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A B S T R A C T

Ethiopia’s coffee sector, pivotal to the nation’s economy and cultural identity, is currently navigating a labyrinth 
of natural factors with climate change casting a long and formidable shadow over the future. This necessitates 
various measures to improve coffee sector resilience through the use of sustainable agricultural techniques. 
Accordingly, this study aimed to examine the effects of climate change on Arabica coffee production and the 
challenges it poses to the coffee value chain. This study used a mixed approach that combined both qualitative 
and quantitative research methods. Data were collected from 1020 coffee producers through a survey, 30 focus 
group discussions, and 67 semi-structured interviews. The findings show that climate change affects Arabica 
coffee by increasing temperature, changing rainfall patterns, and extreme weather occurrences, leading to dis
ease proliferation, post-harvest loss, shifting suitable coffee areas, and expansion of khat and commercial trees. 
Generally, the current impact of climate change on the coffee value chain underscores the immediate need for 
policymakers and agricultural practitioners to effectively implement sustainable coffee production, processing, 
storage, and transport methods to enhance the sector’s resilience.

1. Introduction

Climate change is gaining worldwide attention, emphasizing the 
urgent need for global action to mitigate its effects [1]. The impact of 
climate change poses significant social and economic challenges, espe
cially for those reliant on natural resources [1,2]. Climate change affects 
the social, economic, and environmental sustainability through various 
related variables. For example, climate change contributes to extreme 
weather occurrences [3–5], such as floods, droughts, storms, water
logging, frosts, snow, and severe rainfall, which cause significant dam
age and disruptions [3,5–7]. These events are aggravated, especially 
when temperature and precipitation exceed a certain threshold [8,9]. 
These natural catastrophes have a profound impact on human, envi
ronmental, and biological resources [10–12]. Their effects extend to 
various industries, organizations, and economies [13]. The agricultural 
sector is particularly exposed to extreme climatic occurrences [14–17]. 
They contribute to decreased productivity, lower incomes, higher price 
volatility, and food insecurity [2,5,18,19]. Besides, climate extremes can 

exacerbate the proliferation of diseases and insect pests [2,3,20–23]. 
Their cumulative effects can cause resource depletion, displacement, 
social tensions, reduced yields, increased food insecurity, and expose 
farmers to shocks and poverty [6,16,24,25]. It is anticipated that the 
impact of these extreme weather events will become more frequent and 
severe in the coming decades, necessitating global responses [3].

Developing countries are more vulnerable to climate change; how
ever, their efforts to mitigate climate change are still minimal [26]. The 
agriculture sector is one major area where the profound impact of 
climate change occurs in these nations. Climate variables, such as 
rainfall and temperature variations affect agricultural production, pro
duction suitability areas, and rural livelihoods [27]. Climate change also 
induces disease and pest outbreaks, which significantly affect agricul
tural productivity [28]. Smallholder farmers who lack modern agricul
tural technologies are particularly vulnerable to climate change 
[29–31]. Climate change threatens smallholder farmers by potentially 
reducing crop yields, increasing production costs, exacerbating poverty, 
and disrupting ecosystems [29,32–34].
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Arabica coffee is highly sensitive to climate change [35,36]. Climate 
affects coffee production by changing the temperature and rainfall 
patterns in coffee-growing regions [37–39]. However, the Ethiopian 
coffee sector is very important for the economic development of the 
country [40,41]. Despite its multifaceted contributions, the coffee sector 
faces several challenges that impede its optimal growth trajectory [42,
43]. Natural calamities exacerbated by climate change pose substantial 
threats to both production and marketing endeavours [39,44–47]. The 
impact causes the loss of Arabica coffee, which has significant social, 
economic, and ecological implications [48]. Climate change thrusts 
coffee producers into a cycle of uncertainty by reducing coffee yields and 
household incomes, precipitating a cascade of negative outcomes 
including food insecurity and entrenched poverty [49–52]. The effects 
further cause reduction in coffee quality, income, and export earnings, 
leading to economic contraction [53–55]. However, promoting 
climate-resilient practices such as tree shade management, soil and 
water conservation, improved coffee varieties, agroforestry, irrigation, 
and diversifications can enhance economic retention in the coffee sector 
[56–60]. These measures will also ensure sustainable coffee production 
and marketing, thereby attracting more investment for economic 
growth. Therefore, this research aims to study the impact of climate 
change on Ethiopian Arabica coffee production and the current chal
lenges it poses to the coffee value chain.

Arabica coffee, with its limited genetic diversity, is deemed ecolog
ically appropriate at latitudes ranging from 20◦N to 25◦S and elevations 
ranging from 700 m to 2000 m above sea level [52]. This geographic 
specificity is attributed to the genetic diversity of Arabica coffee, which 
necessitates cultivation within narrowly defined biophysical and cli
matic parameters [61]. Coffee suitability is likely decreasing overall due 
to rising temperatures and precipitation patterns [38,44,45,62,63]. This 
may force coffee production to move to higher altitudes or latitudes; 
however, this would not always ensure significant benefits [48,63,64]. 
Hence, digitally supported agricultural production technology has the 
potential to significantly enhance resource utilization and total yield 
[65]. There have been increasing concerns regarding the future quantity 
and quality of coffee yields [66]. Climate change further disrupts the 
supply of raw materials, transportation, and logistics [67–70]. This 
shows that the intricate nexus between natural forces, institutional dy
namics, and global market influence underscores the imperative for 
concerted efforts to address the multifaceted challenges confronting 
Ethiopia’s coffee sectors, necessitating holistic interventions that bridge 
ecological resilience, institutional capacity, and economic sustainabil
ity. This research, therefore, underscores the necessity of understanding 
the impact of climate change on coffee value chains to improve Arabica 
coffee’ resilience and ensure its long-term production.

This research seeks to unravel a critical inquiry: How does climate 
change affect Ethiopian Arabica coffee production and what challenges 
do it currently pose to the coffee value chain? This research can help 
policymakers better understand the challenges of climate change, 
particularly the impact of extreme weather events, consequences of 
agroecological coffee suitability changes, khat and commercial tree 
expansions, and the development of more robust resilience measures to 
increase support for the Ethiopian coffee industry. It is also expected to 
serve as an alert, prompting decision makers to take preemptive actions 
to protect coffee-suitable environments, particularly in highland re
gions. Furthermore, this study provides academic insights into how 
climate change affects the coffee industry in various ways, with the 
potential to disrupt the global coffee value chain. This study is antici
pated to serve as a ladder for academics to conduct further research 
beyond coffee farms.

2. The Ethiopian coffee value chain

Ethiopia is the birthplace of Arabica coffee. The country is the top 
African coffee producer and the fifth-largest coffee exporter worldwide 
[71,72]. Coffee contributes to the country’s exports and total foreign 

exchange earnings, accounting for over 50 % and 25 %, respectively [73,
74]. Half of the total coffee production remains in the domestic market 
for consumption, which also distinguishes it from other 
coffee-producing countries. Moreover, having a unique flavor makes the 
Ethiopian Arabica coffee more popular in the specialty coffee market. 
There are four coffee production system in Ethiopia; forest coffee, 
semi-forest coffee, garden coffee and plantation coffee [39,43,75]. 
Smallholder farmers participate in the former three categories, ac
counting for 10 %, 35 %, and 50 % of the total annual coffee production, 
respectively. However, coffee plantations are owned by state farms or 
private investors. Coffee is the primary income source for more than five 
million smallholder growers and contributes to 95 % of the country’s 
output [74,76,77]. Nearly 15 million people in this country rely on this 
sector as their primary source of income [74,78]. However, smallholder 
farmers find themselves at the bottom of the chain. They are also esti
mated to receive 60 % of the export prices which is much lower than 
major coffee producing countries like Brazil (90 %) [43]. They also face 
challenges such as limited farm plots, insufficient capital, lack of market 
price information, lack of modern technologies, poor institutional sup
port, and low bargaining power [43,76,79–81].

The Ethiopian coffee value chain consists of production, collection, 
processing, marketing, exporting, and consumption stage. There are two 
major categories of actors involved in the coffee value chain: primary 
and secondary actors. While smallholder coffee farmers, farmer co
operatives, cooperative unions, processors, traders, exporters and 
buyers are the primary actors; government institutions, private in
stitutions and service organizations are the secondary actors [73,80,
82–85]. Table 1 shows the details of the actors and their major roles in 
the Ethiopian coffee value chain.

