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Abstract  22 

Climate change poses signiƱcant challenges to agricultural systems, particularly in 23 

livestock-dependent communities. This study examines farmers' perceptions of climate 24 

change, its impacts, and adaptation strategies in two sheep Community-Based Breeding 25 

Program (CBBP) sites in Ethiopia: Bonga and Menz. Meteorological data from 1993–2023 26 

were analysed alongside household surveys of 407 farmers. Findings reveal notable 27 

diƯerences in farmers' perceptions and adaptation practices between sites. Farmers in 28 

Menz reported a higher frequency of droughts and water scarcity, while Bonga farmers 29 

highlighted grazing land loss as critical challenges. The analysis of adaptation practices 30 

identiƱed key determinants such as geographical location, membership in cooperatives, 31 

training attendance, and access to climate-related information. Participation in 32 

cooperatives, such as the CBBP, emerged as a key enabler of climate-smart adaptation, 33 

with members adopting twice as many adaptation strategies as non-members. While 34 

feed improvement and destocking were widely adopted across all farmers regardless of 35 

CBBP membership, breeding animals that are more adapted was more common among 36 

CBBP members (66.8%) than non-members (14.6%), alongside proactive health 37 

management, income diversiƱcation, transhumance, and pasture management. Despite 38 

the positive role of cooperatives, barriers such as limited access to farm inputs, 39 

veterinary services, and microƱnance remain common for all surveyed farmers in both 40 

sites. This study underscores the importance of farmer cooperatives and organizations 41 

in enhancing institutional support to improve the climate resilience and foster climate-42 

smart agricultural practices of small holder livestock systems. The Ʊndings oƯer practical 43 

insights for policymakers, and livestock breeding organizations to support their eƯorts in 44 

strengthening climate-resilient smallholder systems.  45 
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 47 

Introduction  48 

Climate change has increasingly aƯected agricultural systems over the past few 49 

decades, especially in Africa, where its impacts on livelihoods and food production are 50 

among the most severe (Barrios et al. 2008; Adhikari et al. 2015) . Beyond global warming, 51 

climate change encompasses altered precipitation patterns, more frequent extreme 52 

weather events such as droughts and Ʋoods, shifts in temperature regimes, disrupting 53 

agricultural production systems and exacerbating natural disasters (Godde et al. 2021).   54 

Farmers, particularly those relying on rain-fed systems, are facing several challenges to 55 

implementing adaptation strategies, aiming to mitigate the adverse eƯects of climate 56 

change (Alemayehu and Bewket 2017). The successful implementation of any adaptation 57 

strategies such as adjusting feeding practices, protecting livestock, or modifying crop 58 

management, largely depends on farmers' perceptions of climate change and variability 59 

(Elum et al. 2017). There are several examples from Ethiopia that depict farmers’ 60 

understanding and perception of climate change and this seems to be greatly inƲuenced 61 

by the geographic and the production context. In Jimma, the largest coƯee producing 62 

zone in Ethiopia, over 70% of surveyed farmers experienced drought and rainfall 63 

shortages, with 58.7% expressing signiƱcant concern about the future due to climate-64 

related shocks (Eneyew et al. 2019). Climate change-induced disasters have severely 65 

impacted livestock production, particularly in fragile ecosystems of the Wolaita region 66 

along the Great Rift Valley in the south (Yesuph et al. 2023). Farmers in Ethiopia’s semi-67 
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arid and arid lowlands, who heavily rely on rain-fed agriculture and have few assets for 68 

diversiƱcation, are especially vulnerable to the eƯects of climate change. 69 

Adaptation to climate change is a global concern (Bryan et al. 2009a) and livestock 70 

farmers in Ethiopia are also practicing adaptation measures to cope with climate change 71 

(Hameso 2018). Some of these measures relate to diversiƱcation of livestock animals 72 

(species/breeds) and crops, shifting towards sylvo-agro-pastoral systems (integrated 73 

farming systems that combine forestry, crop cultivation, and livestock grazing within the 74 

same production landscape), and changing the timing and locations of farm operations. 75 

The major climate change adaptation measures adopted by the livestock farmers in 76 

Tigray (Ethiopia) included provision of improved animal health care together with the key 77 

biosecurity practice to house animals in clean shades, reducing herd size to minimize 78 

feed pressure during climate shocks (destocking), use of feeding & watering troughs to 79 

reduce wastes and crossbreeding to expand the range of genetic diversity for adaptation 80 

(Ruo 2018). Further south in the arid and semi-arid lowlands like Afar and Somali regions, 81 

pastoralists frequently resort to mobility and transhumance, that is, moving livestock to 82 

areas with better pasture and water availability; however, climate change is gradually 83 

changing the transhumance routes and increasing the frequency of herds’ movement 84 

