyen (2015) reported
that there were significantly more food-insecure households in urban areas of South Africa than in
rural households and Guerrero et al. (2014) reported that there were no significant differences in
the prevalence of food insecurity across urban, suburban, and rural regions of Wisconsin, USA.
Further, Nord (2000) stated that food insecurity in rural areas was overstated since the cost of

living is less in rural areas.

Because urban food security is overwhelmingly dependent on rural food supply, findings related
to Walsh and VVan Rooyen (2015); Guerrero et al. (2014) and Nord (2000) can significantly lead
decision-makers to understate rural food insecurity. From the beginning, two things can be
compared if they have the same or similar features of the issue under study. Yet, urban and rural
areas are two socio-economically, demographically, geographically, and culturally different
spaces (Pateman, 2011 and Howard, 2013), and with different infrastructural provisions. These
variations are widespread in developing countries. In many developing countries, rural people do
not have access to social infrastructure as compared to their urban counterparts (Braun, 2007). This
implies that although rural and urban areas are two inseparable domains (Gebre and Gebremedhin,
2019), they have significant differences in their socioeconomic sphere that one should consider
during a comparative study. Therefore, food security in urban and rural areas should be studied

and reported separately instead of comparing it using the same measuring standards.
2.2.2 Food insecurity in rural areas

The transformation of rural areas initiated by agricultural development can bring positive changes
in terms of food security and can contribute to better access to food in urban areas. Addressing the
root causes of food insecurity starts in rural areas. When rural areas are excluded and marginalized,
the most adverse impacts of food insecurity will continue to occur in rural and urban areas. Thus,

there is a need to better understand the nature of food insecurity in rural areas.

The nature and features of food insecurity in rural areas significantly vary from urban areas.

According to the FAO (2018) report, rural food-insecure people differ from their urban
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counterparts in many aspects. The status of food security in rural areas is attributed to agricultural
activities, which is highly susceptible to climate variability. Food security in urban areas, on the
other hand, is attributed to the ability to access food (Cohen and Garrett, 2010). For that reason,
rural and urban households use different strategies to address food insecurity (Tomayko et al.,
2017). Thus, comparing rural and urban areas in terms of food security would be less important in

the effort to address food insecurity in rural areas.

Considering the many disadvantages that rural areas have, people living in rural areas are more
vulnerable to food insecurity than people living in urban areas. When looking at the occurrence of
food insecurity across rural and urban spaces, 80 percent of the global underfed people reside in
rural areas (FAO, 2018). Rural people are more than three times as likely to be food-insecure as
compared to urban dwellers; it is more than four times higher in people engaged in agriculture than
those engaged in other sectors (World Bank, 2016).

Although this comparative figure does not still show how poor the rural poor are, it implies that
the rural people are at a higher risk of hunger and undernutrition. These variations between rural
and urban areas are also manifested across different countries. This point of view would be clear
when the number of food-insecure people living in rural areas of developed and developing
countries is analyzed. According to the findings of a research conducted across 105 countries by
Alkire et al. (2014), 86 percent of food-insecure people in Sub-Saharan Africa and South Asia live
in rural areas, while the figure was 28.6 percent for developed countries. This clearly indicates that
the global average of the food-insecure people living in rural areas does not specifically represent

the developed countries.

As indicated in Table 2.1, the geographical prevalence of undernourishment in the world and
Africa was uneven. The number of food-insecure people in the world has been increasing since
2017 and was estimated to be more than 783 million in 2022 (FAO, 2023).

Table 2.1. Prevalence rate of food insecurity in the World and Africa (2015-2022)

Region Prevalence rate of food insecurity (%)

2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022
World 79 7.8 75 7.6 7.9 89| 93 9.2
Africa 158 | 166| 165| 16.6 17.0 18.7] 194 19.7
Sub-Saharan Africa 182 | 191 189 | 191| 195| 216 222 | 225
Eastern Africa 246 | 262| 262 260| 26.7| 281| 284| 285
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Middle Africa 23.3| 247 | 237 | 244 24.8 276 | 285 29.1
Southern Africa 9.3 8.3 7.8 7.7 8.3 95| 10.0 11.1
Northern Africa 5.4 5.7 6.0 6.0 5.8 6.0 6.9 7.5
Western Africa 10.6 | 10.7| 10.6| 11.1 11.0 13.7 | 145 14.6

Source: FAO (2023)

In Africa, the number of food-insecure people in 2022 was 341.8 million (FAO, 2023), accounting
for one-third of the global food-insecure people. Eastern Africa, where Ethiopia is found, is the
most food-insecure region in Africa and the world. On the contrary, the prevalence rate of
undernourishment in North America and Europe was below 2.5 percent in 2022, as reported by
FAO (2023).

There are also great disparities among the food-insecure people in rural areas itself. Rural people
living in the high mountains, pastoral areas, drylands, rainforest jungles, and small islands with
lower population densities, poor agroecological resources, limited access to markets, and few job
opportunities are more vulnerable to food insecurity (FAO, 2018). Therefore, it is imperative to
describe the food insecurity status of any area not by comparing it to other areas; but rather by
describing it in terms of the degree of severity and persistence of the problem. In this way,

decision-makers can make informed and effective decisions.

Generally, the nature of food security in rural and urban areas, although might have some
similarities, they vary in different aspects of food security. While food security in rural areas is
linked to agricultural production (availability and stability), the steadiness in food prices
(economic access) is usually linked with urban food security. Therefore, the description of the food
security status in both spaces would be informative if it is explained in terms of the four pillars of

food security, rather than by using aggregate measurements.

According to Table 2.2, a comparison of food insecurity in rural, peri-urban, and urban populations
at the global, regional, and subregional levels shows that food insecurity affected 27.6 percent of
people living in rural areas in 2022 when compared to 26.3 percent in peri-urban areas and 23
percent in urban areas of Sub-Saharan Africa.

Table 2.2 Prevalence of food insecurity in the World and Africa by level of urbanization in 2022

Region Spatial prevalence rate of food insecurity (%)
Rural Peri-urban Urban
World 12.8 11.6 9.4
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Africa 25.9 23.1 20.2
Sub-Saharan Africa 27.6 26.3 23.0
Eastern Africa 25.7 26.7 20.5
Middle Africa 441 44.0 35.4
Southern Africa 15.9 13.1 10.2
Northern Africa 10.1 8.2 11.9

Source: FAO (2023)

Food security in rural areas can directly affect the food security status of urban areas. This is
because nearly 70 percent of all food consumed worldwide is produced in rural areas (Locke,
2017). In Africa, more than half of the urban food consumption is met by rural food supply (Vorley
and Lancgon, 2016). This shows that enhanced food production in rural areas can serve dual
purposes: ensuring food availability in rural areas and food access in urban areas. This can also

play a pivotal role in steadying the urban food price and overall rural economic transformation.

2.2.3 Food insecurity in rural areas of Ethiopia

Ethiopia is predominantly an agrarian nation, in which the agricultural practices are mostly rainfed.
Hence, any variation in the climate conditions can have adverse impacts on agricultural production.
An overwhelming dependence on rainfed agriculture is one of the reasons for the pervasiveness of
food insecurity in rural Ethiopia (Mekonnen and Gerber, 2017). Notwithstanding the importance
of agriculture in the country, the sector needs a transformation to contribute to food security and

serve the economy better.

Ethiopia is one of the developing countries with a higher number of food-insecure people. The
country’s GDP per capita in 2020 was US$ 1066, which is much lower than Sub-Saharan Africa’s
GDP per capita, i.e. US$ 4319 (Plecher, 2020). Despite some improvements gained in building
the national economy in the last two decades, achieving food security is still a challenge in
Ethiopia. According to WFP (2020), the prevalence rate of undernourishment in Ethiopia was 31

percent in 2017; about 5.9 million people were with acute food needs in 2020.

Food insecurity in Ethiopia is more pronounced in rural areas as compared to urban areas (World
Finance, 2017). A study done by Moroda et al. (2018) revealed that 41.3 percent of households in
rural areas of Boset district of Oromia region were highly food-insecure. Similarly, it was found
that 79.1 percent of rural households in southern Wello of Amhara region were food-insecure

(Agidew and Singh, 2018). Unlike the urban areas, shortage of farmland, recurring drought,
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climate change, and shortage of precipitation were the main factors associated with food insecurity

in these rural areas (Agidew and Singh, 2018).

Drought, which is a major cause of food insecurity, is a recurring phenomenon in Ethiopia. From
1983 through 1985, Ethiopia experienced the severest food insecurity in Africa which caused the
death of an estimated one million people (Reid, 2018). This problem was site-specific to northern
Ethiopia. In 2015-2016, an El Nifio induced drought took place in the lowlands of the country
(Singh et al., 2016). During that time, nearly one-fourth of the Ethiopian population was food-

insecure and more than 18 million people were requesting urgent food aid (Mohamed, 2017).

According to FAO (2000), although natural hazards, conflict, and population growth are the
underlying causes of food insecurity, the natural resource systems, crop-based systems,
pastoralism, knowledge and information systems, household economy, marketing and credit
systems, access to infrastructure and social services are always linked with food insecurity in rural
areas. In Ethiopia, recurrent drought, reliance on precipitation, backward agricultural technologies,
and inappropriate agricultural policies were the major factors for food insecurity in rural areas
(Devereux, 2000). Further, Endalew et al. (2015) reported that population pressure, shortage of
farmland, poor soil fertility, and outbreaks of animal and plant diseases were the causes of the

worsening situation of food insecurity in rural Ethiopia.
2.2.4 Precipitation variability as a cause of food insecurity

Climate change is associated with many global phenomena including food systems. A significant
number of scholars like Darwin (2001), Schmidhuber and Tubiello (2007), Wheeler and Braun
(2013), and Muluneh (2021) agree on the impact of climate change on food production.
Precipitation, the main source of water in rainfed agriculture, is one of the elements of climate that

highly determines agricultural production and productivity in rural areas.

Precipitation variability is the variation in the amount, season, and distribution of precipitation
over a given period in each place. Precipitation can increase or decrease in higher or smaller levels
from time to time, but the extreme variability would have an adverse impact on food production.
Although precipitation shortage is the main problem in many dry-land areas of the world, there are
also areas where excess precipitation is a threat to their agricultural activity and their life too.
Further, the timing in the precipitation pattern is the other form of variability. According to Torres

et al. (2019), variations in the timing and intensity of precipitations are higher in an intra-year than
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inter-yearly. Thus, understanding the nature, seasonality, and degree of precipitation variability is

important to suggest adaptation strategies.

Food security depends on food availability, access, utilization, and stability; thus, it is better to
study the impact of precipitation variability in each of these pillars. The impact of precipitation
variability is direct, and higher on agricultural production, which in turn determines the food
availability. According to Von Braun (1991), a 10 percent decline in the average amount of
precipitation leads to a 4.4 percent reduction in food production. Besides, precipitation variability
has a prominent impact on food stability as households are uncertain about the precipitation
pattern. Precipitation variability has increased fluctuation in food production, and it was a source
of high uncertainty regarding food production in 71 developing countries (Kinda and Badolo,
2019). Apart from this, the impact of precipitation variability on food access and utilization is

likely to be less in relation to food availability and stability.

In Ethiopia, considering the higher dependence of the economy on rainfed agriculture, it is not
arguable to say that precipitation variability has a significant impact on food security. The recurrent
droughts that have been seen in Ethiopia were mainly caused by precipitation variations. Among
others, the amount and variability of precipitation were important determinants of food security in
Ethiopia (Demeke, 2011; Alemayehu and Bewket, 2016 and Agidew and Singh, 2018). However,
the underlying causes of precipitation variability in Ethiopia like the ENSO and SST are not well

researched.

According to the World Bank (2010), Ethiopia is among the countries listed as the most vulnerable
to adverse impacts of climate variability. Yet, not all parts of the country are equally vulnerable to
the impacts of precipitation variability. Subsistence farmers and pastoralists were relatively the
most susceptible to precipitation variability in Ethiopia (Asfaw et al., 2018). Geographically, the
most severe drought was reported during 1984 - 1985 in Wollo, and the longest duration of drought,
which lasted for 63 months was recorded in the Borena zone (Suryabhagavan, 2017). Seasonally,
the Kiremt season is less variable in many parts of Ethiopia than the Belg season (Alemayehu and
Bewket, 2016).

2.2.5 Household’s coping mechanisms for food insecurity and meteorological drought
Households are the most important agents in the struggle to achieve food security. An individual

farmer’s role in responding to food insecurity and the varying precipitation is very significant.
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Farmers are the ones who face the immediate impacts of food insecurity (Berry et al., 2006) and
react to the problem at the first stage. They also prevent the occurrence of the problem by adjusting
their farming system to make them more resilient to the problem (Arbuckle et al., 2015). In rural
areas, where the impact of climate variability on food production is more noticeable, the
household’s choice of coping mechanisms plays a vital role in reducing and averting the risks of

food insecurity.

Household’s choice to adopt coping mechanisms depends on different factors. However, it is the
climate pattern that mostly affects farmers’ decision to choose peculiar coping mechanisms.
Teklewold et al. (2019) indicated that climate was the major determinant of households’ decisions
to adopt alternative combinations of practices in the Nile basin of Ethiopia. Because climate
variability is the major cause of food insecurity, particularly in the Tigray region (Weldearegay
and Tedla, 2018), adapting to climate variability can significantly contribute to addressing the
problems of food insecurity in rural areas. Thus, the adoption of multiple climate variability

adaptation strategies is essential for improving the household’s food security.

The household’s decision to adopt a particular adaptation measure is also affected by several
policy-related factors. A policy that affects one practice can have spillover effects on other
practices (Teklewold et al., 2019). Although the use of fertilizer and improved seeds was less
probable under small farm-level and low precipitation conditions, conservation tillage, crop
diversification, and other agricultural water management practices were effective adaptation

mechanisms to the climate variability in the Nile basin of Ethiopia (Teklewold et al., 2019).

Generally, there are different mechanisms for adapting to climate variability that are being used
by rural households; of which, climate-smart agricultural practice is the one essential mechanism
for addressing food insecurity. Teklewold et al. (2019) found that the adoption of climate-smart
agricultural practices has increased dietary diversity and improved the food security of households
in the Nile basin of Ethiopia. More importantly, the adoption of combinations of these practices
has increased the per capita nutrition consumption and dietary diversity as compared with the

adoption of a single climate-smart agricultural practice (Teklewold et al., 2019).

Deressa et al. (2009) also found that the use of different crop varieties, tree planting, soil
conservation, early and late planting, and irrigation were among the mechanisms farmers used to

adapt to climate variability in the Nile Basin of Ethiopia. Similarly, a research conducted in the
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central Rift Valley of Ethiopia shows that practices like crop diversification, planting date
adjustment, soil and water conservation, and management, increasing the intensity of input use,
integrating crop with livestock, and tree planting were the practices adopted by most of the rural
households to adapt to the varying climate (Belay et al., 2017).

Although adapting to climate variability is very important as a preventive measure against food
insecurity, reaction mechanisms are also equally important in reducing the risks of food insecurity.
In Ethiopia, the coping mechanisms used by rural households include minimizing the number and
quantity of meals in a day, diversifying livelihood income sources, migration, and wage labor
(Sewnet, 2015). Besides, reducing meal size, reducing the frequency of meals served, working as
a daily laborer, and selling livestock were major coping mechanisms to address food insecurity in

western Ethiopia (Sani and Kemaw, 2019).

In the Tigray region, food-insecure households use different coping mechanisms like working as
daily laborer, reducing meals, borrowing, selling productive assets, and switching meals
(Weldearegay and Tedla, 2018). Similarly, strategies like selling household assets, leaving the
entire day without eating, and sending household members for begging were among the coping
mechanisms used by the food-insecure households in rural Adwa (Negash and Alemu, 2013).

2.2.6 Intervention mechanisms to food insecurity

Government is one of the most important actors in responding to food insecurity. The role of the
government and other stakeholders in enabling farmers to adapt to the varying precipitation is
prominent. In some places like the central Rift VValley of Ethiopia, reacting to the varying climate
and its associated precipitation variability has been beyond the capacity of the farmers (Belay et
al., 2017). Hence, the hand of the government and other humanitarian organizations is highly
crucial in enabling farmers to cope with the problem effectively. Li et al. (2018) indicated that the
combined efforts of the government and farmers are significant in addressing drought and boosting

agricultural output.

In many cases, the government, including many humanitarian organizations reacts to food
shortages by providing food aid. This could not be a long-lasting solution to food insecurity as it
heavily relies on fund-raisings and the commitment of different organizations to allocate aid
(Haile, 2005). Since the causes of food insecurity are multifaceted, early and integrated prevention

measures are required. Besides, short and long-term policies and programs should be set based on
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the available resources to improve food security and reduce the dependence on food aid.
According to Von Braun and Olofinbiyi (2007), governments should consider micro-level
interventions in tandem with macroeconomic policies, and market integration and price

stabilization must be in place for programs to function effectively.

The establishment of a food security policy framework should be the first task in combating food
insecurity. And, the policy should have clear objectives and be aligned with the national
development policies. According to FAO (2009), there are two approaches in formulating food
security policies: mainstreaming food security issues into the overall national development
policies, and/or preparing a specific food security policy that can address all aspects relevant to
achieving food security. More importantly, food security should address the four pillars of food
security that are not fulfilled: insufficient food supplies, insufficient access to food, ineffective
utilization (malnutrition), and instability in the other three pillars over time. Thus, it is important
to review which pillars of food security need to be fulfilled and to what extent these pillars are

primary concerns in formulating a food security policy, which have to be implemented effectively.

Irrigation is a key element in many food security programs supposed to bring a long-lasting
solution to food insecurity in rural areas. The irrigation goal is achieved if water resources are
prudently harvested with the active engagement of the farmers (Brelle, 2016). The performance of
irrigation practices relies on a secured water resource like sufficient and reliable precipitation and
its utilization. More importantly, water resource management which determines the generation,
distribution, conservation, and utilization of water appears as a key factor in improving farmers’

agricultural production.

During times of food insecurity, food aid is the most common reaction mechanism used by many
governmental and non-governmental organizations in places where food deficit occurs. This
mechanism has been criticized for its lack of timeliness, high cost of delivery and administration,
and problems in its distribution (Del Ninno et al., 2005). Further, dependence on food aid could
not be a long-lasting solution to food insecurity as it only addresses the symptoms, not the root
causes. Thus, although food aid is a mere strategy to address short-term food insecurity, long-
lasting strategies that could address the causes of recurring food insecurity should be the prime

agenda.
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Crop insurance is the other coping strategy designed to manage risks related to agriculture. This
has a positive impact on the food security of farmers. In eastern India, the participation of farmers
in crop insurance increased rice yields of large farms by 49 percent, and rice yields of small farms
by 16 percent (Ranganathan et al., 2018). Geographically, crop insurance is mainly practiced in
developed countries. Although there are no recent data on the distribution, the FAO (2005) report
shows that Africa has only a two percent global share of crop insurance, while the figure was 55

percent and 29 percent in North America and western Europe, respectively.

Nowadays, Information and Communication Technology (ICT) is becoming an important tool to
fight against food insecurity. Lack of access to information related to new agricultural technology,
skill, and knowledge are few of the challenges that rural people are facing today (Nakasone and
Torero, 2016). This limits the opportunities for agricultural growth and improvements. Today,
ICTs are expanding around the developing world.

In Ethiopia, the Productive Safety Net Program (PSNP) is one of the most common programs used
to address food insecurity. The program was introduced in 2005 to help the chronically food-
insecure households. According to Welteji et al. (2017), PSNP in the Bale zone, Oromia region of
Ethiopia, was found to be helpful in fulfilling consumption needs, asset accumulation, and the
overall food security status of the beneficiary households. Yet, the program needs due care in
reaching the needy households, and it would be better if a focus is given to equipping the farmers

with effective skills of managing food shocks rather than exploiting their labor for cash.
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CHAPTER THREE
RESEARCH METHODOLOGY
3.1 Overview of the Study Areas
Atsbi-wenberta, Irob and Hintalo-wejerat were the most food-insecure rural districts in Ethiopia’s
Tigray region, according to the 2019 report by the Tigray region PSNP office. Conferring to the
latest administrative boundary restructuring, Atsbi-wenberta was divided into two rural districts:
Atsbi and Tsirae-wenberta; Hintalo-wejerat was also divided into two rural districts: Hintalo and

Wejerat.

Atsbi-wenberta and Irob are found in the astern zone of Tigray, whereas Hintalo-wejerat is located
in the southeastern zone of the region. The three districts are located in the eastern part of Tigray
adjacent to the Afar region. While all the study areas share a regional boundary with the Afar

regional state, Irob shares an international boundary with Eritrea in the north.
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Figure 3.1. Administrative map of the study areas (2019)

Atsbi, Dowhan, and Adigudem towns are the market centers for the three rural districts, i.e. Atsbi-
wenberta, Irob and Hintalo-wejerat, respectively. The road distance from the capital Mekelle to
Atsbi town is 70 km (through Wukro); 195 km to Dowhan (through Endamosa); 35 km to
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Adigudem and about 70 km to Bahre-tseba (the market center of Wejerat district). Before the
administrative boundary restructuring in Tigray, Atsbi-wenberta, Irob and Hintalo-wejerat had a
total rural population of 140,204; 31,331 and 188,062, respectively. In December 2023, a report
by the offices of the three rural districts revealed that the newly restructured rural districts of Atsbi,
Irob, and Wejerat, in which the samples for the study were taken, had a total rural population of
94,210; 33,280 and 88,800, respectively.

Table 3.1 shows the study areas are found in similar longitudinal locations. Referring to the
Koppen climate classification map for Ethiopia (1980-2016), Irob and Hintalo-wejerat have an
arid, steppe and hot (BSh) climates; whereas, Atsbi-wenberta has an arid, steppe, and cold (BSk)
climates (Beck et al., 2020). Like the other parts of Tigray, the study areas have three distinct
climatic seasons based on precipitation. The first is the main rainy season, which lasts from June
to mid-September, the second is the dry winter season from October to February, and the third is

the pre-monsoon hot season from March to May (Gebrehiwot and Van der Veen, 2013).

Table 3.1. Geographical location of study areas

Name of study areas | Elevation (m) | Latitude (North) Longitude (East)
Atsbi-wenberta 2511 | 13.8465 | 13.9132 | 39.6763 | 39.7903
Irob 1931 | 14.4291 | 14.5528 | 39.3695| 39.5974
Hintalo-wejerat 2107 | 13.2677 | 13.3572 | 39.5013 | 39.6908

Agriculture is the dominant economic sector in the study areas, in which crop production,
livestock, and forestry are the leading agricultural activities. In addition, the agricultural systems
in these areas depend on rain-fed agriculture dominated by small-scale farmers with average land

holdings of less than a hectare per household.

3.2 Research Design

3.2.1 Research types

This study is based on an integration of descriptive, explanatory, and exploratory research types.
To describe the existing food insecurity status and the adopted coping and adaptation strategies, a
descriptive research was used; to explain the cause-effect relationship between the precipitation
pattern of the study areas and the global SST and ENSO indices, an explanatory research was used.
In addition, an exploratory research was adopted to explore the food security intervention

mechanisms of various levels used in reference to drought-prone rural areas.
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3.2.2 Research approach

A mixed research approach was applied in which quantitative and qualitative studies were
integrated to describe the results of the study numerically and in a meaningful way. Specifically,
to describe the food security coping and adaptation strategies, a concurrent triangulation mixed
research approach was adopted to compare the qualitative and quantitative databases for
convergence. In addition, a concurrent nested mixed research approach was used to describe the
food insecurity status and explain the nature of precipitation variability and its associated factors,
in which the quantitative research approach was predominantly applied; it is also used to describe
the food security intervention mechanisms, in which the phenomenological qualitative research

approach was predominantly used.
3.2.3 Research strategy

Survey research was employed to effectively and efficiently collect factual data from the sampled
population using a questionnaire. Secondary data from relevant regional and district-level offices

were also gathered using survey research.
3.2.4 Research time dimension

In this study, an approximation of a longitudinal study using cross-sectional research was used for

the time dimension of the study to solicit data about the past.

3.3 Data Type and Sources
3.3.1 Primary data

The collected primary data for the study include food insecurity status, coping strategies, and food
security intervention mechanisms at the community level. Hence, household heads were the
primary data sources. Further, primary data regarding food security intervention mechanisms at
the regional level was gathered from the regional PSNP office. Moreover, data with respect to
household’s choice of coping and adaptation strategies to food insecurity and drought was gathered
from elders, selected model farmers, local administrators, and religious leaders of the respective

sub-districts.
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3.3.2 Secondary data

The secondary data collected for the study is related to the precipitation data of the selected study
areas for the period of 1979-2019. The monthly precipitation data for the study areas were obtained
from the Ethiopian National Meteorological Agency (NMA).

Additionally, the global sea-surface temperature (SST) and EI-Nino southern oscillation (ENSO)
data for the specified period were obtained from the IRI/LDEO Climate Data Library and the US
National Oceanic and Atmospheric Administration (NOAA) Climate Prediction Center,
respectively. Of the ENSO indices, a three-month Oceanic Nino Index (ONI) was used to track
the ENSO pattern. According to Lindsey (2009), the ONI is a primary indicator for monitoring the

seasonal climate pattern of ENSO.

Further, secondary data regarding children’s and Pregnant and Lactating Women's (PLW)
malnutrition status was gathered from the respective health offices of the three districts. Moreover,
data regarding food security intervention mechanisms at the national level was gathered from
relevant documents of the Ethiopian Food Security Policy, Food Security Strategy, Food Security

Program, and PSNP implementation manual.