On the marketing side, the Ethiopian Commodity Exchange (ECX) 
was established in 2008 with the aim of trading agricultural products, 
particularly coffee, and streamline the coffee marketing system [86]. 
The platform aimed to facilitate the connection between coffee pro
ducers and buyers by providing necessary information to reach an 
agreement on prices. ECX also maintains a high standard for coffee, 
adjusting its grades based on market demand, which attracts buyers. 
Nevertheless, until 2017, the strategy restricted direct coffee exports 
from individual farmers to buyers, permitting exports exclusively from 
commercial coffee farms [74,76,86,87]. This restrictive system has 
increased the marginalization of smallholder coffee growers, limited 
their access to market information, and reduced their bargaining power. 
The system failed to develop the specialty coffee industry because of a 
lack of traceability, which makes it difficult for smallholder coffee 
producers to get a premium price. These bottlenecks compelled the 
government to reform the coffee marketing system to a so-called ’ver
tical integration system’ in 2017 [76]. In this strategy, smallholder 
farmers can sell their coffee through seven channels: directly to ECX, 
domestic roasters, international buyers, out-growing farms, suppliers, 
suppliers’ brokers, and cooperatives. The assumption was that the 
platform would allow farmers to directly export their coffee to inter
national markets. It would also create a conducive environment for 
suppliers to participate in the coffee production and also create close 
collaboration between the farmers and suppliers. The system has 
intended to ensure women’s participation in the coffee value chain. 
Furthermore, the vertical system enables for traceability, which pro
motes the growth of specialty coffee production at premium pricing for 
high-quality beans.

3. Research methods

3.1. Study area

For this study, we conducted quantitative surveys, focus group dis
cussions and semi-structured interviews in the coffee production zones 
of Jimma and Illubabor. The subsequent interviews were also conducted 
in Addis Ababa which is home to many coffee stakeholders. Gera, 
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Gomma, and Limu Seka were selected from Jimma Zone, whereas Yayu 
and Ale were chosen from Illubabor Zone. There are also various in
stitutions that play a major role in the coffee production and marketing 
in these selected areas, although their contributions vary. Following 
this, six kebeles (lower administration level) from each district were 
randomly selected to conduct the survey and focus group discussions. 
This strategic choice leverages purposive sampling, allowing researchers 
to apply their judgments in a manner that addresses research queries 

Table 1 
Actors category and their main functions.

Actors Category Specific actors Main functions

Input suppliers
Ministry of Agriculture, 
research and academic 
institutes, private input 
suppliers, agro-enterprises, 
NGOs, etc.

They supply improved coffee 
seedlings, farm tools, 
pesticides, fertilizers 
(organic and inorganic), 
extension support, technical 
assistance, financial and 
credit provision, insurance, 
etc.

Coffee 
producers

Smallholder coffee farmers (i. 
e., those farmers who have 
<0.5 ha of coffee land). They 
contribute 95 % of the 
nation’s total coffee 
production.

They carry out the activities 
such as farm management, 
harvesting and postharvest 
handling, cherry harvesting 
and drying, transporting to 
hulling or washing stations, 
loading and unloading, 
sorting, grading, and selling 
red cherry to local collectors, 
primary cooperatives, 
processors, private investors, 
local consumers and 
retailers, etc.

Primary 
farmers 
cooperatives

All coffee cooperatives at 
kebeles

Members of cooperatives 
participate in collection of 
red and dry cherry coffees, 
sorting, fermentations, 
hulling, packing, fermenting, 
warehousing, polishing, and 
blending and transporting, 
etc.

Cooperative 
unions

Kata Muduka, Limu Inara, 
Sorgaba, Oromia, Sidama, 
Yirgacheffe, Kafa Forest, and 
Bench Maji Coffee Farmer 
Cooperative Unions

They engage in activities 
such as hulling, polishing, 
and blending for the 
parchment and polishing and 
blending for sun-dried 
coffee. They also supply farm 
inputs, arranging transport 
service, collecting, 
processing, facilitating 
savings and credit service, 
provision of warehouses, 
promotion and exhibition, 
ensuring supply of organic 
coffee and exporting, 
roasting, look for global 
markets to sell coffee and 
share dividends to the 
cooperative members, etc.

Collectors
Representatives for suppliers 
(middlemen) who can collect 
coffee from any sources, 
except cooperative 
memberships

They buy coffee from 
smallholder farmers at lower 
prices and sell it to primary 
coffee farmers’ cooperatives, 
processors, and exporters. 
They also collect, transport, 
process, store and market, 
etc.

Processors
Millers (center for washing 
and drying stations) such as 
rivate investors, cooperative 
unions, local collectors

Process red cherry coffees 
into parchment and green 
beans through hulling, 
pulping, drying, washing, 
fermenting, sorting, grading; 
packing, weighing, storing, 
and selling to either foreign 
markets, exporters, or 
retailers, etc.

Wholesalers They are mostly individual 
traders who have wholesale 
trade licence

Wholesalers involve in 
buying local standard coffee 
from suppliers and reselling 
to retailers. They purchase 
both washed and unwashed 
coffee with various 
standards.

Retailers They are mostly individual 
traders who have retail trade 
licence

Retailers buy coffee from 
domestic wholesalers and 
sell it to local consumers.

Table 1 (continued )

Actors Category Specific actors Main functions

Exporters Private investors, individual 
farmers (have greater than 2 
ha of coffee land), cooperative 
unions

They undertake the activities 
such as buy coffee from 
farmers, collectors, unions 
and other privates. They buy 
coffee from suppliers, 
reprocess and market to 
international buyers. They 
engage in cleaning, sorting, 
grading, cupping, storing 
and exporting. They also 
carry out the processing 
activities such as hulling and 
other value-adding chores 
such as colour sorting, 
polishing and blending.

Regulatory 
institutions

Ethiopian Coffee and Tea 
Authority, Ministry of Trade, 
Ethiopian Commodity 
Exchange

Develop policy and 
strategies, manage market 
governance system, manage 
coffee production activities 
to end consumption, 
maintains coffee’s quality 
standards, facilitate coffee 
producer-buyer connections, 
manage auctions, provide 
necessary market 
information, adjust coffee 
grades based on market 
demand, build transparency, 
etc.

Supportive 
institutions

Government institutions, 
national and international 
organizations

They engage in policy 
formulation, advocacy, 
promotion, research, 
provision of information and 
technology, financial and 
credit service provision, 
facilitation of market 
linkages and creation of 
business environment, etc.

Fig. 1. Map of the study area.
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[88]. Fig. 1 shows a map of the study area.
These districts have highland, midland and lowland areas with an 

average temperature and annual rainfall: Ale (18.775 ◦C, 3064.55 mm), 
Yayu (20.96 ◦C, 2089.1 mm), Gera (16.97 ◦C, 2812.1 mm), Gomma 
(16.97 ◦C, 2812.1 mm), and Limu Seka (19.995 ◦C, 2093.9 mm). All 
these selected areas are known in coffee production and other agricul
tural production activities. Most smallholder farmers in all districts are 
engaged in coffee production. In 2024, the total coffee production in 
each district was: Yayu (36,747.55 tons), Ale (493 tons), Gera 
(29,116.977 tons), Limu Seka (23,868.685), and Gomma (37,285.08 
tons). Other cash crops, such as khat and commercial trees, are currently 
expanding in these areas due to climate changes.

3.2. Sampling procedures and data collection

A mix of quantitative and qualitative methods was used in this study. 
First, we conducted a survey to assess the impact of climate change on 
the coffee sector. Six kebeles from each district were chosen using 
stratified sampling techniques. The stratifications were based on the 
agroecological zones of highland, midland, and lowland, taking into 
account their altitudinal and topographic features. Accordingly, 203, 
211, 202, 204, and 200 smallholder coffee producers were chosen from 
Yayu, Ale, Gera, Goma, and Limu seka, respectively. We considered 
kebeles with altitudes of lowland (<1500 m.a.s.l), midland (1501–1799 
m.a.s.l), and highland (≥1800 m.a.s.l) [89]. Overall, 1020 smallholder 
coffee farmers were interviewed.

We used closed-ended questions to gather insights into farmers’ 
perceptions of climate change, specifically its impact on coffee pro
duction, processing, storage, and transportation. The questionnaires 
were initially prepared in English and were later translated into the local 
language (Afan Oromo). We also conducted a pilot survey to test the 
design of the questionnaire before full deployment and allow enumer
ators to practice data collection. We stopped the pilot study once we 
ascertained overall interview time, the reliability of the survey tool used, 
and the appropriateness of the questions included in the survey. The 
data were collected using Kobo Toolbox, an open-access digital survey 
tool that can be deployed on smartphones and tablets. Answers can be 
stored on local devices and later uploaded to a cloud server [90]. Since 
most of the respondents live in remote areas where there is no internet 
access, this digital tool helped us properly collect data. We then exported 
the collected data in CSV and SPSS formats.

Additionally, we also gathered qualitative data to gather insights 
into the impacts of climate change on Ethiopian Arabica coffee pro
duction and its supply chain. Semi-structured interviews and focus 
group discussions were conducted to acquire the data. These data 
collection methods provide a good opportunity to collect in-depth data 
on people’s views, beliefs, and experiences in the research area. We 
conducted semi-structured interviews with coffee stakeholders utilizing 
a bottom-up approach from district to federal levels, involving partici
pants from public, private, and civic institutions using snowball sam
pling technique. Snowball sampling was employed to ascertain the total 
number of participants for the interviews [91]. This method enables an 
institution to recommend other institutions involved in climate in
terventions within the coffee sector. To reduce the biases associated with 
the snowball sampling method, we collected data from diversified 
sources and triangulated them. Use of varied data sources is a good 
mechanism to reduce biases associated with the snowball method of 
sampling [92]. 67 key informants were interviewed to address the 
research question. Before starting the interviews, we prepared an 
interview guide that consisted of a list of checklists used during the in
terviews. The checklists were translated into the local language prior to 
the interviews. Most upstream actors were interviewed in Afan Oromo, 
whereas downstream actors were interviewed in Amharic or English. We 
collected data using a recorder or a note-taking method. Additionally, 
consent forms were used to ensure the interviewees’ willingness, 
informedness, and positive emotions before and after study completion. 

