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Extended Abstract

This dissertation comprises three empirical papers that examine agricultural technology
adoption, energy consumption, and social cohesion in Ethiopia. The country's economy
is heavily dependent on agriculture, which plays a central role in sustaining livelihoods
and driving economic growth. As of 2022, approximately 77% of the population lived
in rural areas, and in 2023, agriculture accounted for about 32% of the national GDP
and employed 62.8% of the population (World Bank, 2022; African Development
Bank, 2023). Ethiopia also faces challenges in energy access and consumption, with
82% of the population relying on traditional biomass fuels such as firewood, charcoal,
crop residues, and animal dung for cooking (Sieff et al., 2022). This heavy dependence,
particularly in rural areas, stems from limited access to modern energy sources and has
serious consequences for household health and environmental sustainability. These
conditions underscore the need to better understand household energy choices and their
implications for health. The themes addressed in this dissertation are therefore timely
and crucial for shaping interventions that promote cleaner energy adoption, improve

health outcomes, and increase agricultural productivity.

Beyond the agricultural sector and energy use, another pressing issue in Ethiopia is the
integration of diverse communities, particularly refugees and host populations. As one
of the largest refugee-hosting countries in Africa, home to over one million refugees
and asylum-seekers, primarily from South Sudan, Somalia, and Eritrea, Ethiopia faces
challenges in fostering cohesion between refugees and hosts. Therefore, examining the
dynamics of social cohesion between these groups has become increasingly important.
The third paper addresses this issue by exploring how economic and social interactions

through informal institutions contribute to integration.

The first paper, titled “Shocks, Coping Strategies and the Adoption of Technologies
by Rural Households in Ethiopia,” uses cross-sectional household-level data from the
2018/19 Ethiopian Socio-Economic Survey, focusing on 2,223 rural households that
grow barley, maize, teff, and wheat—staple foods and major agricultural products in
the country. While studies have explored the determinants of agricultural technology
adoption, they often overlook the interdependence between different technologies and
tend to focus on a single shock as the primary factor influencing adoption. This paper
contributes by examining the relationship between shocks (idiosyncratic and covariate)
and households' technology adoption decisions, specifically for irrigation, improved

seeds, chemical fertilizers, and organic fertilizers. It also identifies the coping strategies
v



farmers employ during shocks and analyzes how participation in extension programs

influences adoption decisions.

Extension programs are government-led initiatives that provide farmers with technical
knowledge, training, and resources to improve agricultural practices, with the aim of
enhancing productivity. This study draws on innovation diffusion theory, economic
constraints theory, and employs a multivariate probit model. The findings reveal that
shocks have diverse and context-dependent effects on adoption decisions. For instance,
food price shocks and local unrest are negatively associated with the use of fertilizers
and irrigation, whereas droughts, livestock losses, and access to extension services are
positively associated with the adoption of irrigation, fertilizers, and improved seeds.
The study also underscores the role of government support as a crucial coping strategy
for households in the event of droughts and livestock deaths. These results indicate the
need for strengthening extension services, assessing their effectiveness, and stabilizing
food prices to promote technology adoption among farmers. Additionally, improving
access to microfinance, maintaining peace, and investing in infrastructure—such as
markets and roads—are vital for equipping farmers with the resources necessary to

enhance agricultural practices.

The second paper is titled “The Effects of Energy Sources on Household Health
Outcomes in Ethiopia.” It uses data from three waves of the Ethiopian Socioeconomic
Survey (2011/12, 2013/14, 2015/16), covering 2,371 households. The study employs a
fixed effects logit model and propensity score matching to analyze the relationship
between energy sources and household health outcomes. It also investigates how this
relationship differs between urban and rural households and examines the association

of housing conditions, socioeconomic, and demographic factors with health outcomes.

The health status outcome variable comprises two components: respiratory diseases and
general health problems. Households are classified as having respiratory diseases if
they consulted a formal healthcare provider for conditions such as nose and throat
issues, upper respiratory tract infections, tuberculosis, asthma, or pneumonia. They are
considered to have general health problems if they consulted a healthcare provider for
illnesses such as kidney disease, heart disease, high blood pressure, or skin problems.
Regarding energy use, households are grouped based on their primary energy sources:
those using firewood, charcoal, crop residues, dung, kerosene, or butane for cooking

and lighting are classified as traditional fuel users, while those relying on electricity,

\%



solar energy, or biogas are considered modern energy users.

Studies exploring the relationship between energy sources and health in Ethiopia have
primarily focused on specific regions or particular population groups (such as women
or children), or have relied on cross-sectional data, limiting the generalizability of their
findings and providing only correlational insights (Edelstein et al., 2008; Atnafu et al.,
2021; Balidema;j et al., 2021; LaFave et al., 2021; Kanno et al., 2022). This study
addresses these limitations by using nationally representative panel data and applying
propensity score matching to identify causal relationships. Unlike previous research,
which has primarily focused on respiratory illnesses, this paper distinguishes between
respiratory and general health problems, acknowledging that the health effects of

energy sources may differ across various health outcomes.

Findings from the fixed effects logit model and propensity score matching indicate that
households relying on traditional fuels are more likely to experience respiratory illness
compared to those using modern energy. This association is stronger in rural areas than
in urban settings. However, there is no significant relationship between traditional fuel
use and general health problems, suggesting that factors—such as income, healthcare
access, and housing quality—may play a more influential role in shaping general health
outcomes. To reduce reliance on traditional fuels and improve respiratory health in rural
areas, policies should prioritize expanding access to clean energy alternatives like solar
power and biogas. While improved cookstove programs exist, their effectiveness
depends on overcoming barriers related to affordability, accessibility, and awareness,

particularly among low-income rural households.

The third paper, “Social Cohesion among Refugees and Host Communities in
Ethiopia: A Comparative Analysis,” is conducted under the supervision and guidance
of the World Bank—UNHCR Joint Data Center on Forced Displacement. The literature
presents contrasting views on the effects of refugee populations on host communities.
Jayakody et al. (2022) highlight potential drawbacks, including increased strain on local
resources and competition for jobs. In contrast, Ozden (2021) and Zhou et al. (2022)
point out that, with international support, refugees can help improve infrastructure and
foster social ties. This divergence underscores an empirical gap that serves as a key

motivation for this study.
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The analysis draws on the 2022/23 Socio-Economic Survey of Refugees in Ethiopia,
which covers 3,445 households—1,724 from host communities and 1,721 from both
in-camp and out-of-camp refugee populations. It applies contact theory and employs a
binary logit model and OLS regression to examine how economic interactions through
Iqqub (an informal savings and credit system) and social interactions through Iddir (an
informal mutual support network) shape perceptions and attitudes between refugees and
host communities. Additionally, the study explores how various socioeconomic factors

are associated with the perceptions of both groups.

The outcome variable is social cohesion, measured by the perceptions and attitudes of
both refugees and hosts about each other. Perceptions include whether hosts believe
that refugees have increased economic opportunities, created jobs, or contributed to
inflation and wage depression. Additional perceptions capture hosts' views on refugees’
friendliness, trustworthiness, land occupancy, potential impact on insecurity, and their
rights to work and live in Ethiopia. The attitude variables reflect refugees' experiences
of discrimination and their reliance on Ethiopian friends for support during times of

need.

The study finds that social engagement through Iddir is positively linked to improved
perceptions between refugees and host communities. This effect remains strong even
among rural and literate hosts, who are often more skeptical of refugees. In contrast,
economic interaction via Iqqub shows no significant association with social cohesion
for either group. Although often overlooked in policy discussions, this paper highlights
the importance of incorporating informal institutions like Iddir and Iqqub into formal

policy frameworks to enhance social cohesion.

In general, this dissertation provides a comprehensive analysis of three development
challenges facing Ethiopia: agricultural technology adoption, energy consumption and
its health impacts, and social cohesion between refugees and hosts. It emphasizes the
need for providing targeted extension services and support to farmers to help them
during times of shocks, thereby enhancing agricultural productivity; investing in clean
energy solutions to improve households' health by mitigating the risks associated with
traditional fuel use; and fostering social cohesion through informal networks such as
Iddir and Iqqub. Integrating these findings might help Ethiopia address its challenges

to sustainable development, ultimately contributing to stability and prosperity.
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Chapter 1: Shocks, Coping Strategies and the Adoption of
Technologies by Rural Households in Ethiopia

Abstract

The majority of the population in Ethiopia lives in rural areas, and agriculture plays
an essential role in the economy. Despite its significance, the sector struggles with low
productivity due to various challenges. Enhancing agricultural output requires the
adoption of innovative practices, supported by well-designed policies and strategies.
Therefore, understanding the factors that influence agricultural technology adoption is
vital. This study examines the relationship between shocks, extension services, and
farmers' technology adoption decisions in Ethiopia using 2018—2019 survey data and
a multivariate probit model. It also identifies the coping strategies that households
employ in response to shocks. The findings reveal that shocks have diverse and context-
dependent effects on farmers' adoption decisions. Food price shocks and local unrest
are negatively associated with fertilizer and irrigation use, while droughts, livestock
losses, and access to extension services increases the use of irrigation, fertilizers, and
improved seeds. Additionally, the study indicates that in severe shocks such as droughts
and livestock deaths, government support plays a critical role in helping households
cope. Therefore, to increase farmers' innovation adoption, policies should focus on
strengthening their participation in extension programs and enhancing their resilience

to shocks.

Keywords: Agricultural technology adoption, Shocks, Extension services, Coping

strategies, Multivariate probit model, Ethiopia



1.1. Introduction

The majority of Ethiopia's population lives in rural areas, where agriculture plays a
central role in the economy by contributing to poverty reduction, job creation, food
security, and improved living conditions (De Janvry and Sadoulet, 2001; IFAD, 2013).
Although the sector's share of GDP and employment has declined, it remains crucial.
In 2023, agriculture accounted for 32% of GDP, down from 54% in 2000, and employed
62.8% of the population in 2022, a decrease from 90.2% in 1990 (African Development
Bank, 2023).

The agriculture sector in Ethiopia faces several challenges that limit its productivity.
These include heavy dependence on rainfall, reliance on subsistence and traditional
farming methods, climate change impacts, market volatility and limited access to
financial resources for farmers (Tittonell and Giller, 2013; Kelemu, 2015; FAO, 2016).
Addressing these challenges requires a comprehensive approach involving the adoption
of agricultural technologies supported by appropriate policies, investment in research,
the expansion of rural financial markets, and improvements in farmers' access to

resources (Von Braun, 1999; Viatte, 2001; Dzanku et al., 2015).

Despite low adoption rates in developing countries, agricultural innovations have been
shown to increase production yields and improve economic outcomes (Bandiera and
Rasul, 2006; Mwangi and Kariuki, 2015). Agricultural practices have transformed
significantly due to technological advancements in inputs, such as improved irrigation
systems, enhanced seed varieties, and environmentally friendly fertilizers that promote
soil fertility. These innovations have resulted in substantial increases in cash crop yields
and household food production (Adhikari et al., 2018). Evenson and Gollin (2003) and
Bellon et al. (2006) highlight that improving existing agricultural practices and

adopting innovative approaches improves food security and reduces poverty.

Agricultural technologies are increasingly being utilized in Ethiopia to enhance farmers'
welfare, boost agricultural productivity, and mitigate land degradation (De Janvry et
al., 2017; Teka and Lee, 2020). To support these efforts, the country has implemented

the Agricultural Development Led Industrialization (ADLI)! initiative, which aims to

'The Agricultural Development-Led Industrialization (ADLI) strategy, introduced in Ethiopia in the
early 1990s, is a government policy designed to leverage agriculture as the cornerstone of economic
growth and industrialization. By prioritizing the development of agriculture, ADLI seeks to stimulate
demand for manufactured goods and provide essential raw materials for industrial growth (Moller, 2016).
Initially focused on smallholder farms, the strategy aims to enhance agricultural production, increase

2



enhance agricultural productivity through the promotion of modern and sustainable
farming practices, the provision of incentives to farmers, and investments in rural

infrastructure (MoFED, 2005).

In developing countries, factors such as limited access to credit, labor, and resources,
high costs of modern inputs, production and climate risks, and insufficient knowledge
about technologies have contributed to the low adoption of agricultural technologies
(Duflo et al., 2008; Minten et al., 2013; Kelemu, 2015). In Ethiopia, socio-economic
and institutional factors play a crucial role in the adoption of agricultural innovations.
Institutional factors include access to agricultural extension program?, and economic
factors encompass non-farm activities, farm size, input costs, demand volatility, and
access to credit (Akudugo, 2012; Teklewold et al., 2013; Silva and Broekel, 2016). The
agricultural extension program can offset the negative impact of farmer illiteracy on
innovation use and help them make informed decisions (Akudugo, 2012; Leta et al.,
2017). Additionally, shocks such as floods, health issues, and crop diseases can reduce
farmers' incomes and hinder their ability to adopt innovations (Meza-Morales, 2010;

Kassie et al., 2013; Teklewold et al., 2013).

Rural households employ a variety of strategies to mitigate the impacts of shocks on
their income, production, consumption, and overall well-being. These strategies include

utilizing personal savings, relying on support from relatives or government assistance,

household incomes, achieve food self-sufficiency, and generate surplus output for industrial use. To
support these goals, the government has provided smallholder farmers with improved seeds, fertilizers,
irrigation systems and infrastructure (GRIPS, 2009).

2Agricultural extension services in Ethiopia were formally established in the 1950s with the founding of
the Imperial Ethiopian College of Agriculture and Mechanical Arts (IECAMA), now Haramaya
University. Initially focused on agricultural education and research, the college laid the foundation for
Ethiopia's extension efforts (Belay, 2003; Davis et al., 2010). Over time, these services expanded to
provide practical support for farmers, and in the 1990s, the system became more structured, emphasizing
increased agricultural productivity and targeting smallholder farmers nationwide.

In 1995, the Ministry of Agriculture introduced the Participatory Demonstration and Training Extension
System (PADETES), which aimed to enhance national food security and agricultural output. PADETES
emphasized promoting improved crop varieties, fertilizers, and effective farming techniques, while also
transitioning smallholder farming from subsistence-based practices to market-oriented production
(Kassa, 2008; Gebremedhin et al., 2006).

The program established Farmer Training Centers (FTCs) and deployed an extensive network of
extension agents to deliver technical training and distribute improved agricultural inputs like seeds and
fertilizers. Extension agents also provided close follow-up to ensure the adoption of best practices and
innovative technologies. The extension system evolved from a centralized, top-down model to a
decentralized and participatory approach, integrating strategies for production, marketing, human capital
development, and addressing resource constraints (Belay, 2003).

3



adjusting dietary habits, migrating in search of better opportunities, borrowing from
formal or informal sources, and selling assets such as durable goods and livestock.
Debebe et al. (2013) found that households facing health and conflict-related shocks
often sell assets and take loans as a coping strategy. This is because the idiosyncratic
nature of such shocks can make borrowing from relatives an effective option. When
households are affected by income fluctuations, they tend to reduce consumption to
protect durable assets (Kazianga and Udry, 2006). Similarly, Ansah et al. (2021) found
that as the duration of a health shock increases, the likelihood of employing labor,

altering consumption patterns, and leveraging social networks also increases.

In Ethiopia, some studies explore the determinants of single® agricultural technology
adoption, while others investigate the factors shaping the use of multiple* technologies.
However, these studies often overlook the interdependence between technologies and
tend to focus on a single shock as a factor influencing adoption. Gebremariam and
Tesfaye (2018) employed a multivariate probit model to account for multiple shocks;
however, their study did not include shocks such as local unrest, nor did it empirically
examine household coping strategies. These gaps highlight the need for research that
investigates the impact of different shocks on households' adoption decisions and

explores the coping strategies they use in response.

Therefore, this study has the following contributions: First, it examines the relationship
between shocks (health shocks, droughts, food price fluctuations, input cost increases,
livestock deaths, and local unrest) and farmers' decisions to adopt technologies. Second,
it analyzes how rural households' participation in extension programs influences their
adoption of innovations. Third, it investigates the interdependence among agricultural
technologies (irrigation, improved seeds, chemical fertilizers, and organic fertilizers).

Fourth, it identifies the coping strategies that farmers employ during times of shock.

The remainder of this paper is organized as follows: Section 1.2 outlines the theoretical
framework and reviews the empirical literature. Section 1.3 presents the econometric
model, along with a description of the data and variables. Section 1.4 discusses the
results, Section 1.5 addresses the study’s limitations, and the last section presents the

conclusions and policy recommendations derived from the findings.

3For example: Shiferaw and Holden (1998); Croppenstedt et al. (2003); Kassie et al. (2009); Getacher et
al. (2013); Gebregziabher et al. (2014); Shiferaw et al. (2014).

“For example: Teklewold et al. (2006); Deressa et al. (2009); Alem et al. (2010); Gebregziabher and
Holden (2011); Teklewold et al. (2013).
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1.2. Literature Review
1.2.1. Theoretical Framework

This study integrates Innovation Diffusion Theory and Economic Constraints Theory,
both of which have been utilized in previous research (Prager and Posthumus, 2010;
Ntshangase et al., 2018; Ruzzante et al., 2021). These theories offer a framework for
understanding how the diffusion of innovations, economic, and institutional challenges

faced by households' influence technology adoption.

The Innovation Diffusion Theory, originating from the seminal work of Rogers (1962),
posits that information plays a crucial role in shaping the adoption decisions of utility-
maximizing individuals and organizations. It explains how information about a new
technology disseminates within a community over a specific period of time (Adesina
and Zinnah, 1993). According to this theory, an individual goes through the stages of
understanding, convincing, deciding, implementing, and endorsing before adopting a
new technology. Advocates of an innovation must learn about it, become convinced of
its benefits, decide to adopt it, implement the innovation, and confirm the adoption
decision. The Innovation Diffusion Theory identifies the type of innovation, the social
system of adopters, the methods of communication about technologies, and time as

crucial factors in the diffusion process.

The Economic Constraints Theory, on the other hand, explains how resource limitations
impact farmers' decisions to adopt new technologies (Adesina and Zinnah, 1993). It
argues that while farmers aim to maximize utility, their ability to do so is constrained
by limited access to essential resources such as capital, land, water, and energy (Havens
and Flinn, 1976). Farmers who have access to these resources are better positioned to
adopt and benefit from new practices (Negatu and Parikh, 1999). However, it primarily
focuses on the economic factors influencing adoption while neglecting the cultural,

environmental, and individual dimensions.

Based on the available data, this study uses participation in the agricultural extension
program as an indicator of the Innovation Diffusion Theory. The program embodies a
systematic approach to disseminating new agricultural technologies and practices. It
facilitates diffusion by raising awareness among farmers, enabling them to experiment
with innovations through supported trials, encouraging adoption, and promoting the
long-term, sustainable use of these technologies. As a proxy for Economic Constraints
Theory, this analysis considers key economic factors that influence farmers’ ability to

5



adopt new technologies. These include shocks such as food price increases and rising
input costs, which heighten financial pressure. Farm size, livestock holdings, and non-
farm businesses indicate resource availability and income diversification. Access to
microfinance alleviates liquidity constraints, and proximity to roads reduces transaction

costs, improving farmers' economic capacity.

1.2.2. Empirical Review
e Determinants of Agricultural Technology Adoption

Studies have examined the factors influencing rural households' decisions to adopt
agricultural technologies. This study categorizes the determinants into five groups:
household characteristics, shocks, weather factors, socio-economic and institutional

factors. A review of previous studies within each category is provided below.

Shiferaw et al. (2009) emphasize institutional factors such as the availability of credit,
access to information, markets, infrastructure and extension services as important
drivers of innovation adoption. Akudugo (2012) and Mwangi and Kariuki (2015) noted
that access to extension programs provides information, which can reduce uncertainty
about innovations and help close the adoption gap resulting from farmers' lack of
education. The availability of extension services can also help reduce the transaction
costs faced by rural households due to a lack of information on innovations (Genius et
al., 2010). Asfaw et al. (2016) argue that support from agricultural advisors, through

training and information dissemination, is essential for adopting innovations.