3.4 Sampling Techniques and Study Population

In this study, both probability and non-probability sampling techniques were used. The base for
this study is the prevalence of chronic food insecurity. For this, drought-prone rural areas with a
higher proportion of food-insecure populations were selected in the study. Hence, of the non-
probability sampling techniques, a judgmental sampling method was used to select the rural
districts and target population.

During 2021, data obtained from the Tigray region office of food security shows that Irob, Atsbi-
wenberta, and Hintalo-wejerat rural districts (see Figure 3.1), were the most affected drought-
prone rural areas of Tigray region with a higher proportion of food-insecure population. In
addition, two sub-districts (tabias, the last administrative units in Tigray) from each district with
a higher number of food-insecure population (based on the district’s PSNP data), a total of six sub-
districts were selected to conduct the survey. Hence, Alitena and Haraze-sebeata from Irob
district; Haresaw and Hadinet from Atsbi-wenberta district and Gonka and Seneale from Hintalo-
wejerat district were selected for this study.
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Rural Productive Safety Net Program (PSNP) beneficiaries were the target population purposively
selected for this study, as their major inclusion criterion to the program was their being the most
food-insecure. As such, the main purpose of this study was to capture food insecurity status, coping
strategies, and adaptation mechanisms in the most food-insecure households living in the drought-
prone rural areas. In these stated sub-districts, a total of 6,528 food-insecure households were rural
PSNP beneficiaries. This number was then used to determine the final sample size. The following
formula was then adopted from Survey Monkey (2019), which is the easiest and fastest online
sample size calculator for survey research. The formula is based on the margin of error and
confidence level, which is convenient for representing a limited and relatively homogeneous
population with similar socioeconomic characteristics (Survey Monkey, 2019).

z? +p(1—p)

eZ

1+ EELP

Sample size =

where, N= population size, e = margin of error, z = confidence level and p = population variability

Assuming a 95 percent confidence level, 5 percent margin of error, and 50 percent of population
variability, the final sample size was calculated to be 363. This was distributed to each sub-district
proportionally as shown in Table 3.2. By the end of the survey, all the filled-in questionnaires were

collected.

Furthermore, a probability sampling technique, simple random sampling, was employed in
selecting respondent households from the six sub-districts selected from the three districts for
administering the questionnaire. A complete list of households registered under the PSNP was

available to make the random selection.

Table 3.2. Distribution of the sample size to sampled study areas

No | Name of the sub- | Number of food-insecure | Final sample
district households under PSNP size

1 Alitena 1,029 57
2 Haraze-sebeata 1,174 65
3 Gonka 1,022 56
4 Seneale 1,235 69
5 Haresaw 1,080 61
6 Hadinet 988 55

Total 6,528 363
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3.5 Methods of Data Collection

Survey questionnaire:

Data about the food insecurity status, coping mechanisms, adaptation strategies, and food security
intervention mechanisms at the community level were collected using an interview-based
questionnaire. Both open and closed-ended questionnaires were administered to the randomly
selected respondents. This was done to obtain structured responses and self-expressed opinions
from the household heads. The questionnaires were translated into the local language (Tigrigna
and Saho) and administered through face-to-face interaction with household heads by trained

enumerators (food security experts in the respective study areas).

Assessment of the food security situation in agriculture-based rural communities should be done
during the period of higher food shortages (Kennedy et al., 2011). The pre-harvest or agricultural
lean season normally spreads between April and September. Thus, the data were gathered during
May-June (2023), which falls under the most food-insecure period. Besides, based on the degree
to which household food insecurity is likely to fluctuate over time, the time frame (recall period)
for this study was 12 months. According to Coates (2004), applications of food insecurity scales

have generally used either 12 months, 6 months, or 30 days.
Key Informant Interview:

Key informant interview (KII) was used to gather additional data about the status of children’s and
PLW malnutrition levels in the study areas and food security intervention mechanisms at regional
and community levels. Hence, the head of the Tigray region PSNP office, three heads of district
health offices, and three PSNP officers of the selected districts were interviewed. A semi-
structured interview was employed to make the interview guided by flexible schedules for
elaboration and to make the interviews smooth. Key informants were asked about the prevalence

of malnutrition in their respective districts and the ongoing food security intervention mechanisms.
Focus Group Discussion:

Focus group discussion (FGD) was used to obtain data concerning households’ choice of coping
strategies for food insecurity and adaptation mechanisms to the recurring meteorological droughts.
A total of six FGDs (one FGD for each sub-district) composed of nine to ten individuals from
elders, model farmers, women, local administrators, and religious leaders was organized. The

FGDs were tasked with discussion about their preferred food insecurity coping strategies and
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adaptation mechanisms to meteorological drought. Questions were made clear before the

discussions, and each FGD was completed in no more than 90 minutes.
Observation:

This tool was used to capture data about the malnutrition status of children aged 6-59 months. For
this purpose, the children’s feet and eyes were observed and tested against the occurrence of
oedema and Bitot’s spot, which are critical indicators of children’s malnutritional status. The
presence of Bitot’s spots on children’s eyes was observed with the support of a magnifier and

flashlight.
Documentary Sources:

Precipitation data of the study areas were generated from the NMA archives; SST and ENSO data
were generated from reports and archives of the CFSR, IRI/LDEO Climate data library, and
NOAA. In addition, relevant documents including Ethiopia’s Food Security Policy, Food Security
Strategy, Food Security Program, and PSNP implementation manual were analyzed to describe

the existing food security intervention mechanisms at various levels.
3.6 Data Quality Control Procedures

To ensure data validity, the questionnaires were tested prior to the field survey through a pilot
survey in randomly selected 20 households. Lastly, the tool was administered after possible
improvements in the questionnaire were successfully conducted. To ensure the reliability of data
about child malnourishment, selected children were tested in addition to the nutritional survey
report by the health offices of the districts.

Since the questionnaires were filled in by trained enumerators, all the administered questionnaires
were returned with minimum acceptable errors. Besides, the errors were corrected in the field.

Finally, the data were carefully coded, followed by data entry using SPSS V. 27.

Precipitation data obtained from the Ethiopia National Meteorological Agency (NMA) were
double-checked for consistency using a station data obtained from the Tigray Region Meteorology
Service Center. In addition, a gridded Climate Forecast System Reanalysis (CFSR) data was used
to fill in the missing data during the study period. CFSR data are provided at an hourly time
resolution on the horizontal grid with a spatial resolution of ~38 km (0.5 degree x 0.5 degree

latitudinal and longitudinal resolution) since 1979. According to Dile and Srinivasan (2014) and
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Fuka et al. (2014), CFSR is the most reliable meteorological data source for Ethiopia where there

is data scarcity.
3.7 Data Analysis Techniques
3.7.1 Data analysis methods of food insecurity

To analyze the food availability, access to food, and food stability, a combination of Household
Food Insecurity Access Scale (HFIAS) and Food Insecurity Experience Scale (FIES) were
adapted. Additionally, Household Food Expenditure (HFE) was used to assess the economic
access of the households to food. Further, the Household Dietary Diversity Score (HDDS), Food
Consumption Score (FCS), anthropometry measure of mid-upper arm circumference (MUAC),
nutritional oedema test, and Bitot’s spot were used for measuring the utilization component of

food security as discussed below.

Generally, a descriptive analysis technique (mean values, frequencies, percentiles and
crosstabulation) was used to analyze the quantitative data about food insecurity status of the rural

households using analysis tools in the SPSS V. 27.
Household Dietary Diversity Score (HDDS)

HDDS is a description of the number of food groups consumed by household members in the
previous 24 hours. The HDDS was first developed by the Food and Nutrition Technical Assistance
(FANTA) Project; as also indicated by Swindale and Bilinsky (2006), it is a 12-scale level and a
proxy measure of access to food by households. It was standardized by FAO a few years later,
developed into a guideline to address diet diversity measurement, and became a standard tool.
Counting of food groups consumed over a period of the past 24 hours, and gives the dietary
diversity score of households in the drought-prone rural areas of Tigray. Then, mean scores are
derived to analyze consumption patterns of sample rural households and the differences in diet
diversity between them. The measure of diet diversity captures the food groups consumed,

showing the importance of HDDS in measuring food security.
HDDS=Sum(A+B+C+D+E+F+G+H+1+J+K+L) 1)

Where, A to L are the 12 individual food groups representing cereals, root and tubers, vegetables,

fruit, meat, egg, fish, legumes, milk, oil and fats, sweets, and spices.
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The average household dietary diversity score for the population of study can be calculated

as follows:
Sum (HDDS) / Total number of households surveyed @)
Food Consumption Score (FCS)

FCS is an index developed by WFP that aggregates household-level data on the diet diversity and
frequency of food groups consumed for seven days prior to the interview/survey conducted on
selected representative households (Wiesmann et al., 2006; Maxwell et al., 2013 and IDEP, 2023).
FCS is stronger than HDDS in the sense that it combines food frequency, dietary diversity and
relative nutritional importance of the various food groups (a maximum of 12 groups) consumed

by the rural households over the indicated period. FCS is calculated as:
» grouping food items in the specified food groups;
» summing all the consumption frequencies of food items within the same group;
» multiplying the value of each food group by its weight and then
» summing the weighted food group scores.

Based on WFP’s recommended cut-offs, FCS results of 0-21 are labeled as poor; 21.5-35 as
borderline, and FCS above 35 as acceptable (IDEP, 2023).

Analyzing malnutrition

Moderate Acute Malnutrition (MAM) is identified for children 6-59 months, using the standard
interval measure of MUAC <125 mm and >115 mm).

Severe Acute Malnutrition (SAM) is identified for children 6-59 months, using the standard

interval measure of MUAC <115 mm or the presence of bilateral pitting oedema.

Global Acute Malnutrition (GAM) is the presence of both MAM and SAM in a population. A
GAM value of more than 15 percent indicates an emergency. According to WHO (2000), the
thresholds for GAM are:

e <5 percent, acceptable

e 5-9.9 percent, poor

e 10-14.9 percent, serious, and
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e >15 percent, critical

Nutritional oedema is an independent indicator of SAM in children 6-59 months of age (Roberfroid
et al., 2013). Nutritional oedema for children 6-59 months is identified by thumb pressure on the
top side of both feet gently for three seconds. The child has oedema if the indent stays after lifting
the thumb for some time and it is then considered as SAM (Roberfroid et al., 2013).

Bitot's spot is a vitamin A deficiency and is identified when a slightly elevated, white foamy lesion
can usually be seen as the temporal part of the bulbar conjunctiva near the limbus at the left or
right positions (Mayo-Wilson et al., 2011). The presence of Bitot’s spots on children’s eyes was
observed with the support of a flashlight.

3.7.2 Data analysis methods of precipitation, global SST and ENSO data

Mann-Kendall test (Mann, 1945 and Kendall, 1975) was used to statistically assess if there was a
monotonic upward or downward trend in the precipitation pattern. Besides, the Sen’s Slope estimator
was used to analyze the magnitude of the trend in the precipitation pattern. The XLSTAT analysis
tool was used during the Mann-Kendall and Sen’s Slope estimator test. And, Stata software
Version 14 was used to draw the fitting values. On the other hand, the coefficient of variation (CV)

was used to describe the degree of precipitation variation in the three districts.

A Canonical Correlation Analysis (CCA) method was applied using the Climate Predictability
Tool (CPT) to analyze the correlation between the precipitation pattern and global SST. Because
of the quantitative nature of the data with normal distribution, the Pearson correlation method was
used to test the relationship between the precipitation pattern and the global SST and ENSO indices
with three months of lag time.

The Mann-Kendall test is calculated using equation 1:

S= nz_? zn: sgn(Xj - Xi) (1)

i=1 j=i+1
where S is the Mann-Kendal’s test statistics, n is the number of data points, X; and X; are the data
values in the time series j and i (j > i) respectively. The sgn (Xj - Xi) is the sign function as

indicated in equation (2):
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+1if (X; —X;) > 0
sgn(X; —X;) =< 0if (X, —X;) =0 2)
—1if (X; —X;) <0

The variance is calculated by employing equation (3):

n(n—-1)(2n+5)-Yit, ti(t;—=1)(2t;+5)
18

Var (s) = (3)

where n is the number of data points, m is the number of tied groups (a set of sample data that
have the same value), the summation sign (X) indicates the summation over all tied groups, and t;
is the number of data points for the ™" tie. If there are no tied groups, this summation process can
be ignored. In the case where the sample size n > 10, Zyk approximates the standard normal

distribution with the mean (S) = 0 and it is computed using equation (4):

( s-1

if(S)>0

o ®
l—\/liu+r—1(9 if () < 0

The presence of a statistically significant trend is evaluated using the ZykVvalue. Positive values of
Zmx indicate increasing trends, while negative Zyk values show decreasing trends. Testing trends
are performed at the specific a (0.05) significance level. When |Zyk|> Z1-2, the null hypothesis is
rejected, indicating that a significant trend exists in the time series. Z1.» is the critical value of

Zmk and it is obtained from the standard normal distribution table which is 1.96.

The Mann—Kendall test only indicates the direction. Hence, the magnitude of the trend is usually
determined by Sen’s test which is defined by calculating the slope. The slope (change per unit
time) was estimated based on the procedure in equations (5) and (6).

Q=5 ©)

Where X; and X; are considered as data values at time i and j (i >j) correspondingly and @ is the

Slope. The Sen's estimator is computed as Queq = Qn+1 if N appears odd, and it is considered as Queq =

2

%(Qg + Qn+2) if N appears even which is given as:
2 2
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Qn+1 if Nisodd
2
(6)

Qmed = 1 ) )

7| Qv + Qnez if Niseven
2 2

Qmeq 1S computed by a two-sided test at 100 (1-a)) % confidence interval and then a true slope can

be obtained by the non-parametric test. Positive value of Q,,.q indicates an upward or increasing

trend and a negative value of Q,,.q gives a downward or decreasing trend in the time series.

Coefficient of variation of the annual precipitation variation is calculated as equation 7:
CV ==+ 100 ©)

where SD is the standard deviation which is computed by square root of the variance, and X is

the sample mean of the annual average precipitation.

In this study, Pearson’s correlation coefficient was used to measure the significance of a correlation
analysis among the precipitation patterns of the three districts and the likelihood of global SST and
ENSO variations. The Pearson correlation coefficient in this study is defined as follows: Suppose
that there are two variables X and Y, each having n values X/, X2, ... Xn, and Y1, Y2, ... Yn,
respectively. Let the mean of X be x and the mean of Y be y. Then, Pearson’s r is given by:

r= nQExy) - Ex)QXy) (8)
JInZx2= X nEy? - @34

where the summation proceeds across all “n”” possible values in this sample.

3.7.3 Data analysis methods of coping strategies and adaptation mechanisms

Data analysis techniques consisting of descriptive statistics (mean values, frequencies, and
percentiles) and the Coping Strategies Index (CSI) were used to analyze the household’s coping

strategies for food insecurity.

CSI was developed by CARE/WFP in 2003 to measure households’ coping strategies to food
insecurity and it is used to describe food security situations (Maxwell et al., 2003; Drysdale et al.,
2019 and Melese et al., 2021). CSI combines both the frequency and severity of coping strategies.
The frequency of coping strategies measures how many days per week a household had to rely on
the various coping strategies. The severity of coping strategies is measured using data collected
from the FGDs by asking the participants to classify their coping strategies based on: 1=less severe,

2=moderate, 3=severe, and 4=very severe). Thus, the CSI score was calculated by combining both
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the frequency and severity of coping strategies. A higher CSI indicates a more food-insecure

household and the vice versa.

The average CSI in this study was calculated based on the ranks given in the FGDs for coping
strategies adopted using Weighted Mean Score. A four-point scale with a scoring order of 3, 2, 1,
and 0 for frequently, sometimes, rarely, and never was used to calculate the frequency of
households’ reliance on various coping strategies, as indicated by Adebo and Falowo (2015) and
Drysdale et al. (2019).

CSI1 = N3Xs + N2X2 + N1X1 + NoXo (1)

where N is the number of households using a particular coping strategy and X is the scoring order
for frequency. CSI was used in rank order to reflect the comparative position of each of the coping

strategies in terms of use. The Weighted Mean Score (WMS) is calculated as follows:
WMS; = CSI/Z 2

WMS = weighted mean score Z=total number of household heads and i=individual coping

strategies.

Further, data obtained from the FGDs were used to analyze the coping strategies and adaptation
mechanism choices of rural households. Households’ choices of coping and adaptation strategies

were analyzed using the Paired Comparison Analysis (PCA).

The PCA method was used to rank households’ choice of coping strategies and adaptation
mechanisms. PCA is a tool for evaluating a small range of options by comparing them against each
other. This method is applied to rate and rank the different options for food insecurity coping
strategies and adaptation mechanisms for the recurring meteorological droughts, where the choices

are subjective by nature.

PCA was performed using a matrix. This matrix is made in a way that avoids comparing an option
with itself or duplicating any comparison. Two extra rows were added at the end of the table
representing the frequency of each option that has been selected and the ranking of all options

based on their count.
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3.7.4 Data analysis methods of food security intervention mechanisms

Qualitative data were mostly obtained from documents regarding food security intervention
mechanisms. Hence, a qualitative method of data analysis, i.e. documentary and content analysis
were mainly used for analyzing the data that were obtained from the relevant documents. And, a
quantitative method of data analysis (descriptive analysis) was used for analyzing the data obtained
from the questionnaire regarding intervention mechanisms at the community level. Further, a

narrative analysis method was applied to the data obtained through the interview.
3.8 Data Presentation Methods

Tables, charts, and graphs were used to present the analyzed quantitative data pertaining to food
insecurity status, precipitation patterns, coping strategies and adaptation mechanisms, and food
security intervention mechanisms at the community level. Besides, maps are used to present

correlational values between precipitation patterns and the global SSTs.

The analyzed qualitative data about food security intervention mechanisms, on the other hand, are
presented in a descriptive text and self-explanatory statements.

3.9 Ethical Considerations

This study adhered to the principles of the Declaration of Helsinki, a statement of ethical principles
for research involving human participants, including research using identifiable human material or
data. The anonymity of respondents and the identity of the researcher were considered as ethical
issues in this study. Hence, the researcher/data enumerators took an official letter from Mekelle
University to handle any uncertainties during the field survey. The letter was used to make clear

to the data providers that the data was only to be used for research purposes.

Besides, the researcher and data enumerators asked the respondents for their verbal consent to
participate before the data gathering, and the anonymity of the respondents was ensured.
Moreover, politeness and courtesy in gathering the required data were the ethical guides

performed.
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Table 3.3. Operational (logical) Framework

drought-prone rural areas

Questionnaire

Research objectives Variables Indicators Methods of Data Methods of | Analysis
data collection sources | data analysis tools
To describe the food Food insecurity | Food availability Questionnaire HH heads HFIAS & FIES | SPSS
insecurity status in the Access to food Questionnaire HH heads | HFE
selected drought-prone - — - - MS-Excel
rural areas of Tigray Food utilization (nutrition) | Questionnaire, KII | HH heads HDDS, FCS,
and observation and children | and MUAC
Food stability Questionnaire HH heads Descriptive
To analyze the nature and | Precipitation Trends in the precipitation | Archives NMA Mann-Kendall, | XLSTAT
associated climate factors | variability pattern CESR Sen’s Slope, &
of precipitation variability cVv STATA
in the selected drought- Degree of correlation Archives IRILDEO | CCA CPT
prone rural areas of among precipitation and
Tigray SST
Degree of correlation Archives NOAA Pearson SPSS
among precipitation and correlation
ENSO
To explain the rural Coping Lists of coping strategies Questionnaire HH heads Csl MS-Excel
household’s coping and strategies to
adaptation mechanisms to | food insecurity  |"chgice of coping strategies | FGD Community | PCA MS-Excel
food insecurity in the members
drought-prone rural areas Adaptation Lists of adaptation Questionnaire HH heads Descriptive SPSS
mechanisms to | mechanisms
meteorological | chojce of adaptation FGD Community | PCA MS-Excel
drought mechanisms members
To explore the food Food security At international level Archives Websites Content, -
security intervention intervention At national level Avrchives Websites | narrative, and
mechanisms used by mechanisms - - - framework
various actors of different At regional level KIl and archives PSNP office analysis
levels in the selected At community level Kl & HH heads | Descriptive SPSS
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CHAPTER FOUR

A Comprehensive Analysis of Food Insecurity in the Drought-prone Rural Areas of Tigray
4.1 Introduction

Global hunger is on the rise, with a significant increase in the proportion of people facing severe
food insecurity. According to the FAO (2023) report, the number of severely food-insecure
individuals surged from 623.8 million in 2017 to 783.1 million in 2022. This growing crisis
disproportionately affects rural communities, with 33.3 percent of rural people experiencing food

insecurity in 2022, compared to 26 percent in urban areas (FAO et al., 2023).

Sub-Saharan Africa (SSA) has the highest proportion of severely food-insecure people in the world
with a total of 310.6 million people facing chronic hunger in 2022 (FAO, 2023). Ethiopia is one
of the SSA countries with a significant number of food-insecure people. In the last twenty years,
Ethiopia has gained important achievements in food security. Nevertheless, hunger has been a
major concern in Ethiopia. In 2023, an estimated 20.1 million people were facing chronic hunger

across the country with 7.4 million severely undernourished children and women (WFP, 2023).

Tigray is one of the food-insecure regions in Ethiopia, which, over the past many decades has been
affected by recurrent food insecurities (Endalew et al., 2015). During 1984/1985, Tigray
experienced severe food insecurity which caused the death of an estimated one million people
(Reid, 2018). Food insecurity is still the main stressful issue in the region. In June 2022, a
staggering 47 percent of Tigray’s population was severely food insecure (WFP, 2022a), which is
the worst period of food insecurity compared to the earlier times. According to a research cited in
the Associated Press news (2023), nearly 1,400 people have died because of hunger in Tigray from
November 2022 to July 2023 alone; hunger was associated with more than 68 percent of deaths in

Tigray making hunger the main cause of death in the region.

In times of food insecurity, it is the rural population who suffers the most. In Tigray, most rural
households rely on agriculture, which mostly is dependent on erratic precipitation, to pursue their
livelihoods. Because of their limited livelihood strategies, rural communities in Tigray region are

more vulnerable to acute undernutrition (Weldemariam et al., 2023).

According to the Tigray Region PSNP Office (2019), western Tigray was classified as the only
food-secure zone of the region; nearly ten rural districts from eastern, southeastern, and southern

parts of the region were classified as severely food-insecure rural districts. In 2003, there were
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only 16 food-insecure rural districts out of the then 34 rural districts (at present, after administrative
boundary restructuring, there are 57 rural districts) in Tigray (WFP, 2009). This number increased
to 31 (91%) rural districts in 2019, as reported by the Tigray region PSNP Office (2019).

The limited and variable precipitation patterns in the drought-prone rural areas of Tigray (Gebre
et al., 2024) caused Irob, Atsbi-wenberta, and Hintalo-wejerat to be labeled as the most food-
insecure districts. Yet, there is no clear data regarding the food availability, access to food,
utilization (nutrition), and stability in the food-insecure rural districts of Tigray region. Clear
information on food insecurity situations is vital for addressing the problem sustainably (Mock et
al., 2013). However, decision-makers and various stakeholders have been usually challenged with

incomplete and contradicting information regarding food insecurity situations (FAO, 2015).

Food security, as indicated by FAO (2008), is achieved when all the four pillars of food security:
food availability, access to food, utilization, and stability are concurrently fulfilled by all people
at all times. Thus, food security assessment reports are expected to reflect those food security
components and their levels. In this regard, a significant number of food security assessment
methods have been applied by different practitioners. However, it was difficult to understand

which food security component those mechanisms were measuring and why.

Proper intervention mechanisms demand proper analysis of food insecurity. Yet, most researches
have analyzed food security by considering only the food availability and access components
(Manikas et al., 2023); the utilization and stability aspects were seldom addressed when analyzing
food security. Similarly, many food insecurity studies in Ethiopia used one or combined indicators

of food security where the key components of food security were not fully addressed (Tora, 2023).

In addition, previous food security researches by Asrat and Anteneh (2020); Eshetu and Guye
(2021) and Getaneh et al. (2022) used to identify the food-insecure people in a given geographical
region. For this reason, there is no sufficient understanding about the severity and general food

insecurity situation within the food-insecure rural community living in drought-prone rural areas.

Therefore, this study has come up with an explicit food insecurity status measure in the drought-
prone rural areas of the Tigray region by capturing the important components of food security.
This chapter is published as a research article in a peer-reviewed journal. The findings of this study
will contribute to the intervention mechanisms to achieve food security in the drought-prone rural

areas of the Tigray region, Ethiopia.
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4.2 Research Methods

The study aims to provide a comprehensive understanding of food insecurity in the study areas.
For this purpose, a mixed research approach was followed to describe food insecurity in the study
areas. Primary data was collected from household heads, while secondary data were gathered from
health offices in three districts. Data were collected through an interview-based questionnaire,
translated into local languages, and administered face-to-face. The study was conducted during
May-June 2023, the most food-insecure period, and a 12-month recall period was used to augment
this. Key informant interviews were conducted to gather additional information about children's
and PLW malnutrition levels and food security intervention mechanisms. Nutritional data on

children aged 6-59 months were collected through MUAC, oedema, and Bitot's spot tests.

Food availability, access to food, and stability in rural households were analyzed using various
tools. The Household Food Insecurity Access Scale (HFIAS) and Food Insecurity Experience
Scale (FIES) were used to assess household’s food availability and economic access to food. The
Household Dietary Diversity Score (HDDS) was used to measure the utilization component of

food security.