Each interview lasted 45–90 min. The interviews were conducted with 
high ethical standards, ensuring participants’ anonymity, and choosing 
conducive locations to foster open dialogue. Table 2 provides informa
tion on the institutions, geographical locations, participants, interviwee 
position, number of interviewees, and institutional functions.

Finally, focus group discussions were conducted to obtain in-depth 
information about the research topic. While conducting the focus 
groups, the debate was held in a laid-back setting to allow the partici
pants to express themselves freely. An experienced moderator led the 
discussion with the help of an observer who took notes and set up re
cordings. Each group consisted of 9–12 participants and was conducted 
at the same 30 kebeles in five districts where we collected survey data. 
Overall, this study involved group discussions with a total of 367 par
ticipants. Each discussion lasted between 54 and 104 mins.

3.3. Data analysis

The analysis includes both surveys and qualitative data. The survey 
data was analysed using SPSS software for data coding and descriptive 
analysis, while the results were graphically presented using R software. 
Regarding qualitative data, the transcripts of the interviews and focus 
group discussions were translated into English after converting audio 
recordings into text. The data were then thematized using NVivo 14 
software, which included farmers’ perceptions of changes in tempera
ture and rainfall patterns, disease and insect pests, extreme weather 
occurrences, effects of coffee shifting, expansion of khat and other 
commercial tree cultivation. Institutional perspectives on how climate 
change affects coffee cultivation, processing, storage, and transportation 
along the coffee supply chain are also included in the analysis.

4. Results

Finding 1: There are changes in temperature and rainfall patterns in 
coffee production areas.

The study reveals that climate change is currently occurring. The 
indicators are rising temperature and rainfall pattern changes. One 
informant stated that 

Climate change has been noticeable in recent years. Some indicators 
of this phenomenon include irregular heavy rainfalls, prolonged 
rainy seasons, unpredicted rainfall patterns, early onset of the fall 
season, and increased temperatures. (GO11)

According to the survey results, 76.7 % of respondents reported an 
increase in temperature (Fig. 2). The deviation from the average tem
perature required for coffee can have an impact on coffee production. 
The impact of rising temperature has resulted in a shift in coffee culti
vation from lowlands to highlands.

The group participants also state that changing rainfall patterns, 
especially heavy rainfall or delayed onset rainy seasons, significantly 
impacted coffee production. Untimely rain causes scattering of coffee 
flowers and fruits, leading to a decline in coffee production. One 
participant stated 

After the coffee blossoms, we see the flowers; we are happy, and we 
thank God. We then mourn the heartbreaking sorrow after the un
timely rain falls too much and scatters its flowers. (FGD conducted at 
Wabu kebele, Yayu district)

The survey result indicates that there has been an increase in the 
average amount of rainfall, intensity, and longevity (Fig. 3). However, 
high rainfall and unpredictable seasons significantly impact coffee 
production during harvesting, while delayed onset seasons often affect 
coffee flowering or ripening.

Our interviewees further indicate that changes in temperature and 
rainfall patterns are drivers of extreme weather events, agroecological 
changes, and environmental stress. They exacerbate the decline of coffee 
output, resulting in price fluctuations, low income, and food insecurity 
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Table 2 
Institutional types, interviewees (anonymized) and their major functions in the Ethiopian coffee value chain.

Institutional 
category

List of institutions Geographical 
locations

Participants 
(Anonymized)

Interviewee position No. of 
interviewees

Major functions

Farmer 
cooperative

Primary Coffee Farmers 
Cooperatives

Gomma, Ale, 
Limu Seka, Gera

CO1, CO5, CO6, 
CO7, CO8, CO11, 
CO12

Experts and Head in 
Cooperative, Experts 
in Marketing, 
Business 
Management

7
Farmers participate in training, 
implement climate adaptation 
practices, participating in forest 
and land management practices, 
improve coffee yield and quality, 
ensure sustainable coffee 
production, and share 
information with other farmers.

Cooperative 
Unions

Limu Enara, Sorgaba, Katta 
Muduka, Oromia Coffee 
Farmers Cooperative Unions

Limu Genet, 
Mettu, Addis 
Ababa, Gomma, 
Limu seka

CO2, CO3, CO4, 
CO9, CO10

Managers, General 
Manager, Board 
Chairperson and 
investor

5
Unions provide technical 
training, coffee production 
inputs, modern equipment for 
coffee processing, improve coffee 
yield and quality, and promote 
climate resilience strategies.

Membership 
organization

Ethiopian Coffee Exporter 
Association

Addis Ababa MO1, MO2 Head of Marketing 
and market research, 
General Manager

2 Promote global coffee, advocates 
for policies and regulations, 
provides member information, 
supports capacity building, and 
collaborates with international 
organizations like ICO to expand 
market opportunities, etc.

Market and 
development

Trade and Market 
Development

Gomma, Yayu, 
Limu Seka

AG1, AG15, AG18 Experts in market 
management

3
Develop policy and strategy, 
collaborates with Ethiopian 
Coffee and Tea Authorities, 
ministry of Trade, and other 
organizations, market regulation, 
providing training, maintaining 
coffee quality standard, 
facilitating farmer linkages and 
export networks, etc.

Government 
organizations

Ministry Of Agriculture 
(Bureau of Agriculture)

Ale, Gomma, 
Limu seka, Yayu, 
Gomma

GO1, GO2, GO3, 
GO4, GO6, GO8, 
GO9, GO10, GO11, 
GO12, GO13, GO14, 
GO15

Experts, team 
leaders, Head/Vice 
Head of Agricultural 
Office

13 Develop policy and strategy, 
provide capacity-building 
training, provide extension 
services, adjusting accessing 
coffee production inputs, 
promoting sustainable coffee 
production practices, sustainable 
land management, liaising 
farmers with various institutions, 
linking farmers with markets, 
supervision and monitoring, etc.

Agency
Ethiopian Commodity 
Exchange

Mettu AG10 Expert in coffee 
control and 
management expert

1 Establishes platforms for coffee 
sellers and buyers. Ensures the 
quality of coffee by enhancing 
climate-resilient infrastructure, 
etc.

Ethiopian Coffee and Tea 
Authroity

Gera, Limu seka, 
Alle, Addis Abeba

AG2, AG3, AG4, 
AG13, AG16

Experts in coffee 
production and 
quality, Experts in 
market management, 
Director Manager

5
Formulate policies, regulating 
market activities, promoting 
coffee industry growth, 
supervising production processes, 
research and development, and 
providing international grades 
and certificates, etc.

Environmental Protection 
Authority

Ale, Gera, Limu 
seka, Yayu, 
Gomma

AG5, AG6, AG7, 
AG8, AG9, AG11, 
AG12, AG14, AG17

Experts, Head Office 9
Provide capacity-building 
training, promotes sustainable 
environmental protection 
activities, triggers participatory 
forest management, sustainable 
land management, water and 
pollution control, and 
biodiversity conservation, 
coordinate policy and strategies 
for climate resilience 
implementations, promotes eco- 
friendly coffee processing, and so 
on.

Busa Gonofa Jimma Zone GO5 Expert, Head Office 1
Resource collected by the 
community to aid each other 
during natural and man-made 
disasters. This cultural of mutual 
assistance, rooted in the Gada 
system, plays a crucial role 

(continued on next page)
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Table 2 (continued )

Institutional 
category 

List of institutions Geographical 
locations 

Participants 
(Anonymized) 

Interviewee position No. of 
interviewees 

Major functions

particularly in country 
(Oromia)’s development.

Research 
Institute

Jimma Agricultural Research 
Institute

Mettu GO7 Focal person 1
Provides capacity building 
training for extension workers 
and farmers, conducts actionable 
research, releases new coffee 
varieties (drought and disease- 
resistant coffee types), provides 
on-technical assistance at farm, 
promotes sustainable coffee 
production practices, provides 
coffee production inputs, 
promotes agroforestry based 
coffee production, etc.

Private Business
BNT Industry and Trading PLc, 
Fairchain Coffee Agro 
Processing Plc, Abana coffee 
PLc, Tracon Agricultural and 
Trading PLc, MIDROC Coffee 
Plantation (2), Ayetu 
Agricultural and Trading PLc

Addis Abeba, 
Limmu Genet, 
Gera, Gomma

BUS1, BUS2, BUS3, 
BUS4, BUS5, BUS6, 
BUS7

Managers, Experts 7 Private investors provide 
training, financial support, coffee 
and shade tree seedlings 
provision, infrastructure 
development, environmental 
conservation awareness, 
technical support, improved 
coffee variety, agroforestry 
practices, climate resilience 
strategy promotions, carbon 
footprint reduction, and modern 
technology dissemination for 
coffee processing, etc.