Akudugo (2012) identifies economic factors, including farm size, the costs and benefits
of improved inputs, off-farm activities, and demographic factors like age, education,
and gender, as key influences on the adoption of agricultural technologies. Stunding
and Zilberman (1999) also emphasize that farmers' demographic characteristics, socio-
economic factors, beliefs about innovations, and the personality of extension workers,
combined with the effectiveness of technology transfer methods, play a role in farmer
adaptation. Foster and Rosenzweig (2010) further highlight that access to innovations

and their expected profitability are crucial factors influencing adoption decisions.

Ketema and Bauer (2011) and Clay et al. (1998) found that fertilizer use increases with
plot size, as larger plots encourage investment and intensification by minimizing the
costs associated with using these inputs. Likewise, Kassie et al. (2009) and Gelgo et al.

(2016) justify the positive impact of farm size on organic fertilizer use, arguing that the



lower cost of organic fertilizers encourages their adoption and that owning farmland
increases the certainty of future investment returns. According to Admassie and Ayele
(2010), distance can serve as a barrier to technology adoption. Rural households located
far away from service centers such as development agencies and marketplaces are less

likely to adopt technologies.

In developing countries, the agricultural sector is highly vulnerable to shocks caused
by natural disasters, price fluctuations, and changes in demand. These shocks lead to
income instability for farmers and influence their production and investment decisions.
Meza-Morales (2010) found that drought, as a natural shock, leads to water scarcity and
significantly impacts the livelihoods of rural households. Frequently occurring shocks,
such as irregular rainfall, rising costs, drought, crop diseases, and health problems, pose
market and production risks, which ultimately influence the adoption of innovations

(Dercon et al., 2005; Kassie et al., 2013; Teklewold et al., 2013).

Koundouri et al. (2006) revealed that in Greece, farmers adopt irrigation technologies
to hedge against production risks such as water scarcity, and that human capital plays a
key role in their decisions to adopt efficient irrigation systems. Similarly, Carey and
Zilberman (2002) argue that it is rational for farmers to invest in modern irrigation
technologies if the expected benefits from drought mitigation exceed the costs by a
potentially high hurdle rate. Regarding violence, Hooks et al. (2022) hypothesized that
political stability, along with the absence of violence and terrorist actions, is positively
related to technology adoption. In a stable and violence-free country, the government
can foster an environment conducive to technology adoption, increasing the likelihood

of successful implementation.

Gebremariam and Tesfaye (2018) found that shocks have heterogeneous effects on the
adoption of agricultural technologies in Ethiopia. For instance, production shocks—
such as drought, crop diseases, and pests—and health shocks discourage the adoption
of chemical fertilizers, improved seeds, and irrigation. In contrast, production shocks
promote the adoption of organic fertilizers, while price shocks promote the adoption of
improved seeds. Although chemical fertilizers are essential for increasing production
and the supply of staple foods, Le Cotty et al. (2021) found that in Burkina Faso,
massive and unpredictable output price fluctuations lead maize farmers to reduce their
use of NPK (nitrogen, phosphorus, and potassium) fertilizer, potentially threatening

national food security. In addition, Ott (2012) noted that higher food prices drive up
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demand for fertilizers, which in turn increases fertilizer prices and ultimately reduces

fertilizer use.

Besides household characteristics, socio-economic factors, and shocks, weather factors
also play a significant role in driving rural households to adopt agricultural innovations.
Guo and Chen (2022) demonstrate that significant fluctuations in rainfall contribute to
the high use of fertilizer by Chinese farmers in hilly and mountainous regions and in
areas with favorable irrigation and economic conditions. Similarly, Alem et al. (2010)
indicate that higher rainfall leads to increased fertilizer use, while rainfall variability is
associated with reduced fertilizer use. Gebregziabher and Holden (2011) examined the
impact of rainfall risk on fertilizer use and found that fertilizer use is higher in areas

with higher average rainfall and lower rainfall variability.

e Coping Strategies
Rural households adopt various strategies to cope with the negative impacts of shocks.
These strategies include using personal savings, receiving help from relatives and the
government, changing dietary habits, migration, borrowing, and selling durable goods.
According to Asfaw and von Braun (2004), in response to health shocks, households
reduce non-food consumption, deplete savings, and borrow or sell assets, which help
them enhance financial resilience. Debebe et al. (2013) found that coping strategies
vary depending on the type of shock. For covariate shocks (economic and natural),
reducing savings and food consumption are the most employed, while selling assets and
borrowing are relatively unlikely responses. In the case of a health shock, cash is needed
to cover treatment costs, and the coping strategies are to reduce savings, sell assets, and

borrow from informal sources.

The effects of individual shocks can be cushioned through measures such as savings
and social networks. However, when multiple shocks interact, households resort to
depleting assets to cope with the situation. Therefore, external interventions are crucial
to managing the interactive effects of coincident shocks, ensuring that households do
not lose their productive assets (Ansah et al., 2021). Similarly, Ashraf and Routray
(2013) found that households reduce food consumption and the purchase of expensive
items to cope with income losses due to droughts. To smooth consumption, households
accumulate assets during good times and draw on them in times of shock (Deaton, 1991;

Rosenzweig and Wolpin, 1993). Appiah and Bukari (2022) noted that residents use



religion, migration, hard work, socio-cultural support, and economic strategies to cope

with the devastating effects of conflict and local unrest.

To mitigate the impact of weather shocks, farmers adopt a range of strategies, including
planting new varieties, growing low-input crops, intercropping, utilizing high-quality
seeds, migrating, and transitioning to non-agricultural activities (Hussain et al., 2020).
Deressa et al. (2009) also indicate that, in response to climate shocks, households sell
livestock, borrow from relatives, reduce food intake, seek food aid, and benefit from

income- and wealth-enhancing government interventions.

According to Nguyen et al. (2020), the majority of rural households are exposed to
floods, droughts, and livestock diseases. These shocks impact food and non-food
consumption as well as education expenses, forcing households to sell durable assets,
extract natural resources, and rely on child labor to cope. Lawlor et al. (2019) point out
that cash transfers enable households to cope with shocks in ways that do not increase
the likelihood of falling into a poverty trap. These transfers can enhance food security
and consumption, even when the covariance of shocks within a community raises the

probability of severe food insecurity.

1.3. Methodology
1.3.1. Data

This study used household-level data from the 2018/19 Ethiopian Socio-Economic
Survey (ESS), a collaborative initiative between Ethiopia’s Central Statistical Agency
(CSA) and the World Bank’s Living Standards Measurement Study—Integrated Surveys
on Agriculture (LSMS-ISA) team. The survey, conducted using a two-stage stratified
probability sampling method, covers all nine regions and two administrative cities:
Addis Ababa and Dire Dawa. In the first stage, enumeration areas (EAs) were selected
using simple random sampling, and in the second stage, households within each EA
were chosen through systematic random sampling. Thus, a total of 6,770 households
from 535 rural and urban enumeration areas were interviewed. To ensure the sample's
representativeness at both national and regional levels, the survey data were weighted

using post-stratification adjustments, which were applied across all datasets.



The survey included household, community, post-planting agricultural, post-harvest
agricultural, and livestock questionnaires. It also incorporated geospatial variables
derived from geo-referenced field and residential locations, encompassing distance
measures, climatic conditions, soil and terrain characteristics, and other environmental
factors. From the total sample, the study selected 2,223 rural households primarily
engaged in the cultivation of barley, maize, teff, and wheat. These crops were chosen
because they represent the major staple foods in Ethiopia and are widely cultivated

across various agro-ecological zones.

Based on the innovation diffusion theory, economic constraints theory, and relevant
literature, the study selected variables for analysis, with their descriptions, expected
signs, and summary statistics presented in Table 1. To assess the relationship between
shocks and the adoption of agricultural innovations, four types of innovations are used
as dependent variables: irrigation, improved seeds, chemical fertilizers, and organic
fertilizers. The variables are coded as 1 if the household adopted the innovation within

the 12 months preceding the survey, and 0 otherwise.

The explanatory variables are categorized into five groups: household characteristics,
shocks, weather factors, socio-economic factors, and institutional factors. Shocks are
the primary variables of interest and include six common types experienced by rural
households: health shocks, local unrest, drought, food price shocks, input cost shocks,
and livestock death. It is assumed that these shocks shape households’ decisions to
adopt innovations; each shock is coded as 1 if experienced within the 12 months prior

to the survey, and 0 otherwise.

Household characteristics are the age, gender, household size, and years of education
of the household head. Temperature and rainfall are also considered weather factors.
Socio-economic factors assumed to influence the adoption of innovations include farm
size, participation in off-farm businesses, livestock ownership, the number of livestock
owned, access to financial assistance, and proximity to main roads. Also, participation
in extension programs and access to microfinance institutions are institutional factors
examined in this study. In addition to shocks, participation in extension programs is a
main variable of interest. Extension programs are expected to increase the likelihood of

adopting innovations by providing information about their nature, costs, and benefits.
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One of the objectives of this study is to examine the coping strategies that farmers use
during times of shocks. Households were asked in the survey about their responses to
shocks, and the study selected the most commonly used strategies. These include using
own savings, receiving unconditional help from relatives or friends, receiving help from
the government, changing eating patterns, migrating, obtaining credit, selling durable
assets, and selling livestock. They are treated as outcome variables, where a value of 1

indicates that the household adopted the strategy, and 0 indicates that they did not.

1.3.2. Multivariate Probit Model

Rural households are likely to adopt one or more agricultural innovations based on the
severity of shocks, socio-economic conditions, institutional factors, and the biophysical
characteristics of their land. When analyzing farmers' decisions to adopt technologies,
a multivariate model is more appropriate than a univariate model because it accounts
for the interdependence among innovations. This model recognizes that the decision to
adopt one technology may be linked to the decision to adopt another (Kangogo et al.,
2021). Therefore, this study employed a Multivariate Probit Model (MVP) to examine
how idiosyncratic and covariate shocks, participation in extension programs, and other
control variables shape rural households' decisions to adopt technologies and to identify

the coping strategies farmers adopt in response to shocks.

The MVP extends the bivariate probit model by incorporating additional equations and
generalizes the standard probit framework, allowing for the simultaneous estimation of
multiple correlated binary outcomes. This model captures the interdependence among
different innovations by jointly estimating the effects of various explanatory variables
on each innovation while accounting for potential correlations between unobserved
disturbances. Ignoring these interdependencies can potentially lead to inefficient and

biased estimates (Greene, 2002; Greene, 2008).

The adoption of technologies can be modeled based on the principle of random utility.
Suppose the j&* household (j = 1,..., N) must decide whether to adopt agricultural
technologies in a given period. Let U, represent the benefit derived from traditional
practices and U, represent the benefit derived from adopting the k" innovation. A

farmer will adopt the k" innovation if the net benefit is positive, as shown in Equation

(1.
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In Equation (2), this net benefit (V}},) is the latent variable representing the net benefit

derived from adopting the k' agricultural innovation, which is influenced by both

observed and unobserved characteristics.

Vj’,‘c=Uk—Uh>0 (1)
Vj;c = X],Bk + & (2)

Where X; represents the observed characteristics (household characteristics, shocks,
weather, socio-economic, and institutional factors), S} is the vector of parameters to be
estimated, k refers to the type of agricultural innovations (such as chemical fertilizers,
irrigation, improved seed, and organic fertilizers) and ¢; represents the unobserved

characteristics.

The MVP model is specified as a set of binary dependent variables, where the j¢"
household takes a value of 1 if the household adopts the agricultural innovation (i.e., if
the net benefit is positive), and 0 otherwise.

1 if V>0

V: ={ 3
Ik 0 otherwise )

In the MVP model, the simultaneous adoption of multiple agricultural innovations is
possible, and the error terms are assumed to jointly follow a multivariate normal
distribution (MVN) with a conditional mean of zero and a variance normalized to unity.

The symmetric covariance matrix, denoted by Q is given by:

1 Pci  Pcs Pco
0 = Pic 1 Pis  Pio
Psc  Psi 1 Pso

Poc Por Pos 1

In the matrix, the off-diagonal elements represent the unobserved correlation between
the error components of the different agricultural innovations. A significant positive
pairwise correlation coefficient (p) indicates a complementary relationship between the
two innovations and a significant negative pairwise correlation coefficient indicates a

substitutive relationship.
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1.4. Results and Discussion
1.4.1. Summary Statistics

Table 1 presents the summary statistics for agricultural innovations, shocks, and the
control variables. Among the 2,223 sampled households, 39% use irrigation, while 27%
have adopted improved seeds. Additionally, chemical fertilizers are used by 50% of
rural households, and organic fertilizers by 53%. The lower adoption rates of irrigation
and improved seeds, compared to other methods, are attributed to high costs as well as
technical and skill-related constraints faced by farmers (Haile and Kasa, 2015). As a
result, they tend to shift toward low-cost and readily available alternatives, such as local

seeds and organic fertilizers (Abate et al., 2016).

Regarding household characteristics, the average age of household heads is 45 years,
with 78% of households headed by men, which emphasizes the dominant role of men
in agriculture and indicates that household heads are generally of prime working age.
On average, they have three years of schooling, indicating a relatively low level of

education, and the average household size is about five people.

Rural households are often affected by severe idiosyncratic or covariate shocks. Health
shock is relatively common, with about 21% of households reporting being affected.
Among the covariate shocks, drought and food price shocks were the most frequently
reported, affecting an average of 18% and 16% of households, respectively. Livestock
deaths, input cost shocks, and local unrest affected 10%, 8%, and 4% of households,
respectively. Additionally, weather factors such as temperature and rainfall can shape
farmers' adoption of agricultural technologies. Table 1 shows that the average annual

temperature is 20°C, and the mean annual rainfall is 1,096 mm.

Similarly, Table 1 shows that the average farm size is 1.8 hectares, 7% of households
own a non-agricultural business, and 45% own livestock. The average oxen stock is
two tropical livestock units. Participation in non-agricultural businesses and livestock
ownership can enhance the financial capacity to adopt agricultural innovations. The
average distance from the main road is 14 km. Moreover, 9% of households have access
to financial assistance, while 43% and 18% of households have access to extension

programs and microfinance institutions, respectively.
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Table 1: Summary Statistics

Variable and Expected Sign Description and Measurement Mean Std. Dev.  Min Max
Household characteristics

Household Size (+) Number of people in the household 4.782 2.510 0 14
Head Education (+) Years of education of the household head 2.774 3.700 0 15
Head Age (+) Age of the household head in years 44.69 15.63 16 80
Head Gender (+) 1 if male, 0 if female 0.776 0.416 0 1
Shocks

Health Shock (-) 1 if a household member(s) is sick 0.209 0.406 0 1
Local Unrest (-) 1 if there is local unrest 0.039 0.195 0 1
Drought (+) 1 if there is drought 0.178 0.383 0 1
Food Price Shock (+) 1 if there is a price rise in food items 0.162 0.368 0 1
Inputs Cost Shock (-) 1 if there is an increase in the price of inputs 0.077 0.267 0 1
Death of Livestock (-) 1 if the household faces death of livestock 0.104 0.306 0 1
Weather factors

Temperature (+) Annual mean temperature (°C) 19.75 3.867 10.3 28.3
Rainfall (+) Annual total rainfall (mm) 10959 3449 320 1754
Socio-economic factors

Farm size (+) In hectares 1.792 26.76 0 900
Non-farm business (+) 1 if the household owns a non-farm business 0.072 0.259 0 1
Livestock number (+) In tropical livestock units (TLU) 1.886 0.667 1 10
Livestock ownership (+) 1 if the household owns livestock 0.451 0.497 0 1
Access to assistance (+) 1 if the household has access to assistance 0.086 0.280 0 1
Distance to main road (-) In kilometers (km) 14.24 16.85 0 70.8
Institutional factors

Extension program (+) 1 if the HH participates in extension programs  0.431 0.495 0 1
Access to microfinance (+) 1 if the household has access to microfinance 0.183 0.387 0 1
Dependent variables

Irrigation 1 if adopted 0.389 0.487 0 1
Improved seed 1 if uses 0.267 0.442 0 1
Chemical fertilizers 1 if adopted 0.505 0.500 0 1
Organic fertilizers 1 if uses 0.530 0.499 0 1
Observations 2223

Source: Author's calculation based on data from ESS (2018/19).

Households employ a variety of coping strategies to mitigate the impacts of shocks.

Table 2 presents the summary statistics for the coping strategies most frequently used

by households. The two most commonly employed strategies are relying on savings

and selling livestock, which are utilized by 20% and 19% of households, respectively.

Government assistance is viewed as a way to overcome severe shocks, with 9% of rural

households using it as a strategy and help from relatives is used by 7% of farmers. As

shown in Table 2, a small proportion of households (2% to 4%) employed strategies

such as changing eating patterns, migration, taking credit, and selling durable assets.
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Table 2: Summary statistics of coping strategies

Variable Description and Measurement Mean Std. Dev. Min Max
Own Saving 1 if a household relied on its own savings 0.206 0.405 0 1
Relatives 1 if a HH received help from relatives/friends 0.071 0.257 0 1
Government 1 if a HH received help from the government 0.088 0.283 0 1
Change Eating Patterns 1 if a household changed eating patterns 0.044 0.207 0 1
Migration 1 if household members migrated 0.020 0.142 0 1
Credit 1 if a household obtained credit 0.044 0.207 0 1
Sell Durable Assets 1 if a household sold durable assets 0.029 0.168 0 1
Sell Livestock 1 if a household sold livestock 0.191 0.393 0 1
Observations 2223

Source: Author's calculation based on data from ESS (2018/19).

1.4.2. Econometric Results
e Determinants of the Adoption of Agricultural Technologies

The results of the pairwise correlation coefficients from the multivariate probit model,
which examines the correlation between the error terms of the adoption equations for
agricultural innovations, are presented in Table 3. Both the likelihood ratio test for the
null hypothesis—that the error terms across equations are uncorrelated—and the Wald
test for the hypothesis that all regression coefficients in each equation are jointly equal
to zero, are rejected. The table further shows that the estimated correlation coefficients
are significant and different from zero in two out of the six pairwise comparisons. This
finding indicates interdependence among the adoption decisions for technologies and
makes the use of a multivariate probit model more appropriate than using univariate

probit models.

Both significant correlation coefficients are positive, highlighting the complementarity
between the two technologies. The use of organic fertilizer complements both chemical
fertilizers and irrigation, with the highest correlation of 87% observed between organic
fertilizer and irrigation. The complementarity between organic and chemical fertilizers
enhances crop yields and improves soil fertility, ultimately reducing farmers' reliance
on chemical fertilizers (Lombin et al., 1991; Ayoola and Makinde, 2007). Moreover,
the synergy between organic fertilizer and irrigation provides environmental benefits
and helps mitigate the effects of shocks. Abdoulaye and Sanders (2005) suggested that
fertilizer use and irrigation should be addressed simultaneously, as water scarcity can
limit the effectiveness of fertilizer in improving productivity. Similarly, Gebregziabher
and Holden (2011) found that the adoption of irrigation has a positive effect on fertilizer

use, particularly in areas characterized by low rainfall and high rainfall variability.
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Table 3: Correlation coefficient of the model

Chemical Irrigation Improved Organic

fertilizers seed fertilizers
Chemical fertilizers 1 0.026 -0.019 0.069**
Irrigation 1 -0.009 0.869%**
Improved seed 1 -0.010
Organic fertilizers 1

Source: Author's calculation based on data from ESS (2018/19).
Note: Likelihood ratio test for p21 = p31 = p41 = p32 = p42 = p43 = 0: 2 (6) = 1082.3
Prob > y* = 0.0000; ** and *** indicate statistical significance at the 5% and 1% levels, respectively.

Table 4 presents the estimation results from the MVP model for the determinants of
farmers' technology adoption. The table shows that shocks exhibit a heterogeneous
association with households' adoption decisions. For example, households experiencing
drought shocks are more likely to adopt irrigation on their farms. During droughts,
farmers tend to implement irrigation techniques to conserve scarce water. This result
aligns with expectations and is consistent with the findings of Koundouri et al. (2006)
and Carey and Zilberman (2002), who demonstrated that drought positively influences
irrigation adoption and that irrigation can mitigate drought risk through more efficient

water use.

Local unrest, on the other hand, has a significant negative association with the use of
irrigation and organic fertilizer. Unrest and violence can reduce government investment
in agricultural technologies (Hooks et al., 2022), hinder the effectiveness of projects,
restrict farmers' access to resources and markets, and discourage them from adopting

and implementing new technologies.