Further, the Household Dietary Diversity Score (HDDS) and the Food Consumption Score (FCS)
were used to analyze the nutritional (food utilization) aspect of food security. The study also
identified Moderate Acute Malnutrition (MAM) and Severe Acute Malnutrition (SAM) in children
aged 6 to 59 months. Global Acute Malnutrition (GAM) was identified as an emergency if a GAM
value of more than 15 percent was found. Nutritional oedema was identified as an independent
indicator of SAM in children aged 6 to 59 months. Bitot's spot was identified as a vitamin A

deficiency.

4.3 Results and Discussion

4.3.1 Demographic and socio-economic characteristics of the households

Analysis of demographic and socio-economic characteristics of household heads has a pivotal
importance in food security research. A 2022 food security research in the Gondar area shows that
age and sex of household head, income, family size, asset ownership, on-farm and off-farm
activities, and farmland size were significant determinants of food security at the household level
(Awoke et al., 2022).
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In Figure 4.1, it is shown that 71.6 percent of the interviewed households were male-headed.
According to Negesse et al. (2020) female-headed households (FHH) had a possibility of double

increase to be food-insecure when compared to male-headed households (MHH) in Ethiopia.
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Figure 4.1. Sex of the household head

The average age of the household head was 46.6 years, as shown in Table 4.1. Nearly 47 percent
of the household heads were illiterate, and only 7 percent of the household heads had reached or

completed grade 10.

The average family size in the study areas was 5.4. This is higher when compared to the national
average of 4.6 as per the 2016 demographic and health survey of Ethiopia (CSA, 2017). Food
insecurity among large family households in Jimma was 3.74 times higher than that of less family
households (Asesefa et al., 2018).

The average number of economically active members of each household in the study areas was
1.67. For that reason, the dependency ratio in the study areas was found to be 1.85 (not reported
in Table 4.1), meaning that 100 economically independent persons supported nearly 185 persons
in addition to themselves. This is much higher than the Ethiopian dependency ratio of 0.74 percent
in 2022, as reported by Trading Economics (2023).
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Table 4.1. Demographic and socio-economic characteristics of households

No | Households’ characteristics Min. Max. Mean Std. D.

1 | Age of the household head 20 80 46.60 12.48

2 | Formal schooling year of the household head 0 15 3.17 3.68

3 | Total number of household members (Family 2 11 5.40 2.12
size)

4 | Total number of female household members 1 7 2.70 1.23

5 | Total number of male household members 0 9 2.75 1.75

6 | Total number of under five years age children 0 3 0.92 0.81

7 | Number of economically active household 0 4 1.67 0.79
members

8 | Average amount of annual income in ETB 1,500 | 16,000 | 5,830.6 | 3777.41

In the study areas, about 23.1 percent (not reported in Table 4.2) of the households had no own
farmland. In line with this, the average livestock ownership was found below one for cattle,

donkeys/horses, and camels, as shown in Table 4.2. And, the average household ownership rate

for sheep/goat and chicken was 1.6 and 2.78, respectively.

Table 4.2. Livestock and land ownership

No. | Asset ownership Minimum | Maximum | Mean | Std. D.
1 Total number of cattle 0 3 0.91 0.95
2 Total number of donkeys or horses 0 2 0.32 0.49
3 Total number of camels 0 1 0.02 0.15
4 Total number of sheep and/or goats 0 10 1.6 2.06
5 Total number of chickens 0 10 2.78 2.73
6 Farmland size in hectares 0 1 0.21 0.73

Rural people rely mainly on agricultural activities to earn income. As indicated in Figure 4.2, on-
farm activities were the main source of income for the households followed by humanitarian aid.
Yet, almost all (98.8%) of the interviewed smallholder households were dependent on rainfed
agriculture (data not shown). Besides, as revealed in Table 4.2, the average farmland size of the

households was 0.21 hectares.
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m Aid = Non-farm activities = Off-farm activities = On-farm activities

Figure 4.2. Main income source of households

The average annual income of the households under the study was ETB 5,830 (USD 104.13, as of
December 28, 2023) . This is far below the global low-income threshold of USD 1,045 and less
(WHO, 2023). Concerning the source of food, agriculture was the main source of food for a
majority (41.6%) of the households and nearly 28 percent of the households get their food from

the market, as shown in Figure 4.3.

Own or employed agriculture [N 216
purchased food NN 28.1
food aid M 9.6
Work-based food aid [ 20.7

0 5 10 15 20 25 30 35 40 45

Figure 4.3. Main food source of households

As reported by 29.5 percent of the studied households, September was a month of chronic hunger

followed by June, May, and August, as depicted in Figure 4.4.

! One USD = ETB 56.148
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Figure 4.4. Month of chronic hunger

4.3.2 Analysis of food insecurity

Based on the 1996 World Food Summit, the four dimensions of food security, i.e. food availability,
access to food, food utilization (nutrition), and food stability must be fulfilled simultaneously by
all people, at all times for the realization of food security objectives (FAO, 2008). To meet these
requisites for food security, food insecurity in the drought-prone rural areas of Tigray is analyzed

by considering the four pillars of food security, as discussed below.

4.3.3 Food availability

Rural people are chief food producers; In many societies, rural people are the primary vendors at
food markets. By selling their food products, they contribute to local economies and ensure food
accessibility to urban areas. Paradoxically, rural people who produce most of the food supply are
more food-insecure in many developing nations when compared to urban people. According to

Ahmadi et al. (2021), 80 percent of the rural people in Iran suffered from food insecurity in 2020.

In Ethiopia, people living in drought-prone rural areas are at greater risk of food insecurity.
According to Asrat and Anteneh (2020), about 13 percent of Ethiopian people live in drought-
prone rural areas and many of these households suffer from chronic undernourishment and food
insecurity. Food security research in the arid and semi-arid areas of Southern Ethiopia by Eshetu
and Guye (2021) indicated that the prevalence of food insecurity in these areas was 68 percent,

and the average vulnerability to food insecurity was 73 percent. Similarly, about 64 percent of the
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sampled households living in the northeastern rift valley of Ethiopia, which is another drought-

prone area of Ethiopia, were found to be food insecure (Getaneh et al., 2022).

In the drought-prone rural areas of Tigray, many rural villagers have been suffering from chronic
food shortages. As indicated in Table 4.3, 66.7 percent of the households mostly cut the size of
their meal and/or have been eating less than they felt they should. In addition, more than 90 percent
of the households reported that there were times when there was no food at all to eat in their house
and more than 80 percent of the households had felt hunger because there was no food at the
household.

A similar food security study in Tigray by Weldegiargis et al. (2023) confirmed that nearly 75
percent of interviewed households were eating smaller meals or went a whole day without eating

any food.

Table 4.3. Household food availability status

No. | Questions Yes | No | How often did this happen? (%0)
Everyday | Sometimes | Rarely

1 Did you or any household member | 100.0 | 0.0 68.0 7.7 24.3
ever eat less than you felt you should?

2 Did you or any household member | 100.0 | 0.0 66.7 15.1 18.2
ever cut the size of the household
meals?

3 Was there ever no food to eat of any | 92.3 | 7.7 8.1 20.3 71.6

kind in your household because of
lack of resources to get food?

4 Were you or any household member | 82.1 | 17.9 6.3 14.9 78.8
ever hungry?
5 Were you or any household member | 989 | 1.1 92.0 5.8 2.2

not able to eat the kinds of foods you
preferred because of a lack of
resources?

6 Did you or any household member | 100.0 | 0.0 81.0 12.6 54
have to eat a limited variety of foods
due to a lack of resources?

4.3.4 Access to food
In rural areas, having physical, economic, and social access to food is crucial for livelihoods and
is among the basic requirements for achieving food security. Elderly and vulnerable populations

in rural communities often require physical access to the nearest urban and peri-urban areas for
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market purposes. According to Nakamura et al. (2020), rural road development in Ethiopia was
associated with a significant increase in household welfare. Yet, gaining physical access to the

food market is the main challenge for rural communities.

Despite the promising progress in road infrastructure, a greater proportion (about 40%) of the
populations living in Bangladesh, Nepal, Kenya, Uganda, Ethiopia, Mozambique, Tanzania, and
Zambia are suffering from remoteness (Purdie et al., 2016). According to Nagesso et al. (2019),
only 10 percent of the rural population in Ethiopia lives within two kilometers of an all-weather
road. In rural Ethiopia, the average distance of rural communities to the nearest market was
estimated to be 7.82 km (Regasa et al., 2020). This negatively affects rural communities physical

access to food.

Similar research in the Dedo district of Oromia region shows that more than 65.9 percent of the
villagers had to travel about 4 to 5 km distance from their home to the next main road and 21.6
percent of respondents revealed that the distance from the nearest main road to market was 6 to 7
km (Wudad et al., 2021). In 2022, more than 75 percent of the households in Tigray reported that
they do not have physical access to markets (WFP, 2022a).

All the market centers of the study areas, i.e., Atsbi, Dowhan, and Bahre-tseba were accessible
from the main road through solely a low-quality earthen road of 25, 80, and 34 km long,
respectively. Nevertheless, all the interviewed households were unconnected to any road transport;
they had to walk for an average of one hour and forty-three minutes to get to the nearest food
market. In some remote rural areas of Irob district, the villagers had to walk for nearly four hours.
For this reason, only 12.1 percent of the elderly rural population of the study areas can access the
food market. And, a significant (20.4%) number of households in the study areas, in which women

and girls take on such tasks, had no access to the food market, as shown in Table 4.4.

Table 4.4. Household’s response regarding their access to food

No. | Questions Yes No

1 Do the elders have access to food market? 44 (12.1%) | 319 (87.9%)

2 Do the women and girls have access to food market? 289 (79.6%) 74 (20.4%)

3 Was the money you spent enough to purchase your 0 (0%) 363 (100%)
required food?

4 Were you or any household member hungry because | 359 (98.9%) 4 (1.1%)
there was no money to buy food?
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The other key determinant of food security is economic or financial access to food. Globally,
nearly 3.1 billion people cannot afford a healthy diet (IDEP, 2023). According to the Global Food
Security Index (2022), Ethiopia was ranked 108" out of 113 countries with the least food
affordability of 32.9 percent. In 2022, about 85 percent of the rural households in Tigray were
unable to afford food prices because of lack of money to purchase food (WFP, 2022a). According
to the same source, prices of cereals and pulses in Tigray have been remarkably high when
compared to prices in Dessie; the prices of teff (Eragrostis tef), maize, sorghum, wheat, rice, and
fava beans have risen steeply in Tigray markets.

In this study, 28.1 percent of households relied on purchased food, and an average of ETB 586.7
was incurred monthly by the households to purchase food. In this regard, all the interviewed
households replied that the money they spent on food was not enough to buy the required food. In
line with this, almost all (98.9%) of the households claimed that they have experienced hunger

because there was no money to purchase food, as shown in Table 4.4.

4.3.5 Food utilization

Food utilization (nutrition), the other key pillar of food security, is essential to lead a healthy life.
According to WHO (2018), better nutrition is related to improved infant, child, and maternal
health, stronger immune systems, safer pregnancy and childbirth, and lower risk of non-
communicable diseases. This time, food utilization in general and nutrition and food safety in

particular are becoming the main issues in food research discourses.

One way of assessing food utilization at the household level is by looking at dietary diversity.
Nearly all (94.2%) of the households reported that they have been eating two or fewer food
varieties in a day. Besides, 92 percent of the households claimed that they were unable to eat the
kinds of food they preferred and 81 percent of the households had to eat a limited variety of foods
because of lack of resources. In 2016, 23 percent of rural households in Tigray had low food
diversity (Schwei et al., 2017).
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As shown in Figure 4.5, dry-bread made of wheat flour, Injera? with Shiro®, porridge made of
various cereals, and roasted cereals are the food staples of the study areas. This shows that almost
all the households in the study areas consume two food groups: cereals and legumes, which
indicates that their dietary diversity is below the minimum dietary diversity of four to five food
groups (WHO, 2008).

Injera is a traditional staple food in Ethiopia and Tigray where the study districts are located.
According to Neela and Fanta (2020), different studies were conducted on the composite flour
development of Injera for its better nutritional and sensory quality; few studies reported the
fermentation process had contributed to a reduction of nutritional quality and mineral availability
in injera.
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Figure 4.5. Consumption pattern of staple foods in the study areas

In this study, the average Food Consumption Score (FCS) was found to be 18.9 at the time of the
survey. According to IDEP (2023), household's FCS below 21 is categorized as poor. Figure 4.6

2 a fermented flatbread traditionally made of unique or mixed cereals of teff, wheat, barley,
sorghum, maize, etc. flours

3 ground chickpeas or broad bean stew
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shows that 296 (81.5%) of the households had a poor FCS of 21 and below, and the rest had a
borderline FCS of 21.5 — 25. According to food insecurity research findings based on FCS, more
than half of the sampled households in Ethiopia were food-insecure (Ambaw et al., 2021; Fite et
al., 2022 and Sileshi et al., 2023).
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Figure 4.6. Food Consumption Score of studied households

The Ethiopian socio-economic survey data reported by Jateno et al. (2023) revealed that cereals
and pulses were the most dominant food groups consumed by 96.4 and 82 percent of the
households in Ethiopia, respectively. The same source reported that food commodities like meat

and fruits were the least consumed food groups by households in Ethiopia.

Figure 4.7 indicates that more than 90 percent of the households did not consume important diets
like meat, egg, dairy products, and honey for seven days before the survey. As a result, the average
Household Dietary Diversity Score (HDDS) for this study was found to be 2.47. According to
Kennedy et al. (2011), HDDS values less than five are labeled as low or poor food diversity. In
rural Ethiopia, the average HDDS value for the year 2022 was 5.52 (Kabeta et al., 2023). Similarly,
the mean dietary diversity of pregnant and lactating women in Ethiopia in 2020 was 3.99 and 65.7
percent of the pregnant women were found to have poor food diversity (Bitew et al., 2021).
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Figure 4.7. Weekly food diversity consumption

Balanced nutrition is particularly vital during childhood. The physical and mental development of
infants and children is dependent on adequate nutrition (Roberts et al., 2022). Nevertheless, based
on the UNICEF, WHO, and World Bank (2021) joint child malnutrition 2021 estimate, 149.2
million children in the world under the age of 5 were stunted and 45.4 million were wasted (low
weight-for-height). The same report shows that the number of stunting children is declining in all
parts of the world except in Africa.

Acute malnutrition is a persistent public health issue affecting the world population
disproportionately. In 2016, there were 32.8 million children worldwide affected by Moderately
Affected Malnutrition (MAM), of which about 97 percent of them were living in underdeveloped
countries; there were 18.7 million children worldwide affected by Severe Acute Malnutrition
(SAM), of which about 99 percent of them were living in underdeveloped countries (Black et al.,
2016). Similarly, there were nearly 17 million under-five children worldwide affected by SAM in
2018; of which 75 percent of them were living in low-income countries (UNICEF, WHO and
World Bank, 2021).

In Ethiopia, the prevalence of MAM and SAM in under-five children in 2021 was 18 and 8 percent,
respectively (Anato, 2022). A similar research finding by Ghimire et al. (2020) shows that the
prevalence of SAM in under-five children in Ethiopia in 2019 was 5.8 percent. According to WHO
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(2000), a Global Acute Malnutrition (GAM) value of more than 15 percent is categorized as a

critical severity of malnutrition and indicates an emergency.

In Tigray, an acute malnutrition assessment based on MUAC and oedema by WFP (2022a)
reported that the prevalence GAM, MAM, and SAM in 2021 among under-five children was 29.4,
23.6 and 5.8 percent, respectively and 53.6 percent of lactating women and 59.6 percent of
pregnant women were affected by acute malnutrition. Similarly, a rapid nutritional assessment by
Mulugeta and Gebregziabher (2022) showed that 28 percent of children aged 6-59 months had
GAM, and 6 percent had SAM.

In the selected study areas, data obtained from the health offices of the respective districts revealed
that, out of the screened 11,321 children aged 6-59 months, more than half of them (5,698 children)
were affected by acute malnutrition during December 2023; of which 4.2 percent and 46.1 percent
of them were affected by SAM and MAM, respectively. On the other hand, of the screened 10,446
pregnant and lactating women (PLW), 6,213 (59.5%) were affected by acute malnutrition during
December 2023, as illustrated in Figure 4.8.
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Figure 4.8. Prevalence of acute malnutrition among 6-59 months of age children and PLW based
on MUAC

In this study, 265 children aged 6-59 months from the food-insecure rural households were
surveyed to test the level of malnutrition based on MUAC and oedema, of which 159 (60%) of

them were found with acute malnutrition and 56 (21.2%) of the children were affected by SAM.
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In line with this, Ghimire et al. (2020) reported that Children from severely food-insecure

households in Ethiopia were four times more likely to be affected by SAM.

Vitamin A Deficiency (VAD) is among the health problems in developing countries. In Ethiopia,
VVAD was recognized as a public health problem in the 1970s; studies showed a higher prevalence
of VAD in Ethiopia, which is higher than WHO standards (Yisak et al., 2020). Bitot’s spot was
used in this study to assess VAD and its prevalence was 1.9 percent. According to Yisak et al.
(2020), the prevalence rate of Bitot’s spot in Ethiopia in 2019 was 0.8 percent. The value of
prevalence of Bitot's Spot more than 0.5 percent is used as the WHO standard point to declare that
VAD is a public health issue in a given area (WHO, 2004).

4.3.6 Food stability

Food stability is the other significant component of food security. According to the food security
concept of FAO (2008), food stability occurs when the other three components of food security,
i.e. food availability, access to food, and utilization are secured by all households or individuals in
all times even in times of bad events. Similarly, Helland and Sgrbg (2014) explained food stability
as the sustainability in availability of food, access to food or ability to purchase food, and sufficient
nutrition. In the Sustainable Development Goals of 2030, the significance of food stability is
highlighted: “SDG 1: No poverty” and “SDG 2: Zero hunger” describe the food stability

component of food security.

Apart from achieving food security at all levels, achievement of food security also requires a time
dimension. According to Maxwell and Smith (1992), food insecurity can be categorized as
“chronic”: a continuous failure to get food; or “transitory”: a temporary failure to get food.

Consistent handling of food security thus requires integrating time and spatial dimensions.

In light of limited food availability, securing stable food access is unthinkable in food-insecure
rural households. As shown in Table 4.5, a majority (94.8%) of the rural households in the study
areas reported during the survey that they had stored food. However, 76.7 percent of these
households had stored food that could last only for days; the rest of them had stored food that could
last for a few weeks. Thus, all the households were uncertain about the availability of food for
consumption after a month. As a result, all the households had anxiety about having sufficient
future food to feed themselves and their children, mothers, and elders. Besides, almost all (97.8%)

of the households were worried about getting a variety of foods for the future. Similar to this, a
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food insecurity study by Weldegiargis et al. (2023) reported that 75 percent of the households in
Tigray had experienced anxiety and uncertainty about food supply in 2021.

Table 4.5. Household’s response regarding food stability

No. | Questions Yes No

1 Do you have any stored food for future use? 344 (94.8%) | 19 (5.2%)

2 Did you worry that your household would not have enough | 363 (100%) 0 (0%)
food?

3 Did you worry that your household would not have enough | 363 (100%) 0 (0%)
money to purchase food?

4 Did you worry that any of the children, women, or the elders | 363 (100%) 0 (0%)
would not have enough food?

5 Did you worry that your household would not have a variety | 355 (97.8%) 8 (2.2%)
of foods (like meat, egg, milk and milk products ...)?

For the reason that food stability is related to the other three food security pillars, any activity in
rural areas oriented to achieve sustainable food availability, access to food and utilization will

contribute to the attainment of food stability in particular and food security in general.

4.4 Conclusion

The food security situation in the drought-prone rural areas of Tigray region is life-threatening and
needs an instant action. In all measurements, the households living in the studied areas were
critically food-insecure. Many of the food-insecure households rely on their farm activities to meet
their food requirement where the farmland size is too small to support their larger family size. This
signals that the high food insecurity problem encountered in the area shall not be left unattended

and requires diligent actions.

The food availability and hunger levels of the food-insecure households were unacceptably
worrisome. Because of limited food supplies, almost all the study rural communities had to eat a
lesser amount of food which might be the cause of famine and starvation. It is even more
challenging for these rural communities to get access to food because of their limited physical,
social, and economic capacities. In times of food shortages, the study communities had to walk for
longer and more challenging distances to purchase food with inadequate money at hand.

Both the Food Consumption Score (FCS) and Household Dietary Diversity Score (HDDS) results
show a limited variety of food consumption below the standards. For this reason, 6-59 months of

age children living in the food-insecure rural areas are at higher risk than any other age group. The
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SAM, MAM, and GAM results were very high, which are greater than the WHO cut-off points for
an emergency. Besides, because of the higher prevalence of Bitot’s spot above the WHO standard,
VAD in the food-insecure study areas is a public health concern. This calls for immediate attention
and implies that much more has to be improved to curb the serious food insecurity prevailing in

the study areas.

More importantly, the study communities had very limited or no food supplies for their future use.
In this situation, the food insecurity status of the communities living in these drought-prone rural
areas will get worse and might cost lives. Thus, an integrated life-saving task is required and
diversifying livelihood sources of the food-insecure rural communities is a “must-to-do” activity
to sustainably achieve food security. In due course, priority should be given to attaining the food

availability and access components of food security.

This study implies that long-term food security attainment plans are much required to guide the
intervention mechanisms to be undertaken by the government of all levels, international
communities, and humanitarian agencies. In the meantime, elaborated short-term strategies are
needed to address the children’s malnutrition and households’ food shortage in the drought-prone

rural areas of Tigray.

This study did not measure child malnutrition by taking all anthropometric measurements and did
not measure the calorie intake of food-insecure households. Hence, analyzing the stunting (low
height-for-age) and wasting (reduced height-for-weight) for under five-years age children and
measuring the calorie intake of these food-insecure rural households is left for future researchers

interested in conducting similar food security studies.
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CHAPTER FIVE

Precipitation Variability and its Teleconnection with the Global SST and ENSO Indices in
the Food-insecure Rural Areas of Tigray

5.1 Introduction

Climate change, the catchy phrase, is the major threat to food security in rural areas. Because of
the limited capacities to cope with the changing climate, food insecurity is higher in rural areas of
developing countries, where much of their population depends on rain to produce food. World
Bank (2016) reported that rural farmers are more than four times as likely to be food-insecure

when compared to urban dwellers engaged in non-agricultural sectors.

Food insecurity, in many parts of the developing world, is associated with shortages and variability
of precipitation (Darwin, 2001; Schmidhuber and Tubiello, 2007; Wheeler and Braun, 2013; Afifi
et al., 2014 and Muluneh, 2021). In 2024, it is projected that nearly 100 million people will need
food assistance globally, partly because of the ongoing strong El Nifio event (World Bank, 2023a).
A similar study by Kinda and Badolo (2019) showed that precipitation variability has reduced food
availability per capita and increased fluctuation in food production for 71 developing countries.
According to Von Braun (1991), a 10 percent decline in the average amount of precipitation led to
a 4.4 percent reduction in food production.

Ethiopia is predominantly an agrarian nation, in which more than 80 percent of the population
relies on agriculture. More importantly, nearly 90 percent of smallholder farmers mainly depend
on rain-fed agriculture (Alhamshry et al., 2020). For this reason, Ethiopia is listed as the most
vulnerable country to adverse impacts of climate variability (World Bank, 2010). However, not all
parts of the country are equally vulnerable to the impacts of climate variability. Subsistence
farmers were relatively the most susceptible to climate variability in Ethiopia (Asfaw et al., 2018).
Subsequently, the problem of food insecurity in Ethiopia is more pronounced in rural areas (World
Finance, 2017). Further, an overdependence on rain-fed agriculture was one of the reasons for the

pervasiveness of food insecurity in rural Ethiopia (Mekonnen and Gerber, 2017).

In Ethiopia, the intensity and variability of precipitation have been the important determinants of
food security in rural areas (Demeke, 2011; Alemayehu and Bewket, 2016; Lewis, 2017 and
Agidew and Singh, 2018). Between 2015 and 2016, an El Nifio induced drought took place mainly
in the lowlands of the country (Singh et al., 2016).
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Tigray is one of the regions in Ethiopia that has been affected by recurrent droughts over the past
many decades (Endalew et al., 2015). In the region, the average precipitation is very short and
variable as compared to the southern and western parts of Ethiopia (Seleshi and Demaree, 1995;
Woldehanna, 2000 and Weldearegay and Tedla, 2018). According to Demeke et al. (2011) and
Weldearegay and Tedla (2018), precipitation variability was the major cause of food shortage in
Tigray region. Nevertheless, rural farmers in Tigray still depend on the unreliable precipitation to

produce food.

Although precipitation variability has many forms, the intensity and timing in the precipitation
pattern are the main form of variability. According to Torres et al. (2019), variations in timing and
intensity of precipitation are higher in an intra-year than inter-yearly. Intra-year precipitation
variability matters most as many rural farmers keep months and seasons to do farming activities.
In the Tekeze-Atbara river basin, Abebe et al. (2022) found that precipitation variability was higher

in the other seasons than the summer; most of the precipitation was occurring in less than 3 months.

Precipitation variability is highly determined by global sea-surface temperature (SST) and El
Nifio/La Nifia Southern Oscillation (ENSO). The SST is among the major drivers of precipitation
variability (Dittus et al., 2018), particularly for the Ethiopian precipitation (Alhamshry et al.,
2020). Besides, the ENSO is the other most important determinant of precipitation variability,
particularly in the precipitation pattern of Ethiopia (Kasie et al., 2019 and Tefera et al., 2020).
These two factors highly determine the intra-year and inter-year precipitation variability.