Development 
Organizations 
(NGOs)

Reducing Emissions from 
Deforestation and Forest 
Degradation

Ale, Yayu, Gera, 
Gomma

SO7, SO8, SO9, 
SO14

Focal persons, 
Project coordinator,

4
Provide training on agroforestry 
restorations, sustainable forest 
management, sustainable land 
management, and deforestation 
reduction strategies to enhance 
capacity-building skills: promote 
solar energy adoption, 
sustainable farming practices, 
and agricultural diversification 
strategies to reduce climatic risks; 
provide the necessary 
information and resources to 
make the implementation more 
effective, etc.

German Agency for 
International Cooperation

Ale SO1 Program component 
manager

1
Provides financial assistance, 
technical expertise, and training 
for farmers and extension 
workers; promote climate 
adaptation strategies, provides 
coffee processing equipment, and 
encourages the use of improved 
coffee varieties; disseminate 
modern technologies to farmers, 
promotes sustainable forest 
management, and encourages 
integrated pest management to 
ensure effective agricultural 
practices.

EU-Coffee Action for Ethiopia Yayu SO6 Focal person 1
Supports coffee production by 
training farmers, collaborating 
with organizations, conducting 
research, liaising public-privates, 
providing certifications, 
extension services, and inputs, 
etc.

TechnoServe Gera SO13 Business and 
agronomy 
consultants

1
Engages in coffee production by 
providing training on climate 
resilience strategies such as 
agroforestry practices, soil and 
water conservation, and 
sustainable forest management, 
etc.

Hunde Oromo Grassroot 
Development Initiatives

Gomma SO10 Focal person 1
Provides training on sustainable 
agricultural practices, financial 
assistance and credit services, 
coffee processing equipment 
(materials and machines), 

(continued on next page)
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(AG5,7 8,14, GO7, SO5,7,10). Some interviewees further perceived that 
climate change impacts the coffee industry’s supply chain, distorts 
market channels, decreases export volumes, and causes customer losses 
(AG11 and SO2). One key informant explained that 

Climate change indeed exists. The indicators are change in rainfall, 
temperature, humidity, flood and landslides. This caused land 
degradation, soil erosion, change agro-ecological zone, reduction in 
coffee production and productivity, price fluctuation, food insecu
rity, migration, life instability, etc. (AG5)

Furthermore, a recently undertaken trend analysis also shown that 
mean annual and seasonal rainfall has increased significantly in the 
Gomma, Gera, Limu Seka, Yayu, and Ale districts in southwest Ethiopia 
[93]. The result also revealed that the minimum and maximum tem
peratures have also been steadily increasing in these areas. Rising 
temperatures pose a significant threat to lowland and midland 
coffee-producing regions, while highland locations may become future 
coffee production hubs. Altering rainfall patterns could also potentially 
negatively affect coffee production in highland regions. The finding 
generally showed that rising temperatures and changes in rainfall pat
terns would have a negative impact on coffee phenological stages, 
lowering yields and quality. The study thus underscores the urgent need 
for effective implementation of sustainable coffee production practices 

Table 2 (continued )

Institutional 
category 

List of institutions Geographical 
locations 

Participants 
(Anonymized) 

Interviewee position No. of 
interviewees 

Major functions

technical support on climate 
adaptation and mitigation 
practices, coffee and tree 
seedlings, and the establishment 
of demonstration and nursery 
sites, etc.

Nature and Biodiversity Union Yayu SO3 Focal person 1 Conserves nature, habitat, 
biodiversity, and support 
livelihoods, etc.

Environment Coffee Forest 
Forum

Yayu, Addis 
Ababa

SO2, SO4 Coordinator of the 
project, Executive 
Director

2
Provides training on sustainable 
coffee production practices, 
conducts research, participates in 
coffee agroforestry systems, 
promotes sustainable forest and 
land management, works on 
climate adaptation and 
mitigation strategies, serves as a 
liaison between science, policy, 
and practices, develops carbon 
credit projects, establishes 
demonstration and training 
centers, and supplies improved 
coffee varieties, etc.

Digital Green Foundation Gera SO11 Focal person 1
Provides improved coffee 
varieties, video-extension 
training, promotes forest 
management, climate-copying 
techniques, financial assistance, 
shade tree seedlings, and 
sustainable land and forest 
management, etc.

Hanns R. Neumann Stiftung Yayu SO12 Project coordinator 1
Provides capacity-building 
training, provides coffee 
production equipment, promotes 
forest management, provides 
improved shade and coffee 
seedlings, promotes agroforestry 
practices, and promotes climate- 
coping mechanisms to enhance 
sustainable coffee production, 
etc.

Fig. 2. Perceptions of coffee farmers towards changes in the average temper
ature over the past decade.

Fig. 3. Perceptions of coffee farmers about changes in timing of rainfall pat
terns over the past decade.
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to enhance the coffee sector’s resilience.
Finding 2: Coffee diseases are currently posing significant challenges to 

coffee production.
The interviewees identified coffee berry disease (CBD) and coffee 

wilt disease (CWD) as the most common diseases currently affecting 
coffee production (AG3, AG16, BUS2, CO12, GO9, 12, 13, AG5, MO2). 
According to their report, these diseases affect coffee production not 
only in some specific villages but are also widespread everywhere. The 
farmers describe the effects of the diseases as causing “the blossoms to 
wilt and the roots and stems to rot” (FGD2). Another group describes 

There is a disease called ’corona’ that causes the coffee to dry quickly 
and scatter. The disease starts to attack as soon as coffee starts to 
bloom or flower. The difficulty with these epidemics is that they 
make farmers vulnerable to famine and worry about their future. 
(FGD conducted at Genida Chala kebele, Gera district)

Farmers also highlighted that their village is famous for coffee pro
duction; however, due to disease, production has recently been 
declining significantly (FGD16). 

The disease affects coffee by heating the stems and burning leaves, 
starting to shed the flowers, and eventually dropping down the cof
fee. The disease torture destroys coffee trees and scatters coffee 
beans. (FGD conducted at kolakimbibit kebele, Gera district)

Farmers have tried various methods to combat diseases, but these are 
not very effective. Their reports indicated that these methods are con
ventional. For example, the farmers described the methods as follows: 

We burned and removed disease-infected coffee trees that have 
proven unsuccessful in achieving our goals. (FGD conducted at katta 
Bero kebele, Gomma district)

Finding 3: Extreme weather occurrences have significantly impacted 
coffee production and the livelihoods of farmers.

The survey results indicate that, over the past decade, coffee farmers 
have experienced weather events compared to previous years. The fre
quencies of floods, heavy rain, storms, droughts, and landslides were 
relatively low (Fig. 4). However, landslides are currently expanding in 
10 districts, including Gera, Gomma, Shabe Senbo, Sigmo, Setema, 
Gumay, Nedi Gibe, Seka Chekorsa, Sokoru, and Dedo (Fig. 5), but only in 
the Jimma areas (GO5).

The discussants also asserted that landslides seriously devastated a 
coffee farm in Limu Seka district, causing major coffee output losses 
(FGD20, 23). It displaced >300 people in the town of Gera. The inter
view reports further indicated that landslides caused significant damage 
to coffee production in the Yayu (SO7) and Gomma (CO6) districts. 
Consequently, many districts are prone to natural calamities, particu
larly during the summer, when excessive rainfall is prevalent. One of the 
group participants was concerned that: 

My most frightening fear is that I do not think this natural disaster, 
especially landslides, will stop in affected districts. I have serious 

concerns that landslides will continually affect these districts and 
expand to other districts in the future. (GO5)

Heavy rains, ice, floods, landslides, droughts, and frosts are the most 
common extreme weather events in Ethiopian coffee-producing areas 
(AG11, CO6, 10, SO7). Heavy rain, ice, floods, and landslides are more 
prevalent in the summer, whereas droughts are severe in the spring and 
summer, and frosts are more prevalent in autumn and winter (AG8, 
GO13, SO2, 7, 14). These disasters have put coffee production at risk 
(AG5, 7, 8, CO11, GO13, SO2, and 14). Many districts are also prone to 
natural calamities, especially during the summer season when excessive 
rainfall is prevalent. One group of participants states that 

Although we harvest coffee every year, if there are such adverse ef
fects, we can expect coffee to begin producing after three years. The 
output was therefore insufficient, even for home consumption. We 
have tried many things that we thought would solve this problem, 
but we have not found a solution yet and it is beyond our power. 
(FGD conducted at keto gelecho kebele, Ale district)

Heavy rain mixed with ice significantly affected coffee production. 
Ice damages coffee leaves and flowers (AG3). It also damages coffee 
stems, scatters the leaves, and eventually leaves the coffee barren, which 
decreases coffee production (CO9, FGD3,5,10,14,28, GO13). The 
discussant states, 

In previous years, we have been obtaining large yields, but this year, 
production has decreased significantly due to heavy rain and three 
rounds of heavy ice, leading to the destruction of coffee and lower 
profits for farmers. This year, we never experienced a sudden 
breakdown. (FGD conducted at Getabore kebele, Gomma district)

Ice damaged coffee stems and dispersed leaves, resulting in lower 
yields than in previous years (FGD14). In addition, discussants reported 
that coffee plantations became unsustainable in the absence of shade 
trees, such as the popular Albizia, which was severely damaged by ice 
and excessive rainfall last year (FGD13).