Food price shocks decrease the likelihood of using chemical fertilizers. Conversely,
rural households are more likely to adopt improved seeds when faced with livestock
deaths and food price shocks. This may be because sharp increases in agricultural and
food prices create market uncertainty, reducing demand and lowering farmers' profits
from food sales. As a result, they may be discouraged from investing in costly inputs
like chemical fertilizers and instead opt for more affordable alternatives such as organic
fertilizers and improved seeds. These findings are consistent with Le Cotty et al. (2021)
and Ott (2012), who argue that higher food prices increase the demand for fertilizers,

which in turn raises their costs and reduces their use.
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Although the correlations between health shocks and input cost shocks with innovation
adoption are insignificant in this study, existing literature suggests that these shocks
reduce the probability of adoption. Health shocks reduce household labor availability
and divert investments toward health-related expenditures, which, in turn, decreases the

adoption of labor-intensive and costly innovations (Gebremariam and Tesfaye, 2018).

Table 4 also shows the relationship between weather factors and technology adoption.
Specifically, an increase in the annual mean temperature is negatively associated with
the adoption of chemical fertilizers and improved seeds, while it is positively correlated
with the use of organic fertilizers. This may be because temperature plays a key role in
the production of high-quality organic fertilizers (compost and manure). Additionally,
an increase in annual rainfall increases the likelihood of using chemical fertilizers and
adopting irrigation practices. Higher rainfall positively impacts fertilizer use in areas
with favorable irrigation. Farmers view the use of fertilizers as a risk mitigation strategy
in response to rainfall shocks, aiming to prevent low yields (Guo and Chen, 2022) and

alleviate cash shortages (Alem et al., 2010; Gebregziabher and Holden, 2011).

Regarding household characteristics, it is surprising that household heads with a higher
level of education are less likely to adopt chemical and organic fertilizers. A possible
explanation for this result is that more educated farmers may be more inclined to engage
in non-agricultural activities that generate higher income than farming. Consequently,
they may be less motivated to invest in adopting agricultural innovations. The result
accords with the findings of Uematsu and Mishra (2010) and Gould et al. (1989), that
formal education can be a barrier to innovation adoption, particularly for smallholder

farmers who are more likely to invest in non-agricultural ventures.
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Table 4: Determinants of the adoption of agricultural technologies

Variable Chemical fertilizers Irrigation Improved seed Organic fertilizers
Health shock 0.039 (0.074) -0.047 (0.066) 0.114 (0.070) -0.040 (0.063)
Local unrest 0.097 (0.159) -0.431*** (0.151) 0.491(0.143) -0.284** (0.142)
Drought 0.009 (0.078) 0.097*(0.071) 0.062 (0.075) 0.029 (0.068)

Food price shock -0.253*** (0.084) 0.051 (0.076) 0.156** (0.079) -0.009 (0.073)
Inputs cost shock -0.134 (0.110) -0.056 (0.099) -0.146 (0.112) -0.086 (0.096)
Death of livestock 0.021 (0.100) 0.109 (0.092) 0.226** (0.094) 0.064 (0.089)

Temperature
Rainfall
Household size
Head education
Head age

Head gender
Farm size

Non farm business

Livestock number

Livestock ownership
Access to assistance
Distance to main road
Extension program
Access to microfinance

-0.859%%* (0.168)
0.178** (0.088)
0.088 (0.069)
-0.055* (0.031)
0.187** (0.088)
-0.050 (0.072)
-0.017 (0.051)
-0.057 (0.115)
0.285* (0.156)
0.081 (0.064)
-0.042 (0.108)
-0.068** (0.030)
0.146*** (0.062)
-0.039 (0.077)

-0.067 (0.148)
0.190** (0.082)
0.008 (0.062)
-0.014 (0.028)
-0.042 (0.080)
-0.023 (0.065)
-0.008 (0.046)
0.024 (0.104)
0.082 (0.138)
0.097* (0.057)
-0.036 (0.098)
-0.048* (0.027)
-0.053 (0.055)
0.125* (0.069)

-0.464%%%(0.157)
0.014 (0.086)
0.020 (0.066)
-0.002 (0.030)
0.087 (0.085)
-0.061 (0.069)
-0.010 (0.050)
-0.056 (0.113)
0.101 (0.150)
-0.065 (0.061)
0.194* (0.100)
-0.022 (0.029)
-0.015 (0.059)
-0.022 (0.074)

0.245* (0.141)
0.063 (0.077)
0.086 (0.059)
-0.081%%* (0.027)
-0.020 (0.076)
-0.079 (0.063)
0.080%* (0.044)
-0.057 (0.100)
0.129 (0.133)
0.103* (0.055)
0.012 (0.091)
-0.079%** (0.026)
0.084 (0.053)
0.044 (0.068)

Constant 3.267**%* (1.063) -0.793 (0.938) 1.384 (1.002) -1.579* (0.896)
Observation 2223

Wald chi2(84) 778

Prob > chi2 0.000

Source: Author's calculation based on data from ESS (2018/19).
Note: Standard errors in parentheses; ***, ** and * indicate statistical significance at 1%, 5% and 10% respectively.
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Households with older heads tend to adopt chemical fertilizers, while those with larger
farm sizes are more inclined to use organic fertilizers. This suggests that older farmers
may accumulate informal knowledge about the benefits of chemical fertilizers through
experience, thereby increasing the likelihood of their adoption. These findings align
with Teklewold et al. (2006) and Beshir et al. (2012), who report that older farmers are
more likely to adopt improved technologies than their younger counterparts. Similarly,
Ketema and Bauer (2011) and Gelgo et al. (2016) suggest that farmers with larger farms

are more inclined to use less costly inputs, such as organic fertilizers.

In addition, livestock ownership is positively correlated with the use of irrigation and
organic fertilizers. This can be explained by the fact that livestock provide manure and
compost, which farmers use as organic fertilizers. These results are consistent with the
findings of Gelgo et al. (2016), Gebremariam and Tesfaye (2018), Zondo (2020), and
Aryal et al. (2021). Moreover, farmers with access to financial support are more likely
to adopt improved seeds. Financial and technical assistance from the government plays
a key role in facilitating this adoption. Households located farther from the main road
are less likely to use irrigation, chemical and organic fertilizers. Greater distance from
roads and markets increases transport costs and time (Asfaw et al., 2016), limits access
to information on technologies and prices (Admassie and Ayele, 2010), and ultimately

reduces the likelihood of adopting innovations.

As expected, participation in extension programs increases the likelihood of chemical
fertilizer use. This finding is consistent with those of Admassie and Ayele (2010) and
Gebremariam and Tesfaye (2018), who find a positive association between extension
services and the adoption of agricultural technologies. A possible explanation is that
extension programs provide farmers with information on the benefits and proper use of
agricultural innovations, making participants more likely to adopt these technologies
than non-participants. Moreover, follow-up and advisory support from extension agents
can encourage adoption by addressing farmers' concerns and boosting their confidence
in using new inputs. Another institutional factor considered in this study is microfinance
institutions, which help promote the adoption of irrigation technologies. For rural
households, these institutions provide access to credit, allowing them to finance costly

innovations, such as irrigation systems.
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e Coping Mechanisms of Households During Shocks

This section presents the results of the MVP model that identifies the coping strategies
households adopt in response to shocks. As shown in Table 5, farmers are less likely to
rely on their savings when faced with health-related shocks. This may be because rural
households tend to use their savings when faced with serious illness, unless they opt for
less expensive or traditional forms of treatment. Debebe et al. (2013) reached a similar
conclusion that households facing health and conflict shocks are less likely to draw on
savings or reduce food consumption, but are more likely to sell assets and borrow. This
could be due to the idiosyncratic nature of such shocks, which makes borrowing from
relatives an effective coping strategy. Similarly, Ansah et al. (2021) found that as the
duration of a health shock increases, households are less likely to use savings and more
likely to rely on labor, adjust their consumption patterns, and seek support from social

networks.

During local unrest, households are more likely to change their eating patterns, migrate,
or sell their livestock. To cope with the impact of unrest on income, they may opt for
less expensive food and reduce meal frequency; however, this strategy could eventually
lead to food insecurity. In times of unrest and conflict, rural households face significant
challenges in cultivating cash crops, which prompts them to consider selling livestock
as a means of generating cash for essential expenses. As the severity and duration of
unrest intensify, migration becomes a more viable solution. Appiah and Bukari (2022)

also found that migration is a common response to unrest.

Drought shocks often result in reduced agricultural productivity and household income,
making it difficult for families to meet their basic needs. As a result, households in this
study rely on savings, assistance from relatives and government sources, adjustments
in eating patterns, and the sale of livestock as coping mechanisms. Consistent with these
findings, Hussain et al. (2020) identified the sale of agricultural land and livestock,
reliance on assistance, and migration as responses to weather shocks. Similarly, Debebe
et al. (2013) concluded that households draw on savings and reduce food consumption

in response to natural shocks.
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According to the World Bank (2011) report, higher food prices contribute to increased
poverty, poorer nutrition, and limited access to essential services such as healthcare and
education for households engaged in buying or selling food. In this study, farmers are
more likely to rely on savings, take loans, and sell livestock or durable assets as coping
strategies in response to increases in food prices. Lawlor et al. (2019) found that cash
enables households facing agricultural production and price shocks to access social
services, stabilize and increase food consumption, and improve overall food security.
In response to price shocks, households often rely on their savings and reduce food
consumption. Unlike idiosyncratic shocks, which primarily affect individuals, price
shocks impact entire communities, making strategies such as borrowing from relatives

less effective (Debebe et al., 2013).

Most farming households in Ethiopia depend on livestock, such as oxen, for plowing,
and losing them can result in both economic and psychological hardships. In such cases,
households are more likely to seek government assistance or migrate. The government
may provide assistance in the form of cash, livestock, or shock prevention programs,
enabling households to take proactive measures. Previous studies have also found that
government and non-governmental assistance programs help households prevent and

mitigate the effects of floods, droughts, and livestock diseases (Nguyen et al., 2020).
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Table 5: Coping Mechanisms of Households During Shocks

Own saving  Relatives Government Change eating Migration Credit Sell durable Sell livestock
patterns assets
Health shock -0.146%* -0.098 0.092 -0.109 -0.285 -0.205 0.034 -0.009
(0.076) (0.103) (0.089) (0.121) (0.178) (0.128) (0.136) (0.076)
Local unrest -0.198 -0.133 0.278 0.457** 0.524%* 0.154 -0.241 0.357%*
0.167) (0.217) (0.172) (0.196) (0.236) (0.218) (0.313) (0.145)
Drought 0.331%** 0.223%* 0.227%* 0.240%* -0.028 0.039 0.059 0.157**
(0.075) (0.098) (0.091) (0.111) (0.160) (0.121) (0.143) (0.078)
Food price shock 0.192%* 0.096 -0.062 -0.070 -0.124 0.203* 0.631%** 0.152%*
(0.079) (0.106) (0.105) (0.132) (0.181) (0.117) (0.121) (0.081)
Inputs cost shock -0.088 0.079 -0.113 -0.261 -0.092 -0.128 -0.091 0.133
(0.117) (0.147) (0.147) (0.199) (0.239) (0.188) (0.216) (0.110)
Death of livestock 0.134 0.157 0.533%** 0.142 0.281* 0.123 0.220 -0.056
(0.097) (0.125) (0.105) (0.142) (0.169) (0.145) (0.162) (0.102)
Household size -0.100 -0.209**  -0.139* -0.164 -0.058 -0.001 0.120 -0.033
(0.068) (0.089) (0.084) (0.105) (0.137) (0.107) (0.125) (0.069)
Head education -0.001 -0.027 0.014 -0.031 -0.135%* 0.036 0.038 -0.030
(0.031) (0.041) (0.038) (0.048) (0.068) (0.048) (0.056) (0.032)
Head age -0.039 0.101 0.002 0.001 0.050 0.080 0.030 0.012
(0.088) (0.117) (0.109) (0.136) (0.178) (0.136) (0.163) (0.090)
Head gender 0.078 -0.025 -0.071 0.003 0.025 -0.021 -0.292%* 0.102
(0.073) (0.096) (0.088) (0.113) (0.148) (0.112) (0.121) (0.075)
Constant -0.634* -1.525%** -] 22]%** -1.442% %% -2.039%*x D (Q32%H*k D D[3HH* -0.997**
(0.362) (0.485) (0.450) (0.563) 0.732 (0.560) (0.666) (0.372)
Log likelihood -5935
Number of obs. 2223
Wald chi2(100) 204.2
Prob > chi2 0.000

Source: Author's calculation based on data from ESS (2018/19).
Note: Standard errors in parentheses; ***, ** and * indicate statistical significance at 1%, 5% and 10% respectively.
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1.5. Limitations

This study utilizes cross-sectional data, as the continuation of the panel dataset was
released after the study had been completed. As a result, the reliance on cross-sectional
data limits the ability to establish causal relationships between shocks and the adoption
of agricultural innovations, as well as to examine dynamic changes in farmers' decisions

over time.

Although the study incorporates a range of explanatory variables, there remains the
possibility that unobserved factors influence the main variables of interest (extension
program participation and exposure to shocks) and the outcome variable (technology
adoption). While the use of a multivariate probit model helps account for correlations
between unobserved disturbances across different innovation choices, it does not fully
eliminate concerns about omitted variable bias. Ideally, addressing endogeneity would
require applying an instrumental variable (IV) approach. For instance, Mgendi et al.
(2022) examined the impact of farmers' participation in agricultural training programs
on the adoption of rice production technologies in Tanzania, using the distance to the
nearest training center as an instrumental variable to address endogeneity in program

participation.

Based on insights from Mgendi et al. (2022) and the structure of the ESS dataset, this
study considered using the distance to the nearest health facility, market, and extension
office as potential instruments to address endogeneity related to health shocks, food
price shocks, and extension program, respectively. However, a high proportion of
missing values for these variables rendered the application of an IV approach infeasible.
Moreover, the ESS dataset lacked information on historical conflict incidence and long-
term rainfall variability, which are often employed as instruments for local unrest and
drought shocks in related studies. As a result, this study could not fully address potential

endogeneity concerns through the use of instrumental variable techniques.
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1.6. Conclusion

The adoption of agricultural innovations, by transforming traditional farming practices,
increases productivity and enhances rural welfare. However, adoption rates among
Ethiopian smallholder farmers remain low, highlighting the need to identify the factors
that influence adoption. This study aims to explore the association between shocks,
participation in extension programs, and farmers' adoption of agricultural technologies,
using data from 2,223 households in the 2018/19 Ethiopian Socio-Economic Survey
and applying the MVP model. It also examines the coping strategies that households
employ in response to shocks. Among these households, 55 percent experienced at least

one shock and 83 percent adopted at least one agricultural technology during the year.

The results reveal that shocks have diverse and context-specific effects on farmers'
decisions to adopt agricultural innovations. Households experiencing food price shocks
are less likely to use chemical fertilizers but more likely to adopt improved seeds.
Drought-affected households tend to implement irrigation practices, while local unrest
discourages the use of both irrigation and organic fertilizers. Interestingly, households
facing livestock losses are more likely to adopt improved seeds, suggesting that the loss
of livestock may prompt a shift toward crop production as an alternative livelihood
strategy. Beyond shocks, participation in extension programs is positively associated

with the adoption of chemical fertilizers.

Additionally, the results indicate that the use of organic fertilizers complements both
chemical fertilizers and irrigation, meaning that any policy changes affecting organic
fertilizer use could have significant ripple effects on the adoption of these other inputs.
Based on these findings, it is essential to strengthen extension programs and regularly
evaluate their effectiveness to support farmers in making informed decisions about
technology adoption. Furthermore, stabilizing food prices, maintaining peace and
security, improving farmers' access to microfinance, and investing in infrastructure—

such as markets and roads—are crucial for enhancing agricultural practices.

Regarding households' ex-post coping strategies, the study shows that the commonly
employed responses include selling livestock, migration, changes in eating patterns,
reliance on government support, and the use of personal savings. Rural households are
less likely to draw on savings when faced with health shocks. This may be due to limited
access to and the high cost of modern medical services, which often force them to rely

on cheaper traditional medicines, reducing the need to use their savings. They are more
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likely to change their dietary habits, migrate, and sell livestock during periods of local
unrest. This can be attributed to a decline in household crop yields and stocks during
unrest, which compels them to adjust their diet. To cover additional expenses, they may

sell livestock and, as a last resort, consider migrating to areas less affected by the unrest.

In a drought shock, households are more likely to rely on savings, help from relatives
and the government, change dietary habits, and sell livestock. Similarly, during a food
price shock, they tend to draw on savings, take loans, and sell livestock and durable
assets. Livestock death shocks are associated with coping strategies such as government
assistance and migration. These indicate that in more severe shocks, like droughts and
livestock deaths, households need government support. Therefore, the government
should prioritize providing aid in the form of food, financial assistance, water supply,
and ex-ante protection measures, as well as improving access to health services, to

strengthen households' shock coping ability.
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Appendix

Appendix 1: Descriptive statistics of the variables based on adoption status

Chemical fertilizers Irrigation Improved seed Organic fertilizers
Variable User Nonuser User Nonuser User Nonuser User Nonuser
Household characteristics
Household size 4.792 4772 4.780 4.784 4.821 4,768 4.861%* 4.693
(0.067) (0.082) (0.080) (0.070) (0.093) (0.064) (0.068) (0.083)
Head education 2.689 2.860 2.789 2.764 2.715 2.795 2.636%* 2.930
(0.104) 0.117) (0.126) (0.100) (0.147) (0.092) (0.105) (0.117)
Head age 45 81 *** 43.55 4423 44.99 45.18 44.52 44 .39 45.04
(0.472) (0.462) (0.521) (0.429) (0.644) (0.386) (0.445) (0.495)
Head gender 0.764* 0.789 0.774 0.778 0.762 0.782 0.768 0.786
(0.012) (0.012) (0.014) (0.011) (0.017) (0.010) (0.012) (0.012)
Shocks
Health shock 0.221* 0.196 0.197 0.216 0.230* 0.201 0.205 0.213
(0.012) (0.011) (0.013) (0.011) (0.017) (0.009) (0.011) (0.012)
Local unrest 0.032%** 0.047 0.030** 0.045 0.069*** 0.028 0.034 0.045
(0.005) (0.006) (0.005) (0.005) (0.010) (0.004) (0.005) (0.006)
Drought 0.186 0.170 0.193* 0.168 0.196* 0.171 0.184 0.172
(0.011) (0.011) (0.013) (0.010) (0.016) (0.009) (0.011) (0.011)
Food price shock 0.128%*** 0.197 0.175* 0.154 0.191** 0.151 0.167 0.157
(0.009) (0.012) (0.012) (0.009) (0.016) (0.008) (0.010) (0.011)
Inputs cost shock 0.076 0.079 0.071 0.081 0.070 0.080 0.074 0.081
(0.007) (0.008) (0.008) (0.007) (0.010) (0.006) (0.007) (0.008)
Death of livestock 0.094* 0.115 0.114 0.098 0.131** 0.095 0.108 0.100
(0.008) (0.009) (0.010) (0.008) (0.013) (0.007) (0.009) (0.009)
Weather factors
Temperature 189.3%** 205.9 199.3** 196.4 194.6%* 198.6 199.7%** 195.0
(1.063) (1.201) (1.383) (1.012) (1.553) (0.964) (1.161) (1.149)
Rainfall 1093 1098 1113%** 1084 1096 1095 1102 1088
(10.38) (10.30) (11.26) (9.581) (14.48) (8.476) (9.694) (11.08)
Socio-economic factors
Farm size 1.502 2.088 1.547 1.948 0.589** 2.231 2.598* 0.882
(0.805) (0.800) (0.841) (0.759) (0.083) (0.773) (1.043) (0.265)
Non farm business 0.066 0.078 0.076 0.070 0.067 0.074 0.069 0.075
(0.007) (0.008) (0.009) (0.006) (0.010) (0.006) (0.007) (0.008)
Livestock number 1.906* 1.866 1.881 1.890 1.904 1.880 1.903 1.867
(0.021) (0.018) (0.021) (0.018) (0.027) (0.016) (0.021) 0.017)
Livestock ownership 0.454 0.447 0.467 0.440 0.429 0.459 0.460 0.440
(0.014) (0.015) (0.016) (0.013) (0.020) (0.012) (0.014) (0.015)
Access to assistance 0.083 0.089 0.084 0.087 0.107** 0.078 0.087 0.085
(0.008) (0.008) (0.009) (0.007) (0.012) (0.006) (0.008) (0.008)
Distance to main road 14.90** 13.55 13.32%* 14.82 14.02 14.31 13.74* 14.79
(0.491) (0.518) (0.571) (0.457) (0.678) (0.420) (0.495) (0.515)
Institutional factors
Extension program 0.684*** 0.172 0.413* 0.442 0.424 0.434 0.438 0.423
(0.013) (0.011) (0.016) (0.013) (0.020) (0.012) (0.014) (0.015)
Access to microfinance 0.174 0.192 0.200** 0.172 0.176 0.186 0.185 0.181
(0.011) (0.011) (0.013) (0.010) (0.015) (0.009) (0.011) (0.011)
Observations 1,124 1,099 866 1,357 594 1,629 1,179 1,044

Source: Author's calculation based on data from ESS (2018/19).