However, different areas have varying sensitivities to the SST and ENSO indices; the impacts of
those indices greatly vary spatially. Hence, studies on precipitation variability and its associated
climate factors have to be conducted at the lowest possible geographical spaces. Furthermore, there
is a lack of knowledge on how significant the influence of SST and ENSO is on the local level
precipitation variability of the food-insecure rural areas of the Tigray region.

Therefore, this study has investigated the precipitation time-series trend on monthly, seasonal, and
annual scales, its degree of variability, and detected the significance of the global SST and ENSO
indices on the precipitation pattern of the food-insecure rural areas of Tigray region, Ethiopia. This
chapter is published as a research article in a peer-reviewed journal. The findings would be crucial
for guiding local-level food production-related decisions and indicating feasible adaptation

strategies to reduce risks in food production.
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5.2 Research Methods

The study focuses on drought-prone rural areas with a higher proportion of food-insecure
populations. To explain the cause-effect relationship between the precipitation pattern of Tigray’s
Irob, Atsbi-wenberta, and Hintalo-wejerat rural districts and the global SST and ENSO indices,
an explanatory research was used based on a predominantly quantitative research approach. The
study has used secondary data in which monthly precipitation data were obtained from the
Ethiopian National Meteorological Agency (NMA), global SST data from the IRI/LDEO Climate
Data Library, and ENSO data from the US National Oceanic and Atmospheric Administration
(NOAA) Climate Prediction Center.

Mann-Kendall test and Sen's Slope estimator using the XLSTAT analysis tool, and a coefficient
of variation (CV) were used to assess the trend in precipitation patterns. In addition, a Canonical
Correlation Analysis (CCA) method was applied to analyze the correlation between precipitation
patterns and global SST. Furthermore, the Pearson correlation method was used to test the
significance of correlation analysis among the precipitation patterns of the three districts and the

likelihood of global ENSO variations with three months of lag time.

5.3 Results and Discussion

5.3.1 Precipitation pattern of the study areas

In areas where precipitation is relatively low, its efficient utilization matters most. Atsbi-wenberta,
Irob, and Hintalo-wejerat are the most food-insecure rural areas of the Tigray region. As shown
in Table 3.1, these three districts are found in a similar geographical location. Table 5.1 also shows
that these areas can get precipitations in any month of the year. This demands an enhanced
utilization of the rainwater precipitated in these areas.

Regardless of the variation in the amount of precipitation, Figure 5.1 shows that the three districts
have a bimodal nature of precipitation pattern with a higher and lower amount of precipitation
during the JJAS (June-September) and MAM (March-May) seasons, respectively. This
corresponds with the findings of Kahsay et al. (2019) and Gebru (2020) who reported a bimodal

nature of precipitation patterns in eastern and southern Tigray.

In the three districts, August has a comparatively maximum average amount of precipitation, and

the precipitation during July has never been zero for the last 41 years. The monthly average amount

of precipitation was relatively low during October to February, and it was high during June to
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September. However, the range between the maximum and minimum amount of monthly

precipitations was extremely higher in the rainy months than in the drier months.
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Figure 5.1. Monthly average precipitation of the study areas (1979-2019)

The average annual precipitation in the three districts, namely: Atsbi, Irob, and Hintalo was found
to be 542.5, 318, and 520.7mm, respectively (Table 5.1). The average annual precipitation in
Ethiopia between 2001 and 2020 was 1,073mm (World Data Atlas, 2023). And, the average annual
precipitation in the Tigray region for the same period was 725mm (Weldearegay and Tedla, 2018).
This indicates that the average annual precipitation in the study areas ranging between 318mm for
Irob and 542.5mm for Atshi (Table 5.1) is lower than the national (1,073mm) and regional

(725mm) average annual precipitation.

The average annual precipitation in the study areas shows that these areas are affected by
meteorological drought. As defined by the National Drought Mitigation Center of the United States
(2024), meteorological drought is a prolonged period of precipitation deficiency when compared
to the normal (average) amount of annual precipitation of the region. According to the

meteorological drought classification in Ethiopia by Fentaw et al. (2023), Atsbi and Hintalo areas
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are characterized by moderate meteorological drought, and Irob is characterized by severe

meteorological drought when compared to the national average annual precipitation.

Although crop production with these amounts of precipitation may be possible, it is not sufficient
and reliable. In line with this, FAO (1986) suggests irrigation-based crop production in areas where
average annual precipitation is less than 1200mm. FAO (1986) also suggests that irrigation is a
must in areas with less than 400mm of average annual precipitation. In all the study districts, even
the maximum annual precipitation recorded in the last 41 years was less than 1200mm. More
extremely, the maximum annual precipitation for Irob district was only 643.9mm. In this

condition, achieving food security would be a challenge with a conventional farming system.

Table 5.1. Maximum, minimum, and average precipitation of the study areas (1979 — 2019)

Time Average precipitation Maximum precipitation Minimum precipitation
(mm) (mm) (mm)

Atsbi Irob | Hintalo | Atsbi Irob | Hintalo | Atsbi | Irob | Hintalo
January 7.1 11.3 3.1 38.5 66.4 30.6 0.0 0.0 0.0
February 16.3 14.6 11.7| 883 78.5 81.3 0.0 0.0 0.0
March 40.5 29.9 27.6 | 184.0| 1539 202.0 0.0 0.0 0.0
April 55.4 | 40.2 40.3 | 141.8| 116.0 173.9 0.0 0.0 0.0
May 30.2 18.5 23.7 | 1153 84.1 145.8 0.0 0.0 0.0
June 29.5 14.0 21.2 | 158.2| 116.5 131.2 0.0 0.0 0.0
July 129.9 649 | 1411 | 3339 | 180.0 346.6 | 14.0 6.8 19.4
August 167.4 846 | 2044 | 366.0| 3185 674.6 | 55.0 0.0 53.3
September 33.9 13.7 33.7 | 1555 58.0 260.4 0.0 0.0 0.0
October 16.6 8.7 73| 206.0 | 126.9 50.1 0.0 0.0 0.0
November 115 10.6 3.3 67.0 88.4 30.9 0.0 0.0 0.0
December 4.3 6.9 35 50.4 51.8 44.6 0.0 0.0 0.0
MAM 126.1 88.6 915 | 3276 | 2380 3924 | 111 0.0 0.0
JJIAS 360.7 | 177.2 | 400.3 | 800.5| 4439 965.0 | 84.8| 296 152.8
Annual 5425 | 318.0 | 520.7| 9728 | 6439 | 11035 | 166.7 | 99.4 241.2

There was a similar trend in the annual precipitation for all the study areas up to 2008 as depicted
in Figure 5.2. Nevertheless, it was observed that there was a steady increment in the average annual
precipitation in Atsbi; whereas, there was a decrement in the other two sites. The decrease in the
average annual precipitation of Hintalo was found to be statistically significant (P<0.05), as shown
in Table 5.2.
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When we see the trend in the annual precipitation on a larger scale, Onyutha et al. (2016) indicated
the long-term trends in the annual precipitation in Sudan, Ethiopia, and Egypt were mostly
negative. On the other hand, the annual precipitation projected by Ongoma et al. (2018) and Cook
et al. (2020) indicates a significant increase in annual precipitation over East Africa. This implies

that the models that have been projecting the possible trends in precipitation, unless cascaded to

the local level, would affect the decisions of relevant actors in handling food insecurity.
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Figure 5.2. Trend in the annual total precipitation (1979-2019)

The three districts have shown a slight increase in their average precipitation of JJAS season, as
shown in Figure 5.3. This season is the most important time for agricultural production in Ethiopia
and in the study areas particularly. In line with this, Yibrah et al. (2018) indicated that the

performance of wheat and barley production in the Enderta district of the Tigray region was
significantly associated with the JJAS precipitation pattern.

Although there was no significant precipitation trend during JJAS in the study areas, the CV of the
season has shown a higher degree of variability (Table 5.2). Similarly, Kahsay et al. (2019)
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revealed that variability in the onset and cessation time of precipitation in East Tigray during the

JJAS season was higher in the last 15 years.
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Figure 5.3. Trend in the June — September (JJAS) total precipitation (1979-2019)

The MAM season is the other important rainy season for all over the region next to JJAS season.
During this season, unlike the JJAS, the three districts have experienced a decrease in their average
precipitation, as shown in Figure 5.4. The decrement was again statistically very significant
(P<0.01) for Hintalo district, as shown in Table 5.2. This trend variability needs to be considered

in any future agricultural or rainwater harvesting activities of the MAM season.
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Figure 5.4. Trend in the March — May (MAM) total precipitation (1979-2019)

5.3.2 Monthly, seasonal, and annual precipitation variability of the study areas

Considering the variability in the average amount of monthly precipitation, the Mann-Kendall test
presented in Table 5.2 illustrates the three districts to have shown a statistically insignificant
decreasing trend during December to May. On the contrary, the average monthly precipitation

from June to November has shown an increment but not statistically significant.

Seasonally, these areas have experienced a decreased trend during MAM, in which the trend was
statistically significant for Hintalo (P < 0.01). The decreased amount in Hintalo during the MAM
season was 16.343mm per annum. A similar Mann-Kendall trend study by Berhe et al. (2023) on
the eastern zone of the Tigray region revealed a non-significant increase and decrease for the JJAS
and FMAM seasons, respectively. During the JJAS season, the trend was increasing and

statistically insignificant for the three districts.

Annually, the test showed that only Atsbi had experienced a positive shift in the average amount

of annual precipitation; but, Irob and Hintalo have experienced a decreasing trend with a
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statistically significant trend for Hintalo (P < 0.05). The Sen’s Slope here shows that the average

annual precipitation has been decreasing by 4.098 mm per annum in Hintalo.

Table 5.2. Mann-Kendall test, Sen’s Slope and coefficient of variation of the trend in precipitation

Time Mann-Kendall Test Sen’s slope Coefficient of Variation (%)

Atsbi Irob Hintalo Atsbi Irob Hintalo Atsbi Irob Hintalo

January -0.150 | -0.237 -0.225 | -1.202 | -1.847 -2.195 | 129.14 | 130.30 | 202.51

February | -0.437 | -0.536 -0.653 | -8.261 | -10.323 | -12.864 | 127.66 | 122.65 | 180.65

March -0.111 | -0.111 -0.480 | -11.408 | -11.724 | -23.650 98.55 | 110.94| 159.32
April -0.333 | -0.197 -0.444 | -13.670 | -10.105 | -44.807 67.33 80.52 | 114.76
May -0.254 | -0.229 -0.401 | -3.034 | -3.217 | -10.521 94.18 | 106.62 | 128.49
June 0.028 | 0.111 0.111 4.093 2.046 2.315 | 130.03 | 165.74 | 104.54
July 0.167 | 0.333 0.000 7.599 9.056 | 12.444 60.24 68.94 51.68
August 0.000 | 0.111 0.222 | 14.746 1.255 | 24.360 44.43 69.12 51.07

September | 0.287 | 0.237 0.222 | 16.651 1.867 | 16.416 | 108.76 | 116.84 | 131.09

October 0.061 | 0.028 0.111 1.025 0.025 0.100 208.7 | 240.10 | 171.00

November | 0.222 | 0.310 0.028 1.225 0.211 0.100 | 167.97 | 203.62 | 208.90

December | -0.237 | -0.197 -0.237 | -0.125 | -3.505 -1.345 211.7 | 160.71| 245.11

MAM -0.222 | -0.267 | -0.556** | -5.386 | -6.085 | -16.343 52.36 | 60.30 | 100.88
JJAS 0.167 | 0.111 0.278 | 62.960 | 16.349 | 29.887 4498 | 56.69 41.31
Annual 0.073 | -0.078 | -0.220* 1462 | -1.181 -4.098 31.25| 36.61 31.92

**_ Trend is significant at the 0.01 level; *. Trend is significant at the 0.05 level

In line with this, the variability of the monthly average precipitation depicted in Table 5.2 shows
extremely very high variability during all months except for July and August, which was relatively
much lower than the other months. Seasonally, the coefficient of variation was nearly similar for
both the MAM and JJAS seasons of Atsbi and Irob districts. However, the variation during MAM
was much higher than JJAS for Hintalo.

Based on Addisu et al. (2015), precipitation variability is categorized into low when CV value is
below 20%, moderate (20% < CV < 30%), and high when CV value is higher than 30 percent. The
coefficient of variation for the annual precipitation was almost similar for the districts but higher
than the regional average, which was 16 percent during 1997-2017 (Weldearegay and Tedla,
2018). In southern Tigray, the coefficient of variation for the annual precipitation during 1981-
2010 ranged from 33 — 233 percent (Hayelom et al., 2017). On the other hand, annual precipitation
data for 40 years from 109 meteorological stations in Ethiopia showed a coefficient of variation
ranging from 20 to 89 percent (Addisu et al., 2015).
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5.3.3 Correlation between precipitation variability of the study areas and the global SST

To monitor the precipitation variability, it is crucial to specify the causal factors and study their
correlations. The global SST is among the key factors that plays a significant role in influencing
the variability of the monthly, annual, and decadal precipitation patterns. Alhamshry et al. (2020)
suggested the use of SST of the southern Pacific and northern Atlantic oceans as effective inputs
for prediction models of Ethiopian summer and spring rainfalls, respectively. Previous studies
confirm that the spatial and temporal precipitation variability in Ethiopia is attributed to the
variations in SSTs over the Atlantic, Indian, and Pacific Oceanic indices (Degefu et al., 2017;
Zeleke et al., 2017; Dubache et al., 2019; Alhamshry et al., 2020; Molla, 2020; Tefera et al., 2020
and Bayable et al., 2021).

The strength of the statistical association between Ethiopian precipitation and global SST greatly
varies with time and space. The JJAS precipitation of the central and western Ethiopia was found
to be correlated with the equatorial east Pacific and Indian Ocean SSTs (Degefu et al., 2017). In
addition, the drying trend in southern and northern Ethiopia was associated with Atlantic Ocean

warming and SST of the western Pacific Ocean (Zeleke et al., 2017).

The annual precipitation of eastern Ethiopia was negatively correlated with the SST of Pacific
Ocean for JJA while positively correlated with MAM seasons (Bayable et al., 2021). Further, the
SST of central, western, and southeastern of the Indian Ocean was found to affect the precipitation
pattern of western, eastern, northwestern, and southeastern parts of Ethiopia (Dubache et al.,
2019). More importantly, Tefera et al. (2020) identified the tropical Indian Ocean as a statistically
significant drought-influencing factor in Ethiopia (Tefera et al., 2020). There was a strong and
positive correlation between the precipitation in northeastern Ethiopia and the southern Indian

Ocean, Atlantic Ocean, and most of the western Pacific Ocean (Gobie and Miheretu, 2021).

In the Tigray region, the tropical Indian Ocean was identified as a statistically significant drought-
influencing factor (Tefera et al., 2020). The tropical Indian Ocean, tropical Atlantic Ocean, tropical
Pacific Ocean, the Red Sea, and Nino 3.4 regions were the other drought-influencing factors on an
annual scale (Tefera et al., 2020); other events like Pacific Decadal Oscillation, Southern
Oscillation Index and Indian Ocean Dipole were the important factors for causing meteorological
and agricultural droughts in Tigray region (Molla, 2020).
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Many of the correlation analyses made so far were larger in spatial and time scope. Thus, a monthly
average precipitation of the three districts was used to test for its correlation with the global SST.

This is vital in understanding the correlations in-depth.

As shown in Figure 5.5, the canonical correlation analysis shows that the MAM precipitation of
the three districts was correlated to the global SST showing different correlational values. But,
most of these correlations were not strong enough to determine the average monthly precipitation
of the three districts. The central equatorial Pacific Ocean was strongly and positively correlated
with April’s average precipitation of Atsbi and Irob. Besides, April’s average precipitation of Atsbi
and Hintalo was strongly and negatively correlated with the SST of the eastern equatorial Pacific
Ocean. Further, April’s average precipitation of Hintalo has shown a strong negative correlation

with the SST of the northeast and northwest equatorial Atlantic Ocean.

This implies that the declined average precipitation in April over Atsbi and Hintalo districts is
associated with the warming in the central and eastern equatorial Pacific Ocean. In contrast, the
eastern equatorial Pacific Ocean was the source of the limited amount of April’s precipitation for
Atsbi and Hintalo districts. Thus, the projected SST in these regions can be used to predict the

precipitation to guide food production strategies during the month.
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Figure 5.5. March-May precipitation and its correlation with the global SST

Similar to MAM, the JJAS precipitation of the three districts showed a weaker correlation with
most of the global SST. Yet, a significant positive correlation was found between August’s
precipitation of the three districts and the SST of the western equatorial Pacific Ocean. The
correlation was very strong with Irob’s August precipitation, as shown in Figure 5.6. Thus, the
warming in the western equatorial Pacific Ocean had a strong correlation with reduced average
August precipitation in the three districts; implying for making informed decisions about food

production practices during the month.

Besides, Irob’s August precipitation has shown a strong positive correlation with the SST of the
south equatorial Indian Ocean. On the other hand, Atsbi’s July precipitation was strongly and

positively correlated with the western equatorial Indian Ocean. Moreover, September’s
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precipitation of Irob was found to be strongly and positively correlated with the SST of southwest

equatorial Indian Ocean, West equatorial Pacific Ocean, Philippine Sea, and South China Sea.
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Figure 5.6. June-September precipitation and its correlation with the global SST

5.3.4 Correlation between precipitation variability of the study areas and ENSO
ENSO is a climate phenomenon caused by ocean-atmospheric interaction that occurs mainly in the
tropical and sub-tropical Pacific Oceans. This naturally occurring phenomenon is the most
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predictable climate system at the time scales from months to seasons and years (Tang et al., 2018),

providing the basis for regional and local level precipitation predictions.

ENSO has a significant climate influence on the climate patterns of various parts of the world
including Ethiopia. Although the different parts of Ethiopia have different climate sensitivities, the
2015 drought that occurred in most parts of the country and East Africa was associated with ENSO-
induced rain shortages (Philip et al., 2018 and Bayable et al., 2021).

In northern Ethiopia, periodicity in dryness and wetness was largely determined by ENSO
variability in both the spring and summer rainy seasons (Zeleke et al., 2017). Similarly, La Nina
was associated with increased rainfall in most parts of the northeast Ethiopia, and EI Nifio was

associated with decreased rainfall in limited parts of the region (Gobie and Miheretu, 2021).

As shown in Table 5.3, the effect of ENSO in most of the rainy months of the three districts was
negligible. Nevertheless, the ENSO indices of JFM and FMA were associated with decreased April
precipitation in Atsbi and Irob very significantly (P<0.01). Besides, the ENSO indices of FMA and
MAM were associated with decreased May’s precipitation in Hintalo significantly (P<0.05). On
the other hand, the ENSO indices of MJJ were significantly associated with increased July
precipitation in the three districts (P<0.05). Thus, relevant bodies are supposed to project ENSO
data of JFM, FMA, MJJ, and MAM in advance for guiding food production activities in the three

districts.

Table 5.3. The correlation between the study areas precipitation and the global ENSO

Precipitation in the Oceanic Nino Index (ONI)
study areas DJF JFM FMA MAM | AMJ MJJ JIA JAS
March Atsbi 0.118 0.109
Irob 0.082 0.080
Hintalo 0.068 0.055
April Atsbi 0.461** | 0.449**
Irob 0.447** | 0.440**
Hintalo 0.267 0.271
May Atsbi 0.202 | 0.255
Irob 0.203 0.250
Hintalo 0.313* | 0.331*
June Atsbi -0.042 | -0.032
Irob -0.175 | -0.148
Hintalo -0.099 | -0.018
July Atsbi -0.198 | -0.345*
Irob -0.295 | -0.391*
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Hintalo -0.286 | -0.341*
August Atsbi -0.076 | -0.212
Irob 0.120 | -0.029
Hintalo -0.015 | -0.156
September | Atsbi -0.190 | -0.197
Irob -0.196 | -0.256
Hintalo -0.296 | -0.270

**_Correlation is significant at the 0.01 level; *. Correlation is significant at the 0.05 level.

In Tigray region, in addition to the global SST indices, ENSO was identified as drought influencing
factor (Molla, 2020 and Tefera et al., 2020). Similarly, Looby (2019) stated that El Nifio has
intensified the severe and prolonged drought that has occurred in Tigray in the last 4 to 5 decades,
as shown during the 2015-2016 El Nifio. In line with this, Shiferaw et al. (2023) revealed that
nearly 40 percent of precipitation variability in the Geba catchment of the Tigray region was
caused by the combined effects of El Nifio Southern Oscillation and Indian Ocean Dipole signals.

5.4 Conclusion

In Ethiopia, particularly in the Tigray region, smallholder farming is a common agricultural
practice where farmers usually depend on precipitation. As precipitation is a natural phenomenon
that varies with time and space, understanding the nature of precipitation variability can minimize
the possible risks to rural households. It can also significantly improve the food security status of

the vulnerable rural community.

Food production is mostly dependent on precipitation, particularly in areas where the farming
system is dominantly rain-fed. The study areas have experienced a very short and variant
precipitation pattern associated with global teleconnections. This calls for an urgent agricultural

transformation from a conventional one to a climate-smart farming system.

The three districts have shown a similarity in the magnitude and seasonality of precipitation.
March-May (Belg) and June—September (Kiremt) are the rainy seasons in the three districts. While
the March-May average precipitation of the three districts has shown a decreasing trend, an
insignificant increment was observed in the precipitation pattern of June-September. This entails

careful decisions to be made for some agricultural practices during these seasons.

On the other hand, a marked variation was observed in the trend of the precipitation pattern among
the three districts. Although no significant trend was detected in Atsbi and Irob precipitation

patterns, a very significant decline in the trend during March-May average precipitation and a
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significant decline trend in the annual average precipitation of Hintalo area is observed. Therefore,
an immediate action ought to be initiated to get alternative sources of water for the rural areas

where precipitation is the only source of food production.

More importantly, April’s average precipitation of the three districts is found to be correlated with
the SST of central and eastern equatorial Pacific Ocean and the northeast and northwest equatorial
Atlantic Ocean. Further, the SST of South, West, and southwest of the equatorial Indian Ocean,
and West equatorial Pacific Ocean was associated with July-September average precipitation with
greater variation in strength among the three districts. The ENSO indices, on the other hand, were
significantly associated with the July average precipitation of the three districts, April’s average

precipitation of Atsbi and Irob, and May precipitation of Hintalo.

Therefore, data about SSTs of the central and eastern equatorial Pacific Ocean, northeast and
northwest equatorial Atlantic Ocean, southwest equatorial Indian Ocean, and west equatorial
Pacific Ocean as well as data about the ENSO indices of JFM, FMA, MJJ, and MAM can be used

to develop a skillful precipitation forecast for the areas under the study.

Generally, the limited amount of precipitation, given its higher degree of variability, will be the
major challenge in the task of achieving food security in the food-insecure rural areas. Therefore,
unless coping strategies are arranged that meet the varying monthly, seasonal, and annual
precipitation, or alternative water sources are used and the rainwater is harvested prudently, these

areas will continue to face the severe consequences of food insecurity.

Furthermore, the precipitation pattern and its teleconnection with the global SST and ENSO
indices vary greatly in strength among the three districts. Thus, future researchers have to analyze
precipitation patterns and any associations with their trend in clusters rather than as a whole. In
this way, food security programs and actions can be effectively downscaled to the local level based

on their respective precipitation pattern information.
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CHAPTER SIX

Coping Strategies to Food Insecurity and Adaptation Mechanisms to Meteorological

Drought in the Drought-prone Rural Areas of Tigray

6.1 Introduction

Food insecurity, a situation in which households lack access to adequate and nutritious food
because of a lack of resources or money to purchase food, is associated with negative health
consequences, such as increased chronic disease risk, child malnutrition, and mortality rate (Sun
et al., 2020). Food insecurity is still a major global issue, but developing countries, such as
Ethiopia, are disproportionally affected. For example, in 2023, an estimated 20.1 million (about
17.5% of the total population) people were facing chronic hunger across the country with 7.4

million severely undernourished children and women (WFP, 2023).

Owing to the recent civil war and notable drought occurrences, the high prevalence of food
insecurity in Tigray may have worsened. Findings from the WFP (2022a) show that, in June 2022,
47 percent of Tigray’s population was severely food insecure. The same survey reported by
Weldegiargis et al. (2023) confirmed that nearly 75 percent of the interviewed households in
Tigray were eating cheap and small size meals or went a whole day without eating any food. As
such, the drought-prone rural areas of Tigray are food insecurity hotspot areas with a higher

number of vulnerable households.

In chapter three of this dissertation, it is stated that three drought-prone rural districts, namely:
Atsbi, Irob, and Wejerat were categorized as the most food-insecure rural districts of Tigray region,
as reported by the Tigray Region PSNP office (2019). In addition, in comparison to the national
average annual precipitation, chapter five of this dissertation demonstrated that Irob is
characterized by severe meteorological drought, whereas Atsbi and Hintalo areas are characterized
by moderate meteorological drought. Meteorological drought is a long-term lack of precipitation
in a specific area when compared to the average annual precipitation of the region (National
Drought Mitigation Center, 2024).

Food-insecure rural households facing food insecurity usually adopt diverse coping strategies to
reduce and mitigate the risks associated with food insecurity. However, the employed coping
strategies can be either severe or less severe strategies based on the long-term impacts they would

have on the nutritional health and physiology of the adopters (Negash and Alemu, 2013).
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In food-insecure areas, households often use a variety of coping strategies to cope with the
prevailing food insecurity. The widely used coping strategies include: eating less expensive food,
borrowing money to purchase food, relying on relatives or friends for food, limiting portion sizes
or the number of meals per day, begging for food, and sending household member(s) to relatives
in other arecas (Dlamini et al., 2023). Similarly, rural households in Ethiopia have used different
strategies to cope with food insecurity (Asesefa et al., 2018; Gebre et al., 2021; Yohannes et al.,
2023 and Bahiru et al., 2023). In Tigray, the consumption of less preferred, same variety or less
expensive foods, remittance, reduction of food portion size, selling of assets, daily labor, and
borrowing money or grain were the adopted coping strategies in times of food insecurity

(Weldemariam et al., 2023).