Frost also poses a significant threat to coffee production by damaging 
the coffee trees, leaves, flowers, and stems. This problem is more com
mon in the highland areas. Frosts burn and destroy coffee trees (FGD13). 
One participant stressed 

Rain mixed with frost causes the coffee to dry after blooming and 
fruiting. There is no other way to recuperate from such a natural 
disaster, but to pray to an almighty God. (FGD conducted at Kada
mansa kebele, Gomma district)

Frosts decrease coffee yield, which subsequently affects the liveli
hoods of farmers (AG17, FGD1,13,17,19, GO13,14). One participant 
said 

The yield obtained from the cultivation of coffee decreased because 
of frost. If such problems persist in the future, coffee production may 
be stopped, and farmers will switch to other agricultural production. 
(FGD conducted at Koma kebele, Limu Seka district)

This study reveals that severe drought has been a significant chal
lenge for coffee output over the past four years. For example, due to 
prolonged drought last year, coffee production has dramatically 
decreased, exposing farmers to several problems (FGD1). One farmer 
said 

Our farmers obtained several yields per hectare, but this has been 
decreasing this year. Trees that serve as shelters for coffee also dry. 
(FGD conducted at Tesosadacha kebele, Gomma district)

A prolonged dry season causes significant damage to coffee cultiva
tion (FGD21). Participants noted that prolonged dry periods led to water 
stress, plant withering, flower abortion, and decreased coffee produc
tion. One interviewee explained: 

Fig. 4. Experiences of coffee farmers facing significant reductions in household 
income, assets, or consumption due to extreme weather events.
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Although the Gera district has never experienced drought due to 
effective forest conservation methods, increasing temperatures dur
ing coffee harvesting seasons have lowered production rates. (AG2)

The participants also mentioned specific concerns such as the decline 
of coffee shade trees, particularly in lowland areas, which are crucial for 
coffee cultivation (FGD13).

Finding 4. Climate change has led to shifting of agro-ecologically suitable 
coffee areas, with significant effect on social, economic, and environmental 
aspects.

Coffee plantation is currently shifting to highland areas (AG1,4, 6, 
BUS1, 2, CO4, 6, GO2, 10). Owing to the rise in temperature, coffee is 
currently grown in areas where it has not been grown previously. Areas 
that were good for coffee became less suitable as temperature increased 
(SO1). One participant highlighted this change: 

Due to climate change, the area coverage for coffee production 
expanded from 16 to 24 Kebeles in the Gera district. Concurrently, 
forested areas have been repurposed for crop and coffee production. 
(AG6)

Participant (AG6) observed a significant temperature increase from 
17 ◦C to 25 ◦C in the highland areas of the Gera district, indicative of a 
shift towards mid-altitude climate conditions. This warming has facili
tated the migration of coffee cultivation from lower to higher elevations 
as lower zones experience desertification (AG6). Other participants also 
noted the widespread occurrence of droughts that affect coffee yields. 

In our district, 38 kebeles are the dominant coffee-producing areas, 
except for six kebeles, which are now desert areas and unsuitable for 
coffee production. (GO7)

One informant explained that desertification was widespread in 
Gomma District a few years ago (AG1). Discussants assert that people 
living in desert areas are missing coffee crops. People living in highland 
areas can obtain better coffee yields if they take care of the coffee 
properly (FGD12, 13, 14). One participant added 

There is a chance of diversifying coffee in highland areas because 
currently, highland areas may be shifted to mid-and lowland areas. 
(BUS1)

Climate change results in increasing temperatures and moving coffee 
from lowlands to highlands. However, 

People living in the highland areas are highly populated. The number 
of people per meter of area in the highlands was greater than that in 
the lowlands. However, the country’s land tenure system is 
restricted, and it cannot move from one place to another. They do not 
allow us to move coffee from the lowlands to the highlands. This also 
affects the coffee production methods. This is the main problem we 
currently face. (AG4)

The interviews further illustrated the comparison of coffee produc
tion in highland and lowland areas, their implications, and the global 
market demand for these coffees. One informant explains, 

Lowland coffee production produces more yield but is of lower 
quality than highland coffee. The international market we compete 
with is not only interested in the volume we produce but also in the 
quality of the coffee we supply. Thus, with poor-quality coffee, we do 
not have the power to bargain in the international bid in New York. 
(AG4)

The expansion of coffee cultivation into highland areas has led to 
deforestation and biodiversity loss driven by increased land demand for 
coffee production (SO2, FGD15). Low production was observed in 
lowland areas where labor intensity was very high (GO2).

The adaptability of different coffee varieties varies significantly 
across agro-ecological zones. One participant noted 

Some coffee varieties suitable for lowland areas are not effective in 
midland or highland areas, showing extensive variability caused by 
climate change across different zones. (AG6)

This variability extends to soil fertility, with increasing soil acidity 
further complicating coffee cultivation (BUS2). The shift in coffee pro
duction from lowland to highland areas can disrupt coffee market 
channels, resulting in price volatility, market instability, and client loss 
(AG4, GO4, 12, CO9, and GO).

Finding 5: The expansion of Khat and other commercial tree plantations is 
currently affecting coffee production.

We found that despite coffee production being the dominant sector, 

Fig. 5. A map showing the districts where landslides occurred in southwest Ethiopia.
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khat cultivation is rapidly expanding in every village. According to the 
informants, climate change is currently pushing coffee producers to 
cultivate khat and eucalyptus trees as alternative sources of income 
(GO1, 2, CO5, SO2, and SO4). When comparing benefits,

Because of the high price, our farmers prefer khat to coffee. They can 
harvest khat three or four times a year. They obtain better prices 
from khat. After planting coffee, farmers must wait for at least three 
or more years to harvest it. However, we influence them to produce 
by using a premium price. (CO4)

The discussants reported that the current expansions of Eucalyptus, 
Juniperus procera, Grevillea, and Khat cultivation are interfering coffee 
production (FGD17). Farmers highlighted that coffee production does 
not have a distinct zone but rather coexists with other agricultural ac
tivities. One informant says, 

However, the previous coffee farm was completely replaced with a 
khat [farm] in Harar. Khat is currently expanding to Southwest 
Ethiopia and other areas. The environment is highly changed, and it 
is difficult to adapt to the environment in the previous coffee 
growing areas. The production and quality of coffee are significantly 
altered. Currently, the soil is highly degraded and acidic. However, 
in the Limu area, most coffee land has been converted into cereal 
crops. Currently, irrigation is used for wheat and cereal crops. 
(BUS2)

When there is no chance to produce any other agricultural product to 
substitute coffee for three years, farmers whose livelihoods are fully 
dependent on coffee production face major difficulties (FGD1). partici
pant said 

Currently, the income I receive from coffee is insufficient. This only 
serves the domestic consumption. Now, it is forcing me to stop 
production and move on to other products. (FGD conducted at Kundi 
kebele, Ale district)

The interviews further revealed that farmers are replacing coffee 
with khat due to its higher income, resilience to climate change and 
disease, easy management, and less labour-intensive nature. While 
coffee takes three–four years to harvest, khat can be harvested 
three–four times per year. However, the major concern for the future is 
that as khat production increases, the possibility of coffee production is 
threatened (CO5, GO1, CO4).

Finding 6: Climate change has a considerable effect on coffee processing, 
storage and export.

We found that climate has a negative impact on the coffee industry, 
influencing its production, processing, storage, and transportation (GO2 
and MO1). Climate has decreased coffee yield, degraded coffee quality, 
reduced humidity content, and eventually lowered coffee grades 
(AG10). This issue stems primarily from the lack of modern machines for 
washing and drying coffee.