Note: Standard errors in parentheses; ***, ** and * indicate statistical significance at 1%, 5% and 10%

respectively.
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Appendix 2: Correlation coefficient between coping strategies

Own saving Relatives ~ Government Change eating  Migration Credit Sell durable Sell livestock
patterns assets
Own saving 1 0.124 ***  0.104 -0.009 0.154 *** 0.132 ** 0.152 #** 0.057
(0.047) (0.064) (0.051) (0.046) (0.057) (0.055) (0.064)
Relatives 1 0.197 #** -0.003 0.212 *** 0.188 *** 0.346 *** 0.225 ***
(0.053) (0.041) (0.037) (0.048) (0.042) (0.057)
Government 1 0.002 0.256 *** -0.058 0.132 ** 0.127 *
(0.051) (0.044) (0.062) (0.057) (0.066)
Change eating patterns 1 0.015 0.066 0.031 -0.063
(0.040) (0.052) (0.049) (0.062)
Migration 1 0.289 *** 0.377 *** 0.210 ***
(0.044) (0.040) (0.053)
Credit 1 0.460 *** 0.209 ***
(0.043) (0.059)
Sell durable assets 1 0.313 #**
(0.058)
Sell livestock 1

Source: Author's calculation based on data from ESS (2018/19).
Note: Likelihood ratio test of p = 0: %2 (45) = 403.905: Prob > 2= 0.000; Standard errors in parentheses; ***, ** and * indicate statistical significance at 1%, 5% and 10% respectively.
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Chapter 2: The Effects of Energy Sources on Household Health
Outcomes in Ethiopia

Abstract

In Ethiopia, household energy consumption is largely met through traditional sources,

such as firewood, charcoal, crop residues, dung, kerosene, and butane. The use of these
fuels releases harmful pollutants that result in indoor air pollution and, when inhaled,

can lead to health problems. This study investigates the association between household
energy sources and health outcomes in Ethiopia and explores the disparities in this

relationship between rural and urban areas. The analysis is based on panel data from

the Ethiopian Socioeconomic Survey (2011-2016), covering 2,371 households, and
employs a Fixed Effects Logit model and Propensity Score Matching to control for
unobserved heterogeneity and potential selection bias. The findings indicate that
households using traditional fuels experience a significantly higher prevalence of
respiratory diseases compared to those using modern energy, and this relationship is
more pronounced in rural areas than in urban ones. However, the association between

traditional fuel use and general health problems other than respiratory issues is not
statistically significant. To mitigate these health risks, reducing household dependence
on traditional fuels is essential. This requires balancing the demand and supply of
electricity while expanding support for the adoption of clean energy alternatives such

as solar power and biogas, particularly in rural areas.

Keywords: Traditional fuels, Indoor air pollution, Health outcomes, Respiratory diseases,
Propensity Score Matching, Ethiopia
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2.1. Introduction

The United Nations' 2030 Agenda for Sustainable Development underscores the need
to provide universal access to affordable, reliable, sustainable, and modern energy.
Achieving this goal is crucial not only for promoting development, but also for reducing
deaths related to hazardous air pollution. However, a growing global energy shortage
threatens this vision, as highlighted by the energy crisis of 2021-2022. This crisis was
driven by the COVID-19 pandemic and the Russia—Ukraine war (Ozili & Ozen, 2023).

During the COVID-19 pandemic, electricity demand in Europe and India declined as a
result of lockdown measures. After restrictions were lifted, energy demand surged,
surpassing depleted fossil fuel reserves (IEA, 2021). The Russia-Ukraine war also
exacerbated energy shortages by disrupting Russia’s fossil fuel supply to Europe and
driving up global energy prices. According to Coyle and Simmons (2014), the energy
shortage is further driven by the growing global population and increasing demand for

energy.

In 2021, 2.3 billion people lacked access to clean cooking technologies (WHO, 2023),
and 675 million had no access to electricity (World Bank, 2023). Limited access to, and
the high cost of, clean energy sources force households to rely on solid fuels as their
primary source of energy for daily activities. However, the incomplete combustion of
solid fuels—biomass (including animal dung, wood, crop residues, and charcoal) and
coal—in traditional kitchens with inadequate ventilation can release harmful pollutants
into the indoor environment. These pollutants include volatile organic compounds,

carbon monoxide, nitrogen dioxide, sulfur dioxide, and particulate matter.

Prolonged exposure to high concentrations of these pollutants poses serious health
risks, significantly increasing the likelihood of respiratory and cardiovascular diseases,
eye irritation, and other adverse health conditions (Jagger & Shively, 2014; Yu et al,,
2018; Balmes, 2019). As a result, household air pollution contributes to an estimated
3.2 million deaths each year. Of these fatalities, 32% are attributed to ischaemic heart
disease, 23% to strokes, 21% to lower respiratory infections, 19% to chronic obstructive

pulmonary disease, and 6% to lung cancer (WHO, 2023).
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In Ethiopia, approximately 82% of the population relies on biomass for cooking, and
this contributes to an estimated 63,000 deaths annually due to indoor air pollution (Sieff
et al., 2022). This issue is particularly severe in rural areas, where people often cook in
shared living spaces using traditional cookers with inadequate ventilation. Therefore,
this study aims to: (a) analyze the association between household energy sources and
health outcomes in Ethiopia; (b) assess how this relationship varies between urban and
rural households; and (c) explore how housing conditions, socioeconomic factors, and

demographic characteristics are linked to household health outcomes.

This research contributes to the existing literature in several ways. First, while prior
studies have examined the relationship between energy use and health in Ethiopia,
many have focused on specific cities or regions (Edelstein et al., 2008; Balidemaj et al.,
2021), targeted particular groups such as women (Tamire et al., 2020; Kanno et al.,
2022) or children (Geremew et al., 2020; LaFave et al., 2021), or relied solely on cross-
sectional data (Atnafu et al., 2021), limiting the generalizability of their findings. In
contrast, this analysis uses nationally representative panel data at the household level,

offering a more comprehensive understanding of the issue.

Second, studies in Ethiopia—including Mekuriaw et al. (2014), Geremew et al. (2020),
Tamire et al. (2020), and Tamire et al. (2022)— have primarily examined respiratory
diseases as indicators of health outcomes. However, this study categorizes household
health outcomes into general health problems and respiratory diseases. This distinction
1s important because the impact of different energy sources may vary depending on the
type of disease. Finally, while those studies show an association between energy use
and health status, this analysis establishes a causal relationship using the propensity

score matching method.

The organization of the study is as follows: Section 2.2 presents the theoretical and
empirical reviews of the literature. Section 2.3 outlines the methodology, including the
data description (2.3.1) and the empirical method (2.3.2). Section 2.4 discusses the

results, and Section 2.5 provides the conclusion and policy recommendations.
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2.2. Literature Review
2.2.1. Theoretical Review

e Household Energy Sources and Indoor Air Pollution

Ethiopia is endowed with diverse energy resources, including hydropower, biomass,
agricultural residues, natural gas, geothermal energy, coal, oil shale, and abundant solar
and wind energy. However, financial and technological constraints have hindered the
utilization of these resources, impeding their development, transformation, and optimal
contribution to economic growth (MoWIE, 2018). In 2019, Ethiopia's electricity access
rate was 45%, leaving nearly half of the population without electricity (MoWIE, 2019).

As aresult, households rely on a range of alternative energy sources to meet their daily
energy requirements. These include electricity, solid fuels, and liquefied petroleum gas
(LPG), which are used for heating, lighting, cooking, powering appliances, charging
electronics, and entertainment. Solid fuels comprise coal and biomass, which includes
animal dung, wood, crop residues, charcoal, and agricultural and forestry waste. LPG,
classified as a fossil fuel, consists mainly of propane and butane, with traces of other

hydrocarbons such as ethane and propylene (Matthews, 2011).

Although solid fuels are an important energy source, their inefficient combustion in
poorly ventilated indoor environments releases harmful pollutants: carbon monoxide,
small particles, nitrogen oxides, benzene, formaldehyde, polyaromatic hydrocarbons,
sulfur, arsenic, and fluorine (Youssef et al., 2015). Prolonged exposure to these
pollutants can lead to acute lower respiratory infections, chronic obstructive pulmonary
disease (COPD), asthma, and tuberculosis. Vulnerable groups, particularly women,
children, the elderly, and rural households, face a higher risk of adverse health effects
from this exposure (Toole, 2015; Muller & Yan, 2018).

e Theoretical Perspectives on Household Energy Choice
The energy choice behavior of households has been conceptualized using the theories
of the energy ladder and the energy stack model. The energy ladder theory suggests that
as households' income increases, they transition from using primitive energy sources to
modern energy (Hosier & Kipondya, 1993; Zheng et al., 2022). In many developing
countries, households initially rely on biomass fuels for domestic activities. These fuels

are often locally sourced and burned in traditional stoves or open fires, but reliance on
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solid fuels can contribute to indoor air pollution, deforestation, and health problems

(Masera, 2000).

As incomes rise and access to modern energy services improves, households are able
to switch to cleaner fuels such as liquefied petroleum gas or electricity. These fuels are
linked to improved cookstoves, reduced indoor air pollution, and greater efficiency,
albeit at a higher cost (Masera et al., 2000; Duflo et al., 2008). Investing in cleaner fuels
and efficient technologies is essential for achieving sustainable energy consumption.
Beyond the household level, there is a positive relationship between economic growth
and the adoption of modern fuels nationally. As countries progress economically, they
transition from biomass fuels to cleaner and more efficient energy sources—first fossil
fuels (coal, oil, and natural gas), and eventually to renewable energy sources like solar,

wind, and hydroelectric power (Hosier & Kipondya, 1993).

Although the energy ladder theory provides a useful framework for understanding the
energy transition, it has been criticized for several reasons. First, the linear progression
from traditional biomass to modern energy oversimplifies the reality, as households
often use multiple energy sources simultaneously (Masera et al., 2000). Second, the
theory overlooks cultural and gender factors, as well as behavioral patterns, which play
arole in energy choice (Jebaraj & Iniyan, 2006; Akpalu, 2011). Furthermore, it neglects
the impact of policy and infrastructure, both of which are crucial in shaping the energy
transition. These criticisms highlight the need for a more comprehensive understanding
of the contextual factors influencing the energy transition, extending beyond income

levels alone.

Unlike the energy ladder theory, which suggests a linear progression from traditional
to modern energy, the energy stack theory emphasizes the simultaneous use of multiple
fuel types. It states that households do not completely switch from one energy source
to another based-on income; instead, they utilize a mix of sources concurrently (Leach,
1992; Heltberg, 2004; Elias & Victor, 2005; Nascimento et al., 2015). For example,
Ethiopian households in urban areas may use electricity for cooking while still relying

on firewood and charcoal.

Masera et al. (2000) and Mensah and Adu (2015) indicate that the practice of energy
stacking arises from several factors. First, relying on multiple energy sources enhances
the reliability of the energy supply. When one source is unavailable or disrupted, others

can maintain provision and minimize the risk of outages. Second, irregular household
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incomes make consistent access to modern energy challenging, prompting them to use
different fuels to ensure energy security. Third, socio-cultural factors—including tastes,
preferences, and traditional cooking practices—contribute to the interchangeable use of
both traditional and modern energy. Finally, fluctuations in energy prices directly affect
energy affordability; when prices rise, households often adopt a mix of fuels as a cost-

saving strategy.

Overall, in contrast to the energy ladder, energy stacking offers a flexible approach to
energy management that enhances the reliability and affordability of energy supply by
allowing households to adapt their fuel use based on availability, cost, and convenience.
However, it falls short in addressing indoor air pollution concerns. To establish energy
stacking as a transitional phase toward clean cooking practices, it is essential not only
to encourage the use of a mix of fuel types but also to promote the adoption of improved

cookstoves that reduce harmful emissions (Elias & Victor, 2005).

2.2.2. Empirical Review

Globally, around 2.3 billion people rely on open fires or inefficient stoves fueled by
kerosene, biomass, or coal for cooking, with the majority living in poverty in low- and
middle-income countries (WHO, 2023). In countries like Ethiopia, particularly in rural
areas, biomass remains a crucial energy source for daily activities due to limited access
and affordability of modern energy alternatives (Tucho & Nonhebel, 2015; Landrigan
et al., 2017; Tamire et al., 2018).

The indoor combustion of biomass and coal produces indoor air pollution (Muhammad,
2020), which has been linked to increased mortality in developing nations (Saldiva &
Miraglia, 2004). According to Bond et al. (2013), Bailis et al. (2015), and Onyeneke et
al. (2018), the use of firewood for cooking in Africa has detrimental effects on both
health and the environment. It contributes to increased time and labor required for
cooking and fuel collection, exacerbates deforestation and climate change, and results

in indoor air pollution, which can lead to eye and respiratory diseases.

Studies by Van Vliet et al. (2019) in rural Ghana and Kurmi et al. (2014) in Nepal found
that people exposed to cooking-related indoor pollution were more likely to suffer from
asthma than those who were not exposed. Women and young children, who spend time
in the kitchen while cooking, are especially vulnerable. Smith-Sivertsen et al. (2009) in

Guatemala and Abbas et al. (2021) also highlight that using solid fuels for cooking
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negatively impacts women's health, particularly concerning respiratory symptoms and

lung function.

Similarly, Savitha et al. (2007) and Patel et al. (2019) found an association between
kerosene fuel lighting and acute respiratory infections in children in India. Households
with diagnosed cases of acute lower respiratory tract infections were more likely to use
kerosene fuel than those without such cases. Muyanja et al. (2017) also found that fuel-
based lighting in households is a major source of indoor air pollution. The use of fuel-
based lamps in poorly ventilated dwellings releases volatile organic compounds and
particulate matter. Inhalation of these harmful particles can lead to respiratory diseases,

including acute lung infections and lung cancer (Tran et al., 2020; Smith et al., 2000).

According to Smith et al. (2014), beyond the type of fuel used, cooking in traditional
kitchens and using traditional cooking practices contribute significantly to household
air pollution, which is among the leading causes of death globally. Consequently, the
Ethiopian government has promoted the adoption of improved cookstoves in recent
decades (Cooke et al., 2008; Fekadu et al., 2021). These improved cookstoves offer an
effective solution by reducing illnesses and deaths associated with indoor air pollution,
and by minimizing fuel consumption, firewood expenses, deforestation, and the time
spent collecting firewood and cooking (Bailis et al., 2015; Legesse et al., 2015; Kumar
& Mehta, 2016; Jeuland & Soo, 2016; Lacey et al., 2017; Onyeneke et al., 2018).

Moreover, electricity is essential for public health, as interruptions can disrupt critical
hospital services that depend on it, including lighting, anesthesia machines, and other
medical equipment (Hiete et al., 2011; Ockwell & Byrne, 2016). As Natuzzi et al.
(2011) emphasize, power outages pose serious risks to patients undergoing medical

procedures—particularly surgeries—where a reliable power supply is essential.

In addition to the use of solid fuels and power outages in health centers, the location of
households (whether rural or urban) also influences health outcomes. In 2022, around
75% of the Ethiopian population lived in rural areas (IFAD, 2022). Healthcare services
in these rural regions are often less accessible and of lower quality compared to those
in semi-urban and urban areas (WHO, 2010). Rural households, especially older ones,
experience poorer health outcomes than their urban counterparts due to limited access
to healthcare facilities, lower income level, and insufficient community support (Uzobo

& Dawodu, 2015).
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In developed countries such as the United States, rural populations tend to have lower
health status than urban populations, experiencing higher mortality rates from heart and
respiratory diseases, cancer, stroke, and a greater incidence of suicide (Moy, 2017;
Schroeder, 2018). Similarly, in China, disparities exist between rural and urban areas in
terms of healthcare resources, health outcomes, and disease prevalence (Jian et al.,
2010; Chen et al., 2014; Tian et al., 2016). In rural India, households’ reliance on
traditional biomass for cooking has contributed to premature deaths from respiratory,

cardiovascular, and other health-related issues (Ekholm et al., 2010).

Socio-economic factors are another determinant influencing health status by shaping
access to high-quality healthcare services. According to Eibner et al. (2004), individuals
with lower relative income are more likely to experience mental health problems such
as anxiety and depression. Giskes et al. (2010) found that socio-economic status plays
a key role in the consumption of unhealthy foods, contributing to a higher prevalence
of diet-related health problems. Adults in socioeconomically deprived neighborhoods
have higher mortality rates compared to those in less deprived areas (Braveman et al.,
2011). Braveman et al. (2010) and Bosworth (2018) point out that people with low
incomes are likely to smoke, have poor dietary habits, and experience stress and job
insecurity. These factors contribute to respiratory and cardiovascular diseases, as well

as increased mental health concerns.

Furthermore, demographic and climatic factors also have a notable effect on household
health outcomes. Adolescent girls in South Asia and the Pacific face challenges related
to sexual and reproductive health, including high rates of child marriage, fertility, and
intimate partner violence. In contrast, adolescent boys have higher mortality rates due
to unintentional injury, violence, substance abuse, suicide, and harmful drinking and

smoking (Kennedy et al., 2020).

Women are vulnerable to hypertension, respiratory infections, eye disease, and lung
cancer due to their exposure to biomass energy, as they are often the primary cooks in
the household (Lee et al., 2012; Vanker et al., 2017; Mo et al., 2019; Liu et al., 2020).
Similarly, in Ethiopia, women face an increased risk of developing chronic respiratory
diseases and experiencing slight reductions in lung function, adding to the challenges
they already encounter in fuel collection (Tamire et al., 2020). Kanno et al. (2022) found
that due to exposure to biomass fuels, women of reproductive age exhibit lower blood

hemoglobin levels and a higher risk of mild anemia.
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The impact of age on health varies significantly, with older individuals facing a higher
risk of developing health problems than younger age groups. In developing countries,
older people are a particularly vulnerable population group, facing malnutrition and
age-related health problems that are exacerbated by financial constraints (Fouad, 2004;
WHO, 2004). In particular, older people living in rural areas are more vulnerable to
health problems than their urban counterparts who have access to comprehensive health

facilities (Uzobo & Dawodu, 2015).

Differences in educational levels contribute to variations in health knowledge and to
health inequalities. Zajacova and Lawrence (2018) show that adults with lower levels
of education are more likely to experience poorer health. Similarly, Renard et al. (2019)
emphasize that socioeconomic status, including educational distribution, can influence
health outcomes. According to Zajacova and Lawrence (2018), education determines
income and healthier lifestyle choices. In Ethiopia, evidence indicates that educational
expansion influences health disparities. Initially, literacy explains differences in health
care utilization; however, as primary education becomes more widespread, its influence

tends to diminish over time (Jeong, 2019).

Climate factors affect health outcomes, particularly through the spread of vector-borne
diseases. Climate change increases the likelihood of extended transmission periods for
vector-borne diseases, such as malaria, in East Africa. The WHO (2013) report states
that 68% of Ethiopians live in malaria-prone areas. The health effects of climate change
include malnutrition caused by food shortages and increased morbidity and mortality
due to extreme temperatures. In addition, poor air quality and deaths from floods and

storms exacerbate these health risks (Climate Resilient Green Economy, 2011).