In addition, food-insecure farming households use different adaptation strategies to avert the risks
of meteorological drought. Of these, soil and water conservation, use of improved crop variety,
tree planting, crop diversification, adjusting planting season, irrigation, agronomic practices, and
integrating livestock with crop production were the agricultural adaptation strategies adopted by
small-holder farmers in Ethiopia (Demem, 2023). In Tigray, practices such as crop diversification,
planting date adjustment, soil and water conservation, intensified use of agricultural input,
integration of crop production with livestock, and tree planting were the agricultural adaptation

strategies adopted by rural farming communities (Belay et al., 2017 and Gebru et al., 2020).

However, coping and adaptation strategies adopted by food-insecure households living in drought-
prone rural areas and their choice of strategies have been less researched. In addition, coping
strategies for food insecurity have rarely been reported in line with adaptation strategies to
meteorological drought, which is highly associated with food insecurity (Schmidhuber and
Tubiello, 2007; Wheeler and Braun, 2013; Afifi et al., 2014 and Muluneh, 2021).

Considering the significant number of people living in drought-prone rural areas, representative
studies are needed to improve local and national food security intervention mechanisms.
Therefore, this study has the dual objective of identifying vulnerable households’ coping strategies
for food insecurity and adaptation mechanisms to meteorological drought in the drought-prone
rural areas of Tigray. In addition, households’ choice of coping and adaptation strategies was
adequately considered by the study to inform policy-makers and to add to the existing knowledge

on the same.
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6.2 Research Methods

A combination of quantitative survey and qualitative FGD data were used to describe the
comprehensive understanding of how households respond to food insecurity and associated
drought in the study areas. This study has used a mixed-methods approach to assess the coping

and adaptation strategies to food insecurity and drought.

A pre-tested structured questionnaire was administered to randomly selected household heads in
the study area. The questionnaire was translated into local languages and collected through face-
to-face interviews by trained enumerators. In addition, six FGDs were conducted, one in each sub-
district. The FGDs included knowledgeable elders, model farmers, local administrators, and
religious leaders. Discussions focused on coping mechanisms for food insecurity and adaptation

strategies for drought.

This paper analyzed households' coping strategies for food insecurity using descriptive statistics
and the Coping Strategies Index (CSI). The CSI has measured food insecurity by combining the
frequency and severity of coping strategies. Frequency was assessed by how often households
relied on strategies, while severity was determined through FGDs where participants classified
coping strategies on a four-point scale.

The data from FGDs were used in an analysis of coping strategies and adaptation mechanisms
through Paired Comparison Analysis (PCA). PCA ranked the choices of strategies and
mechanisms by comparing them against each other. This has provided insights into the subjective

preferences of households facing food insecurity and recurring droughts.

6.3 Results and Discussion

6.3.1 Coping strategies to food insecurity

Food-insecure rural households use various strategies to cope with food insecurity (Dlamini et al.,
2023). Likewise, rural households in Ethiopia have used different strategies to cope with food
insecurity (Asesefa et al., 2018; Gebre et al., 2021; Yohannes et al., 2023 and Bahiru et al., 2023).
The sale of firewood and charcoal, labor work, selling livestock, renting land, migrating, and

reducing the size of meals were the coping strategies used by food-insecure households in the

Humbo district of Ethiopia (Bahiru et al., 2023).

Food-insecure households in Jimma, Ethiopia also used different coping strategies such as

changing consumption patterns, eating cheap foods, reducing meal frequency, and selling
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household assets (Asesefa et al., 2018). Similarly, food-insecure rural households in Southeast
Ethiopia consumed less preferred and less-expensive food, borrowing food from relatives and
friends, consuming seed stock, and feeding children first in response to food deficits (Gebre et al.,
2021). In southern Ethiopia, households were coping with food insecurity by utilizing less
preferred and less expensive food, borrowing food, and participating in off-farm activities (Melese

etal., 2021).

In the Tigray region, coping strategies such as consumption of less preferred, same variety or less
expensive foods, remittance, reduction of food portion size, selling of assets, daily labor, and
borrowing money or grain were used in times of food shortage (Weldemariam et al., 2023).
According to the food security assessment by WFP (2022a) in Tigray, in response to food
insecurity, 90 percent of households have limited portion sizes of meals; 85 percent relied on less

preferred and cheap food; 74 percent restricted food consumption by adults to feed their children.

In the study areas, limiting household meal size, depending on aid, and consuming less quality and
cheap food were the most frequently used coping strategies reported by 74.4, 74.1, and 73.8 percent
of the food-insecure rural households, respectively (Table 6.1). In southern Ethiopia, consuming
smaller amounts of food was the most widely used coping strategy for more than half of the

households, and no household members went a whole day and night without food (Yohannes et
al., 2023).

On the other hand, Table 6.1 shows that sending children or household members to eat elsewhere
or to work for food and reducing the meals of adults to feed the children were less frequently used
coping strategies by the food-insecure rural households. In the Gambela region of Ethiopia, 21.9
percent of food-insecure households were sending household members to eat elsewhere to cope

with food insecurity (Ayal ef al., 2023).

Table 6.1. Food insecurity coping strategies adopted by the food-insecure rural households

No. Coping strategies Always (6-7 | Sometimes | Rarely (1-2 | Not at all (0
days/week) (3-5 days/week) | days/week)
days/week)

Freq. | %age | Freq. | %age | Freq. | %age | Freq. | %age
1 Consume less quality and 268 | 73.8 57| 15.7 38| 10.5 0 0.0
less expensive food
2 Reduce the meals of adults 79 21.8| 175| 48.2 53| 14.6 56| 154
in favor of children
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3 Limit the portion of meals 270 | 74.4 76 | 20.9 17 4.7 0 0.0
for all household members

4 Consume food held for 192 | 52.9 59| 163 98 | 27.0 14 3.8
next season

5 Reduce the number of 167 | 46.0| 140 | 38.6 56| 154 0 0.0
meals per day

6 Purchase food on credit 121 | 333] 111 | 30.6 98 | 27.0 33 9.1

7 Send children or household 7 1.9 62| 17.1| 101 | 27.8| 193 | 53.2
members to eat elsewhere

8 Send children or household 51 14.1 76 | 209 | 101 | 27.8| 135| 37.2
members to work for food

9 Depend on aid from 269 | 74.1 40| 11.0 50| 13.8 4 1.1
family, friends, or external
bodies

10 | Use all or part of your 210 | 57.9 78 | 21.4 69| 19.0 6 1.7
savings to purchase food

11 | Sell any assets to purchase 203 | 55.9 52| 143 ] 100 | 27.6 8 2.2
basic food items

12 | Reduce other expenses to 161 | 444 | 121 | 333 70| 19.3 11 3.0
meet food needs

13 | Take a loan to purchase 112 | 309 91| 25.1| 121 ] 333 39| 10.7
food

14 | Skip part or entire days 55| 152 200| 55.1| 108 | 29.7 0 0.0
without eating

15 | Feed working members of 34 94| 119| 328 | 106| 29.2| 104 | 28.7
the household at the
expense of non-working
members

6.3.2 Households’ choice of food insecurity coping strategies

The Paired Comparative Analysis (PCA) results showed a marked distinction in the choice of

strategies to cope with food insecurity. As revealed in Table 6.2, consuming less quality and cheap

food, reducing the meals of adults in favor of children, consuming food held for the next season,

using savings to purchase food, and selling assets to purchase basic food items were the first

choices of coping strategies in the six sub-districts of the study areas.

Moreover, the second most preferred coping strategies chosen by most of the households were

limiting the portion of meals for all household members, reducing the number of meals per day,

and sending children or household members to work for food. On the other hand, feeding working

members at the expense of non-working members, skipping part or entire days without eating,
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taking loans to purchase food, and sending children or household members to eat elsewhere were

relatively the least preferred coping strategies by food-insecure rural households.

Table 6.2. Paired Comparative Analysis (PCA) of food insecurity coping strategies

No. Coping Strategies Rank Overall
Atsbi Wejerat Irob rank
FG1 | FG2 | FG3 | FG4 | FG5 | FG6

1 Consume less quality and less expensive 1 5 2 4 5 4 2
food

2 Reduce the meals of adults in favor of 4 7 8 11 1 1 6
children

3 Limit the portion of meals for all 2 3 3 3 4 2 1
household members

4 Consume food held for next season 5 4 1 5 6 5 4

5 | Reduce the number of meals per day 2 5 4 5 4 5 3

6 Purchase food on credit 3 9 7 6| 10 9 10

7 Send children/household members to eat 71 11 11| 10 7 6 12
elsewhere

8 Send children/household members to 9| 10 6 2 2 3 6
work for food

9 Depend on aid from relatives or external 3 11 4 7 3 4 6
bodies

10 | Use all or part of your savings to 6 1 3 8 8 7 9
purchase food

11 | Sell any assets to purchase basic food 8 2 4 1 9 7 5
items

12 | Reduce other expenses to meet food 4 6 9 8 9 8 10
needs

13 | Take a loan to purchase food 10 8 5 9] 11| 11 13

14 | Skip part or entire days without eating 11 12 9| 11| 13| 10 15

15 | Feed working members of the household 10 11 10| 10| 12 9 14
at the expense of non-working members

There was no complete consensus regarding the severity of most coping strategies; however, based
on the most frequent responses, taking a loan to purchase food, skipping parts or entire days
without eating, sending children or household members to eat elsewhere, and feeding working
members of the household at the expense of non-working members were the most severe coping
strategies ranked by the rural households. Accordingly, about 70 percent of the food-insecure rural
households relied on the most severe coping strategies, that is, frequently skipping part or entire

day without eating (see Table 6.1). According to WFP (2022a), the percentage of households in
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Tigray who used severe coping strategies increased from 52 percent in October 2020 to 60 percent

in June 2022.

On the other hand, consuming less quality and less expensive food and limiting the portion of
meals for all household members were the least severe coping strategies as shown in Figure 6.1.
Accordingly, nearly 88 percent of the food-insecure rural households used the least severe coping

strategy, frequently limiting the portion of meals for all household members.

Limit the portion of meals for all household members N 2.8
Consume less quality and less expensive food N 35
Reduce the number of meals per day GG /.1
Consume food held for next season GG 4.3
Sell any assets to purchase basic food items N 5.1
Depend on aid from relatives or external bodies NN 53
Send children/household members to work for food [N 53
Reduce the meals of adults in favor of children [N 53
Use all or part of your savings to purchase food [N 55
Reduce other expenses to meet food needs GGG 73
Purchase food on credit [ 73
Send children/household members to eat elsewhere [IIIIEEEGEGGN 36
Take a loan to purchase food [N o
Feed working members of the household at the... IS 103
Skip part or entire days without eating [IIIIINININIIIINNDDS 11

0 2 4 6 8 10 12

W Most severe coping strategy M Severe coping strategy

B Moderate coping strategy Least severe coping strategy

Figure 6.1. Consensus severity ranking of food insecurity coping strategies

Based on Table 6.3, the average CSI score in the study areas was found to be 148.5 out of 301,
with the highest result of 268, implying for severe food insecurity status of households under the

study. A reduced coping strategy index (rCSI) score based on the five standard food insecurity
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related strategies study by WFP (2022a) in Tigray revealed an average rCSI of 31.48, with results
ranging from 26.00 to 38.91.

Table 6.3. Coping Strategy Index (CSI) score

No. Coping strategies Average | Average | Severity | Weighted
frequency | ranking | weight score

1 Consume less quality and less expensive food 6.0 3.5 1 6.0
2 Reduce the meals of adults in favor of children 3.0 5.3 3 9.0
3 | Limit the portion of meals for all household

members 6.2 2.8 1 6.2
4 Consume food held for next season 5.4 4.3 2 10.8
5 Reduce the number of meals per day 4.6 4.1 2 9.2
6 Purchase food on credit 3.3 7.3 3 9.9
7 Send children/household members to eat

elsewhere 1.2 8.6 4 4.8
8 Send children/household members to work for

food 1.5 5.3 3 4.5
9 | Depend on aid from relatives or external

bodies 6.1 5.3 3 18.3
10 | Use all or part of your savings to purchase

food 5.7 5.5 3 17.1
11 | Sell any assets to purchase basic food items 5.3 5.1 3 15.9
12 | Reduce other expenses to meet food needs 4.0 7.3 3 12.0
13 | Take a loan to purchase food 3.2 9.0 4 12.8
14 | Skip part or entire days without eating 2.2 11.0 4 8.8
15 | Feed working members of the household at

the expense of non-working members 0.8 10.3 4 3.2

Average coping strategy score 148.5

6.3.3 Agricultural adaptation mechanisms to meteorological drought

Adaptation options to meteorological drought in rural communities of Ethiopia can minimize the
potential impact of meteorological drought on food insecurity (Wolteji et al., 2022). However, it
1s important to note that adaptation strategies depend on household, local, or country level social,
technological, and economic capacities. According to a review of adaptation strategies by
Grigorieva et al. (2023), crop diversification, innovative breeding techniques; water and soil
conservation, farmer training, and knowledge transfer are the adaptation strategies that can be
applied at a local level. Similarly, a review of adaptation strategies adopted by smallholder farmers
by Ogundeji and Okolie (2022) shows that rainwater harvesting, diversification of income sources,
cultivation of short-season crops, and use of drought-tolerant crops were the agricultural adaptation

strategies.
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In Ethiopia, soil and water conservation, use of improved crop variety, tree planting, crop
diversification, adjusting planting season, irrigation, agronomic practices, and integrating
livestock with crop production were the agricultural adaptation practices adopted by small-holder
farmers (Demem, 2023). In the Tigray region of Ethiopia, practices such as crop diversification,
planting date adjustment, soil and water conservation, intensified use of agricultural input,
integration of crop production with livestock, and tree planting were the agricultural adaptation

strategies adopted by rural communities (Belay et al., 2017 and Gebru ef al., 2020).

In this study, agricultural adaptation mechanisms such as livestock production and cultivation of
short-duration crops were reported as regular agricultural adaptation mechanisms by 27.2 percent
and 22.8 percent of the food-insecure rural households, respectively. Besides, Table 6.4 shows
the use of fertilizer and cultivating drought-tolerant crops were reported to be the other frequent
agricultural adaptation mechanisms by 18.3 percent and 14.9 percent of the food-insecure rural
households, respectively. In contrast, the use of soil and water conservation practices, planting
trees, use of improved crop seeds, irrigation and were the most utilized agricultural adaptation

mechanisms in Eastern Tigray (Gebru et al., 2020).

The agricultural adaptation mechanisms employed by rural households in the Ambassel district of
Ethiopia were changing planting season, use of fertilizer, crop diversification, and livestock
diversification as reported by 18.4, 14.3, 12.2, and 4.8 percent of the households, respectively
(Destaw and Fenta, 2021). In northern Uganda, crop diversification and cultivation of drought-
resistant varieties were the most widely practiced adaptation strategies (Atube et al., 2021). In
South Africa, only 5 percent of vulnerable rural communities maintain drought-tolerant breeds as

an adaptation strategy for meteorological drought (Bahta and Myeki, 2021).

On the other hand, cultivating cash crops, preparing alternative wetting, harvesting rainwater, and
crop diversification were comparatively the least adopted agricultural adaptation mechanisms by
the food-insecure rural households in the study areas. According to Labeyrie et al., (2021), the
cultivation of cash crops when combined with crop diversification enhances rural households’
dietary diversity and their food security in general. However, 93.1 percent of the rural households
in the study areas have never adopted cash crop production as an agricultural adaptation strategy

for meteorological drought (Table 6.4).
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During the 2018 severe and wide-ranging drought, the most common adaptation option reported
by farmers was adjusting planting and harvesting seasons (Holman ez al., 2021). In the study areas,
only 7.2 percent of the households were adjusting the planting season regularly, and 28.6 percent
of the households had never applied adjusting the planting season as an agricultural adaptation

strategy.

Owing to rainwater scarcity in the study areas (Gebre ef al., 2024), adopting a rainwater harvesting
strategy and preparing alternative wetting mechanisms is highly expected to cope with the
meteorological droughts. However, Table 6.4 shows that 77.1 and 69.5 percent of the food-insecure
rural households have never adopted the agricultural adaptation strategies of preparing alternative
wetting and harvesting rainwater, respectively. Similarly, more than half of the rural households in
the Karnataka region of India have not adopted an alternative wetting adaptation strategy

(Bommaiah and Dechamma, 2020).

Table 6.4. Agricultural adaptation mechanisms to meteorological drought

No. Adaptation mechanisms Regularly | Sometimes | Occasionally Never
Freq. | %age | Freq. | %age | Freq. | %age | Freq. | %age
1 Cultivating drought-tolerant 541 149 82| 224 58 16 | 166 | 46.7
crops
2 | Cultivating cash crops 9 25 71 19 9 25| 335| 93.1
3 | Preparing alternative wetting 4 1.1 25| 6.9 54| 149 277 | 77.1
4 | Adjusting planting season 26 72| 145| 403 86| 239| 103 | 28.6
5 Harvesting rainwater 4 1.1 43 | 119 63| 17.5| 250 | 69.5
6 Shorter duration crop 82 | 22.8 50| 139 53 147 175 | 48.6
cultivation
7 Crop diversification 15 42 551 153 75| 208 | 215| 59.7
8 Use of fertilizer 66 | 183 85| 23.6 136 | 37.8 73| 20.3
9 | Use of improved seed 0 0.0 129| 358 | 155| 43.1 76 | 21.1
10 | Livestock production 98 | 27.2 77| 21.4 56 15.6 | 129 | 35.8

6.3.4 Households’ choice of adaptation mechanisms to meteorological drought

Agricultural adaptation strategy practices are mostly different from households’ choices of
strategies (Siders and Pierce, 2021). This is mainly because adaptation practices require the
involvement of multiple actors. According to a review of farmers’ choices of agricultural
adaptation strategies in Africa, crop diversification, planting drought-tolerant crops, adjusting
planting dates, and cultivating early maturing crops have been identified as widely chosen

strategies (Magesa et al., 2023).
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The Paired Comparative Analysis (PCA) results depicted in Table 6.5 show that food-insecure
rural households in the six sub-districts had different preferences regarding the choice of
agricultural adaptation mechanisms. While livestock production was the first chosen strategy for
the Wejerat and Irob rural districts, it was not a prioritized strategy for the A#sbi district. In contrast,
crop diversification was the least preferred agricultural adaptation strategy in almost all the sub-
districts. In the Dabus watershed of Ethiopia, soil conservation measures in the agricultural land

was the most prioritized adaptation strategy by the rural communities of the area (Asrat and
Simane, 2018).

Table 6.5. Paired Comparative Analysis (PCA) of agricultural adaptation mechanisms

No. Rank
Adaptation mechanisms Atsbi Wejerat Irob
FG1 | FG2 | FG3 | FG4 | FG5 | FG6
1 Cultivating drought-tolerant crops 1 2 3 2 4 3
2 Cultivating cash crops 8 8 4 6 4 5
3 Preparing alternative wetting 2 3 5 3 2 3
4 Adjusting planting season 7 6 2 8 8 7
5 Harvesting rainwater 5 7 6 5 3 4
6 Shorter duration crop cultivation 3 1 1 4 6 2
7 Crop diversification 7 6 7 7 7 8
8 Use of fertilizer 6 4 2 3 6 7
9 Use of improved seed 5 6 2 4 5 6
10 | Livestock production 4 5 1 1 1 1

When averaged, livestock production, cultivating drought-tolerant crops, and cultivating shorter-
duration crops were the first three prioritized agricultural adaptation mechanisms preferred by the
food-insecure rural households. In contrast, crop diversification, adjusting planting season, and
cultivating cash crops were relatively the least preferred agricultural adaptation mechanisms by
the food-insecure rural households as shown in Figure 6.2. In contrast, crop diversification and
adjusting planting season were the most preferred adaptation strategies by farmers in Ghana

(Dasmani et al., 2020).

94



Livestock production I 2.16
Cultivating drought-tolerant crops IEEEGG—G—_—_—————_— .5
Shorter duration crop cultivation IEG—G—N .33
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Use of improved seed I 4.67
Use of fertilizer I 4.67
Harvesting rainwater I 5
Cultivating cash crops I 5.83
Adjusting planting season I 6.33
Crop diversification I

0 1 2 3 4 5 6 7 8

Figure 6.2. Average rank of choices of agricultural adaptation mechanisms

6.4 Conclusion

To cope with the prevailing food insecurity, vulnerable households have been mostly limiting
portions of a household’s meal size. Besides, depending on aid and consuming less quality and
cheap food were the other frequently used coping strategies for food insecurity by rural
households. In line with this, the higher average CSI score implies the severe food insecurity status

of the households under the study.

A marked distinction was observed in the choice of food insecurity coping strategies from district
to district, and even from sub-district to sub-district. Accordingly, consuming less quality and
cheap food, reducing the meals of adults in favor of children, consuming food held for the next
season, using savings to purchase food, and selling assets to purchase basic food items were the
first group of choices of coping strategies in the respective six sub-districts of the study areas.
Thus, additional researches are required to determine the factors that affect household's choice of

coping strategies.

Further, taking a loan to purchase food, skipping part or entire days without eating, sending
children or household members to eat elsewhere, and feeding working members of the household
at the expense of non-working members were the most severe coping strategies ranked by rural

households. And, many of the food-insecure rural households relied on the most severe coping
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strategy, that is, skipping part or the entire day without eating. This may have a serious negative
impact on their health. Hence, raising awareness that protects against the use of severe coping

strategies should be one priority.

When looking at adaptation mechanisms to meteorological drought, many food-insecure rural
households have never adopted alternative wetting and harvesting rainwater to cope with varying
precipitation. Because rainwater is the most important determinant of agricultural production,

stretching schemes to prudently utilize the rainwater is imperative.

Similar to the coping strategies, the food-insecure rural households had different preferences
regarding their choice of adaptation strategies to meteorological drought. The studied rural
households preferred to use livestock production, cultivating drought-tolerant crops, and
cultivating shorter-duration crops to deal with meteorological drought. Whereas, crop
diversification, adjusting planting season, and cultivating cash crops were the least preferred
adaptation strategies by food-insecure rural households. The rationale behind their adaptation

strategy preferences needs to be studied further.

The study therefore suggests that interventions by state and non-state actors should target
enhancing households’ ability to cope with precipitation variability and its subsequent food
insecurity. In addition, the interventions should be guided by households’ specific socio-economic
characteristics and level of livelihood. In this regard, more studies should be conducted on how

the practiced adaptation strategies are selected and what determines their decision-making.
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CHAPTER SEVEN

Food Security Intervention Mechanisms in the Drought-Prone Rural Areas of Tigray

7.1 Introduction

Food insecurity is a condition when all people at all times do not have social, physical, and
economic access to sufficient and nutritious foods that meet their requirements (FAO, 1996).
Several interventions have been taken to halt food insecurity from the global to household levels.
As a result, considerable stride was made globally in reducing hunger between 1990-1992 and
2014-2016, when the proportion of food-insecure people reduced from 23.3 to 12.9 percent (Jha,
2019). However, the number of severely food-insecure world population increased from 7.5

percent in 2017 to 9.2 percent in 2022 (FAO, 2023).

The international community has shown its commitment to combat food insecurity by adopting
the 2030 agenda for the Sustainable Development Goals (SDGs) in 2015, including targets to end
hunger (SDG 2) and ensure access to food by all people (target 2.1); end all forms of malnutrition
(target 2.2) and double the agricultural productivity and incomes of small-scale rural food
producers (target 2.3) (UN, 2017). Nevertheless, the number of global people facing hunger has
been increasing since 2017 (FAO, 2023), implying the improbability of achieving the SDG target

to eliminate hunger in time.

The number of food-insecure people is still prevalent in Eastern Africa, where nearly 30 percent
(327.1 million people) of its population are food insecure (FAO, 2023). A recent assessment of
food security projected that 15.8 million people in Ethiopia will face hunger and need food
assistance in 2024 (UN, 2024). In Tigray, food insecurity is at a critical level as millions face
extreme challenges to access food in many parts of the region. According to the Oxfam (2024)
report, about one million (more than 20%) people in Tigray are facing acute hunger, and 3.5 million
people are in urgent need of food aid. Unless efforts are seriously stepped up, more people in the

vulnerable rural areas of the region could be starved.

Given the growing number of food-insecure population and the growing need to improve
population health, there is wide interest in addressing food insecurity. The UN agencies are now
calling for new ways of thinking to integrate food security concerns into different global and

national development plans (Bahn et al., 2021).
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Achieving food security is a long-term and multi-sector process that requires a fundamental social
transformation and timely financial and technical support to vulnerable households (Rahut et al.,
2022). In recognition of this, food security intervention mechanism is a central element in the
pursuit of food security. A review of intervention mechanisms by Bizikova et al. (2020) revealed
that a positive impact of food security intervention mechanisms was reported in 73 publications
(67% of the reviewed publications). Similarly, another review indicated that intervention
mechanisms at a community level that include agricultural strategies like raising agricultural
awareness, improving soil and seeds, promoting gardening, and agroecological practices were

reported to have improved food security (Doustmohammadian et al., 2022).

In Ethiopia, several food security intervention mechanisms are in place. However, only the PSNP
and agricultural interventions were repeatedly mentioned (Coll-Black et al., 2013; Wordofa and
Sassi, 2020 and Cordonnier et al., 2022), and other food security intervention mechanisms are not
scientifically reported. Further, Van der Veen and Gebrehiwot (2011) described the effect of policy

intervention on food security in Tigray, but the study did not include other interventions.