One participant explained that climate change directly affects the 
humidity content of coffee beans, with fluctuations either below or 
above the average (BUS3). Coffee quality is significantly influenced by 
its average moisture content, which normally ranges from 11.5 to 12 %. 
However, maintaining humidity at the destination remains a challenge 
in Ethiopia. This issue is primarily exhibited when coffee is transported 
in extremely hot or cold environments (BUS3). The informant explains 

Most coffee suppliers face problems with moisture control and 
ventilation, which makes it difficult for them to provide clients with 
high-quality coffee, ultimately leading to customer loss. (BUS3)

The presence of high humidity in roasted coffee significantly reduces 
its aroma and flavour and promotes mould growth. When roasted beans 
are exposed to high temperatures, they lose their quality and develop an 
unpleasant flavour. This issue mostly occurred when coffee companies 
failed to deliver coffee to buyers on time (BUS2). One informant explains 

However, farmers are challenged to adjust their temperature owing 
to the lack of modern equipment. (CO3)

Regarding coffee storage, the interviewee explained that the longer 
the coffee stays in the warehouse and the higher the temperature, the 
drier the coffee (MO1). Excessive cold causes coffee to rapidly absorb 
moisture, resulting in an increase in its moisture content from 12 %. This 
promotes the development of mould, because coffee instantly changes 
with climate change (MO1). This results in weight loss and deterioration 
of quality. In fact, 

We do not have a temperature-regulated warehouse. Although we 
lack the sophisticated processing and storage facilities that Brazil 
does, we do what we can. (MO1)

This shows that climate change has negatively affected the coffee 
sector, from production to consumption (AG7 and AG3). Likewise, cof
fee quality affects the supply and demand of both domestic and foreign 
markets. This problem has also had a negative impact on the income of 
coffee exporters and the country’s GDP (AG8). One informant 
mentioned 

The primary effects of climate change on the coffee industry include 
a decrease in production, decline in coffee quality, market volume 
disruption, price volatility, and loss of customers. (GO7, AG11)

Therefore, this study underscores the significance of adopting mod
ern coffee processing, storage, and export equipment that can adjust to 
changing temperatures, thereby enhancing the resilience of the coffee 
quality.

The results indicate that climate change has disturbed coffee market 
channels, causing loss of clients, price increases, and coffee market 
volatility (GO4). Moreover, the pervasive effects not only threaten the 
economic viability of coffee production, but also disrupt the natural 
environment, compel migration, and perpetuate cycles of poverty and 
food insecurity among farmers (AG8). This environmental instability 
underscores the vulnerability of coffee production to climate variability, 
reflecting the broader concerns in ecological economics regarding the 
sustainability of agricultural practices in the face of climate change. 
These findings underscore the urgent need for comprehensive adapta
tion strategies to mitigate the impact of climate change on this vital 
industry.

Table 3 presents the summary results for the impact of climate 
change on the coffee value change. The table also depicts the impact of 
climate change on sustainable development on socio-cultural, economic, 
and environmental dimensions in detail.

5. Discussion

Climate change can affect all actors in the coffee value chain, but in 
different ways and in different degrees [67]. Climate change is currently 
a major threat to Ethiopian Arabica coffee production and affects the 
coffee value chain. Temperature and rainfall pattern changes are the 
primary indicators of climate change, whereas extreme weather events, 
agroecological shifts, disease outbreaks, khat expansion, and post
harvest losses are the main consequences. Therefore, the discussion fo
cuses primarily on a comprehensive understanding of how climate 
change impacts the coffee sector, along with its policy and practical 
implications.

Coffee producers rely on specific, predictable weather patterns such 
as rainfall, precipitation, temperature and humidity for their production 
[94,95]. In contrast, longer dry periods or heavy rainfall can lead to a 
decrease in coffee production. Minor variations in temperature and 
precipitation can also have an impact on a plant’s ability to thrive [37]. 
The findings show that temperature increases have a negative impact on 
coffee output. Rising temperatures disrupt coffee flowering cycles and 
harvesting times, and can exacerbate over-drying, moisture loss, weight 
loss, and poor coffee quality. It can also accelerate drought, which 
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causes irregular ripening of coffee cherries, fruit abortion, and physio
logical damage to coffee trees. Previous studies also showed that 
increased temperature can influence coffee physiology and coffee beans 
[35]. According to Wagner et al. [94], increased temperature had 
significantly affected flowering and harvesting times, thereby reducing 
coffee yield. A Mexican study also showed that temperature changes 

significantly reduced coffee yield [49]. Contrarily, despite existing 
temperature changes, Brazilian coffee farmers embraced technological 
integration to mitigate its adverse effects [96]. We also found that 
excessive and untimely rainfall significantly affected coffee production. 
Untimely rain can disrupt the growth, flowering, and harvest of coffee 
trees. Heavy rain can cause damage to coffee trees, which contributes to 

Table 3 
Summary results for the impact of climate change on coffee value chain.

Climate change 
impacts

Main indicators Coffee cultivation Processing Storage Export Sustainably impacts 
(social, economic and 
environment, etc.)

Increasing 
temperature

Rising temperature, 
Temperature 
fluctuation

Uneven ripening, fruit 
abortion after 
flowering, wilting of 
coffee trees, affect 
quality of coffee, create 
favour the development 
of diseases

Fermentation spoilage, 
over drying of coffee 
beans during drying, 
decrease weight of 
coffee beans, higher 
bean defects

Increasing evaporation 
and over drying of 
coffee beans, accelerates 
oxidization, increases 
chemical reactions, bad 
aroma and flavor, 
promotes fungal and 
pest growth, speed up 
mold and bacteria 
growth

Degrades quality, 
decrease export 
volume as yield is 
affected, customer 
/client losses, 
decrease reputation, 
increase bean defects

Agro-ecological 
changes, food 
insecurity, 
environmental stress, 
affect coffee farmers 
‘livelihoods, market 
instability

Rainfall 
pattern 
changes

Change in onset and 
offset rainy seasons, 
unpredictable rainfall, 
heavy rainfall, 
extended rainy seasons, 
earlier seasonal 
rainfalls, heavy rain 
mixed with ice, 
fluctuation of coffee 
flowering time

Disturbs coffee 
phenological stages, 
disturb flowering time, 
uneven flowering 
patterns and fruits 
setting, delays/enhance 
fruit maturity and 
ripening, drops of 
leaves, flowers and 
fruits during heavy rain, 
favour the development 
of diseases

Change in colour and 
odour, enhance 
bacterial and fungal 
growth, promotes beans 
rotting, accelerate 
mycotoxin 
contamination, 
promotes mold growth, 
disturb coffee drying 
time, shrinking/ 
swelling of beans, 
increase cost of 
processing (high rainfall 
during drying)

Decaying and rotting of 
coffee beans, change in 
colour and odour, 
bacterial and fungal 
growth increased, 
mycotoxin prevalence 
increase, promotes mold 
growth, shrinking/ 
swelling of beans 
depending on moisture 
content of the storage 
room

Increase beans 
defects, reduction in 
yield and quality, 
degrades coffee 
qulaity, reduce 
volume of market 
supply, customer loss

Market instability, food 
insecurity, economic 
stress (low income), 
environmental stress, 
soil degradation, agro- 
ecological changes, 
choose for other crops, 
affect the livelihood of 
the coffee farmers

Disease 
outbreaks

High prevalence of 
coffee berry disease 
(CBD) and Coffee wilt 
disease (CWB)

Wilting of coffee trees 
by CWD, reduce coffee 
plant photosynthesis 
process, affect the root 
system of coffee trees, 
drop coffee flowers, 
fruits and leaves, reduce 
coffee tree yields and 
quality, reduce shelf life 
of the trees, increase 
cost of production

Uneven roasting of 
coffee beans affecting 
final flavour, increase 
the percentage of 
mummified berries

Damage of coffee beans 
by insect such as coffee 
berry borer, weaken the 
beans and increase its 
susceptibility to insect 
damage, disease beans 
are prone to 
deterioration during 
storage leading to 
quality reduction

Increase beans 
defects, reduction in 
yield and quality, 
degrades coffee 
qulaity, reduce 
volume of market 
supply, customer loss

Reduce coffee yield, 
degrades coffee qulaity, 
economic instability, 
induces food insecurity, 
initiates other crop 
production

Climate 
extreme 
occurrences

Heavy ice, drought, 
floods, landslides, 
frequent frost, 
desertification

Coffee tree damage, 
drops coffee leaves, 
fruits and blooms; 
favour development of 
disease and pests, 
enhance flower 
abortion, destruction of 
shade trees and coffee 
trees

Promote bacterial and 
fungal growth, 
improper coffee drying, 
affect fermentation 
process

Promote bacterial and 
fungal growth, bad 
aroma and flavor, 
abnormal chemical 
reactions; mycotoxin 
contamination; decrease 
beans’ weight and size

Degrade quality, 
market instability, 
decrease export 
volume, customer 
losses

Lower income, food 
insecurity, 
displacement, land use 
change, agro-ecology 
changes, environmental 
stress, increase social 
tensions

Agro- 
ecological 
zones 
shifting

Temperature changes, 
area suitability shift for 
coffee production, 
production expands to 
highlands, reduced 
coffee production in 
lowlands

Reduce the production 
of coffee in lowland 
areas, increase 
production of coffee in 
mid/ highland areas

Less functioning of 
fermentation and drying 
technologies in lowland 
areas. Lack of modern 
washing machines in 
mid/highland areas 
which increase cost of 
fermentation and drying 
technologies

Most storage rooms 
become nonfunctional 
in lowland areas, 
shortage of storage in 
highland areas leading 
to higher cost of 
production; enhance 
mold development in 
storage located at higher 
altitude

Less volume of coffee 
in lowland areas; 
increase volume of 
production in 
highland areas

Lower coffee 
production at lowlands, 
migration of coffee 
producer, affect coffee 
farmers’ livelihoods in 
lowland areas; increase 
competition with other 
crops as highland is 
densely populated 
areas, social conflict, 
environmental stress, 
shortage of land in mid/ 
highland areas

Shifting to 
other crops

Expansion of khat 
(Catha edulis) 
production, 
encroachment of 
eucalyptus tree, 
Juniperus procera, 
grevillea, etc.