2.3. Methodology
2.3.1. Data

The analysis employed three waves of nationally representative data from the Ethiopian
Socioeconomic Survey (ESS)’, conducted in 2011/12, 2013/14, and 2015/16. A two-

stage probability sampling method was used to collect the data: first, enumeration areas

5 ESS is a collaborative initiative between the Central Statistics Agency (CSA) of Ethiopia and the World
Bank’s Living Standards Measurement Study—Integrated Surveys on Agriculture (LSMS-ISA) team. It
includes household, community, livestock, post-planting, and post-harvest agricultural questionnaires,
and incorporates environmental characteristics of the surveyed areas. To ensure that the selected sample
accurately represents the national household population in rural areas, small towns, and large towns,
sample weights with post-stratification adjustments were applied.
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(EAs) were selected, followed by the selection of households within each EA for the
interviews. In the first wave, 333 EAs and 3,969 households were selected from rural
and small-town areas, yielding a response rate of 99.3%. In waves two and three, the
number of EAs increased to 433 by including urban areas in addition to rural and small
towns. In wave two, 5,262 households (3,776 panel households from wave one) were
interviewed, achieving a response rate of 96.2%. A total of 4,954 households were re-
interviewed, with a response rate of 85% in the third wave. The combination of these
three waves resulted in a nationally representative panel dataset comprising households
from rural and small-town areas. Finally, this study utilized a balanced panel of 2,371

households, after excluding those with missing observations.

Table 1 provides summary statistics for the variables selected for the empirical analysis,
based on both the available data and insights from the relevant literature. The outcome
variable, representing health status, comprises two components: respiratory diseases
and general health problems. Households are categorized as having respiratory diseases
if they have consulted a formal healthcare provider for issues such as nose and throat
problems, upper respiratory tract infections, tuberculosis, asthma, and pneumonia.
Similarly, they are grouped as having general health problems if they have consulted a
formal healthcare provider for conditions like kidney problems, heart issues, high blood

pressure, and skin disorders.

Using consultations with formal healthcare providers as a criterion, rather than relying
on self-assessments, minimizes the potential for misinterpretation or underestimation
of health status. This approach provides an accurate understanding of the prevalence
and impact of respiratory and general health problems in the surveyed households, as it
ensures that diagnoses are made by professionals, thereby enhancing the reliability of

the data.

The main explanatory variables are the types of energy sources used by households for
lighting and cooking. The cooking fuel variable takes the value of 1 if the household
uses traditional fuels such as firewood, charcoal, crop residues, dung, kerosene, and
butane for cooking, and a value of 0 if the they use modern energy sources (electricity,
solar energy, or biogas). The lighting type variable takes the value of 1 if the household
uses traditional lighting sources, such as lanterns, kerosene lamps, dry cell batteries
with switches, candles, and firewood, while it takes the value of 0 if they use modern

energy sources (electricity, solar energy, and biogas).
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In addition to the main variables of interest, the analysis incorporated control variables
to account for potential confounding factors. These include demographic characteristics
— gender, age, education level of household heads, and household size — as well as
socioeconomic factors, including annual household income, consumption expenditure,
and whether the household received government assistance in the form of free food or
cash in the 12 months preceding the survey. The annual household income is defined
as the gross salary from the main job, earnings from temporary work, and income from
gifts, pensions, investment returns, rental income, asset sales, and lottery winnings

earned in the 12 months before the survey.

Households' housing condition indicators and geographical and environmental factors
are also considered control variables. The housing condition indicators are: the type of
kitchen (coded as 1 if the household has no kitchen or uses a room for a traditional
kitchen inside or outside the housing unit, and O if it has a modern kitchen inside or
outside the housing unit); the frequency of electricity interruptions per week; and the
hours spent collecting firewood per day. The geographical and environmental factors
include the proximity of households to the nearest major urban center, whether they

live in rural or urban areas, and the average annual rainfall.

2.3.2. Empirical Method
e Fixed Effects Method

To analyze the relationship between energy sources and health outcomes, the study
employed a Fixed Effects (FE) logit model and Propensity Score Matching (PSM). The
selection of the FE model was based on the results of the Hausman test, and the choice
of the logit model was driven by the binary nature of the dependent variable. The model

specification is provided in Equation 1 below.

Yht = BcCht +Brlne + X'ney + an + B+ i (1)
Where, yy; represents the health outcomes (respariatory disease and general health
problem) for household h at time t, with t corresponding to the period of each wave of
the ESS survey. Cj,; and Ly, are indicator for energy sources, representing cooking fuel
and lighting type, respectively. B. and f; are coefficients showing the effects of
cooking fuel and lighting type on health outcomes. xj; is a vector of other control
variables that influence health outcomes and is represented by the coefficient vector y.
The control variables are demographic, housing indicators, socioeconomic, geographic

and environmental factors. a;, captures household-specific fixed effect or unobserved
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household heterogeneity that doesn't vary over time. |, is a year fixed effects; and vy,

is the error term, representing unobserved factors or random variation.

In panel data analysis, FE estimators are employed to account for unobserved, time-
invariant heterogeneity across households (Allison, 2005). However, a challenge in
using FE arises when the main variable of interest—household energy types—may be
endogenous. This endogeneity could introduce bias into the estimates due to omitted
variables, measurement error, simultaneity, or reverse causality (Angrist & Pischke,
2009; Vaisey & Miles, 2017; Cheng et al., 2021). In this study, the baseline results from
the FE model are further validated using PSM, which helps to reduce selection bias

from observable characteristics and to improve causal inference.

e Propensity Score Matching

In observational data, households are grouped as users of traditional or modern energy
in a non-random manner, as their energy choices are shaped by income, education,
geographic location, and infrastructure availability. For instance, rural households with
limited access to electricity are more likely to rely on firewood and charcoal, whereas
urban households with better infrastructure tend to use modern energy sources. Since
these energy choices are influenced by economic and social constraints rather than
random assignment, selection bias arises when analyzing the relationship between
energy use and health outcomes (Duflo et al., 2008). Observational studies therefore
face challenges in accurately estimating causal effects due to confounding factors and

selection bias.

Among non-experimental approaches, this paper employs Propensity Score Matching
(PSM) due to the nature of the ESS data and PSM’s ability to mitigate selection bias by
mimicking random assignment of treatment (Dehejia & Wahba, 2002; Lin & Okyere,
2020; Ang'u et al., 2023; Awan & Rahut, 2023). PSM enhances causal inference in
observational studies by constructing a comparison group with similar observable
characteristics. By matching households that use traditional and modern energy based
on factors such as income, education, and location, PSM helps reduce bias arising from

differences in observed covariates.

The two key assumptions for implementing PSM are the conditional independence and
common support (overlap) assumptions. The conditional independence assumption

states that potential outcomes are independent of treatment assignment, conditional on
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observable characteristics or the propensity score (Caliendo & Kopeinig, 2008). The
common support assumption requires that individuals with the same attributes have a

positive probability of being assigned to both the treatment and control groups.

PSM aims to make treated and control groups comparable by balancing their observed
characteristics using propensity scores, which represent the probability of receiving
treatment conditional on those characteristics (Rosenbaum & Rubin, 1983).

The propensity score is defined as:

p(X;) = P(D; = 1] X)) @)

Where, p(X;) denotes the propensity score, D is the exposure to treatment (1 for using
traditional energy sources for cooking, 0 for using modern energy sources for cooking),
and X; is a vector of confounding variables. Assuming the conditional independence
and common support assumptions hold, the PSM estimator for the Average Treatment

Effect (ATE), conditional on the propensity score, is given by:
ATE = E(Yy|D; = 1, p(X;)) — E(Yoi|D; = 0,p(Xy)) (3)

Where Y;; and Yy; are the outcome variables for treated and control groups, respectively.
ATE is the difference between the expected health outcomes for individuals who use
traditional energy and those who use modern energy for cooking, after accounting for

the propensity score.

To balance observed covariates between the treatment and control groups, nearest
neighbor, radius, kernel, and stratification matching methods were employed. The
covariates used to match households with the most similar propensity scores include
demographic characteristics, housing conditions, and socioeconomic, geographic, and

environmental factors.

In PSM, balancing covariates during the matching process is crucial for ensuring
comparability between the treatment and control groups. Balance is assessed using t-
tests to compare mean values before and after matching, with successful matching
indicated by non-significant differences in covariate means after matching (Rosenbaum
& Rubin, 1985). Similarly, Pseudo R? values before and after matching are commonly
used to evaluate covariate balance, where a low Pseudo R? after matching indicating
that covariates do not significantly explain variation in treatment assignment (Sianesi,

2004).
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2.4. Results and Discussion
2.4.1. Summary Statistics

The descriptive statistics for the variables used in the analysis are shown in Table 1. In
addition, the distribution of all variables is categorized by energy type, and Appendix
1 reports the mean differences between users of traditional and modern energy sources
for cooking and lighting. The study analyzed 2,371 households over three years with a
total of 7,113 observations. As shown in these tables, on average, 12% of households
sought formal medical treatment for respiratory diseases, and 55% received treatment
for general health problems. Households using traditional fuels for cooking report a
higher prevalence of medical treatment for both respiratory and general health issues
compared to those using modern energy. This suggests a potential health risk associated

with traditional fuel use for cooking.

Table 1 also indicates that 75% of household heads are male, with an average age of 46
years. The average education level of household heads is 6.6 years, and the average
household size is five people. Households relying on traditional fuels for cooking and
lighting generally have lower education levels and larger family sizes than those using
modern energy. 68% and 74% of households rely on traditional fuels for cooking and
lighting respectively, emphasizing their role as a primary energy source. Furthermore,
96% of households either lack a kitchen or have a traditional kitchen located inside or
outside the housing unit. The average frequency of power interruptions per week is six,

and they spend about 1.2 hours per day collecting firewood.

About 33% of households received government assistance in the form of free food or
cash, and the average annual household income and consumption expenditure are 1,550
and 20,119 Ethiopian Birr, respectively. Appendix 1 shows that modern energy users
have higher income and consumption expenditure than those using traditional fuels. On
average, communities are 77 kilometers away from the major urban center, and 88.7%
of households live in rural areas. The mean disparities in distance to the major urban
center and rural/urban residence are statistically significant between users of traditional

fuels and modern energy, with both values being higher for users of traditional fuels.
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Table 1: Descriptive Statistics

Variable & Expected Signs Description and Measurement Mean Std. dev. Min Max
Demographic variables

Head gender (-) 1 if the household head is male; 0 if female 0.752 0.432 0 1
Head age (+) In years 46.08 15.15 18 98
Head education (-) In years 6.621 1.898 14
HH size (+) In number 5.056 2.380 12
Energy Source

Cooking fuel (+) 1 if the HH uses traditional cooking fuel; 0 if using modern energy 0.684 0.465 0 1
Light type (+) 1 if the HH uses traditional lighting sources; 0 if using modern energy 0.740 0.440 0 1
Housing conditions

Kitchen type (+) 1 if the HH has a traditional or no kitchen; 0 if it has a modern kitchen 0.958 0.201 0 1
Power interruptions (+) Frequency of electricity interruptions per week 5.724 1.880 1 9
Firewood collection Hrs (+) ~ Hours spent collecting firewood daily 1.185 2.552 0 10.75
Socioeconomic variables

Receive assistance (-) 1 if the household received government assistance; 0 if not 0.330 0.470 0 1
Annual income (-) Gross salary from the main job and other earnings (in Ethiopian Birr) 1550 6242 0 180000
Total consumption (+) Total annual household consumption expenditure (in Ethiopian Birr) 20119 17238 520 324898
Geographic Factors

Distance to urban center (+)  Distance to the nearest major urban center (km) 77.41 88.63 0 1237
Rural (+) 1 if the HH resides in rural areas; 0 if in small towns or urban areas 0.887 0.317 0 1
Total rainfall (+) Average annual total rainfall (mm) 866.3 287.2 247 1696
Dependent variables

Respiratory disease 1 if the HH sought formal healthcare for respiratory disease; 0 if not 0.120 0.322 0 1
General health problems 1 if the HH sought formal healthcare for general health issues; 0 if not 0.545 0.498 0 1

No of household heads 2,371
Observations 7113

Source: Author's calculations based on ESS data.

2.4.2. Econometric Results

This section presents the results of the fixed effects logit model (Table 2) and propensity
score matching (Table 3). As illustrated in Table 2, households that use traditional fuels
for cooking and lighting have higher log odds of respiratory disease than those that use
modern energy sources. However, the association between the use of traditional fuels

and general health problems is not statistically significant.

This is because burning traditional fuels for domestic use releases pollutants into the
air, which can negatively impact respiratory health with prolonged exposure. However,
the absence of a significant association with general health problems suggests that other
factors—Iike economic status, access to healthcare, and living conditions—may have a

greater influence on general health outcomes.

Consistent with this result, Liao et al. (2016) and Rahut and Behera (2017) found that
households relying on solid fuels for cooking and lighting are more likely to suffer from
respiratory diseases, are more prone to tuberculosis and eye diseases, and incur higher
health expenditures compared to those using clean fuels. Similarly, Liu et al. (2018)
indicate that the use of solid fuels increases both the likelihood and severity of chronic
lung and heart diseases and reduces the self-assessed health status of older individuals.

Burning solid fuels without adequate ventilation releases harmful pollutants, leading to
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significant indoor air pollution (Liao et al., 2016). However, switching from solid fuels

to clean fuels has been shown to improve household health (Wu, 2021).

The study also examined whether the effect of traditional fuel use on health outcomes
differs between rural and urban households by including an interaction term between
household location and fuel type. The results indicate that the use of traditional fuels is
associated with a higher likelihood of respiratory diseases, with the effect being more
pronounced in rural households than in urban ones. Rural households are dependent on
traditional fuels due to limited access and affordability of modern energy, increasing

their exposure to indoor air pollution and associated health risks.

In Ethiopia, rural households tend to have lower economic status, education levels, and
limited access to healthcare facilities, which exacerbates the respiratory health impacts
of using traditional fuels. Atnafu et al. (2021) found that households were exposed to
cooking smoke, with the level of exposure linked to the household's education and rural
residence. Faizan and Thakur (2019) highlighted that in rural areas and economically
deprived communities, a significant proportion of people relying on solid fuels for

cooking or heating are susceptible to respiratory diseases.

In addition, the interaction between the use of traditional fuels and the absence of
modern kitchens increases the likelihood of respiratory diseases. Traditional kitchens
lack proper ventilation, leading to the accumulation of pollutants released from burning
biomass, which irritate the respiratory tract and worsen respiratory conditions. Zhang
and Smith (2007) and Sharma and Jain (2019) found that cooking with solid fuels in
poorly ventilated kitchens and using traditional, unclean stoves exacerbates household

air pollution.
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Table 2: Fixed Effects Logit Model Results

Respiratory disease General health problems
A B C D A B C D
Cooking fuel 0.182* 0.168* 0.028 0.020
(0.098) (0.099) (0.060) (0.061)
Light type 0.275* 0.294* 0.288* 0.082 0.098 0.100
(0.149) (0.161) (0.161) (0.096) (0.101) (0.101)
Head gender -0.463 -0.461 -0.444 -0.047 -0.035 -0.033
(0.443) (0.431) (0.430) (0.296) (0.295) (0.295)
Head age 0.001 0.001 0.002 -0.002 -0.002 -0.002
(0.012) (0.011) (0.011) (0.007) (0.007) (0.007)
Head education -0.357* -0.357* -0.352%* -0.010 -0.005 -0.005
(0.206) (0.205) (0.205) (0.128) (0.128) (0.128)
HH size 0.055 0.057 0.056 0.019 0.020 0.020
(0.043) (0.043) (0.043) (0.027) (0.027) (0.027)
Power interruptions 0.089%%** 0.090*** 0.090*** 0.010 0.008 0.009
(0.030) (0.030) (0.030) (0.018) (0.018) (0.018)
Firewood collection Hrs 0.063*** 0.063*** 0.063*** 0.032** 0.032%* 0.033**
(0.023) (0.023) (0.023) (0.014) (0.014) (0.014)
Receive assistance -0.081 -0.080 -0.085 -0.193** -0.197** -0.196**
(0.133) (0.132) (0.132) (0.082) (0.082) (0.082)
Annual income -0.001 -0.001 -0.001 -0.001** -0.001** -0.001**
(0.001) (0.001) (0.001) (0.001) (0.001) (0.001)
Total consumption 0.038 0.038 0.038 0.019 0.018 0.019
(0.032) (0.032) (0.032) (0.018) (0.018) (0.018)
Distance to urban center 0.105 0.102 0.104 0.129%*** 0.129%** 0.130%***
(0.075) (0.075) (0.075) (0.050) (0.050) (0.050)
Total rainfall 0.002** 0.002%* 0.002** -0.002%* -0.002%* -0.002%*
(0.001) (0.001) (0.001) (0.001) (0.001) (0.001)
Rural 0.241 0.284
(1.378) (0.611)
Rural* Cooking fuel 0.187* 0.015
(0.105) (0.065)
Rural* Light type 0.272* 0.061
(0.163) (0.104)
Kitchen type * Cooking fuel 0.210** 0.018
(0.097) (0.060)
Observations 6063 6063 6063 6063 5730 5730 5730 5730

Source: Author's calculations based on ESS data.

Note: From the 7113 total observations, 1050 for respiratory diseases and 1383 for general health
problems were excluded. These cases exhibited no within-subject variability in health outcomes over the
3 years, either consistently reporting respiratory or general health issues, or never reporting them. Fixed-
effects models examine the variability within the subject; if there is no variability, there is nothing to
analyze. Standard errors are in parentheses; *** p<0.01, ** p<0.05, * p<0.1.

The FE model shows that education is associated with a decrease in the log odds of
encountering respiratory diseases. This is perhaps because higher levels of education
among households are linked to greater awareness of health-related practices. Educated
individuals are more likely to understand the importance of clean cooking practices and
the risks associated with indoor air pollution from traditional fuel use. Additionally,
higher education levels can improve economic status, enabling households to afford

cleaner energy and further reducing the risk of respiratory diseases.

Similar to this result, Parikh et al. (2004) and Schikowski et al. (2008) found that
education can play an important role in reducing the risk of respiratory diseases caused

by exposure to biomass. Especially in women, illiteracy increases the risk of respiratory
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diseases by three to six times compared to educated women. Cakmak & Judek (2006)
also found that a person's susceptibility to air pollution may increase if they live in areas

with lower levels of household education.

An increase in the frequency of electric power interruptions is associated with a higher
likelihood of respiratory health problems. In households that rely on electricity for daily
activities, frequent power outages can disrupt cooking processes, forcing people to
resort to alternative methods such as traditional fuels. Power interruptions also limit
access to medical devices that require electricity, posing serious health risks for those
dependent on them. Casey et al. (2020) show that power outages have significant health
consequences, particularly for individuals who rely on electricity-powered medical
equipment. They also increase the risk of hospitalization due to respiratory, renal, and

cardiovascular diseases.

The findings also indicate that for every additional hour spent collecting firewood, the
log odds of suffering from respiratory diseases and general health problems increase.
This may be due to the time spent collecting firewood, which reduces opportunities for
income-generating activities and limits a household’s ability to invest in health and
nutrition, negatively impacting overall health. As highlighted in the WHO (2023)
report, spending more time collecting fuel not only increases the risk of musculoskeletal
injuries but also reduces time available for other productive activities. The physical
strain of firewood collection—including long walks and carrying heavy loads—can

further contribute to health risks (Laxmi et al., 2003).

Households receiving government assistance and those with higher income are less
likely to suffer from general health problems. With higher income, households may
have access to healthcare services, including preventive care and timely treatment, as
they can afford medical expenses. They can also maintain a more balanced diet and
safer living conditions, both of which contribute to overall health. Asiedu et al. (2015)
indicate that higher income contributes to better household health by enabling increased
investment in healthcare expenditures. Similarly, Ettner (1996) points out that income

has a positive influence on both physical and mental health.

Assistance programs provide households with additional financial resources to meet
their basic needs, enabling them to afford medical check-ups and medications. These
programs can also contribute to improved mental health by reducing financial stress.