To meet the ideal FAO’s (1996) concept of food security, intervention mechanisms should address
the four basic components of food security. However, scholars who studied food security
intervention mechanisms like Saleth and Dinar (2009); Bizikova et al. (2020) and Nisbet et al.
(2022) did not adequately report the integration of food security components into the intervention
mechanisms. Therefore, this study tries to fill the knowledge gap by identifying the prominent

interventions that can impact vulnerable households in relation to the basic pillars of food security.

Improving food security is frequently expressed as a goal of governments, multilateral
development agencies, and non-governmental organizations (Weis, 2020). Thus, to better
understand the scope of food security interventions by these entities, four categories of intervention
mechanisms are identified in this study: international, national, regional, and community level
food security intervention mechanisms. This study, therefore, aims to describe the existing food

security intervention mechanisms of various levels in relation to the four pillars of food security.

Although food insecurity intervention mechanisms need to be developed for specific contexts, this
study will provide valuable lessons for interventions to be successful. This chapter is published as
a research article in a peer-reviewed journal. The study will serve as a base for other researchers

interested in evaluating these intervention mechanisms' impact on food security.

98



7.2 Research Methods

This study aims to provide a wide-ranging description of food security intervention mechanisms
in the Tigray region of Ethiopia. For this purpose, an integration of quantitative and qualitative
research approaches was used to describe the existing food security intervention mechanisms. Both
primary and secondary data were gathered from household heads, regional and local PSNP

officers, and relevant policy archives.

Data were collected through survey-based questionnaires and key informant interviews. A
descriptive data analysis method (mainly frequencies and percentages) was employed to analyze
the quantitative data. Besides, the relevant policy documents, such as Ethiopia's Food Security
Policy, Food Security Strategy, Food Security Program, and PSNP implementation manual were

thematically analyzed.

7.3 Results and Discussion

7.3.1 Interventions at international level

Finance is a major enabler for sustainable agricultural growth and food security in Ethiopia. In this
regard, external aid is one way that the international community can contribute to the well-being
of humans. Ethiopia is one of the major recipients of international assistance. Ethiopia has been
receiving external aid since the late 1940s (Furtado and Smith, 2007). Based on foreign aid and
official development assistance received from 1960-2021, Ethiopia was ranked fifth out of 134
countries and second in Africa (Global Economy, 2023). This shows Ethiopia has been attracting
international assistance to support its food security achievement efforts and this can be taken as a

good opportunity for the country.

Food is one of the main sectors attracting international interventions in Ethiopia. During 1960—
2003, food was the major sector that received the largest aid money in Ethiopia (Lemi, 2007). In
2012, Ethiopia was the top food aid recipient country in the world accounting for 16 percent of
global food aid receipts (WFP, 2013). In 2022, Ethiopia was the largest recipient of development
assistance to food programs (FSIN and GNAFC, 2024). According to OCHA (2024), in 2023,
USD 572.6 million and USD 175 million were internationally donated to Ethiopia to the food and

nutrition sector, respectively to respond to the food crises.

In addition to the national efforts, the international donor community, NGOs, and the United
Nations have been contributing to the improvement of food security status in the affected
99



populations in Ethiopia. Based on the analysis of food-related international contributions to
Ethiopia, the European Union (EU) was found to be the major contributor to food-related activities
in Ethiopia. Similarly, Lemi (2007) indicated that the EU was a major multilateral donor to
Ethiopia during 1960-2003 followed by the World Bank and World Food Program. The EU was
supporting food-insecure households by providing food and non-food items distributed through
ECHO (European Community Humanitarian Office) and channeled by the Relief Society of Tigray
(REST) and the International Committee for the Development of People (CISP) in Tigray and Afar

Regions.

Besides, the governments of Britain, Italy, Germany, Ireland, Norway, USA, Japan, France,
Netherlands, and Switzerland have been the long-time consistent contributors to food-related
support and activities in Ethiopia. Further, Belgium, Finland, Canada, Sweden, Spain, and Austria
have also been contributing to food-related activities in Ethiopia in an irregular manner. According
to Lemi (2007), USA, Italy, Germany, Sweden, and the Netherlands were the top donors in that
order during 1960-2003. In 2023, USA, Germany, and Canada were the top contributors to
Ethiopia's humanitarian response plan (OCHA, 2024).

On the other hand, the WFP has been an important UN agency for allocating food items in
Ethiopia. During March 2021-May 2022, WFP reached 4.4 million food-insecure people in
northern Ethiopia (WFP, 2022b). WFP has been using TSFP (targeted supplementary feeding
program) and BSFP (blanket supplementary feeding program) nutrition activities to treat and
prevent moderate acute malnutrition for 47,000 under five years of age children and pregnant and
lactating women in Tigray region in February 2022 (WFP, 2022b). This indicates that WFP’s focus

was on nutrition beyond the food availability.

A review of international interventions to food insecurity reveals that many international donors
prefer to respond to food insecurity by providing direct donations to implementing agencies.
Nonetheless, there have been some substantial food aid in the late 1990s and early 2020s. The

review shows that displaced people were major recipients of the food and non-food aid.

Apart from food aid supplies, a promising international intervention was identified in supporting
Ethiopia’s rural Productive Safety Net Program (PSNP). Unlike the food aid supplies, the rural
PSNP aims at addressing the chronic food insecurity problem in selected vulnerable communities.

According to the World Bank (2023b) phase four implementation report, the program has reached
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nearly eight million people in 382 food-insecure rural districts of Ethiopia. However, there is no

clear data about what food security components the program has been addressing and how.

Several development partners were active in financing the rural PSNP. A total of USD
3,021,019,353 was incurred for the implementation of the fourth phase of the program; of which
84.3 percent of the cost was financed by international donors. As indicated in Table 7.1, the World

Bank was the major donor of the program followed by DFID and USAID.

Table 7.1. Multilateral donations to Ethiopia’s PSNP fourth phase

No Name of donors Actual amount
disbursed (USD)

1 World Bank 1,623,979,010

2 USAID 360,000,000

3 DFID (British Department for International 502,953,948
Development)

4 Ireland Government (Irish Aid) 58,601,763

5 UN children’s fund 16,464,689

6 World Food Program 29,990,990

7 Australian Development Agency 2,216,601
Total 2,547,751,322

Source: World Bank (2023b)

After the completion of the fourth phase of rural PSNP, the fifth phase of the program was launched
with a total of USD 2.2 billion investment to reach up to nine million food-insecure people
(USAID, 2023). This shows the international community is ready to contribute to the achievement
of food security in Ethiopia. Yet, there are a lack of clarity on how the rural PSNP can contribute
to the four components of food security through the five sub-programs: public works, temporary

direct support, permanent direct support, livelihoods services, and shock responsiveness.

Ethiopia’s Agricultural Growth Program (AGP) has been the other major program where
international financial intervention is visible to see. The program aims at enhancing agricultural
productivity and access to a market with the active participation of women and the youth partly
meeting the food availability and access to food pillars of the food security. According to GAFSP
(2022), nearly 700,000 farmers were benefited from AGP-I.

The first phase of the program’s total cost was USD 417,800,000 (IED, 2019); of which 94.8
percent was financed by international multilateral and bilateral donors. Based on Table 7.2, the

World Bank was the major donor to the implementation of AGP-I.
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Table 7.2. International donations to Agricultural Growth Program (AGP)-1

No Name of donors Actual amount disbursed
(USD)
1 World Bank 256,200,000
2 | USAID 81,400,000
3 | UN Development Program 2,400,000
4 | Other bilateral agencies 56,200,000
Total 369,200,000

Source: IED (2019)

FAO, unlike the other donors, has been providing technical support for the effective
implementation of Ethiopia’s rural PSNP. It has also been supporting the adaptation strategies to
agricultural drought in Ethiopia through strengthening institutional capacity for resilience;
supporting early warning and information management systems; building community-level
resilience; supporting communities through diversified livelihood options and supporting
irrigation development activities (FAO, 2024). This initiative promotes the achievement of food

security by enhancing agricultural productivity in general and food availability in particular.

Although there were several international interventions intended to halt food insecurity sustainably
through financial aid, many of the interventions were found to be responding to humanitarian crises

mainly the food shortages. This implies that due focus was given to the transitory food insecurities.

In 2022, USD 15.1 Billion was funded to food sectors in food-crisis countries, which increased by
16 percent compared to 2021 (FSIN and GNAFC, 2024). According to OCHA (2024), out of the
planned USD 3.995 Billion, USD 1.339 Billion was received and financed to respond to the food
crises in Ethiopia in 2023. If these were to be financed to initiatives that work on achieving

sustainable food security, the impact of these finances would have been much greater.

WHO (2021) reported that “Investing one dollar per person per year could save seven million lives
in low- and lower-middle-income countries”. Similarly, the National Institute of Building Sciences
(2019) reported that every USD one invested in disaster mitigation saves extra responding costs
of USD six. This shows a significant savings can be gained by investing in preparation and
mitigation works. Further, proactive measures can contribute to achieving food security by

increasing agricultural production and strengthening households' capacity to withstand shocks.
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7.3.2 Interventions at national level
Public sector intervention mechanisms have a prominent role in addressing food insecurity at the
household level. National policy is one of the fundamental ways to guide intervention mechanisms

for food insecurity and its associated causes.

The FDRE (2018) ‘Food and Nutrition Policy’ was the first national food and nutrition policy in
Ethiopia. The policy emphasizes on attaining optimal nutritional status for all age groups at all
levels. The policy has generally seven directions to achieve its intended objectives: (1) Ensuring
food availability, accessibility, and utilization of diversified, safe, and nutritious foods in a
sustainable way; (2) Ensuring the safety and quality of foods from production to consumption; (3)
Improving postharvest management of farm products; (4) Ensuring optimum nutrition at all age
groups; (5) Providing timely and appropriate emergency response for food crises; (6)
Strengthening food and nutrition communication and (7) Establishing and strengthening food and

nutrition governance.

The food and nutrition policy of Ethiopia is generally found to be well-elaborated and logically
linked to the four major components of food security. The policy is formulated with a broader
scope and provides a base for multi-sectoral collaboration, interventions, and planning food
security strategies. Nevertheless, the policy is found to be more sensitive to nutrition than the other
pillars of food security. In addition, the rural people in general and the vulnerable food-insecure

rural people in particular were not given appropriate emphasis in the policy.

Unlike the Food and Nutrition Policy of Ethiopia, the Food Security Program of Ethiopia
exclusively emphasizes on vulnerable rural people. According to the Ministry of Agriculture and
Rural Development (2009), the long-term goal of the Food Security Program of Ethiopia has been:
achieving food security for the chronic and transitory food-insecure rural households in Ethiopia.

Nevertheless, the program has no clear ways of addressing the pillars of food security.

The Food Security Program of Ethiopia has been under implementation since 2003 in 319
chronically food-insecure rural districts of Ethiopia with four distinct components: Productive
Safety Net Program (PSNP), Household Asset Building Program (HABP), Complementary

Community Investment (CCI) program, and resettlement program.

PSNP has been intended to provide transfers through labor-intensive public works for those who

are able-bodied and direct support for those who are unable to work. According to the Ministry of
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Agriculture (2020), the fifth PSNP has five sub-programs: public works, temporary direct support,
permanent direct support, livelihood services, and shock responsiveness. During phases one and
two, there were nearly 4.8 million PSNP beneficiaries (Bahru and Zeller, 2022). And, according
to World Bank (2023b), there were 7,997,218 PSNP country-wide beneficiaries in 2022; of which
2,770,188 were under direct support of the program.

PSNP was first launched in 2005 and it is now in its fifth phase (USAID, 2023). The fourth phase
of the PSNP was extended three times in 2020 and 2021, for a total of 18 months: from December
2020 to June 2021; June 2021 to December 2021 and December 2021 to June 2022 (World Bank,
2023b). The fourth phase of the program was ended in June 2022 and its project performance was
rated as “moderately satisfactory” by the World Bank (World Bank, 2023b). In 2016, urban PSNP

was launched and started to be implemented in 11 major urban areas of Ethiopia (MoUH, 2016).

Phase five of PSNP focuses on eliminating extreme poverty in drought-prone areas. Its target
shifted from chronically food insecure households to extremely poor households, thereby targeting
and addressing the needs of the extremely poor and the most vulnerable. While focusing on
drought-prone areas is a good direction to reach vulnerable households, focusing on extreme
poverty exclusively may not address the multi-faceted root causes of food insecurity. This is
mainly because food insecurity in rural Ethiopia is mostly caused by low productivity in rainfed

agriculture (Neglo et al., 2021).

HABP aims at building productive assets and diversifying income sources of food-insecure
households. The interventions include disseminating improved agricultural inputs, moisture
conservation and utilization techniques, and farmers' training for generating additional income.
CCI, on the other hand, aims at improving food-insecure households’ access to basic social

services and infrastructures.

The resettlement program, unlike the other components, aims to ensure the food security of
vulnerable households by providing access to farmland in other areas. The food-insecure
households must move to other areas to access the farmland. The settlers are provided with basic

agricultural inputs and food assistance until their first production.

The food security program of Ethiopia is generally reasonable in that it gives due focus to the
chronically food-insecure rural households. More importantly, the program has set to at least

achieve food availability at a household level.
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The limited emphasis given to the nutrition aspect is one major drawback of the program. The
program hardly shows how nutritional security can be achieved in rural Ethiopia. Besides, food
security in the program is viewed as a “relative” state of resilience rather than the globally accepted
working concept. Further, the program lacks clarity in both the concept and standards of
“graduation” of food-insecure households. The program set stable livelihood and increment in
asset buildings as a requirement for graduation, but no method was designed to measure the

requirements.

Ethiopia’s Food Security Strategy is the other food-insecurity intervention mechanism at the
national level. The strategy was first formulated in 1996 and updated in 2002. The FDRE (2002)
Food Security Strategy of Ethiopia relies on three basic pillars to achieve food security: increasing
food availability through enhanced domestic production; ensuring access to food in food-insecure
areas and strengthening emergency response capacities. The strategy targets mainly the chronically

food-insecure households living in drought-prone and pastoral areas.

Unlike the Food and Nutrition Policy and Food Security Program, the Food Security Strategy
intends to address the causes of food insecurity in Ethiopia. Accordingly, environmental
rehabilitation, water harvesting schemes, livestock and agro-forestry development, and cultivation
of high-value crops were given a clearer focus on the strategy. In addition, the strategy explains
that there are linkages between chronic and transitory food insecurity in that unless households are
chronically food-insecure, unpredictable shocks cannot rapidly lead to transitory food insecurity.

This is a good initial to address the stability component of food security.

What is so special about the Food Security Strategy of Ethiopia is that food insecurity is
categorized into three categories: rural food insecurity, urban food insecurity, and others (displaced
people and groups affected by instability). More importantly, it is highlighted that the causes to
chronic and transitory food insecurity in these three categories are distinct. The various regions
were also described based on poverty measures to indicate their susceptibility to food insecurity.

This has a vital significance in guiding food security interventions at local levels.

Generally, the good quality of the Food Security Strategy of Ethiopia is that it explains the
importance of understanding the nature of food security and coping mechanisms adopted by
vulnerable households. Moreover, it states that addressing the root causes of food insecurity is an

instant requirement to achieve food security. Key to this, boosting agricultural production, building
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the resource base of chronically food-insecure households, diversifying income sources in both
rural and urban areas, and providing transfers to targeted households are proposed as ways of

achieving the intended outcomes of the strategy.

Nonetheless, like the Food Security Program of Ethiopia, less emphasis was given to the nutrition
aspect in the Food Security Strategy of Ethiopia when compared to the other components of food
security. In addition, much less emphasis is given to the small farm-size households living in
drought-prone rural areas. The strategy directs a resettlement program for smallholder food-
insecure households living in drought-prone rural areas. Given the positive effect of the
resettlement program on food security, the strategy should have indicated alternative interventions

for those households who are unable to resettle in other areas.

Concerning the food-insecure rural households living in drought-prone districts, the Food Security
Pack (FSP) program was introduced in 2000 by the Ethiopian government with the aim of
empowering vulnerable but viable farmers affected by recurrent droughts (MCDSS, 2021). The
program has three major components namely: 1) Rainfed Cropping in which farmers are supported
with fertilizer and seeds for two consecutive years; 2) Wetland Cropping in which farmers are
supported with fertilizer and seeds for one cultivation season only and 3) Alternative Livelihood
Initiative in which farmers are supported with non-crop agricultural inputs like goats, sheep, and

chickens.

According to MCDSS (2021), the FSP program has been under implementation country-wide in
selected 116 districts. The Alternative Livelihood Initiative of the program is a good opportunity
to enhance food security of physically disabled and small farm-size households living in drought-
prone areas. However, it is flawed to see that the two components of the FSP program target only
able-bodied farmers with a minimum farm size of 0.5 hectares. Thus, attainment of the social

access to food is in question.

7.3.3 Interventions at regional level

The FDRE (2002) Food Security Strategy dictates that food security interventions at the regional
level should be designed based on the Food Security Strategy of Ethiopia. Based on Van der Veen
and Gebrehiwot (2011), the food security interventions in Tigray were given utmost attention to
agricultural extension services that include the use of fertilizers and improved seeds, facilitating

farmers’ access to rural credit, introducing better and improved agricultural practices, and
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introducing a variety of water harvesting schemes. These interventions significantly contributed
to a higher likelihood of household food security status in Tigray throughout 2000-2008 (Van der
Veen and Gebrehiwot, 2011).

Soil and water conservation activities in Tigray have been one of the widely practiced interventions
in the region. Until 1960, there were no soil and water conservation programs in Tigray, and the
first conservation practices at the hillside scale took place in the early 1970s (Munro et al., 2019).
Since 1985, soil and water conservation activities have been implemented in Tigray on a wider
scale (Hishe et al., 2017). In September 2017, Tigray was awarded a gold medal by the World
Future Policy for restoring land on a massive scale. A focused soil and water conservation
interventions would contribute to the region’s rural food availability and access by enhancing

agricultural productivity.

Apart from PSNP and some ongoing projects including the WFP and FAO-led food security
related projects, no regional strategy or program was found that deals with the rural or general
food security issues of the region until February 21, 2024. All the regional interventions were
guided by the national food security policy, program, and strategy. More than half of
the geographical area of Tigray region is dry-land (Haftom et al., 2019); to solve the higher
vulnerability of the rural people to food insecurity, region-specific food security programs and

strategies would have greater importance in guiding food security intervention mechanisms.

More importantly, no regional food security bureau or office that specifically deals with food
security issues was found during the survey. The PSNP office was acting as food security office of
the Tigray region. At the federal level, there was Disaster Risk Management and Food Security
Sector under the National Disaster Risk Management Commission (NDRMC) until 2015. The
Food Security Sector was later shifted to the Ministry of Agriculture and Natural Resources to deal

with the PSNP (World Bank, 2023b).

In the Tigray region, the Bureau of Agriculture and Natural Resources had a Disaster Risk
Management (DRM) Directorate and a Food Security Sector. The DRM Directorate coordinated
the disaster management and implementation of the Humanitarian Food Assistance (HFA), while

the food security sector was responsible only for the PSNP.

Hence, the PSNP office was found as the only regional office related to chronic food insecurity

issues in Tigray region. According to data obtained from the PSNP office during January 2024,
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there were a total of 1,010,752 rural PSNP beneficiary households in Tigray. This accounts for
12.6 percent of the total national PSNP beneficiary households in Ethiopia. Of the total rural PSNP
beneficiaries in Tigray, 247,945 (24.5%) households were under the direct support program, as
reported by the PSNP office.

More importantly, according to the Tigray region’s PSNP office, out of the 34 rural districts, there
were a total of 31 rural districts under the benefits of rural PSNP in 2019; following the
administrative boundary restructuring that took place in 2020, the PSNP rural districts increased
to 56 (out of the 57 total rural districts in the region). Accordingly, PSNP beneficiaries in rural

districts of Tigray increased from 91 percent in 2019 to 98.2 percent in 2022.

HFA is the other widely practiced food security intervention in Tigray. HFA was intended for non-
PSNP households who are affected by the transitory drought (Sabates-Wheeler et al., 2022). HFA
and PSNP are coordinated in a way that HFA targets those who are temporarily (transitory) food-

insecure and PSNP targets chronically food-insecure; hence, there would be no overlap.

By the end of 2023, there were a total of 340 local and international humanitarian agencies
registered in Tigray region, according to the Bureau of Social Affairs of Tigray. However, no data
was available regarding which of these humanitarian agencies were dealing with food security
issues of the region. During 2021, there were only ten international NGOs, three national NGOs,
five UN agencies, the International Committee of the Red Cross (ICRC), and two donor entities

operating inside Tigray (Stoddard ef al., 2021).

7.3.4 Interventions at community level

Community-level interventions play a vital role in addressing societal problems. A study by Durao
et al. (2020) showed that community-level interventions had improved food security status in low
and middle-income countries of Africa and Latin America. Similarly, Doustmohammadian et al.
(2022) have reviewed the impact of community-level interventions on food security and its
dimensions. The authors reported that all such interventions have significantly contributed to the

intended food security targets.

Food aid has been one of the food security intervention mechanisms at the community level.
According to Stoddard ef al. (2021), food was the most needed and received type of aid in Tigray
followed by medicines. OCHA (2024) reported that nearly 1.2 million households have received

food aid in Tigray in 2023.
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The food-insecure rural households living in the selected drought-prone rural areas of Tigray were
asked if they received food aid from May 2022 to April 2023. Accordingly, 344 (94.8%) of the
respondents claimed that they had received food aid during that time; however, almost all (96.2%)
of the food aid recipients revealed that the food aid was not sufficient to cope with their food
insecurity, as illustrated in Table 7.3. Stoddard et al. (2021) reported that 94 percent of surveyed
Tigray people stated that they have needed aid since November 2020, but only 43 percent reported
receiving food aid from 17 February to 8 March 2021.

Table 7.3. Responses related to food aid in the study areas

No | Questions Yes No
Frequency | Percent | Frequency | Percent
1 Have you received food aid during the last 344 94.8 19 52
year?
2 Was the food aid sufficient? 13 3.8 331 96.2

The OCHA (2024) report additionally indicated that the food aid in Tigray was irregular and 61
districts, including the drought-affected areas, were reached with in-kind and cash-based
assistance. In line with this, Figure 7.1 shows that more than half of the food aid recipients reported
that they had received food aid only once; while 12.7 percent of the households had received the
aid three times during May 2022 — April 2023.

three times,
12.7

zero, 5.2

two times,

31.4 one time,

50.7

Figure 7.1. Frequency of food aid received by the food-insecure households (1% May 2022 — 30
April 2023)
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Rural PSNP is the other widely practiced food security intervention mechanism at a community
level. According to the program implementation manual designed by the Ministry of Agriculture
(2020), the number of PSNP beneficiaries is determined by the established quotas per district and

sub-districts, and not all households that meet the eligibility criteria are selected.

In the selection process, households are compared to each other and ranked based on the socio-
economic status including land and livestock holding and people with disabilities, female-headed
households, households with members suffering from chronic illness, elderly-headed households
caring for orphans are prioritized. Subsequently, households are assigned to either the public works
or to the direct support components based on their household characteristics and physical

capability to work. This enhances the economic and social access to food.

Rural PSNP beneficiaries are reassessed annually to determine their eligibility to stay supported.
If the socio-economic condition of beneficiaries is improved or if they have been in the program
for at least three years, certification is done. Certified or graduated households will be replaced by
other selected vulnerable households. In line with this, Demsash et al. (2023) reported that poor
households in Ethiopia were 1.9 times more likely to receive PSNP benefits than rich households;
rural households in Ethiopia were 2.2 times more likely to receive PSNP benefits than urban

households.

Rural PSNP is the dominant food security intervention mechanism in Tigray and the study areas
in particular. As shown in Table 7.4, there were a total of 77,010 (35.6% of the population) rural
PSNP beneficiaries in the three drought-prone rural districts in December 2023. Of these, 20,019
(25.9% of the beneficiaries) were direct beneficiaries and the rest were public (food for work)

participants.

Table 7.4. Rural PSNP beneficiaries in the study areas (December 2023)

PSNP beneficiaries Atsbi Irob Wejerat Total

Total population (as of July, 2023) 94,210 33,280 88,800 | 216,290
Direct beneficiaries 6,851 7,664 5,504 20,019
Public work beneficiaries 23,526 20,003 13,462 56,991
Total rural PSNP beneficiaries 30,377 27,667 18,966 77,010
Percentage of beneficiary/population 32.2 83.1 21.3 35.6

According to the food security team leaders of the respective rural districts, the transfer was ETB

225 (USD 3.98) per month up to June 2023. It was later raised to ETB 420 (USD 7.434, as of
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January 01, 2024)* starting from July 2023. The transfer was not only much less to support
household's access to food, but also it does not ensure that the purchasing power of the transfers
keeps pace with food price changes. This is supported by studies made by Desalegn and Ali (2018)
and Hirvonen and Hoddinott (2021).

Furthermore, there were quite contradicting findings concerning the impact of PSNP on food
security status of the beneficiaries. A country-level study on the impact of PSNP found that PSNP
reduces the initial impact of drought by 57 percent; it reduces the persistence of post-drought
impacts from four to two years (Knippenberg and Hoddinott, 2017). In addition, a review of the
impact of PSNP by Desalegn and Ali (2018) showed that PSNP had generally a positive impact on
food security of households. Similarly, Tadesse and Gebremedhin (2022) indicated that PSNP has
enhanced consumption expenditure, daily calorie intake, and annual income of participating
households in Gedeo zone of Ethiopia. Further, a similar study in the Somali region of Ethiopia
reported that PSNP had a positive and significant impact on household’s food security status;
participants of PSNP were reported to have more daily calorie intakes than the non-participants
(Haji and Mumed, 2023).