Substitution of coffee 
land by khat and 
commercial trees, 
reduce volume of coffee 
production

Reduces volume of 
coffee supply for 
processing machines, 
decrease millers, reduce 
income of coffee 
processing plants

Most coffee storage 
become nonfunctional, 
decreases millers

Decrease volume of 
coffee export, 
customer loss, causes 
internationally weak 
competition

Reduce volume of 
coffee production, 
reduce foreign 
currency, reduce 
country’s GDP
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the loss of flowers and fruits, as well as potential coffee tree collisions. It 
also accelerates moisture increases, promoting the spread of coffee 
diseases, pests, and fungal growth, leading to rotting of coffee beans and 
deterioration of their quality. Empirical evidences showed that heavy 
rains exacerbated soil erosion, leading to depletion of essential nutrients 
for coffee trees [97–99]. Heavy rainfall can hasten the likelihood of 
landslides and floods, which can severely affect coffee production. 
Generally, temperature and rainfall fluctuations affect farmers by 
reducing coffee output, decreasing income, and increasing vulnerability 
to climate change. This proves that climate change could have signifi
cant impact on Arabica coffee, especially in East African 
coffee-producing regions, as predicted by [45]. This necessitates sus
tainable agricultural practices, such as drought-tolerant varieties, tree 
planting, agroforestry, early warning systems, modern irrigation sys
tems, and soil and water management, to ensure the sustainability of 
coffee production. Moreover, Chaichana et al. [37] found sustainable 
production practices, such as circular economy, green economy, emis
sion of CO₂ reduction, and using digital agriculture, to enhance climate 
resilience in the coffee sector.

This study also highlights prevalent coffee diseases, including coffee 
berry disease (CBD), coffee wilt disease (CWD), and emerging diseases 
currently affecting coffee production. Climate change causes tempera
ture and rainfall changes, which in turn exacerbate coffee disease out
breaks. Similarly, a prior study found that changing rainfall patterns and 
increasing temperature had contributed to an increase in disease in
cidences [37,52]. The spread of diseases varies across different agro
ecological regions. This is due to rising temperatures, which can 
accelerate disease spread from the lowlands to the highlands, improving 
their survival chances by increasing the number of host plants for their 
adaptations [100]. Moreover, heavy rains can increase humidity or 
precipitation, which can induce the spread of diseases [15,51,101]. This 
problem is particularly prevalent during the ripening, harvesting, and 
drying stages of coffee production. These findings further indicate the 
current prevalence of diseases causing coffee tree drying, leaf burning, 
and fruit scattering. These epidemics have significantly affected coffee 
yields and income, culminating in farmers falling into poverty. Farmers 
have attempted to eradicate diseases using both scientific and conven
tional methods, but their efforts have been ineffective, and their effects 
are worsening. Hence, Jamaican coffee growers had used integrated 
adaptive management methods to mitigate the impacts of diseases 
[102], this study also underscores the significance of enhancing coffee 
disease prevention strategies through integrated pest management, soil 
health management, and the adoption of resistant coffee varieties. 
Farmers have called for further research to identify the emerging 
diseases.

Ethiopian coffee producers are also currently changing from coffee 
production to alternative crops and commercial trees, which enables 
them to adapt to climate change and provide them with a better income. 
However, such a transition has social, economic, and political implica
tions for the country as a whole, and coffee producers in particular. For 
example, the cultivation of khat and commercial trees increases farmers’ 
incomes and improves their livelihoods [103–106]. This is due to the 
strain of climate change, which forces coffee producers to prioritize Khat 
and commercial trees over coffee production, putting future coffee 
production at risk. Nevertheless, it is difficult conclude that khat pro
duction always brings economic benefits unless supported by techno
logical innovation, market access and policy support. For example, khat 
cultivation increases individual income and governmental revenue, 
which adds significantly to the country’s economic growth; neverthe
less, Ethiopia currently has no policy that supports or prohibits khat 
production [107,108]. Contrarily, khat has been either controlled or 
banned in many countries across the globe like China, UK and 
Netherlands [103,109–111]. Khat cultivation and usage are legal in 
Djibouti, Somalia, South Africa, and Yemen, but banned in Eritrea and 
Tanzania for possession and consumption. This suggest that legal dis
parities across countries are limiting khat’s global export potentials, 

posing a greater future concern. However, while coffee has global 
market acceptance, khat is subject to a number of laws that limits its 
export. The failure to implement immediate climate adaptation tech
niques could thus potentially disrupt the global coffee marketing in the 
future. This predicament is currently prompting farmers to focus more 
on khat production that can withstand climate change. The increased 
expansion of khat cultivation will significantly impact the sustainability 
of coffee production, posing a paradox in both production and market
ing aspects. However, the findings imply that because Arabic coffee has 
social, economic, and political implications for the country, it is neces
sary to pay greater attention to ensure its sustainable production. 
Therefore, this study urges policymakers to incorporate khat production 
into policy frameworks while also providing khat cultivators with the 
necessary support to strengthen their capacity to withstand with climate 
change and increase their income. Nevertheless, respecting farmers’ 
interests and balancing coffee production and khat growth necessitate 
the innovative strategies.

According to the findings, the impact of catastrophes varies 
depending on their nature, time, and location. For example, landslides 
have not been widespread in Ethiopia in previous years but are now 
increasingly prevalent in coffee-producing districts, particularly those 
with highland areas, despite their uneven distribution. These disasters 
are most prevalent during the summer season when heavy rains fall. 
These incidents primarily occur in highland areas, where coffee pro
duction is abundant. Farmers in affected areas experience significant 
reductions in coffee production, resulting in low incomes and increased 
vulnerability to food insecurity. Moreover, landslides have caused 
displacement, migration, resource loss, and family separation, forcing 
people to depend on community, government, and international assis
tance. If landslides persist, the impact will reduce coffee market volume, 
lower quality, and potentially cause client loss. This calls for policy
makers and practitioners to develop disaster risk preparedness, early 
warning systems, land zoning policies, and sustainable farming systems 
to ensure enhanced resilience in landslide-prone areas. Moreover, 
Ethiopia’s coffee industry currently focuses on specialty coffee produc
tion in the highlands, but frosts wreak havoc in these areas. Frosts have a 
tremendous impact on the ecosystem of coffee farms, influencing soil 
nutrients, burning shade trees and grasses, lowering the canopy, and 
changing temperature and humidity regulations, posing a serious threat 
to coffee farms. To mitigate moisture losses, agroforestry systems, frost- 
resistant coffee varieties, mulching, and cover cropping are recom
mended adaptation practices. The previous studies also found that the 
impacts of extreme weather events had significantly reduced agricul
tural yields, resulting in food insecurity and lower farmer income [112,
113], thereby perpetuating the poverty cycle. The effects will also have 
the potential to heighten social strains, economic crises, and environ
mental stresses, and hinder the country’s economic growth. This study 
thus advocates early preventive and recovery strategies to mitigate 
natural disasters and climate-related threats to coffee production, 
emphasizing the need for interdisciplinary collaboration for sustainable 
agricultural practices. Moreover, the impact necessitates the urgent in
terventions like crop insurance since implementing crop insurance as a 
risk management strategy can enhance farm resilience to extreme 
weather events in agricultural production [114–117]. Thus, this 
research further advocates the use of sustainable farming practices, such 
as agroforestry systems, frost-resistant coffee varieties, mulching, and 
cover cropping, to reduce moisture loss from coffee farms.