Studies have shown that cash transfer programs positively impact the health of the
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poorest and vulnerable families by covering healthcare expenses, enhancing dietary
intake, and promoting participation in preventive health practices (Adato & Bassett,
2009). Additionally, income support programs have been found to reduce mortality

rates and improve population health (Nelson & Fritzell, 2014).

Table 2 also shows that greater distance to the urban center is associated with a higher
likelihood of experiencing general health problems, as households farther from urban
centers have limited access to health facilities and infrastructure compared to those
closer to urban centers. Casey et al. (2001) and Guagliardo (2004) indicate that urban
areas generally offer better access to health facilities than rural areas. Living farther
from urban centers exacerbates disparities in healthcare access, negatively affecting
residents' health and imposing a financial burden, as families travel longer distances to

receive medical care.

An increase in average annual total rainfall is associated with a rise in the log odds of
having respiratory diseases, while also decreasing the log odds of experiencing general
health problems. Similarly, Peirce et al. (2022) found that indoor air quality can
deteriorate during severe weather, such as heavy rain, due to mold and dampness, which
can worsen existing respiratory conditions and increase the likelihood of developing
asthma. Heavy rainfall causes people to stay indoors for extended periods, increasing
their exposure to crowded spaces and, in turn, elevating their risk of acute respiratory

infections (Murray et al., 2012).

In rural Ethiopia, however, rainfall increases agricultural productivity and incomes,
which in turn facilitates better access to nutritious food and enables investment in
health, thereby reducing the risk of general health problems. Maccini & Yang (2006)
shows that rainfall positively impacts agricultural production, leading to higher
household income and improved health outcomes for infant girls. Notably, stronger

effects were observed in adult women compared to men.
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Table 3: PSM Results

Health Impacts of Traditional Fuel Usage in Cooking Assessed via PSM (ATT)

Respiratory disease General health problems
Matching Method  No. treat.  No.contr. ATT  Std. Err.  T-stat. | No.treat. No.contr. ATT  Std. Err.  T-stat.
Nearest Neighbor 4866 1706 0.023 0.010 2.241%* | 4866 1727 0.006 0.016 0.364
Radius 4866 2247 0.014 0.008 2.001** | 4866 2247 0.014 0.013 1.129
Kernel 4866 2247 0.014 0.009 1.537 4866 2247 0.014 0.012 1.157
Stratification 4859 2243 0.016  0.008 2.101%* | 4866 2238 0.014 0.013 1.125
Observation 4866 2247 4866 2247

Health Impacts of Traditional Fuel Usage in Cooking Assessed via PSM (ATE)

Respiratory disease General health problems
Matching Method  Coef. Std. Err.  t-value p-value Coef. Std. Err. t-value p-value
Nearest Neighbor  0.025 0.009 2.800 0.005%** 0.020 0.015 1.370 0.171

Source: Author's calculation based on data from ESS
Note: *** p<0.01, ** p<0.05, * p<0.1.

To assess the robustness of the fixed effects estimates, this study employed Propensity
Score Matching (PSM), and Table 3 summarizes the results for the Average Treatment
Effect (ATE) and the Average Treatment Effect on the Treated (ATT). The outcome
variables are household health status, measured by the presence of respiratory diseases
and general health problems. The treatment variable is the type of cooking fuel used by
households (1 for traditional fuels and 0 for modern energy). To ensure comparability
between the treatment and control groups, the covariates used in the fixed effects
analysis—such as gender, age, education level, household size, frequency of power
interruptions, time spent collecting firewood, receipt of assistance, annual income, total
consumption, distance to the urban center, total rainfall, and rural or urban residence—

were also employed in the matching process.

The 4,866 observations in the treatment group (households using traditional fuels for
cooking) were matched with 2,247 observations in the control group (households using
modern energy). The propensity scores were estimated using a probit regression model,
and the common support region ranged from 0.5407 to 0.7548, indicating substantial
overlap in propensity scores between the two groups. Seven blocks were constructed to
ensure that the mean propensity score does not differ significantly between the treated
and control groups within each block. Appendices 2 and 3 present the detailed results

of the matching process.

The study employed Nearest Neighbor, Radius, Kernel, and Stratification matching
methods. The results, presented in Table 3, indicate that the association between the use
of traditional fuels and respiratory diseases is significant under the Nearest Neighbor,

Radius, and Stratification methods. Households using traditional fuels show a higher
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likelihood of reporting respiratory diseases compared to those using modern energy
sources. In contrast, no significant difference is observed in the prevalence of general
health problems between households using traditional fuels and those using modern
across all matching methods. These findings are consistent with the results obtained

from the fixed effects estimation, reinforcing the robustness of the analysis.

2.5. Conclusion and Policy Recommendations
2.5.1. Conclusion

Exposure to smoke from traditional fuels increases the likelihood of developing health
problems, particularly respiratory diseases. In contrast, the adoption of clean energy
alternatives—such as solar energy, electricity, and biogas—offers significant health
benefits. This study utilizes a nationally representative panel dataset from the Ethiopian
Socioeconomic Survey, consisting of 7,113 observations from 2,371 households over a
three-year period. The analysis explores the relationship between household energy
sources and health outcomes, examines the differential effects of traditional fuel use in
urban and rural settings, and investigates the influence of other explanatory variables

on household health.

The study employed a Fixed Effects Logit model and Propensity Score Matching to
assess the robustness of the fixed effects analysis and to address potential selection bias.
Among the total sample, 12% of households reported receiving medical treatment for
respiratory diseases and 55% sought treatment for general health problems. Notably,
traditional fuels remain the primary source of energy for most households in the survey,

with 68% of households using traditional fuels for cooking and 74% for lighting.

The findings highlight the significant health risks associated with the use of traditional
fuels for cooking and lighting in Ethiopia. Both the fixed effects and propensity score
matching analyses indicate that households relying on traditional fuels are more likely
to experience respiratory diseases compared to those using modern energy. However,

the effect on general health problems is not statistically significant.

When examining disparities between urban and rural households, this study reveals that
rural households face a greater risk of respiratory diseases associated with traditional
fuel use. Additionally, traditional kitchen setups, power interruptions, and time spent

collecting firewood increase health risks. Conversely, higher education levels reduce
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the likelihood of respiratory diseases, and income and access to assistance reduce the

probability of general health problems.

2.5.2. Policy Recommendations

Based on the empirical results, the study suggests the following recommendations:

Despite Ethiopia's abundant energy resources and government initiatives, such
as the National Electrification Program aimed at achieving nationwide universal
access to electricity by 2025, a significant portion of the population, especially
in rural areas, still has limited access to electricity. As a result, traditional fuels
remain a vital energy source for daily household activities. To reduce reliance
on traditional fuels and improve respiratory health, it is crucial to balance the
demand and supply of electricity while increasing support for households to
adopt alternative clean energy sources, such as solar energy and biogas.
Ethiopia has also implemented programs to promote the adoption of improved
cookstoves, with the aim of addressing indoor air pollution, deforestation, and
related health problems. However, there remains a gap that requires efforts to
make these cook stoves affordable and accessible, particularly in rural areas.
Increased promotion and awareness campaigns are essential to encourage wider
adoption of these cookstoves.

Raise awareness and provide health education on the harmful effects of indoor
air pollution caused by smoke from traditional fuels.

Provide subsidies to low-income and highly vulnerable households to facilitate
the adoption of improved cook stoves, separate kitchen spaces, and enhanced
ventilation, aiming to mitigate the adverse health effects of traditional fuel use.
Additionally, it is essential to ensure access to affordable health services for

these households.
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Appendix

Appendix 1: Mean Differences between Traditional Fuel and Modern Energy

Users before Matching
Variable Cooking fuel Light type
Traditional Modern Traditional Modern

Head gender 0.750(0.006) 0.754(0.009) 0.756*(0.005) 0.739(0.010)
Head age 46.10(0.218) 46.02(0.316) 46.51*%%(0.208) 44.84(0.353)
Head education 6.578%*(0.026) 6.715(0.041) 6.396*%*%(0.022) 7.262(0.056)
HH size 5.042(0.034) 5.085(0.049) 5.124**%(0.032) 4.859(0.056)
Cooking fuel 0.695**%(0.006) 0.651(0.011)
Light type 0.752**%(0.006) 0.713(0.009)

Kitchen type 0.960*(0.002) 0.951(0.004) 0.964*%%(0.002) 0.938(0.005)

Power interruptions
Firewood collection Hrs

5.790%*%(0.026)
1.181(0.036)

5.579(0.039)
1.192(0.053)

5.942%%%(0.025)
1.205(0.035)

5.100(0.043)
1.125(0.059)

Receive assistance 0.313***(0.0006) 0.357(0.010) 0.258***(0.0006) 0.523(0.011)
Annual Income 1488(88.27) 1685(135.4) 966.2*%**(42.93) 3213(253.2)
Total consumption 19842%*(244.0) 20720(372.0) 18696***(233.0)  24171(409.0)
Distance to urban center 78.10(1.298) 75.91(1.777) 81.58**%(1.222) 65.53(2.033)
Total rainfall 869.1(4.126) 860.2(6.026) 879.0%**(3.957) 831.0(6.616)
Rural 0.895***(0.004) 0.868(0.007) 0.972***(0.002) 0.642(0.011)
Respiratory disease 0.122**(0.004) 0.107(0.006) 0.133*(0.004) 0.128(0.007)
General health problem 0.550*(0.007) 0.533(0.010) 0.546(0.006) 0.540(0.011)
Observations 4,866 2,247 5,264 1,849

Source: Author's calculation based on data from ESS

Note: Standard errors in parentheses; *** p<0.01, ** p<0.05, * p<0.1
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Appendix 2: Description of Estimated Propensity Scores Within the Common

Support Region
Estimated propensity score
Percentiles Smallest

1% 0.590 0.541
5% 0.630 0.541
10% 0.640 0.546 Obs 7102
25% 0.662 0.546 Sum of Wgt. 7102
50% 0.690 Mean 0.684

Largest Std. Dev. 0.034
75% 0.710 0.753
90% 0.725 0.753 Variance 0.001
95% 0.733 0.754 Skewness -0.643
99% 0.744 0.755 Kurtosis 3.259

Appendix 3: Distribution of Treated and Control Observations by Propensity
Score Blocks

Cooking fuel
Inferior of Block Modern Traditional Total
Propensity Score
0.400 59 60 119
0.600 1,429 2,920 4,349
0.700 568 1,335 1,903
0.725 180 544 724
0.750 0 7 7
Total 2,236 4,866 7,102
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Appendix 4: Mean Balance Test

* if B»25%, R outside [B8.5; 2]

71

Unmatched Mean Hreduct t-test viTY/
Variable Matched | Treated Control ¥bias |bias| t p>|t| V(C)
Kitchen type .96834  .95194 4.1 1.64 0.162 3
M . 96834 .96219 -8.9 78.@ -8.47 @.636 a
Light type u .75236 7134 B.8 3.49 0.000 .
. 75236 - 75565 -8.7 91.6 -8.38 0.707 -
Power_interruptions u 5.7902 5.5799 11.2 4.48 0.000 @.97
M 5.7902 5.7727 9.9 91.7 8.46 ©.845 8.99
Income U 14.879 16.852 = T -1.24 ©@.215 @.92*
M 14.879 13.984 i.4 54.6 B8.76 ©.445 1.31*
Receive assistance u .31319 -35737 -9.4 -3.69 0.000 .
M .31319 .323086 -2.1 7.7 -1.84 0.296 ™
HH size u 5.8421 5.8859 -1.8 -8.72 ©.471 1.e4
M 5.8421 5.89497 -2.4 -31.5 -1.19 @.233 1.83
HH_gender U . 75892 - 75478 -8.9 -8.35 8.726 2
M . 75092 75565 o o | -22.5 -8.54 ©.589 -
HH_age u 46.187 46.028 8.5 .26 ©.838B 1.e3
M 46.187 46.131 -8.2 78.1 -@.88 ©.938 i.e4
Firewood_collection_Hrs u 1.181 1.1926 -B.5 -B.18 B8.859 1.00
M 1.181 1.2811 -8.8 -73.4 -8.39 ©0.698 @.99
1n distance to urban_center U 3.892 3.8932 -8.1 -8.84 0.95648 1.83
3.B92 3.8662 2.6 -2147.2 1.26 ©.288 1.06
Total rainfall u B69.13 B6G.16 3.1 1.22 8.221 1.82
M BB9.13 B72.24 -1.1 B2.3 -8.24 ©.592 1.83
Total_consumption L 1.9842 2.072 e e -2.00 0.045 @.93*
M 1.9842 1.9274 3.3 35.3 1.78 ©.876 1.40%
* if variance ratio outside [@.95; 1.86] for U and [©.95; 1.86] for M
Sample Ps R2 LR chi2 p:chi2 MeanBias MedBias B R var
Unmatched | @.004 39.14 0. 000 4.1 3.1 15.9 a.87 25
Matched 9.e81 18.12 0.606 1.5 € £ 6.4 1.25 25



Chapter 3: Social Cohesion among Refugees and Host Communities
in Ethiopia: A Comparative Analysis

Abstract

This study applies contact theory to explore how refugee-host interactions are related
to their perceptions and attitudes toward each other. Using data from the 2022/23
Socio-Economic Survey of Refugees in Ethiopia (SESRE), it examines two key forms of
interaction: economic interactions through Igqub (informal saving groups) and social
interactions through Iddir (traditional Ethiopian social support systems). The results
show that social interaction through Iddir is positively associated with improved
perceptions of refugees by hosts, and vice versa. In contrast, economic interactions
through Iqqub show no significant correlation with indicators of social cohesion for
either group. Notably, the positive association of lddir with social cohesion persists
even among rural and literate host households, who often hold negative views toward
refugees. Therefore, these findings highlight the potential for integrating informal
practices like Iddir into policies aimed at promoting social cohesion and provide
valuable insights for further research on the nuanced effects of social and economic

interactions.

Keywords: Social cohesion, Contact theory, Refugee-host interactions, lddir, Iqqub,

Ethiopia
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3.1. Introduction

Building social cohesion® is vital for achieving economic stability and societal peace
(Adugna & Gezahegne, 2024). In exploring the factors that influence social cohesion,
the literature provides a nuanced perspective on the ways refugees impact hosts. While
some studies indicate that the influx of refugees may exacerbate pressure on local
resources and employment, potentially undermining social cohesion (Jayakody et al.,
2022), other studies suggest that refugees with the support of international aid can
improve host communities' access to healthcare and education, thereby strengthening
social bonds in low-income countries (Zhou et al., 2022; Ozden, 2021). This divergence
highlights a critical gap in understanding how the perceptions and attitudes of both

refugees and host communities shape social cohesion.

To address existing gaps and reconcile conflicting findings, the study utilizes the Socio-
Economic Survey of Refugees in Ethiopia (SESRE). The data offers a foundation for a
comprehensive comparative analysis of social cohesion, focusing on the perceptions
and attitudes of host communities and refugees. It also enables exploration of the social
and economic interactions between these groups, taking into account urban versus rural
settings and the varying socio-economic conditions across regions. SESRE's unique
feature of including strata for refugees in camps, out-of-camp refugees, and hosts—
coupled with its coverage of 24 refugee camps— offers a rich spatial variation, including
a detailed understanding of how geographic and socio-economic factors shape social

cohesion.

Given Ethiopia's significant role in hosting refugees and the availability of data, it
serves as an ideal setting for studying social cohesion. Ethiopia is one of Africa’s largest
refugee-hosting nations, accommodating refugees from South Sudan, Somalia, and
Eritrea. Moreover, the country offers an interesting case study, having recently adopted
progressive refugee policies aimed at enhancing the self-reliance and resilience of
refugees and hosts. These policies focus on fostering socio-economic integration and

empowering refugees to contribute to the country’s economic growth while preparing

6 Social cohesion is a concept with varied interpretations in the literature, with no single, definitive
explanation. Jeannotte (2000) describes it as the ongoing process of building a community united
by shared values, common challenges, and equal opportunities. The World Bank (2022) offers a
slightly different perspective, viewing social cohesion as “a sense of shared purpose, trust, and
willingness to cooperate” among individuals within a group, across different groups, and in
relation to the state. In light of these perspectives, this paper explores social cohesion by focusing
on how refugees and host communities perceive and relate to each other.
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them for long-term solutions. The evolving policy environments surrounding refugees
and hosts may have also influenced the nature of their interactions and attitudes toward

one another.

This paper seeks to examine social cohesion between refugees and host communities
in Ethiopia through contact theory’. It assesses (a) how economic interaction between
refugees and hosts in Iqqub and social interaction in Iddir shape their attitudes and
perceptions of each other, (b) how participation in agriculture and non-farm businesses
relates to the perceptions and attitudes of both groups, and (c) how other socioeconomic
factors are associated with the views held by both refugees and hosts. To investigate
these objectives, the study employs a logit model that controls for demographic and
socioeconomic variables, fixed effects for the Ethiopian regions where refugees are

located, and fixed effects for the refugees' countries of origin.

The main findings reveal that:

e Social interaction through Iddir is positively linked to hosts' perceptions of
refugees, as shown by a positive correlation with the perceptions that refugees
contribute to economic opportunities, employment, friendliness, and comfort in
hosting them. Similarly, refugees participating in Iddir perceive that Ethiopians
would feel comfortable having refugees as neighbors, indicating positive
attitudes toward the hosts.

e Economic interactions of the two groups through Iqqub do not appear to be
significantly correlated with various measures of social cohesion for either hosts
or refugees.

e Hosts engaged in agriculture tend to hold more negative views toward refugees.
They tend to disagree with refugees' economic contributions and their rights to
live in Ethiopia. In contrast, hosts in non-farm businesses hold positive views
of refugees, perceiving them as friendly and expressing lower concerns about
land disputes.

e Refugees who receive NGO assistance report experiencing less discrimination

and harassment from host communities, thereby fostering social cohesion.

The contribution of this paper is threefold. First, while the existing literature on social

cohesion in refugee contexts is extensive, covering topics such as the impact of refugee

7 Contact theory proposes that interactions among individuals from varying social or cultural
backgrounds can mitigate prejudice, enhance intergroup relations, and nurture mutual understanding
(Allport, 1954).
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hosting on local development in Uganda (Zhou et al., 2023), refugee integration in
Ethiopia (Mena, 2018), and refugee-host interactions in East Africa (Betts et al., 2022),
a notable gap remains: there has been little comparative analysis of the attitudes and
perceptions of refugees and hosts in Ethiopia. Previous studies have been limited by a
lack of comprehensive data, often focusing primarily on host communities while
neglecting refugees' views and attitudes toward their hosts, and this gap has hindered a
thorough understanding of social cohesion. To address this limitation, the present study

leverages the 2022/23 SESRE dataset to examine the perspectives of both groups.

Second, this study contributes to the literature on the relevance of contact theory in the
context of social cohesion by offering insights into how interactions between refugees
and hosts shape their attitudes and perceptions of one another. By addressing the gap in
empirical research, as limited studies have been conducted in Ethiopia, this research
emphasizes the role of social and economic interactions through informal institutions
in improving the perceptions held by both groups. Despite their underrepresentation in
formal policy discussions, this study advocates for incorporating informal institutions
(Iddir and Iqqub) into formal policy frameworks to align with broader social cohesion

goals.

Third, this study highlights how the socio-economic and demographic characteristics
of refugees—such as gender, sector of work (agriculture or non-farm), literacy®, place
of residence (urban or rural), and employment status (within or outside camps)—are
associated with their perceptions of host communities. While much has been written
about the determinants of hosts' perceptions towards refugees, less attention has been
given to the factors shaping refugees' perceptions of hosts. Analyzing both groups is
crucial for fostering social cohesion and enabling policymakers to effectively address

tensions.

3.2. Background

Forced displacement is a global issue impacting millions of people, driven by conflicts,
political instability, environmental changes, and economic disruptions (Ferris, 2010;

Black, 2001). By the end of 2024, the total number of forcibly displaced people globally

8 Literacy is measured as a binary variable, assigned a value of 1 if the respondent reports being able to
both read and write, and 0 otherwise.
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is estimated to reach 123.2 million, including 42.7 million refugees, 73.5 million
internally displaced persons, and 8.4 million asylum-seekers. Compared to a decade
ago, the number of refugees under UNHCR’s mandate has more than doubled, reaching

an estimated 36.8 million (UNHCR, 2025).