In contrast, Demsash et al. (2023), reported that PSNP was not effective in ensuring food security
or children's dietary diversity in Ethiopia. Similarly, Bahru et al. (2020) reported that PSNP has
not improved household food insecurity, child dietary diversity, and child malnutrition. Mustafa et
al. (2023) also reported that PSNP had only increased current consumption patterns, and graduated
households had to return to their previous food insecurity situations. Furthermore, Bahru and Zeller
(2022) reported that no evidence was found to ensure that PSNP has improved households’
agricultural technology adoption, time spent in agriculture, household’s access to agricultural

services, and women's asset ownership.

7.4 Conclusion
Food has been one of Ethiopia's main sectors attracting international intervention since the 1960s.

Ethiopia has been one of the very few top food aid recipients in the world. A number of the

4 0One USD =ETB 56.477
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international donor community, NGOs, and the United Nations have been contributing to the food

security status in the affected populations in Ethiopia mainly in the form of food aid.

Although there were several international interventions intended to halt food insecurity sustainably
through financial aid, many of the interventions were found to be responding to humanitarian crises
mainly the food shortages. Rural PSNP, which has been under implementation since 2005, was
predominantly funded by the international multilateral and bilateral donors. Nearly half a billion
is funded annually to the PSNP implementation by international donors. Yet, more proactive
measures that increase agricultural production and strengthen households' capacity to withstand

shocks are much needed to achieve food security.

At the national level, Ethiopia’s Food and Nutrition Policy, Food Security Program, Food Security
Strategy, and Food Security Pack program were the food security intervention mechanisms. The
Food and Nutrition Policy is found to be nutrition sensitive with lesser emphasis given to the
vulnerable rural people. In contrast, the Food Security Program which consists of the PSNP,
Household Asset Building Program, Complementary Community Investment Program, and
resettlement program, mainly focuses on achieving food security for the chronic and transitory
food-insecure rural households in Ethiopia. Similarly, the Food Security Strategy targets mainly
the chronically food-insecure households living in drought-prone and pastoral areas. Yet, nutrition
was the missing aspect in both the Food Security Program and Food Security Strategy of Ethiopia.
Thus, more tasks are required to harmonize the end goals of the national food security intervention

mechanisms.

In Tigray region, apart from PSNP and some ongoing non-governmental projects, no regional food
security strategy or program was found. More notably, the region has no food security bureau or
office that deals with food security issues of the region; it is the PSNP office in charge of regional
food security issues. This shows limited political commitment of the regional government to
sustainably address food insecurity. Thus, formulating a responsive and contextual regional food
security policy or integrating food security into the other sectoral plans requires due attention to

address food insecurity in Tigray.

At a community level, food aid and PSNP transfers have been the usual food security intervention
mechanisms. The food aid and PSNP transfers were outrageously insufficient to cope with food

insecurity. Further, relying on food aid to curb food insecurity in rural areas can never address the
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problem sustainably. Therefore, it would be better to tackle not the symptoms, but the root causes
of food insecurity by promoting enhanced agricultural and non-agricultural practices through

engaging the rural households.

In general, few of the intervention mechanisms were giving considerable emphasis to the drought-
prone rural areas. And, the four pillars of food security were not fully integrated into many of the
international, national, regional, and community-level interventions, indicating an important task
to carry out in the future. This includes a further assessment and clear insight about the impacts of
these interventions on food security, and a critical analysis of the pros and cons of the current food

security intervention mechanisms to better guide actions to address food insecurity.
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CHAPTER EIGHT
OVERALL FINDINGS AND LESSONS
8.1 Conclusion
There is no way to talk about development if food security cannot be achieved. If national
development must go through the sector that supports most of the population, then our
development must start from the rural areas and agriculture sector, where more than 75 percent of

Ethiopia’s population and that of Tigray region are rural dwellers.

Achieving food security for “all people at all times” is an impractical concept universally. Food
security achievement is a long-term process that requires a fundamental social transformation and
timely financial and technical support to local needs. There have indeed been encouraging
achievements in many parts of the world in reducing food insecurity. Nevertheless, the number of
food-insecure people is still prevalent and increasing in many parts of Ethiopia, particularly in

the Tigray region.
Overall food security situation in the study areas

The food security situation in the drought-prone rural areas of the Tigray region is life-threatening
and requires immediate action. All the measurements show that the households living in the studied
areas were critically food-insecure. In situations where their larger family size cannot be supported
by the amount of their farms, the majority of food-insecure households rely on their farming
activities to meet their food and other basic needs. This indicates that the high level of food

insecurity in the community needs to be addressed and calls for careful action.

Food-insecure households were experiencing unacceptable levels of food availability and hunger.
Almost all the study rural communities had to eat a lesser amount of food which might be the cause
of famine and starvation. It has been even more challenging for these rural communities to get
access to food because of their limited physical, social, and economic capacities. In times of food
shortages at home, the study communities had to walk for longer and more challenging distances

to purchase food with inadequate money in hand.

The FCS and HDDS findings indicate that there was a limited variety of food consumption that
fell short of the accepted level. For this reason, children aged 6-59 months that live in food-insecure

rural areas are at higher risk than any other age group. The SAM, MAM, and GAM results were
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unacceptably high, which were greater than the WHO cut-off points for an emergency. Besides,
because of the higher prevalence of Bitot’s spot above the WHO standard, VAD in the food-
insecure study areas was a public health concern. This calls for immediate attention and implies

that much more has to be improved to curb the serious food insecurity prevailing in the study areas.

The study communities had very limited or no food supplies for their future consumption, which
is more significant in such drought-prone rural areas. In this situation, the food insecurity status of
the communities living in these drought-prone rural areas will get worse and might cost us lives.
Thus, an integrated life-saving task is required provisionally, and diversifying livelihood sources
of the food-insecure rural communities is a “must-to-do” task to sustainably achieve food security.
In due course, attaining the food availability and access components of food security need to get

priority.

This study argues that long-term plans for achieving food security are essential to guide
intervention mechanisms to be undertaken by governments at all levels, international communities,
and humanitarian agencies. In the meantime, elaborated short-term strategies are needed to address
the PLW and children’s malnutrition and households’ food shortage in the drought-prone rural

areas of Tigray.
Precipitation variability and its teleconnection with the global SST and ENSO indices

Precipitation is a major factor in food production, especially in regions where rain-fed agriculture
dominates. Precipitation variability is the one natural element causing food insecurity in rural areas
of Ethiopia. Variations in the amount, time, and space are the manifestations of the variation. The
important point to be considered here is that precipitation variability does not affect all the pillars
of food security equally; the impact of precipitation variability is more pronounced on the aspects

of food availability and food stability.

Smallholder farming is the dominant agricultural practice in the Tigray region, where farmers
primarily rely on precipitation. Since precipitation is a time- and space-varying natural event,
minimizing potential risks to rural families can be achieved by comprehending the nature of
precipitation variability. Additionally, it can considerably raise the lower rural community's level
of food security.
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The study areas, which are vulnerable to drought have experienced a very low and erratic
precipitation pattern linked to global teleconnections. The three districts have shown a similarity
in the magnitude and seasonality of precipitation. March—-May (Belg) and June—September
(Kiremt) were relatively the rainy seasons in the three districts. While the March—May average
precipitation of the three districts has shown a decreasing trend, an insignificant increment was
observed in the precipitation pattern of June—September. This implies that the current agricultural
system needs to be quickly replaced by a climate-smart farming system or careful decisions should

be made for some agricultural practices during these seasons.

On the other hand, there was a noticeable difference in the trend of the precipitation pattern among
the three rural districts. Even though no notable trend in the precipitation patterns of Azshi and Irob
was discovered, a very substantial declining trend in the average precipitation of Hintalo during
March—May and a considerable declining trend for the yearly average precipitation of the Hintalo
area were noticed. As a result, proper and timely action is required to secure alternate water sources
for rural areas where precipitation is the primary means of food production, which addresses the

food availability pillar of food security.

More importantly, it was realized that the SST of the central and eastern equatorial Pacific Ocean
and the northeast and northwest equatorial Atlantic Ocean was found to be correlated with the
April’s average precipitation across the three districts. Additionally, the SST of south, west, and
southwest of the equatorial Indian Ocean, and west equatorial Pacific Ocean was associated with
July—September average precipitation with greater variation in strength among the three districts.
The ENSO indices, on the other hand, were significantly associated with the July average
precipitation of the three districts, April average precipitation of Atshi and [rob, and May

precipitation of Hintalo.

In order to create an accurate precipitation forecast for the study areas, information about the SSTs
of the central and eastern equatorial Pacific Ocean, northeast and northwest equatorial Atlantic
Ocean, southwest equatorial Indian Ocean, and West equatorial Pacific Ocean, as well as

information about the ENSO indices of JFM, FMA, MJJ, and MAM, can be utilized.

In general, the limited amount of precipitation, given its higher degree of variability, would be the
major challenge in the task of achieving food security in the food-insecure rural areas.

Consequently, these rural communities will continue to face the dire effects of food insecurity
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unless adaptation strategies are arranged that meet the varying monthly, seasonal, and annual

precipitation, or alternative water sources are exploited and the rainwater is harvested prudently.

It is important to note that there were significant differences in the strength of the precipitation
pattern and its teleconnection with the global SST and ENSO indices among the three districts.
Therefore, instead of studying precipitation as a whole, future researchers must examine
precipitation at the cluster level and investigate the effects of local landscape features like
vegetation cover and altitude on the temporal and spatial precipitation variability. This allows
programs and actions related to food security to be successfully downscaled to the local level based

on information about local precipitation patterns.
Household’s response mechanism to food insecurity and associated precipitation variability

To deal with the current state of food insecurity, the majority of vulnerable households have been
reducing the volume and frequency of their meals. In addition, relying on assistance and
consuming inexpensive, low-quality meals were the other common coping mechanisms employed
by rural households to deal with food insecurity. In line with this, the CSI average score was found
higher implying that the rural communities in the study areas are experiencing acute food

insecurity, which requires due attention.

There was a noticeable difference among districts and even sub-districts in the coping mechanisms
chosen to deal with food insecurity. Accordingly, the first choices of coping strategies in the
corresponding six sub-districts of the study areas were eating less nutritious and inexpensive food,
cutting back on adult meals in favor of children, consuming food stored for the next season, using
savings to buy food, and selling assets to buy necessities. Therefore, more research is needed to

determine what characteristics influence the coping mechanisms that households use.

In addition, rural households listed the most severe coping mechanisms as borrowing money to
buy food, going without food for a portion of the day or all of it, sending kids or other family
members to eat elsewhere, and feeding working members of the home at the expense of non-
working members. Additionally, a large number of food-insecure rural households were using the
most extreme coping mechanism, which involved going without meals for part or the full day.
Since this could have a detrimental effect on their health, it is important to prevent the use of
extreme coping mechanisms, which may come as a result of improving the food insecurity

situation in the drought-prone rural areas.
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When considering how to adapt to meteorological droughts, a large number of rural food-insecure
households have never considered making alternate wetting plans or harvesting rainwater to deal
with fluctuating precipitation. The food-insecure rural households exhibited varying preferences
in terms of their adaptation techniques to meteorological droughts, much like their coping

mechanisms.

On average, the food-insecure rural households prioritized livestock production, cultivating
drought-tolerant crops, and cultivating shorter-duration crops to deal with meteorological drought.
Crop diversification, adjusting planting season, and cultivating cash crops, on the other hand, were

comparatively the least preferred adaptation options among rural food-insecure households.

Accordingly, the study suggests that both state and non-state interventions should focus on
enhancing vulnerable household’s capacity to cope with precipitation variability and the ensuing
food insecurity. Additionally, the interventions should be guided by the specific socioeconomic
features of the rural households being addressed. In this regard, more research on the factors that
influence decision-making and the selection of adaption techniques in vulnerable rural areas are

recommended.
Food insecurity intervention mechanisms

Although the government and many other humanitarian agencies have been striving to achieve
food security in Ethiopia for several years, very limited long-lasting and substantial achievements
have been made to date in the drought-prone rural areas. The inability to exactly understand the
food insecurity situation and its associated climate factors, and negligence to critically examine
the impact of the food security intervention mechanisms were among the major reasons behind the

failure to achieve food security in rural areas of Ethiopia.

Since the 1960s, one of the primary sectors attracting international interventions in Ethiopia has
been food security. Ethiopia has been the world's top recipient of food aid. Several international
donors, non-governmental organizations, and the United Nations have mostly provided food aid

to the affected populations in Ethiopia to respond to their food security conditions.

Many international interventions were found to be responding to humanitarian emergencies,
primarily the food shortages, despite the fact that there were interventions aimed at alleviating

food insecurity sustainably through financial help. A promising international intervention was
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found to assist Ethiopia's rural PSNP, which has been under implementation since 2005.
International donors provide funding for the PSNP execution each year in the amount of around
half a Billion US Dollars. To attain food security, however, more proactive measures that boost

agricultural output and strengthen rural people's resilience to shocks are much needed.

At national level, food security intervention mechanisms include the Food and Nutrition Policy,
Food Security Program, Food Security Strategy, and Food Security Pack program. It was found
that the Food and Nutrition Policy was sensitive to nutrition, with less focus placed on the most
vulnerable rural residents. On the other hand, the primary goal of the Food Security Program,
which includes the PSNP, Household Asset Building Program, Complementary Community
Investment Program, and Resettlement Program, is to ensure food security for the country's rural
households that experience both temporary and chronic food insecurity. Similar to this, the primary
focus of the Food Security Strategy is on households that experience chronic food insecurity and
reside in pastoral and drought-prone areas. Nonetheless, nutrition was the missing aspect in both
Ethiopia's Food Security Strategy and the Food Security Program. As a result, additional work is
needed to harmonize the ultimate objectives of the food security intervention mechanisms at the

national level.

There was no regional food security policy or program identified in the Tigray region, except the
PSNP and a few continuing non-governmental projects. Most significantly, the PSNP office was
in charge of regional food security issues. The region lacks a bureau or office dedicated to food
security matters. In comparison to previous periods, this indicates a lower level of political
commitment on the part of the regional government to address food insecurity sustainably. As
such, this shall call for informed consideration to develop a responsive and contextual regional

food security policy or incorporate food security into other sectoral plans.

Food assistance and PSNP transfers have been the usual interventions for addressing food security
at the community level. The PSNP transfers and food aid were clearly inadequate to address food
insecurity. Furthermore, addressing food insecurity in rural areas through food aid is never a
sustainable solution. Therefore, by promoting enhanced agricultural and non-agricultural practices
and involving rural households, it would be preferable to address the core causes of food insecurity

rather than its symptoms.
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The rural areas that are vulnerable to drought were often not receiving much attention from the
intervention mechanisms. Furthermore, many of the international, national, regional, and
community-level interventions did not properly integrate the four pillars of food security. To
properly guide efforts to address food insecurity, researchers should provide distinct insights into
the effects of the various interventions on food security as well as a critical evaluation of the

advantages and disadvantages of the current systems for addressing food security sustainably.

Summing up, the unresolved issues about the universal applicability of the concept of food security
are among the main challenges to achieving food security. Besides, the lack of attention to consider
these issues in designing the intervention mechanisms contributed to the failure to achieve food
security. Thus, first, there has to be a clear and pragmatic concept of food security to deal with the
problem. Secondly, it is necessary to well understand the features of food insecurity. Furthermore,
the intervention mechanisms intended to achieve food security have to be critically reviewed.

These are the starting points to achieve food security in rural areas.

The contemporary concept of food security has complexities in understanding the true extent of
the problem which will in turn challenge the task of responding to the problem. The source of the
complexity emanates from the lack of clear boundaries in the measurement and aggregation of the
four pillars of the concept. Besides, the four pillars of food security are stand-alone concepts that
can never be aggregated to describe the food security of a specific area. Thus, it would be very
crucial to deconstruct the concept of food security and use these four pillars disjointedly to direct
the collective actions of addressing food insecurity more effectively before combining them all to

see the changes to food security in drought-prone rural areas.

More importantly, food security in rural and urban areas exhibits two separable situations as the
cause and intervention mechanisms for both areas are different. Because of the heavy reliance on
precipitation, lower adaptive capacities, and isolation from basic public services (mainly in
developing countries), the impact of food insecurity in rural areas is more chronic. In Ethiopia,
given the dominant number of villagers with larger family sizes, the problem of food insecurity is
more pervasive in rural areas. Since the cause and nature of food insecurity vary from urban to
rural areas, and even from rural-to-rural areas, the adoption of site-specific intervention

mechanisms is more required to address food insecurity in a sustainable manner.
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8.2 Policy Recommendations

This study found that almost all the studied households were experiencing severe food crises. To
rectify this situation, an integrated task is much needed now than ever. In addition, the monthly,
seasonal, and annual amount of precipitation in the food-insecure rural areas was very insufficient
and highly erratic to support sufficient food production practices. Once a drought occurs, the
government, including many humanitarian organizations reacts to it by providing food aid. This
could not be a long-lasting solution to food insecurity as it heavily relies on fund-raisings and the

commitment of different organizations to allocate aid that solves immediate problems only.

Furthermore, the food security intervention mechanisms need to be duly revised to ensure that the
food-insecure households living in the drought-prone rural areas are considered appropriately and
prevention measures are set in place. Therefore, the following leading suggestions are forwarded
to contribute to the improvement of rural households’ food security situation in the drought-prone
rural areas of Tigray by enhancing their capacity to cope with food crises and adapt to the varying

precipitation.
Recommendations related to food insecurity:

» The international community, humanitarian agencies, and federal, regional, and local
governments have to instantly respond to the life-threatening children and PLW
malnutrition and the general food crises occurring in the study areas.

» Civic societies should advocate for effective and long-lasting response mechanisms for
acute malnutrition levels in the affected drought-prone rural areas.

» To meet the current and future food requirements of the food-insecure rural households,
governments at all levels should focus on diversifying livelihood strategies, enhancing
agricultural (food) production, asset (including livestock) building activities, and
resilience-building initiatives.

» The Ministry of Health and Tigray region health bureau have to jointly work on the
prevention and treatment of children’s and PLW malnutrition.

» To ensure elders and women access to food, the regional government in collaboration with
other relevant organizations should work on connecting the remote rural areas to road

networks.
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Recommendations related to coping and adaptation mechanisms:

>

Different local and international organizations working on rural development and related
activities should work on building the resilience capacity of rural households to the short

and varying precipitation.

Tigray-based Universities and the Tigray Agricultural Research Institute (TARI) along with
relevant stakeholders have to assess opportunities to practice climate-smart farming

activities in the food-insecure rural areas of the region.

Governments at all levels, along with relevant stakeholders should strive to capacitate
vulnerable rural farmers' facilities to prudently harvest the limited rainwater and other

sources of agricultural water.

The government and other relevant organizations should exhaustively work on reversing
the impacts of meteorological drought and its associated risks of food insecurity by

enhancing households' coping and adaptation capacity.

The Bureau of Agriculture and Rural Development in alliance with Tigray-based
Universities should establish a center for weather forecasting to inform vulnerable rural

farmers to adapt to the erratic precipitation.

Recommendations related to food security intervention mechanisms:

>

Food security actions have to be integrated into national development plans with clear

targets and indicators to achieve food security.

National and regional development plans have to prioritize the attainment of food

sufficiency in the vulnerable rural areas.

National food security policies, strategies, and programs have to ensure that chronically

food-insecure rural households in the vulnerable areas are appropriately considered.

Coordination among key sectors including agriculture, health, education, and water has to

be promoted to guide collective actions against hunger.

The food policies and programs have to consider the precipitation variability and its

associated factors while guiding food security interventions in rural areas.
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» Federal and regional governments should promote investments in off-farm and non-farm
rural farmers’ employability in addition to their in-farm activities by linking them to the

urban potential markets.

» International organizations should look for sustainable proactive measures to achieve food

security along with their emergency responses.

» The federal government of Ethiopia should ensure the effective implementation of food
security policies, strategies, and programs by applying a strong monitoring and evaluation

system to evaluate its effectiveness.

» The Tigray government should either formulate a specific regional food policy or ensure

the integration of food security objectives into the sectoral development plans.

» More importantly, the regional government of Tigray should take lessons from past and
present food crises of the region and mobilize resources to sustainably achieve food

security in the region.

Overall, achieving food security in rural Tigray requires a gradual, step-by-step approach in which
due focus should be given to the food supply aspect. This requires addressing the region's complex
challenges, including the lingering effects of recurrent drought, disrupted agricultural systems, and
limited access to agricultural resources. To this effect, the suggestions mentioned above must be
combined, recognizing that food security in Tigray hinges on addressing basic needs and
empowering rural households to feed themselves. Meanwhile, coordination, funding, and local
engagement will be the key to their success. By addressing the underlying causes of food insecurity
in rural areas, Tigray can build a more resilient and sustainable food system that ensures long-term

food security for its people.
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Annex I1: Survey questionnaire and FGD questions

Questionnaire to be filled by selected rural households

Dear Respondents,

| thank you in advance for your consent to answer the following questions. The main aim of this
questionnaire is to collect data on your area's food insecurity status. The findings will only be used
for academic purposes, and your answers will be kept private.

Your honest and accurate information is much appreciated.

With regards,

Name of the rural district:

Name of the sub-district:

Name of the enumerator:

General questions

Age:

N GaRWDdDE

6.

ok~ ownN

Sex of household head: 1. Male 2. Female

Formal schooling year:
Family size: female, Male: total:
Number of children less than five years of age:
Number of economically active members of the household:
Average annual income:
Source of income:

1.

On-farm activities

Off-farm activities

Non-farm activities
Remittance

Aid

Other,

9. Nature of farming: 1. Rainfed 2. Irrigation 3. Mixed
10. Asset ownership:

a

- D OO T

Total number of cattle:

Total number of donkeys/horses:
Total number camel:

Total number of sheep/goats:
Total number of chickens:

Land size in Tsimad:
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11. What is your major source of food?
1. Own farm/non-farm production
2. Purchased food

Borrowed, exchanged (bartered)

Food aid

Work-based food aid

Supplies from families or relatives
7. Other:

12. What month do you face hunger mostly?

©o gk~ w

Questions related to Food availability

13. Did you or any household member ever eat less than you felt you should?
1.Yes 2. No

14. If yes, how often did this happen?
1. Almost every day
2. 1to 3 daysinaweek
3. Very rarely
15. Did you or any household member ever cut the size of the Household meals?
1. Yes 2.No
16. If yes, how often did this happen?
1. Almost every day
2. 1to 3daysinaweek
3. Very rarely
17. Was there ever no food to eat of any kind in your household because of lack of resources
to get food?
1.Yes 2. No

18. If yes, how often did this happen?
1. Almost every day
2. 1to 3daysinaweek
3. Very rarely
19. Were you or any household member ever hungry?
1.Yes 2.No

20. If yes, how often did this happen?
4. Almost every day
5. 1to 3 daysinaweek
6. Very rarely

Questions related to Food access

21. What is the average time (in hours) it takes you to go to nearest town/city?

145



22. What is the mode of transport to go to food market?
a. Motor transport (bus, motorcycle, ...)
b. Bicycle
c. Animal driven cart
d. Pack animals

e. Walking
23. Do the elders have access to the food market? 1. Yes 2. No
24. Do the women have access to food market? 1. Yes 2. No

25. In the last three months, what was the average amount of money you spent on food?
26. Was that money enough to purchase your required food?
1.Yes 2.No

27. In the last three months, were you or any household member hungry because there was no
money to buy food?
1.Yes 2. No

28. Have you ever received humanitarian aid? 1. Yes 2.No
29. If yes, how many times did you get humanitarian aid in the last year?
30. Was the humanitarian aid sufficient? 1. Yes 2. No

Quiestions related to food utilization (nutrition)

31. Were you or any household member not able to eat the kinds of foods you preferred because
of a lack of resources? 1. Yes 2. No
32. If yes, how often did this happen?
1. Almost every day
2. 1to 3daysinaweek
3. Very rarely
33. Did you or any household member have to eat a limited variety of foods due to a lack of
resources? 1. Yes 2. No
34. If yes, how often did this happen?
1. Almost every day
2. 1to 3 daysinaweek
3. Very rarely
35. Please describe the foods that you ate or drank yesterday.
e Breakfast:

e Lunch:
e Snack:
e Dinner:

36. Oedematest of achild: 1.Yes 2.No
37. MUAC result of a child:
38. Bitot’s spot (Xerophthalmia) test of a child: 1. Yes 2. No
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Food consumption score and Household Dietary Diversity Score (HDDS)

No. Food types Did most members of your | Consumption
household eat the following | frequency of the
food items over the last day? | following food items

Yes No over the last week?

1 Pulses, legumes, nuts

2 Meat

3 Eggs

4 Honey

5 Oil/fat

6 Milk and other dairy products

7 Vegetables

8 Fruits

9 Cereal, grains

10 | Main staples

Questions related to Food stability

39. Do you have any stored food for future use?
1.Yes 2.No

40. If yes, how long you think can serve you the stored food?
a. For days
b. For weeks
c. For months
d. For more than a year
41. In the last three months, did you worry that your household would not have enough food?
1. Yes 2.No
42. Did you worry that your household would not have enough money to purchase food?
1. Yes 2. No
43. Did you worry that any of the children, women, or the elders would not have enough food?
1. Yes 2. No
44. Did you worry that your household would not have variety of food (like meat, egg, milk &

milk products ...)?
1. Yes 2. No
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Questions related to coping strategy index (CSI)

No.

What do you do when you don’t
have adequate food, and don’t have
the money to buy food?