We also found that climate change significantly affects coffee pro
duction by altering the land suitable for coffee production. This shift is 
due to changes in temperature, precipitation, rainfall, and altitude 
changes [62,93,94,118,119]. However, these effects have caused coffee 
production to decline in the lowlands and increase in the highland areas. 
Climate change is also driving private investors to shift to more suitable 
areas for coffee production. Dwellers are likely to either migrate to more 
coffee-suited areas or shift from coffee production to other crops to 
improve their livelihoods. The soil is also highly degraded in lowland 
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areas, which affects the coffee quality. It is difficult to consume lowland 
coffee alone unless it is blended with other types of coffee. However, 
areas previously unsuitable for coffee production in highland areas are 
becoming more suitable because of rising temperatures. Highlands are 
areas where specialty coffees are predominantly cultivated, which cor
responds to the global market demand. This is because highland coffees 
have distinct qualities, flavors, and aromas that increase the market 
demand and premium pricing value. International buyers also demand 
single-origin, easily traceable, specialty, and premium coffee. Thus, 
coffee farming in highland areas provides investors with the possibility 
of expanding investments, market expansion, and access to networks 
and infrastructure. This situation drives coffee producers, particularly 
private coffee investors, to relocate to highlands. Although the high
lands are suitable for coffee cultivation, there are social, economic, and 
environmental challenges. Moreover, land competition in highland 
areas is currently escalating. This catalyst allows coffee production to 
contribute to environmental degradation through deforestation. 
Nevertheless, there is concern that the current highlands will gradually 
change, thereby impacting future coffee production in the future [119,
120]. These effects, in turn, change weather conditions and progres
sively increase temperatures in highland areas. Similarly, the findings of 
[39] showed that climate change could shift the current coffee pro
duction areas to unsuitable areas without robust intervention mecha
nisms in Ethiopia and South Sudan. Climate change would also result in 
increased coffee production declines, altitudinal changes, threaten ge
netic diversity, and the extinction of wild Arabica coffee in Ethiopia 
[121]. Moreover, people are interested in migrating to highland areas; 
however, there is a restrictive land tenure system that makes it difficult 
for people to relocate, occupy, or own land. There is a risk that the de
mand for land in highland areas will cause social turmoil regarding 
resource use in the future. Additionally, the expansion of coffee growth 
is associated with the use of modern methods, which may also have a 
negative impact on indigenous knowledge. This supports the findings of 
[122], who found that as the landscape changes, industrialization oc
curs, and religious beliefs shift, indigenous knowledge becomes less 
viable. To address these problems, the policy of sustainable coffee pro
duction includes expansion of irrigation-supported coffee production, 
rehabilitation of land by planting trees, planting shade trees, using 
drought-resistant coffee varieties, and working on landslides and flood 
prevention. Besides, land expansion has become more complicated, 
exacerbating societal conflicts and accelerating deforestations especially 
in the highland areas. Overall, this study suggests that the government 
should develop new policies on land tenure systems and environmental 
conservation to solve these problems.

Our final finding revealed that climate change can affect two pillars 
of the global coffee supply chain: cultivation and logistics [123]. Ac
cording to this study, climate change has a significant impact on the 
Ethiopian coffee value chain, particularly coffee processing, storage, and 
transportation, which are mostly dependent on traditional methods and 
pose significant hurdles for exporters. This factor makes it difficult for 
coffee growers to deliver quality coffee that meets the market needs. The 
main factors contributing to these effects were rainfall and temperature 
fluctuations. An increase in temperature can enhance fermentation, 
which can negatively affect the taste and flavour of coffee. Conversely, 
heavy rain causes coffee to fail to dry properly, making it susceptible to 
diseases, pests, and fungi. Although few farmers are involved in the 
proper drying and washing of coffee using traditional methods, they face 
great challenges in processing high-quality coffee. This study also 
showed that the coffee warehouse did not meet its standards or was 
equipped with modern technologies. Despite the use of certain methods, 
efforts by coffee processors to maintain coffee quality have been inad
equate. Poor coffee storage stimulates the formation of Mycotoxins and 
Molds, which have a substantial impact on coffee quality. A previous 
study discovered that the cultivation, environment, storage conditions, 
fermentation, roasting, and brewing all have an impact on the quality of 
coffee beverages [124]. This indicates that climate change has an impact 

on the proliferation of microbial contaminations, which has a negative 
effect on both wet and dry coffee processing. A study in Ethiopia found 
that the growth of bacteria and fungi had a significant impact on the 
processing and storage of coffee beans [125]. Therefore, it is necessary 
to adopt modern storage facilities to increase the climate resilience of 
coffee plants. Our findings also illustrate the major impact of climate 
change on coffee transportation, emphasizing the importance of 
improving logistical resilience. Difficulties arise during hot or cold 
weather, rendering coffee exporters particularly vulnerable to their 
impacts; hence, a lack of technology during coffee transportation might 
reduce quality and market price [126]. This demonstrates that the 
interplay between climate change and the lack of modern equipment 
significantly affects the income of coffee producers and exporters. The 
study by [127] revealed that temperature and humidity fluctuations can 
significantly worsen the degradation of coffee quality. To address this 
issue, the coffee industry must provide modern machines and facilities 
for proper coffee processing, storage, and transportation, to enhance its 
market competitiveness. This further suggests that the coffee industry 
should take an innovative approach to improving coffee quality [128]. 
Moreover, while transporting coffee, it should be supported by 
climate-resistant equipment, refrigerated environment, infrastructure 
investment, and improved logistics to ensure resilience.

6. Limitation of the study

Although this study sheds light on the impact of climate change on 
the Ethiopian coffee value chain, it also acknowledges some limitations. 
First, the study used a cross-sectional research approach, focusing on 
specific season data, which may not accurately reflect long-term trends 
in climate variability and coffee production. Therefore, this research 
provides a foundation for future research on long-term trend data 
analysis. Second, the research focused on highland, midland, and low
land locations with diverse socio-economic, environmental, and climate- 
related factors. As a result, enumerators, especially females, faced sig
nificant challenges in collecting data from remote areas due to the 
dispersed population and inadequate infrastructure. Third, there were 
few people who declined interviews due to personal or political fear, 
resulting in their withdrawal from the interview. There were also par
ticipants who were not audio-recorded during the interview because of 
their restrictions related organization’s confidentiality policies. Forth, 
we were sometimes challenged to realize the perceptions of farmers 
specially who lack adequate knowledge, experience and skills about the 
climate change and coffee production. Despite these limitations, using a 
mixed research technique provides a comprehensive understanding of 
the impact of climate change on coffee production, which poses chal
lenges for the Ethiopian coffee value chain.

7. Conclusion

The economies of many countries, traders, and farmers heavily rely 
on Arabica coffee production. However, the sector is being threaten by 
climate change in multifaceted. We are thus motivated to study the 
climate change impact on Ethiopian Arabica coffee production and the 
challenges it poses to its value chain. We found that smallholder coffee 
farmers face challenges due to lack of average temperature and rainfall, 
affecting coffee planting season, flowering, and harvesting times, which 
reduce coffee beans’ weight, size, and flavor, potentially impacting 
market demand. Climate change is causing coffee production decline, 
forcing farmers to shift to khat and commercial tree plantations for 
resilience, income, and lower costs, necessitating policy reforms and 
sustainable farming practices. The study also emphasizes the current 
prevalence of disease and insects, which have a detrimental impact on 
coffee production and quality. Despite the efforts of GOs, NGOs, and 
communities to date, it is imperative that urgent action be made to 
maintain sustainable coffee production. Climate change intensifies 
extreme weather events including landslides, floods, droughts, ice, and 
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frosts, which are significantly impacting coffee production and dis
rupting the coffee value chain. Climate change has also forced coffee to 
shift from lowland to highland areas. Although Ethiopia’s highlands are 
suitable for coffee production issues such as increasing land competi
tion, social conflicts, and environmental stresses have emerged. Climate 
change impacts coffee production, processing, storage, and transport, 
putting farmers at higher risk due to lack of effective mitigation stra
tegies. The failure of coffee exporters to address climate change’s effects 
at processing, storage, and transportation can lead to supply chain dis
ruptions by reducing supply volume, reducing quality, and causing 
customer losses.

The overall impacts of climate change have led to the reduction of 
coffee yields, lower income, increased food insecurity, and perpetuation 
of the poverty cycle, necessitating the collaboration between commu
nities, policymakers, and agricultural practitioners to improve the 
Ethiopian coffee industry’s resilience in the future. Specifically, this 
study recommends policymakers strengthen collaborations among cof
fee farmers, cooperatives, private firms, government institutions, and 
NGOs for collaborative planning, information and knowledge sharing, 
and implementation of sustainable coffee production practices to 
enhance the coffee sector’s resilience. The sustainable practices include 
shade trees, mulching, water conservation, water harvesting, drainage, 
irrigation, terracing, contour, improved coffee varieties, early warning 
system, and afforestation activities, etc. To ensure its implementation, it 
is necessary to provide capacity-building training for these coffee 
stakeholders on sustainable coffee cultivation practices. To reduce 
extreme weather events, it is especially important to collaborate closely 
with meteorological agencies, as they provide crucial early climate- 
related information. This can be achieved by fostering robust farmer- 
extension relationships, using digitalized extension services, and 
developing media infrastructure. In comparison to other agricultural 
activities, the coffee sector has received little attention in Ethiopia’s 
national climate policies. This study thus recommends to policymakers 
that the coffee industry be given special attention in national climate 
policies such as Ethiopia’s climate-resilience green economy, national 
adaptation strategy, environmental protection policy, and disaster risk 
management policy, among other things. Furthermore, it is important to 
support smallholder farmers by providing climate finance to capacitate 
them to effectively implement the adaptation and mitigation strategies 
and to diversify their sources of income during climate shocks. It is also 
crucial to support smallholder coffee farmers by providing climate 
finance to capacitate them to effectively implement adaptation and 
mitigation methods and diversify their sources of income during climate 
shocks. Finally, this study encourages academicians to conduct research 
on the paradoxical impact of climate change on coffee and khat pro
duction and marketing in the future.
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