The UNHCR Global Trends Report 2023 highlights significant trends in the distribution
of refugees across countries, taking into account national income levels and population
sizes. High-income countries, despite their wealth, hosted 25% of the global refugee
population, demonstrating their ability to accommodate substantial numbers. Upper-
middle-income countries hosted 30% of the refugees, reflecting a considerable but
manageable burden. Lower-middle-income countries took in 28% of the refugees,
underscoring their essential role in refugee accommodation. In contrast, low-income
countries hosted 17% of the global refugee population, with Ethiopia among them—

illustrating their disproportionately high burden relative to their limited resources.

Ethiopia has a long-standing history of being home to asylum seekers and displaced
persons. It is the third-largest host of refugees in Africa and ranks among the leading
refugee-hosting countries worldwide. By mid-2023, Ethiopia was hosting over 930,000
refugees and asylum seekers with 430,634 from South Sudan, 356,551 from Somalia,
179,379 from Eritrea, and 88,596 from Sudan (UNHCR, 2024).

The Ethiopian Refugee Proclamation No. 409/2004, enacted in July 2004, complies
with the standards established by the 1951 Refugee Convention and the 1969 African
Refugee Convention. This legal framework prohibits the Ethiopian government from
denying entry or deporting refugees to countries where they may face danger, ensuring
their safety. It underscores Ethiopia's adherence to international commitments and its

dedication to upholding humanitarian values in the acceptance and support of refugees.

Ethiopia faces a series of severe challenges, including political instability, economic
hardship, and the effects of the COVID-19 pandemic and frequent natural disasters
(Johnson, 2021). These factors significantly hinder the country's efforts to achieve
economic inclusion for refugees and hosts. Despite these challenges, Ethiopia remains
committed to adapting its legal framework to incorporate refugees into various national
systems, including access to irrigable land, education, energy, health, food, the right to

work, and social and financial services.

The country adopted the Comprehensive Refugee Response Framework (CRRF) in

2017, aimed at alleviating the burden on host countries, enhancing refugee self-reliance
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through the expansion of the Out-of-Camp Policy (OCP), increasing resettlement
opportunities, and ensuring safe and dignified conditions for the voluntary return of
refugees to their home countries. In addition, the Refugee Proclamation No. 1110/2019
represents a significant shift in refugee integration and local dynamics by granting
refugees rights such as the ability to work and access social services. Building on the
2019 Refugee Proclamation, Ethiopia recently enacted Directive No. 1019/2024 to
grant recognized refugees and asylum seekers the right to engage in employment,
commercial ventures, agriculture, manufacturing, and service sectors in urban and rural
areas. This directive aims to promote self-reliance and integration, enabling refugees to

contribute meaningfully to Ethiopian society.

Refugee management in Ethiopia varies across regions, with each facing distinct
challenges and opportunities. In the Afar region, refugees benefit from living outside
traditional camps due to a more integrated approach, making it suitable for the CRRF.
Benishangul-Gumuz also shows promise for CRRF implementation as it prepared to
address service gaps and improve conditions for both refugees and hosts (Carver, 2020).
Conversely, communities in Gambella experience complexities due to the large refugee
population, which impacts local politics, exacerbates ethnic tensions, and contributes
to environmental challenges (Carver, 2020; Abebe, 2018). The Somali Regional State
struggles with inadequate water supply and the need for innovative livelihood solutions
(Abebe, 2018). In Addis Ababa, refugees prefer urban life over living in camps, with
many aspiring to migrate to the Global North. The 2019 Refugee Law allows work and
freedom of movement; however, this increases the demand for job and could lead to
job competition and local tensions, particularly in regions like Gambella (Betts et al.,

2019; Walelign et al., 2022).

3.3. Theoretical Framework

This research applies contact theory to investigate how interactions between refugees
and hosts are associated with their attitudes and perceptions. Gordon Allport’s (1954)
Contact Theory posits that intergroup interactions can help reduce prejudice between
majority and minority groups, provided that four key conditions are met. The theory
outlines these essential conditions as: common goals, inter-group cooperation, equal
group status, and institutional support. Critics argue that these conditions are situational
and not always universally applicable, and achieving all of them in a single contact

scenario is challenging (Pettigrew & Tropp, 2005). In refugee-host interactions, these
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conditions are not fully met, although the effectiveness of the theory tends to be higher

when all conditions are satisfied.

Pettigrew (1998), Brown and Hewstone (2005), and Hewstone (2015) applied Contact
Theory to analyze how interactions between individuals from different social or cultural
groups can reduce prejudice and improve attitudes. Betts et al. (2022) also used this
theory to examine the effect of refugee-host interactions on the perceptions of hosts
toward refugees in Uganda. Respondents' interactions with the outgroup were measured
using an index combining the frequency of shared meals, conversations, and business
exchanges. Using OLS regression, they found a positive association of refugee-host
interactions with host views toward refugees; however, this relationship disappeared

when an instrumental variable approach was applied.

When applying this theory, it is crucial to identify relevant indicators of interaction or
contact. Based on the available data, this paper classifies the interactions into economic
and social categories. Economic interaction refers to the exchange of goods, services,
and labor among individuals, groups, or institutions. In the context of host communities,
it involves the integration of refugees into local economies and labor markets. This
integration can be complex as the influx of refugees, particularly those with lower skill,
may introduce competition in the labor market and potentially lower wages. According
to Mayda (2006), an increase in low-skilled labor including that from refugees can put
downward pressure on wages. However, economic interaction is not solely negative;
host communities may also benefit from refugees' contributions to informal sectors and
local trade activities. Brown et al. (2018) and Vemuru et al. (2020) highlights the
positive economic impact of refugees, noting how their participation can stimulate

economies, create employment opportunities, and enhance overall market.

Similarly, social interaction is the exchange and communication between individuals
or groups within a society that shapes relationships, norms, and behaviors. It is often
influenced by shared identities like nationality or ethnicity. Sniderman et al. (2004) and
Ford (2011) reveal that host populations tend to have more favorable attitudes toward
refugees who share similar identities. In turn, refugees perceive social engagement as
essential for increasing social acceptance and belonging. Participation in community
activities (religious ceremonies, weddings, funerals, and sports events) serves as a key
indicator of social integration. These interactions offer refugees opportunities to build

relationships, foster cultural understanding, and enhance their connection to the hosts.
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To assess how interactions shape the attitudes and perceptions of hosts and refugees,
this study employs participation in Iqqub as an indicator of economic interaction and
participation in Iddir as an indicator of social interaction. Refugees’ participation in
religious groups is considered another form of social interaction, along with various
economic interactions such as out-of-camp employment, participation in agricultural or
business associations, and involvement in sharecropping and co-ownership schemes.

The study hypothesizes that these interactions foster positive perceptions and attitudes.

Iddir is an informal institution in Ethiopia, primarily established to assist with burial
services (Sable, 1986; Aredo, 1993). These community-based organizations promote
social solidarity and provide insurance and psychological support to members during
challenging times (Teshome et al., 2014). Iddirs facilitate social interaction, risk-
sharing, and the formation of friendships, thereby strengthening community ties. They
also help alleviate funeral-related anxiety, enhance confidence, and cultivate leadership
and mutual trust among members. Over the years, the role of Iddirs has expanded
beyond emotional and financial support to participation in community development

initiatives such as road and school construction (Aleme, 1973; Mekuria, 1973).

Like Iddir, Iqqub is an informal institution in Ethiopia that operates as a traditional
rotating savings and credit association. Members contribute fixed amounts at regular
intervals, and the pooled funds are allocated to participants in turn, supporting financial
planning (Levine, 1972; Baker, 1986). Its primary purpose is to provide compulsory
savings while also offering access to credit. Iqqub helps members accumulate funds
and contributes to building trust among participants. Typically organized around shared
social connections—ethnicity, profession, or neighborhood—it promotes inclusivity

and draws members from diverse socio-economic backgrounds.

Iddir and Iqqub are widely practiced in urban and rural areas of Ethiopia. Focusing on
the history of Iddir in major urban areas, particularly in the capital city of Addis Ababa,
by 1969, there were approximately 395 Iddir organizations functioning as informal
insurance and welfare systems. This number rose to 600 in 1973 and further increased
to 1,213 by 1983, indicating a steady reliance on these organizations (Landuber Araya,
1983). By 1986, it was estimated that over 50% of households in Addis Ababa were
members of an Iddir, underscoring their deep integration into urban social structures
(Sable, 1986). Additionally, a 2000 study found that out of 4,007 Iddir organizations in
Addis Ababa, approximately 20 had origins dating back over 66 years (Pankhurst &
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Mariam, 2000). More recently, the Ethiopian Socioeconomic Survey 2018/19 indicated
that around 50% of respondents in Ethiopia relied on informal insurance systems such

as Iddir, reinforcing their ongoing role in social security (Achew et al., 2021).

These informal institutions are not exclusive to Ethiopia; similar social and financial
systems exist in other African countries under different names and with variations in
structure. Easton-Calabria and Hakiza (2021) explored how refugee-led microfinance
groups operate in Uganda, through semi-structured interviews, focus group discussions,
and non-participant observation. These organizations provide refugees with financial
support, help facilitate business expansion, and promote mutual aid through collective
savings and loan structures. Such groups foster self-reliance and facilitate integration
into hosts. As these institutions are informal, relying on trust and accountability among
members, providing refugees with a reliable platform to access financial resources

particularly in the absence of formal financial services.

In Senegal, a tontine functions as a rotating savings and credit association in which
members contribute fixed amounts at regular intervals, and the contributions are pooled
and distributed sequentially according to an agreed-upon order. Early recipients benefit
from interest-free credit, while the final participant receives their full savings, free of
interest (Balkenhol & Gueye, 1994). Similarly, in Ghana, Susu groups function as
mutual-aid organizations with members making regular contributions and distributed
to participants on a rotating basis. The order of distribution is determined by mutual
agreement or based on need, with the system emphasizing gradual savings and future
preparedness (Hossein & Bonsu, 2023). Therefore, examining the association between
informal institutions and social cohesion is essential, as these institutions can strengthen

mutual trust and potentially promote integration and stability.

3.4. Methodology
3.4.1. Data

The study utilized household-level data from the 2022/23 Socio-Economic Survey of
Refugees in Ethiopia (SESRE®). The survey covers major refugee camps hosting
Eritreans, South Sudanese, and Somalis, along with out-of-camp refugees residing in

Addis Ababa. The SESRE also includes the host communities surrounding these camps,

 The SESRE dataset was collected by the Poverty Reduction and Equity Management Network (PREM)
within the Development Data Group at the World Bank. Funding for data collection was provided by the
World Bank / UNHCR Joint Data Center on Forced Displacement.
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including those in Addis Ababa. The data were collected across eight domains. These
domains comprised three for the largest in-camp refugee groups (Eritreans, Somalis,
and South Sudanese), three for their hosts, and one each for refugees and hosts in Addis
Ababa. The survey employed a stratified, two-stage cluster sample design, with
Enumeration Areas (EAs) chosen as the Primary Sampling Units and 12 households per

EA chosen as the Secondary Sampling Units.

The SESRE included several questionnaires covering socio-demographics, jobs and
livelihoods, welfare, aspirations, social cohesion, and markets and opportunities. The
total sample of the study is 3,445 households: 1,724 households from host communities
and 1,721 households from out-of-camp and in-camp refugees. In Ethiopia, Eritrean
refugees are settled in Addis Ababa, and the Afar and Amhara regions; Somalia refugees
are found in Addis Ababa and the Somali Region; and South Sudanese refugees reside
in the Benishangul-Gumuz and Gambella regions. Refugees from Eritrea and Somalia

in Addis Ababa are out-of-camp refugees, while all other refugees are in-camp refugees.

The social cohesion elements, particularly the perceptions and attitudes of refugees and
hosts, are considered as outcome variables. The perception measure applies exclusively
to hosts, while the attitude measure applies to both refugees and hosts. The responses
are measured on a binary scale, with detailed descriptions and descriptive statistics of
these variables provided in Table A1 and Table A2 of the Appendix, respectively. In
addition to the item-level perception indicators used as outcome variables, composite
indices for Economic Perception and Rights Perception are constructed. To develop
these indices, Exploratory Factor Analysis (EFA) is applied to 12 perception indicators
(i.e., the item-level outcome variables). Using principal factor extraction and varimax
rotation, two latent dimensions emerge: Economic Perception and Perception of Rights.
Based on the rotated factor loadings, weighted indices are then generated to represent

these underlying constructs.

The Economic Perception Index is formed based on six statements that reflect hosts'
views on the economic impact of having refugees. These statements assess whether
hosts believe that refugees have increased economic opportunities, contributed to
employment, are not competitors in the job market, have not taken over land, do not
cause inflation, and do not reduce wages. Responses to these statements are scored as

1 for 'Agree' and 0 for 'Disagree’.
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A second index, the Perception of Rights, is created to capture hosts' views on refugees'
rights. It consists of two components: refugees should have the right to work and should
have the right to live where they choose in Ethiopia. The items are binary and are coded
as 1 for 'Agree' and 0 for 'Disagree'. Higher scores on the Economic Perception Index
indicate a more favorable view of the economic impact of refugees, and higher scores

on the Perception of Rights Index reflect stronger support for refugees' rights.

The main interest variable is the interaction between refugees and hosts, categorized as
economic or social. Economic interaction includes participation in Iqqub groups,
engagement in shared cropping and co-ownership of input schemes, involvement in
agricultural or business associations, and working outside the camp; social interaction
comprises participation in Iddir groups and religious groups. In addition, the study
controls for demographic and socio-economic variables, regional fixed effects, and
refugees' country of birth fixed effects. The demographic variables include gender, age,
literacy, and urban/rural status, and the socio-economic variables are income sources,
total consumption, asset ownership, assistance and support, living standards, shocks,

and access to infrastructure.

3.4.2. Empirical Method

This analysis employed a binary logit model for the item-level outcome variables and
OLS regression for the index variables. The empirical estimation strategy is outlined

below in Equation 1 for hosts and Equation 2 for refugees.
logit(P(Yy, = 1)) = Bo + B1El, + B2SIy + yXn + aR + Vy, (1)
logit(P(Yy, = 1)) = Bo + B1El, + B2SIh + yXn + aR + pC + Vy (2)

Yy, is the social cohesion elements (perceptions and attitudes) for the refugee and host
households (h), and logit (P(Y}1 = 1)) represents the log-odds of the probability that
Yy, equals 1. El}, & SI}, are economic and social interactions between refugees and host
households, respectively, and are treated as dummy variables. X}, is a vector of socio-
economic and demographic variables that are controlled to reduce potential bias due to
omitted variables. R represents a vector of regional dummy variables for the Ethiopian
regions where refugees are located: Afar, Amhara, Addis Ababa, Somali, Benishangul,
and Gambella. C is a vector of dummy variables for the countries of birth of refugees:
Eritrea, Somalia, and South Sudan. Controlling for region and country of birth fixed

effects addresses unobserved differences between regions and countries of birth that
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may influence the outcome variables. V, is the error term, and B, B, y, « and p are the
coefficients for economic and social interactions, demographic and socio-economic

factors, and region and country fixed effects, respectively.

3.5. Results
3.5.1. Hosts' Perceptions and Attitudes toward Refugees

Hosts and refugees interact in both economic and social spheres; for example, economic
engagement occurs through Iqqub, and social bonds are strengthened by Iddir. The
results in Table 1 indicate that host participation in Iddir with refugees is positively
linked to indicators of social cohesion. Hosts in Iddir view refugees as contributors to
economic and employment opportunities, and this positive association is also reflected
in the Economic Perception Index. Iddir participation is correlated with increased
friendliness and comfort in having refugees as neighbors. Rural Iddirs in Ethiopia are
vital to their communities, playing key economic and social roles (Dejene, 2003). They
cover asset losses, provide food aid, helping stabilize families and promote local

development through business ventures and infrastructure projects.

Despite these positive views, Iddir participants also consider refugees as contributing
to inflation, and no significant link is observed regarding perceptions of refugees'

trustworthiness, rights, or impacts on wage and infrastructure.

In contrast to Iddir, host participation in Iqqub with refugees is not significantly
associated with the indicators of social cohesion, except for a reduced likelihood of
supporting refugees’ right to work. One possible reason for the limited role of Iqqub in
promoting social cohesion could be refugees' financial instability, resulting from their
lack of a permanent income. This instability may make it challenging for refugees to
consistently contribute to Iqqub. Since the group relies on trust, it may raise concerns
among hosts about refugees' reliability as economic partners. Another potential reason
might be refugees' lack of permanent residence, which hinders their involvement in

Iqqub.

Despite these findings, the benefits of Iqqub remain undeniable. Mequanent (1996),
using interviews and case studies with Ethiopian refugees in Toronto, highlighted how
informal financial groups like Iqqub help overcome challenges posed by restricted
access to formal financial services. In Ethiopia, a significant portion of the population

lacks access to bank loans due to high interest rates and strict collateral requirements.
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Iqqub serves as an alternative to formal financial institutions, enabling individuals to

meet their financial needs.

Besides Iqqub and Iddir, in host communities where agriculture is the primary source
of income, refugees are often viewed negatively, particularly regarding their rights and
economic contributions. Agricultural hosts are 9.5% less likely to view refugees as
contributors to economic opportunities and 8.1% more likely to perceive refugees as a
cause of inflation and associate them with wage declines. They are also less likely to
agree that refugees should have the right to live and work wherever they choose in
Ethiopia. These perceptions may arise from the economic structure of rural Ethiopia,
where opportunities are limited to agriculture, providing few chances for refugees to
engage in diverse economic activities. Refugees also increase demand for essential
goods, such as food, which may drive up prices in areas with limited market supply.
Consistent with this study, Alam et al. (2022) found that, in Bangladesh, the short-run
influx of Rohingya refugees led to price increases in food groups not covered by food

aid due to a substantial rise in demand.

Additionally, when refugees enter the labor market, their need to secure an income leads
them to accept lower wages for agricultural work. This, in turn, suppresses wage levels
for local workers and intensifies competition. Card (2001) and Smith (2012), in studies
conducted in the United States, and Bagir (2018), examining the impact of the Syrian
refugee influx in Turkey, found that a substantial influx of refugees leads to increased
unemployment and decreased wages for low-skilled and less experienced native
workers. Malaeb and Wahba (2018), in their analysis of the Syrian refugee influx in
Jordan, emphasize that refugees often work in the informal sector, leading to reduced

working hours and lower overall wages.

Unlike agricultural hosts, households involved in non-farm enterprises hold favorable
views of refugees. They are less likely to perceive refugees as taking land or lowering
wages and are more likely to view them as friendly. A potential reason for the reduced
concerns about land occupancy could be that non-farm enterprises, such as small retail
businesses and handicrafts, require less land than agricultural activities. Also, as non-
farm businesses involve interactions between locals and refugees, this leads hosts to
view them as friendly. Vemuru et al. (2020) found that in camp contexts in Ethiopia,
interactions in non-farm settings—such as trade and marketplaces—help strengthen

social bonds between refugees and hosts.
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The perceptions and attitudes of hosts towards refugees are shaped by whether the
household resides in urban or rural areas. Urban hosts generally have a more positive
view of refugees than rural hosts, especially regarding social and rights-related aspects.
They are 11.3% more likely to support refugees' right to work and 16.3% more likely
to support their right to live in Ethiopia, with the positive associations also observed in
the Perception of Rights Index. Urban hosts feel comfortable with refugees as
neighbors, viewing them as trustworthy and friendly, and are less likely to associate
refugees with inflation or infrastructure deterioration. However, no associations are
found with broader economic perceptions, such as economic opportunities and wage

impacts.

Similarly, Aregai and Bedemariam (2020) highlighted the environmental pressures
arising in refugee-hosting areas, focusing on Eritrean refugees and hosts in Ethiopia.
Unlike urban centers, rural communities rely heavily on their land, and the arrival of
refugees intensifies the demand for these resources, leading to tensions over land
access. Betts et al. (2022) found that refugees in rural areas of East Africa provide
economic benefits through proximity to camp economies, although the threats to rural

hosts remain significant despite these potential advantages.