Extent of practice

Every
day

Most
days

Half the | Rarely
time

Never

1 Consume less quality & less
expensive food

2 Reduce the meals of adults in favor
of children

3 Limit the portion of meals for all
household members

4 Consume food held for next season

5 Reduce the number of meals per day

6 Purchase food on credit

7 Send children or household
members to eat elsewhere

8 Send children or household
members to work for food

9 Depend on aid from family, friends,
or external bodies

10 | Use all or part of your savings to
purchase food

11 | Sell any assets to purchase basic
food items

12 | Reduce other expenses to meet food
needs

13 | Take a loan to purchase food

14 | Skip part or entire days without
eating

15 | Feed working members of the

household at the expense of non-
working members

148




Questions related to agricultural adaptation mechanisms

No.

Questions

Extent of practice

Regularly

Occasionally

Rarely

Never

Cultivating drought-tolerant crops

Cultivating forest foods

Preparing alternative wetting

Adjusting planting season

Harvesting rainwater

Shorter duration crop cultivation

Crop diversification

Use of fertilizer

O O N0 | B W|IDN|PF

Use of improved seeds

=
o

Livestock rearing
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FGD questions for Paired Comparative Analysis (PCA) of food insecurity coping strategies

No. Strategies

1 | Consume less quality & less
expensive food

2 Reduce the meals of adults in favor
of children

3 | Limit the portion of meals for all
household members

Consume food held for next season

Reduce the number of meals per day
Purchase food on credit

Send children or household members
to eat elsewhere

8 | Send children or household members
to work for food

~N| o o b

9 Depend on aid from family, friends,
or external bodies

10 | Use all or part of your savings to
purchase food

11 | Sell any assets to purchase basic food
items

12 | Reduce other expenses to meet food
needs

13 | Take a loan to purchase food
14 | Skip part or entire days without
eating

15 | Feed working members of the
household at the expense of non-
working members
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FGD questions for Paired Comparative Analysis (PCA) of adaptation strategies for drought

No.

Strategies

Cultivating
drought-
tolerant crops

Cultivating
forest foods

Preparing
alternative
wetting

Adjusting
planting
season

Harvesting
rainwater

Shorter
duration crop
cultivation

Crop
diversification

Use of
fertilizer

Use of
improved
seeds

10

Livestock
rearing

Cultivating | Cultivating

drought- forest
tolerant foods
crops

Preparing
alternative
wetting

Adjusting
planting
season

Harvesting
rainwater

Shorter
duration

crop
cultivation

Crop
diversification

Use of
fertilizer

Use of
improved
seeds

Livestock
rearing
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Abstract

The impact of precipitation varizbility on food production is very significant. For food-insecure rural areas, understanding
the nature of precipitation variability and its teleconnection has paramount importance in guiding regional and local-level
decisions. In this study. we analyzed the monthly, seasonal, and annuzal precipitation variability and the strength of its tel-
econnection with the global sea-surface temperature (SST) and E! Ninol.a Nifia Southern Oscillation (ENSO) indices in
the food-insecure rural areas of Tigray region. Ethiopia. The precipitation. SST, and ENSO indices data for the study were
used from 1979 to 2019. A summary of descriptive statistics and Mann-Kendall test methods were applied to detect the
exisience of trends, and Sen’s slope and coeffickent of variation are used to analyze the magnitude of the trend and degree
of variation in the precipitation pattern. Further, Pearson’s correlation is used to determine the effect of ENSO, and SST
variations on the precipitation using the canonical correlation analysis. The results evealed that the precipitation over the
three districts is characterized by a distinctive bimodal pattern with limited rains in March-May preceding the main rainy
season June—September. The limited amount of precipitation. exacerbated by a higher degree of variability, makes the food
production in the three districts more uncertain. Besides, there was a very significant decline in the trend of March-May
average precipitation and a significant decline in the trend of the annual average precipitation in Hintalo area The SST of
central and e astern equatorial Pacific Ocean, and northe ast and northwest equatorial Atlantic Ocean was strongly correlated
with the April average precipitation of the three districts. Further. SST of the south. west. and southwest of the equatorial
Indian Ocean, and we st equatorial Pacific Ocean was associated with July—September average precipitation with greater
variation in strength among of the three districts. Momover, July’s average precipitation of the three districts. April’s average
precipitation of Atsbi and Eirop. and May's precipitation of Hintalo are found significantly associated with the ENSO indices
of JFM, FMA. MIJ, and MAM. Therefore. the task of achieving food security in the three districts should incorporate the
design of informed food production strate gies that can adapt to the limited and variable precipitation based on these SST
and ENSO indices.

1 Introduction population depends on rain to produce food. World Bank

(2016) reporied that rural farmers are more than four times

Climate change, the catchy phrase. is the major threat to food
security in rural areas. Because of the limited capacities to
cope up with the varying climate, food insecurity is higher
in rural areas of deweloping countries. where much of their

1 Tewelde Getre
ewe ide.gebe @mueduct

' Institute of Environment. Ge nder and D evelopment Stodies,
Mekelle University, Mekelle, Ethiopi

“  College of Dryland Agriculturs and Naturzl Resources,
Mekelle University, Mekelle, Ethiopia

7 Instituke of Climate and Society, Mekelle University.

Melkelle, Ethiopia

as likely to be food-insecure as compared to urban dwellers
engaged in non-agricultural sectors. According to the find-
ings of a research conducted across 105 countries by Alkire
et al. (2014), 86% of food-insecure peoplke of sub-Saharan
Africa and South Asia live in rural areas.

Food insecurity, in many parts of the developing world,
is associated with shortages and variability of precipitation
(Darwin 2001; Schmidhuber and Tubiello 2007 : Wheeler
and Braun 2013: and Afifi et al. 2014). A similar study by
Kinda and Badolo (2019) showed that precipitation vari-
ability has reduced food availability per capita and increased
fluctuation in food production for 71 developing countries.
According to Von Braun (1991), a 10% decline in the

£ Springer
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A comprehensive analysis of food insecurity 2
in the drought—prone rural areas of Tigray

Tewelde Gebre™, Zenebe Abraha?, Amanuel Zenebe® and Woldegebrial Zeweld?

e

' Abstract

Background The number of globally food-insecure peopie is increasing since 2017, Sub-Saharan Africa has the high-
est proportion of severely food-insecure people in the world. Tigray region of Ethiopia is one of the food-insecure
regions, which, over the past many decades has been affected by recurrent food insecurities. In the drought-—prone
rural areas of Tigray, many people are living under the condition of chronic hunger. Proper food security studies are

- vital for proper intervention mechanisms. Yet, previous food security studies have rarely addressed the four pillars
of food security: availability, access, utifization, and stability. In this study, all components are duly considered to assess
the food insecurity status in the drought-prone rural areas of Tigray, Ethiopia. Of the 34 rural districts in Tigray, 363
househclds from three drought-prone rural districts were studied.

Results Household Food Insecurity Access Scalke and Food Inseauity Experience Scale were adapted to measure

the food availabiiity, access to food, and stability components of food security; and, Household Dietary Diversity Score
{HDDA), Food Consumption Score (FCS), mid-upper arm droumference, and Bitot’s spot were used to analyze the food
utilization aspect. Findings show that 68% of the studied community freguently ate less food than they felt they
needed and 82.1% of the households have experienced hunger because of lack of food. The study rural districts were
unconnected to road networks; hence, 87.9% of the elderly and 20.4% of the women and girls had no access to food
markets. Regarding the food wtilization, 81.5% of the studied households had poor FCS; and the average HDDS

and FCS for the study areas were 247 and 18.9, respectively. The prevalence of Global acute mainutrition, severe acute
malnutrition (SAM), and moderate acute malnutrition (MAM) for 6-59 months of age children in the study areas were
50.3, 4.2, and 46.1%, respectively. More notably, the prevalence of SAM for children from the food-insecure households
was 21.2%. The prevalence of MAM for pregnant and lactating women (PLW) in the study areas was 59.5. Further,

the prevalence of Bitot’s spot among 6-59 months of age children was 1.9%. On the other hand, all the rural house-

| holds had anxiety about their future food demands.

. Conclusion The rural households fiving in the studied areas were aritically food-insecure. All the measurements
implied that the food insecurity situation in the study areas was unacceptably worrisome and life-threatening. This
calls for an instant action to avert the occurrence of famine and starvation in the drought-prone rural areas of Tig-
ray region. Thus, interventions should primarily target the vulnerable rural people and need to be planned based

| on attaining food availability first rather than concurrently addressing all components of food security. Further, due
emphasis should be given to diversifying livelihood strategies of the vulnerabie villagers.

,L Keywords Food insecurity, Rural, Food availability, Access to food, Utilization, Stability
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Food security intervention
mechanisms in the
drought-prone rural areas of
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Tewelde Gebre®, Zenebe Abraha, Amanuel Zenebe and
Woldegebrial Zeweld
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Intreduction: Tigray Is one of the food-Insecure reglons with many peopla
Iving under the condidon of chronlc ungar. Proper Ineerventon mechanisms
ara vial for addressing food Insecurley. Yet food sacurhy Ineerventon
MEeChanisms of varlous levels ane not researched well. Besides, previous studies
hawve rarely addressed the objectves of food securhy Interventdon mechanlsms
In retaton o the four pillars of food securlty. avallability, Ccess, wdlizason,
aird Stah'mt!. Thues, this Stl.l'ﬂ]' almes o |I'N'El]g.3l.E the food ﬂl:l.l"ll_‘f Interventon
MECNENISME N the drougne-prone maral areas of Tigray in relagdon with the major
COMpONEenes of Food ."|I=_"I:|.II"|'I.':fI

Methodology: This seudy has employed 3 cross-sactonal swudy dasign based
on 3 mixed research approach wih primary and secondary data. For this,
363 housencids from three selected drought-prone rural diswices, |Le., Awsbl-
wenbarta, Irob, and Hinealo- wejerat were studied. Primary data were collacted
using gQuesHonnalres and Key-Informant Imendews. And, Secondary data wera
colleczed from relevant archives and policy SoCuments. The obtalined data were
analyzed descriptvely and ConEn:-wise

Results: FAndings show that there were several imemational Imeerventions
Intendad to hals food Insecurity sustalinably throwgh Ainanclal sk, bus many of
the Interventions were found w2 be responding w0 humaniarian crises malnty
the food shomages. Exhlopla’s Food and Nutrkion Policy, Food Securly Program,
Food Security Stratagy, and Food Security Pack program were the Food securiey
Interventdon mechanizms at the natlonal level These Inesrventslons were found
to be Inconstszent wikh each cener In thelr Intended goals. Reglonally, no food
SECUrity srasegy Of program was found imenvening to the prevaling food
Insecurity In Tigray. More notably, te reglon has No feod securisy buraau or offica
that dieals with food security lssues of the reglon. Ax 3 communizy Lavel, food ald,
and PSMP transfers have been the usual food securky Imarvention mechanisms.
35.6% [F7.010) of the populatdon In the swdy rural districes were found o ba
rural PSMP beneficiaries. The food ald and PSHP wansfers wers ousragecusty
Insufficlent for the reciplenss v cope with food Insecurity.

CONCIUSION: IMETVENEION MeChanisms snould fOCUS 0N enhEncing vulnarable
households’ coping and adaptive capachies to deal wikh Food Security problems.
In this regard, all the food securky neervension machanisms of varlous levels
should be Integrated Ino the common goal of achieving food security.
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food policy, Safety Net, drowght, rural, imterventions, food aid, humanitarian assistance
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Purpose — In our world, neardy nime million people die ewery year from esger, losing omne person o honger
every Few seconds. Etiopis is among the lmding cowamtries in hlﬂﬂmhﬂ'dp@k Farimg hanger.
Seweral afions hove been aken b0 achieve food seounity globally amd ab the hovseholid bevel. However, the
problem of food insecurity s still high inmany parts of the workd. Why are we failing 1o achiese food seourity®
Aundd wiere showld we start? This shady 2ime b0 areower e main gquesiions.
Design'methedology/approsch — Relevant quantitative and qualitative data were duly wsed to desoribe
fomdd imseourity and associaed dimaite faciors ghobally amed natiomally. For this, PRISMA mevies
meethodology was used o help the systematic review. Maore thon 90 relesamt empirical amd theoretical
literatare i the Beld were reviewed in an integrated way with practical evidense From  Ethiopia.
Govemmenial techmical reports, MGOs reviews and other relevant empincal data referring to Ethiopia ane
thematical by analyoed.
Findings — The subjectivity, dynamizm and complexity of the concept of food security are foond io be some
off the E=ues challenging the proctice of achéeving, food seoamty. The unresobved ismses in the combination and
imtermction of the four pillars of food seosmty (Food availability, aoces b0 food, food aillization and stahility)
mnﬁmnmlnﬁumﬂy i emphasiced that food insecurity in naml and orbon aneas
Id be 1 «fiffe by, fomd msecurity in il ares i derectly relabed o food prodection which
depends on rainill pmhmi'ﬂ}m minfall varakdlity was among the masn casses of Fomd
imseraraty. More imporiantdy; it is imdicaied that mindall varability does not affect all pallas of food secsmty
equally; itx efifect is mone pronoenced on food aemilakslity and sabilsty aspecs. Demnestrocting the: conoept of
Food security tomake it more pragmatic, and undersamding the Fators behimd the rainfall vorchilsty should be
the startng ks in achieving food seouniy. Purther, even thoegh food aid = prefermed 1o react 1o tanssiocy
Food imseoarity, foonssing on long -kt ng prevestive measores that address the root cnesees of the rensming, food
irmecarEty in ruml areses of Erhiopia would be an effective way of sddressimg the problem.
Praciscal implications — Policy makers amd cther governmenial and hemanitarian agencies working an
food srourity can make an evidenoe-bosed decisson, shape policies and programes if they have clear information
abonst the features of food insecurity, the nature of minfall variability and critiques of the rescting mechamisms
1o foed irserarshy. Shortages of fond in some place and Food price crises in the other places hawe been both
referming g food insecurity. This makes the anderstanding of food secarity sitsations more difficult 1o explain
and communicate.
Driginality/valee — This shudy primarily clarifies the conoephml complexity surmounding food seourity as i
cumently exists. Farther, it provides a comprehensiee amd quantitive desmiption of the staie of global o
national fiood seourity, along with the xociaied vanobility of mimfll patems that are relabed io i Tt alsn
provides 3 brief overvies of the intervention mechanisme for sddressng Food seourity, with a specific fooss an
Ethiopia. This sty has sm a clear demancation o aesess food seourity inmml and wrbananses. Saciricn e Facd Scbenrs
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]
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Annex V: ENSO data sets

Oceanic Nino Index (1948-2019)

Year JF FM MA AM MJ JJ JA AS SO ON ND DJ

1948 | 0.181 | 0.338 | 0.633 | 0.736 | 0.374 | 0.236 | 0.207 | 0.054 | -0.292 | -0.387 | -0.193 | -0.011

1949 | 0.055 | -0.239 | -0.333 | -0.013 | -0.248 | -0.251 | -0.126 | -0.271 | -0.569 | -1.001 | -1.079 | -1.079

1950 | -1.248 | -1.412 | -1.393 | -1.455 | -1.180 | -0.835 | -0.654 | -0.705 | -0.866 | -1.009 | -1.133 | -0.973

1951 | -0.833 | -0.664 | -0.428 | -0.112 | 0.524 | 0.825 | 0.732 | 0.643 | 0.761 | 0.728 | 0.443 | 0.315

1952 | 0.401 | 0.317 | 0.295 | 0.214 | -0.068 | -0.113 | 0.031 | 0.254 | 0.194 | 0.066 | -0.013 | 0.067

1953 | 0.375 | 0.477 | 0.398 | 0.628 | 0.478 | 0.611 | 0.634 | 0.611 | 0.341 | 0.101 | 0.081 | -0.007

1954 1 -0.052 | -0.037 | -0.385 | -0.696 | -0.598 | -0.690 | -0.743 | -0.694 | -0.729 | -0.842 | -1.001 | -0.738

1955 | -0.615 | -0.872 | -0.855 | -1.019 | -0.989 | -0.982 | -1.186 | -1.288 | -1.418 | -1.487 | -1.320 | -1.146

1956 | -1.044 | -0.936 | -0.951 | -1.217 | -1.074 | -0.991 | -0.792 | -0.569 | -0.597 | -0.483 | -0.306 | -0.223

1957 | 0.027 | 0.390 | 0.622 | 0.936 | 1.429 | 1.596 | 1.586 | 1.542 | 1.287 | 1.465 | 1.560 | 1.394

1958 | 1.474 | 1.351 | 1.218 | 1.087 | 1.009 | 0.740 | 0.513 | 0.450 | 0.596 | 0.564 | 0.685 | 0.670

1959 | 0.813 | 0.718 | 0.549 | 0.615 | 0.561 | 0.312 | 0.270 | 0.248 | 0.238 | 0.178 | 0.007 | 0.046

1960 | 0.090 | 0.132 | 0.212 | 0.129 | 0.299 | 0.215 | 0.076 | 0.146 | 0.131 | 0.003 | -0.034 | 0.098

1961 | 0.066 | 0.251 | 0.388 | 0.155 | 0.261 | 0.231 | -0.049 | -0.163 | -0.039 | -0.094 | -0.309 | -0.563

1962 | -0.417 | -0.249 | -0.573 | -0.873 | -0.760 | -0.327 | -0.281 | -0.343 | -0.434 | -0.387 | -0.352 | -0.508

1963 | -0.499 | -0.216 | -0.003 | 0.090 | 0.590 | 0.819 | 0.872 | 0.945 | 1.044 | 0.908 | 0.883 | 0.840

1964 | 0.560 | 0.172 | -0.471 | -0.841 | -0.855 | -1.024 | -0.966 | -0.989 | -0.958 | -0.767 | -0.578 | -0.372

1965 |-0.177 | -0.089 | 0.231 | 0.483 | 0.805 | 1.081 | 1.225 | 1.228 | 1.332 | 1.533 | 1.409 | 1.271

1966 | 1.146 | 0.828 | 0.797 | 0.641 | 0.107 | 0.156 | 0.271 | 0.068 | 0.220 | 0.252 | 0.078 | -0.260

1967 | -0.524 | -0.586 | -0.488 | -0.164 | -0.097 | -0.304 | -0.277 | -0.420 | -0.270 | -0.051 | 0.037 | -0.194

1968 | -0.359 | -0.423 | -0.449 | -0.254 | -0.334 | -0.116 | 0.240 | 0.531 | 0.712 | 0.931 | 0.947 | 1.105

1969 | 1.312 | 1.159 | 1.213 | 1.323 | 1.027 | 0.795 | 0.518 | 0.715 | 0.977 | 0.979 | 0.749 | 0.768

1970 | 0.787 | 0.660 | 0.407 | 0.202 | -0.439 | -1.011 | -1.196 | -1.123 | -1.004 | -0.981 | -1.068 | -1.066
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1971

-1.270

-1.555

-1.601

-1.527

-1.418

-1.160

-1.171

-1.345

-1.244

-0.973

-0.717

-0.420

1972

-0.347

-0.353

0.077

0.685

1.155

1.674

1.745

1.594

1.801

1.755

1.662

1.577

1973

1.472

1.168

0.610

0.221

-0.568

-0.994

-1.218

-1.471

-1.385

-1.367

-1.559

-1.636

1974

-1.663

-1.547

-1.299

-1.141

-0.988

-1.070

-0.746

-0.694

-0.844

-0.716

-0.499

-0.297

1975

-0.511

-0.845

-0.877

-1.105

-1.346

-1.728

-1.747

-1.829

-1.905

-1.606

-1.639

-1.628

1976

-1.492

-1.298

-1.003

-0.716

-0.313

0.331

0.496

0.790

0.735

0.524

0.719

0.766

1977

0.487

0.543

0.780

0.586

0.394

0.661

0.565

0.538

0.671

0.723

0.894

0.625

1978

0.686

0.755

0.149

-0.126

-0.171

-0.277

-0.217

-0.313

-0.180

0.124

0.285

0.389

1979

0.223

0.005

0.299

0.516

0.109

0.098

0.539

0.587

0.650

0.748

0.778

0.703

1980

0.411

0.744

0.904

0.923

0.888

0.555

0.123

0.135

0.112

0.013

0.096

-0.178

1981

-0.325

0.097

0.241

-0.204

-0.404

-0.550

-0.443

-0.167

-0.065

-0.027

-0.047

-0.050

1982

-0.164

-0.156

-0.055

0.548

1.060

1.488

1.657

1.715

1.936

2.277

2.323

2.473

1983

2.641

2.646

2.523

2.206

1.453

1.244

0.811

0.325

0.190

-0.120

-0.175

-0.313

1984

-0.488

-0.164

-0.031

-0.431

-0.447

-0.472

-0.413

-0.267

-0.254

-0.425

-0.580

-0.543

1985

-0.779

-0.991

-0.916

-0.889

-0.235

-0.337

-0.603

-0.606

-0.356

-0.195

-0.299

-0.371

1986

-0.318

-0.281

-0.426

-0.087

0.162

0.146

0.650

0.950

0.600

0.834

1.115

1.065

1987

1.281

1.561

1.681

1.806

1.554

1.853

1.690

1.539

1.445

1.139

1.037

0.867

1988

0.661

0.423

0.061

-0.286

-1.034

-1.614

-1.698

-1.646

-1.492

-1.584

-1.584

-1.394

1989

-1.321

-1.380

-1.497

-1.372

-1.077

-1.081

-0.821

-0.607

-0.586

-0.351

-0.137

-0.066

1990

0.172

0.409

0.066

-0.076

0.118

-0.083

-0.156

0.066

-0.031

0.031

0.187

0.052

1991

0.018

0.148

0.111

0.346

0.789

0.749

0.475

0.553

0.735

0.814

1.085

1.417

1992

1.298

1.390

1.706

1.320

1.137

0.531

-0.005

0.021

0.192

0.256

0.326

0.376

1993

0.531

0.614

0.836

1.062

0.717

0.473

0.280

0.250

0.413

0.322

0.048

0.021

1994

-0.163

-0.182

0.064

0.186

0.281

0.485

0.402

0.532

0.799

0.818

0.812

0.812

1995

0.638

0.342

0.158

0.211

0.072

-0.096

-0.435

-0.709

-0.660

-0.737

-0.602

-0.656

1996

-0.862

-0.804

-0.943

-0.893

-1.053

-0.911

-0.774

-0.509

-0.495

-0.332

-0.344

-0.554

1997

-0.747

-0.350

0.293

0.730

1.588

1.893

2.237

2.337

2.326

2.295

2.182

2.232
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1998

2.305

2.369

2.355

1.800

0.349

-0.544

-0.816

-0.775

-0.800

-0.913

-0.983

-1.240

1999

-1.457

-1.334

-1.517

-1.479

-1.395

-1.426

-1.410

-1.225

-1.362

-1.409

-1.464

-1.443

2000

-1.471

-1.477

-1.237

-1.118

-1.296

-1.068

-0.766

-0.730

-0.772

-0.873

-0.788

-0.793

2001

-0.882

-0.713

-0.503

-0.488

-0.359

-0.210

-0.008

-0.160

-0.293

-0.323

-0.104

-0.055

2002

-0.138

0.116

0.021

0.089

0.506

0.607

0.850

0.713

0.787

0.802

0.875

0.923

2003

0.774

0.617

0.198

-0.371

-0.150

-0.195

-0.006

0.146

0.202

0.338

0.206

0.322

2004

0.197

-0.069

0.049

-0.276

-0.228

0.054

0.240

0.316

0.259

0.516

0.637

0.379

2005

0.685

0.807

0.450

0.246

0.367

0.184

0.194

0.136

-0.293

-0.551

-0.569

-0.656

2006

-0.462

-0.407

-0.639

-0.249

-0.086

0.075

0.571

0.732

0.831

0.970

0.722

0.741

2007

0.568

0.122

-0.084

-0.163

-0.413

-0.499

-0.789

-1.080

-1.143

-1.361

-1.467

-1.435

2008

-1.589

-1.675

-1.433

-1.228

-0.910

-0.843

-0.773

-0.699

-0.770

-0.899

-0.956

-0.864

2009

-0.831

-0.799

-0.569

-0.248

0.535

0.621

0.750

0.707

0.808

1.008

1.017

1.094

2010

1.308

1.276

0.721

0.016

-0.830

-1.673

-2.075

-2.138

-2.119

-2.057

-1.981

-2.028

2011

-1.864

-1.910

-1.882

-1.573

-1.267

-0.914

-0.929

-1.107

-1.331

-1.322

-1.408

-1.321

2012

-0.951

-0.759

-0.507

-0.330

-0.015

0.303

0.154

0.013

-0.016

-0.078

-0.098

-0.099

2013

-0.121

-0.212

-0.353

-0.530

-0.654

-0.745

-0.659

-0.396

-0.319

-0.343

-0.398

-0.416

2014

-0.346

-0.043

0.089

0.099

0.231

0.618

0.445

0.193

0.239

0.390

0.416

0.442

2015

0.399

0.526

0.790

1.188

1.488

2.124

2.401

2.558

2.515

2.171

2.081

2.263

2016

2.241

2.103

2.097

1.597

0.963

0.480

0.256

-0.028

-0.161

-0.188

-0.113

-0.077

2017

0.018

0.134

0.446

0.546

0.143

0.039

-0.249

-0.441

-0.489

-0.717

-0.815

-0.800

2018

-0.721

-0.677

-1.037

-0.621

-0.230

0.230

0.492

0.626

0.465

0.382

0.328

0.360

2019

0.753

0.915

Note: red fonts indicate El Nifio years; blue fonts indicate La Nifia years and black fonts indicate normal years
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Annex VI: Selected field survey photos
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