Finally, demographic factors such as age and literacy are linked to hosts' perceptions of
refugees. Literacy among hosts is associated with negative views of refugees regarding
social and rights related aspects. Literate hosts are more likely to hold restrictive views
on refugees' right to live and work in Ethiopia, which is also reflected in significant
negative associations with the Perception of Rights Index. They tend to perceive
refugees as less friendly and trustworthy and are more likely to believe that refugees
contribute to local infrastructure deterioration. Likewise, older host households are less

likely than younger households to support refugees' right to work.
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Table 1: Hosts' perceptions and attitudes about refugees

Positive perceptions towards refugees (+ coefficients indicate positive perceptions)

Economic Employment Friendliness Trustworthiness  Right to work Right to reside Comfort with Economic Perception of
opportunities refugees Perception Index Rights Index
Iqqub participation  _0.021(0.044) -0.044(0.037) -0.032(0.048) -0.077(0.049) -0.090(0.035)***  -0.043(0.040) -0.082(0.050) -0.080(0.067) -0.097(0.048)**
Iddir participation  (.111(0.040)***  0.118(0.037)*** 150(0.046)***  -0.014(0.046) 0.038(0.036) 0.012(0.040) 0.116(0.048)**  0.180(0.071)** 0.025(0.040)
Head is Male 0.011(0.030) 0.051(0.027)* 0.022(0.033) 0.028(0.035) -0.026(0.026) -0.008(0.029) 0.012(0.035) 0.046(0.048) -0.023(0.030)
Age -0.023(0.038) -0.023(0.036) -0.066(0.041) -0.075(0.042)*  -0.065(0.029)**  -0.011(0.033) -0.052(0.042) -0.045(0.062) -0.048(0.032)
Literacy 0.009(0.038) -0.041(0.034) -0.086(0.042)**  -0.097(0.045)**  -0.060(0.027)**  -0.084(0.030)***  -0.052(0.044) -0.050(0.058) -0.087(0.030)***
Income from agri. -0.095(0.043)**  -0.028(0.037) -0.030(0.043) -0.046(0.048) -0.065(0.034)* -0.076(0.037)** -0.032(0.045) -0.103(0.064) -0.081(0.042)*
Nonfarm enterprise  _0.024(0.035) 0.051(0.034)* 0.101(0.041)**  -0.008(0.040) 0.019(0.033) -0.001(0.037) 0.007(0.043) -0.030(0.054) 0.013(0.035)
Urban residence 0.035(0.032) 0.034(0.030) 0.082(0.033)**  0.204(0.034)***  0.113(0.026)***  0.163(0.031)*** 0.133(0.034)***  0.070(0.050) 0.157(0.032)***
Total cons (log) 0.063(0.028)**  0.041(0.024)* 0.027(0.029) 0.024(0.030) 0.015(0.022) 0.023(0.025) 0.061(0.029)**  0.077(0.041)* 0.022(0.026)
Number of obs 1,683 1,683 1,683 1,683 1,683 1,683 1,683 1,683 1,683
Negative perceptions towards refugees (+ coefficients indicate negative perceptions)
Inflation Wage depression Infrastructure Land occupancy
deterioration

Iqqub participation 0.054(0.036) -0.015(0.028) 0.038(0.023) 0.024(0.041)

lddir participation 0.110(0.044)** 0.005(0.023) 0.007(0.025) -0.078(0.046)*

Head is Male -0.004(0.029) -0.005(0.017) 0.002(0.018) 0.011(0.031)

Age 0.006(0.035) -0.015(0.020) 0.028(0.018) 0.034(0.038)

Literacy 0.033(0.038) 0.024(0.019) 0.052(0.017)*** 0.038(0.039)

Income from agriculture 0.081(0.035)** 0.039(0.022)* -0.009(0.020) 0.009(0.037)

Nonfarm enterprise 0.008(0.029) -0.080(0.027)%** -0.024(0.018) -0.071(0.031)**

Urban residence -0.057(0.028)** 0.003(0.018) -0.040(0.017)** -0.016(0.028)

Total consumption (log) 0.001(0.026) 0.015(0.015) 0.010(0.015) -0.020(0.027)

Number of obs 1,683 1,555 1,683 1,683

Note: The table presents the average marginal effects from both logit and OLS regressions, including region fixed effects and control variables. Standard errors are provided in
parentheses. Statistical significance is indicated as follows: *** p < 0.01, ** p < 0.05, * p < 0.1. See Table A1 for the description of each of the measures of social cohesion. The
Economic Perception Index is derived from six statements that assess whether hosts believe refugees contribute to economic opportunities, generate employment, do not compete for
jobs, do not take over land, do not cause inflation, and do not drive down local wages. Higher scores reflect a more positive perception of refugees' economic impact. The Perception
of Rights Index consists of two components: the hosts' perception of refugees' right to work and right to reside in Ethiopia. Higher scores indicate stronger support for these rights.
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Refugees' Attitudes toward Host Communities

Economically, refugees engage with host communities through various means, such as
Iqqub participation, working outside camps, membership in agricultural or business
associations, and sharecropping or co-ownership arrangements. Table 2 shows that
refugees working inside the camps face less discrimination and rely more on Ethiopian
friends in times of need compared to those working outside the camps. One reason for
this could be that refugees outside the camps compete directly with local workers over
limited employment opportunities and resources. Masaki et al. (2024) show that in
Ethiopia, refugees working outside camps tend to be poorer and are often employed in
agriculture—a sector in which hosts are more likely to have negative perceptions of

refugees.

Studies have found that competition for limited employment opportunities has caused
tension between refugees and hosts in various country contexts. Refugee involvement
in the labor market reduced informal employment for natives in Turkey (Tumen, 2016),
negatively affected the employment outcomes of agricultural workers in Tanzania
(Maystadt & Verwimp, 2014), and led to higher unemployment, lower labor force
participation, and fewer job-finding opportunities among natives in Turkey (Ceritoglu

et al., 2017).

Additionally, involvement in sharecropping and co-ownership schemes increases the
likelihood that refugees view their Ethiopian friends as a dependable support network.
These schemes require collaboration and foster strong interpersonal relationships. The
shared experiences and joint problem-solving in these ventures build trust and reliance

on one another.

Refugees' interaction with hosts in Iqqub is not significantly linked to their attitudes
toward hosts. A possible explanation for this could be refugees' income limitations,
which may make it challenging for them to make consistent contributions to Iqqub.
Other factors might include refugees’ limited networking opportunities with hosts, the
lack of a permanent location, and the absence of a secure environment for building
relationships within the Iqqub structure. Together, these factors limit Iqqub's potential

to foster positive perceptions and strengthen social cohesion.

Social interaction in Iddir is significantly associated with refugees' perceptions of
acceptance by Ethiopians. Refugees participating in Iddir with hosts are more likely to

believe that Ethiopians would feel comfortable having refugees as neighbors. In
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Ethiopia, Iddir provides essential support to its members during illness, accidents (such
as fire or theft), and, most notably, for funeral expenses (Mequanent, 1996). Similarly,
mutual aid organizations like burial societies in South Africa play a comparable role,
offering financial assistance to members when a death occurs in their family (Kramer,
1973). Beyond providing aid, these groups also strengthen bonds, as refugees who align

with the values of Iddir foster a sense of comfort and greater acceptance among hosts.

Refugees receiving support through NGO donations face 8.6% less discrimination or
harassment from their hosts compared to those without such assistance. This significant
reduction underscores the protective role of aid in mitigating negative experiences.
Jacobsen (2002) states that the arrival of humanitarian assistance following a refugee
influx creates new livelihood resources in the host areas. Humanitarian programs in
collaboration with national governments can improve economic security for refugees

and hosts.

Table 2 also indicates that literate refugees are more likely to face discrimination or
harassment compared to their illiterate counterparts. This disparity may be partly driven
by literate refugees' participation in the job market, which heightens competition with
local workers. Consequently, literate refugees may be perceived as rivals, leading to
discrimination. Lergetporer et al. (2021) find that in Germany, natives’ beliefs about
refugees’ education levels significantly influence their concerns regarding labor market
competition. When refugees are perceived as well-educated, hosts express concern

about job market competition.

Table 2: Refugees' attitudes toward hosts

Trustworthiness Discrimination Comfort Rely on Ethiopian

(Ethiopians) experience friend
Camp employment -0.063(0.049) -0.080(0.042)* -0.055(0.040) 0.085(0.036)**
Association membership -0.057(0.119) 0.044(0.102) -0.042(0.078) 0.032(0.077)
Share inputs 0.170(0.109) -0.086(0.106) 0.015(0.080) 0.245(0.054)***
Iqqub participation 0.042(0.096) -0.112(0.095) 0.102(0.103) -0.042(0.064)
Religious groups -0.076(0.056) 0.045(0.048) -0.073(0.041)* -0.038(0.041)
Iddir participation -0.068(0.082) -0.084(0.092) 0.143(0.066)** 0.027(0.062)
Head is Male -0.039(0.056) -0.059(0.046) -0.040(0.043) 0.011(0.038)
Age 0.063(0.086) -0.004(0.072) -0.100(0.050)** -0.017(0.076)
Literacy 0.027(0.053) 0.112(0.047)** 0.013(0.040) -0.058(0.038)
NGO donations -0.016(0.057) -0.086(0.049)** 0.044(0.044) -0.009(0.033)
Nonfarm enterprise -0.012(0.066) -0.026(0.058) -0.012(0.043) -0.054(0.039)
Total consumption (log) -0.003(0.043) 0.049(0.037) 0.049(0.032) 0.064(0.027)**
Number of obs 619 619 619 619

Note: The table presents the average marginal effects from a logistic regression, accounting for fixed effects
of Ethiopian regions and refugees' countries of birth, along with control variables. Standard errors are provided
in parentheses. Statistical significance is indicated as follows: *** p <0.01, ** p <0.05, * p <0.1. See Table
Al for the description of each of the measures of social cohesion.
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3.5.2.  Subsample Analysis
In light of earlier findings that highlight Iddir’s contribution to social cohesion, the
analysis now focuses on subgroup differences to assess whether this role is consistent
across demographic lines—specifically by gender, location, and literacy. Figure B1 in
the appendix shows that female hosts engaging with refugees through Iddir tend to hold
positive perceptions, particularly regarding refugees' contributions to employment,
friendliness, and support for their right to work. For male hosts participating in Iddir
with refugees, a positive association is observed in their perceptions of economic
opportunities and employment. However, male hosts also associate refugees with

inflation and display lower levels of trust.

The subsample analysis for illiterate and literate hosts in Figure B2 reveals generally
positive perceptions when engaging in Iddir, even though literate hosts in the general
sample tend to hold negative views of refugees. Illiterate hosts participating in Iddir
groups with refugees are more likely to believe that refugees contribute to increased
economic and employment opportunities, view refugees as friendly, and support their
right to work. Similarly, literate hosts participating in Iddir groups view refugees as
friendly, feel comfortable having them as neighbors, and are less likely to agree that

refugees are taking over land.

Iddir participation by rural hosts and refugees results in positive views of refugees, even
though rural hosts, in general, tend to hold negative opinions of them. As shown in
Figure B3 of the appendix, rural hosts participating in Iddir are likely to view refugees
as friendly and perceive them as contributing to employment. For urban hosts, Iddir
participation is associated with being less likely to believe that refugees are taking land,
more comfortable having them as neighbors and more likely to perceive refugees as
contributing to economic and employment opportunities. However, urban hosts also

associate the presence of refugees with inflation.

3.6. Limitations
This study provides important findings based on survey data; however, future research
could further strengthen and deepen these results by incorporating qualitative methods,
such as in-depth interviews or focus group discussions. Including such methods may
enhance the ability to fully capture the experiences of refugees and host communities

and validate the survey findings through triangulation.
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In addition to the main explanatory variable—economic and social interactions between
refugees and hosts through informal institutions—the study controls for demographic
characteristics (gender, age, literacy, and urban/rural status) and socio-economic factors
(income sources, total consumption, asset ownership, assistance and support, living
standards, shocks, and access to infrastructure), as well as regional fixed effects and
refugees' country of birth fixed effects. However, there is a possibility of endogeneity
between refugee-host interactions and social cohesion outcomes, arising from omitted
variable bias and reverse causality. Addressing this issue may require the application of
an instrumental variable approach. One potential instrument could be hosts' proximity
to camps, as households physically closer to refugee camps or out-of-camp areas might
interact more frequently, while distance itself may not directly affect their attitudes.
Nonetheless, due to limitations in the dataset regarding the availability of theoretically

relevant variables for use as instruments, this study was unable to apply an IV strategy.

3.7. Conclusion
Fostering positive attitudes and perceptions between refugees and host communities is
vital for enhancing social cohesion. Using data from 3,445 households in the 2022/23
SESRE, this study examined the association between economic and social interactions
of refugees and hosts and their attitudes and perceptions of each other. Additionally, the
study explored how socioeconomic factors are correlated with their attitudes and

perceptions.

The results indicate that social interaction through Iddir between refugees and hosts is
positively associated with measures of social cohesion in both groups. This positive
association persists even among rural and literate hosts, who hold negative views of
refugees due to competition for jobs and resources. In contrast, the economic interaction

via Iqqub is not strongly linked to social cohesion indicators.

The divergent results between Iqqub and Iddir can be attributed to their distinct
purposes and functions. Iddir, a mutual assistance group that provides social support
during crises, fosters solidarity and a sense of collective responsibility. This leads to
positive perceptions and attitudes between host and refugee participants, creating a
supportive environment that strengthens social cohesion. Conversely, Iqqub focuses on
pooling money among members, prioritizing financial collaboration over social
interaction, with trust between members being crucial for the system’s effectiveness.

Refugees' economic instability and lack of permanent residence may limit their ability
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to participate in Iqqub. Additionally, the potential lack of trust from hosts in refugees,
stemming from their limited financial ability, could further hinder positive interactions

and reduce Iqqub’s impact on social cohesion.

Improving the socio-economic conditions of host communities, particularly in rural
areas and among literate households, is crucial for strengthening social cohesion. These
efforts can help address economic concerns and reduce tensions. Such initiatives will
be more effective if complemented by efforts to reinforce traditional informal social
networks, like Iddir. By strengthening these networks, a more inclusive environment

can be created, benefiting both hosts and refugees.

The findings of this study on traditional community networks are important not only
for Ethiopia but also for African countries with similar social and economic structures.
African nations, for instance, Uganda, Senegal, Ghana, and South Africa, rely on
informal networks, such as mutual aid associations and rotating savings groups. This
study suggests that promoting social solidarity initiatives, like Iddir, could strengthen
social cohesion in refugee-hosting nations. Similarly, economic interaction in Iqqub

could yield comparable benefits once trust-building measures are addressed.
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Appendix A:

Table Al: Variable Description

Dependent Variables Variable description Measurement
Perception

Economic opportunities The presence of refugees has increased economic opportunities for Ethiopians. 1 = Agree, 0 = Disagree
Employment The presence of refugees has generated employment. 1 = Agree, 0 = Disagree
Friendliness Refugees are friendly (good people). 1 = Agree, 0 = Disagree
Trustworthiness Refugees are trustworthy people. 1 = Agree, 0 = Disagree
Right to work Refugees should have the right to work. 1 = Agree, 0 = Disagree
Right to reside Refugees should have the right to live where they want in Ethiopia. 1 = Agree, 0 = Disagree
Insecurity Refugees are creating problems of insecurity. 1 = Agree, 0 = Disagree
Land occupancy Refugees are taking over our land. 1 = Agree, 0 = Disagree
Inflation Price rises or inflation as an impact of having refugees nearby. 1=Yes; 0 = No

Wage depression Depressed wage rates as an impact of having refugees nearby 1=Yes; 0 = No
Infrastructure deterioration Deterioration of infrastructure as an impact of having refugees nearby 1=Yes; 0 =No
Attitudes

Trustworthiness (Ethiopians) Generally speaking, would you say most Ethiopians are trustworthy? 1 =Yes; 0 =No
Discrimination experience Have you faced discrimination or harassment from Ethiopians in the past year? 1 =Yes; 0 =No

Comfort
Comfort with refugees
Rely on Ethiopian friend

Do you think Ethiopians would feel comfortable having a refugee as a neighbor?
Would you feel comfortable having refugees as neighbors?
Who is most reliable for you in case of need?

1 = All, more than half, half; 0 = Less than half, none
1 = Comfortable; 0 = Neutral or Not comfortable
1 = An Ethiopian friend; 0 = Otherwise

Independent Variables &

Expected Signs
Age (+) Head’s Age 1 = 15-24 years; 2 = 25-64 years; 3 = 65 years or above
Head is Male (-) Head's Gender 1 =Male; 0 = Female

Literacy (-)

Income from agriculture (-)
NGO donations (+)

Total consumption (+)
Nonfarm enterprise (+)
Urban residence (+)
Economic Interaction
Camp employment (+)
Iqqub participation (+)

Can you read and write?

What is the household's main source of income?

What is the main source of income for this household?
Total consumption per capita

Does the household currently operate a nonfarm enterprise?
Does the HH live in Urban or Rural areas?

Does the head work inside or outside the camp?
Does the HH participate in an (Ayuto/Iqqub) scheme?

1 =Yes; 0 =No

1 = Agricultural activities; 0 = Otherwise
1 = Donation from NGOs; 0 = Otherwise
Ethiopian Birr (ETB)

1=Yes; 0 =No

1 =In Urban areas; 0 = In Rural areas

1 = Inside the camp; 0 = Outside the camp
1 =Yes; 0 =No

Share inputs (-) Do you participate in a shared cropping and co-ownership of inputs scheme? 1 =Yes: 0=No
Association membership (-) Do you participate in agriculture or business associations? 1 =Yes: 0 =No
Social Interaction

Iddir participation (+) Does the HH participate in an insurance/solidarity group? 1 =Yes; 0 =No
Religious groups (+) Do you participate in religious or spiritual groups? 1 =Yes: 0 =No
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Table A2: Descriptive Statistics
- Dependent variables

Mean Mean Hosts Refugees
(Hosts) (Refugees)  (n) (n)

Economic opportunities 0.592 1724

Employment 0.604 1724

Friendliness 0.647 1724

Trustworthiness 0.515 1724

Right to work 0.791 1724

Right to reside 0.696 1724

Insecurity 0.378 1724

Land occupancy 0.360 1724

Inflation 0.551 1724

Wage depression 0.044 1724

Infrastructure deterioration 0.102 1724

Comfort with refugees 0.463 1724

Economic perception (index) 0.488 1,724

Perception of rights (index) 0.948 1,724

Trustworthiness (Ethiopians) 0.534 1721

Discrimination experience 0.240 1721

Comfort 0.785 1721

Rely on Ethiopian friend 0.213 1721

- Independent Variables
Mean  Mean Mean Difference Observations Hosts  Refugees
(Al (Hosts)  (Refugees) (Hosts - Refugees, (All) (n) (n)
t-test)

Head is Male 0.473 0.559 0.387 0.171*%**(0.016) 3409 1702 1707
Age 1.971 2.037 1.906 0.131*%**(0.013) 3421 1709 1712
Literacy 0.568 0.622 0.515 0.107***(0.017) 3445 1724 1721
Income from agriculture 0.141 0.262 0.021 0.241%**(0.011) 3445 1724 1721
NGO donations 0.284 0.017 0.551 -0.535*%**(0.012) 3445 1724 1721
Nonfarm enterprise 0.164 0.195 0.132 0.063***(0.013) 3445 1724 1721
Iqqub participation 0.078 0.119 0.037 0.083***(0.009) 3445 1724 1721
Iddir participation 0.117 1724
Urban residence 0.603 1724
Camp employment 0.693 623
Association membership 0.023 1721
Share inputs 0.021 1721
Religious groups 0.177 1721
Funeral societies (Iddir) 0.057 1721
Total consumption 42667 30232 1,718 1,719
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Appendix B: Subsample Analysis for Hosts
Figure B1:

Average Marginal Effects for Iddir Participation by Gender
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Figure B2:

Average Marginal Effects for |ddir Participation by Literacy
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Figure B3:

Average Marginal Effects for Iddir Participation by Location
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