(Tilahun et al. 2017; Djakpa et al. 2024). Additionally, in regions such as Oromia, farmers 85 

adopt practices like integrating crop-livestock systems, using crop residues as 86 

supplementary feed, and switching to drought-tolerant livestock breeds (Aklilu and 87 

Catley). 88 

Farmers’ cooperatives can raise awareness to ensure timely early warning about climate 89 

shocks or disasters and can promote mitigation strategies among member farmers. Even 90 
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though documented experiences using a scientiƱc approach are diƯicult to Ʊnd, 91 

evidence from Vietnam describes the critical role of farmer cooperatives in promoting 92 

green production, reducing ecological harm, and facilitating environmental protection 93 

(Vu et al. 2023). In Mongolia, herders engaged in traditional community-based natural 94 

resource management (CBNRM) exhibited a higher adaptive capacity compared to non-95 

CBNRM herders (Fernández-Giménez et al. 2015). This increased capacity is attributed 96 

to robust social networks and well-coordinated institutions for managing livestock 97 

movements and grassland exchanges. Farmers’ cooperatives can also help members 98 

embrace less emitting agriculture by reducing their carbon footprints and through access 99 

to governments’ climate funds (Yi and Gu 2022).  100 

In this context, cooperatives and professional organizations active around livestock 101 

Community-Based Breeding Programs (CBBPs) have emerged as a signiƱcant innovation 102 

to enhance herds’ productivity and resilience among their smallholder members 103 

(Wurzinger et al. 2021). CBBPs involve the active participation of local communities in 104 

the selection and breeding of livestock (Haile et al. 2020a). CBBPs were Ʊrst introduced 105 

in Ethiopia around 2009 and have since expanded to several sheep and goat production 106 

systems across the country (Haile et al. 2020a). These programs not only improve genetic 107 

resources but also foster greater community involvement and ownership, leading to 108 

better adaptation and sustainability. CBBPs are increasingly recognized as a platform 109 

that could integrate climate-smart farming approaches that aim to enhance resilience to 110 

climate variability while maintaining productivity and potentially reducing greenhouse 111 

gas emissions. These may include the selection of animals for adaptive and low-112 

emission traits, the use of improved climate-resilient forages, strengthened herd-health 113 

interventions, and serving as an entry point for monitoring and reporting livestock GHG 114 
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emissions (Tesfa et al. 2025). To do this at scale, we hypothesize that there are still 115 

knowledge research gaps of local farmers' perceptions and adaptation strategies to 116 

address the impacts of climate change on the livestock enterprise. In addition, there is 117 

limited scientiƱc and programmatic understanding of how farmers’ cooperatives and 118 

community organizations, such as CBBPs, could facilitate climate change adaptation 119 

within smallholder livestock systems. 120 

Based on the above, this research work intends to investigate mixed crop-sheep farmers' 121 

perceptions of climate change in two major sheep CBBP sites in Ethiopia, namely Bonga 122 

and Menz regions. It examines how farmers interpret climate impacts on their livestock 123 

systems and the adaptation measures they adopt. SpeciƱcally, the study addresses four 124 

research questions: i) Do farmers’ perceptions of climate trends correspond with 125 

historical meteorological records of temperature and precipitation in Bonga and Menz?, 126 

ii) What are the main climate-related challenges aƯecting livestock production as 127 

perceived by farmers in the two study sites?, iii) Do farmers participating in Community-128 

Based Breeding Programs (CBBPs) adopt diƯerent or more climate adaptation strategies 129 

compared with non-CBBP farmers?, iv) What are the main barriers preventing 130 

smallholder sheep producers, both CBBP and non-CBBP members, from adopting 131 

climate change adaptation measures?.   132 
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 133 

Figure 1: map of the study area 134 

Materials and methods  135 

Ethical statement 136 

This study has been approved by the ethics committee of the University of BOKU 137 

(approval number: BOKU-2025/001) and it complies with all relevant ethical regulations 138 

of the University of BOKU. Written informed consent was obtained from all participants. 139 

Participants were also informed that they could withdraw their consent at any time. 140 

Study Area  141 

This study focused on Menz and Bonga, two sites that have hosted Community-Based Breeding 142 

Programs (CBBPs) for over a decade (Figure 1). The Menz area is located in the central northern 143 

part of Ethiopia. The region covers around 1,100 km², with around 120,000 inhabitants; over 144 

90% of households practice mixed crop–livestock farming. It is characterized as a low-input 145 
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sheep-barley production system with a bimodal rainfall pattern where the main rainy season is 146 

from June to September and a short rainy season commonly occurring in February and March 147 

(Sharma 2010). The cool highland parts of Menz are the main habitat of Menz sheep. This breed 148 

is adapted to high altitude ranging from 2600 to 3200 meters. At these altitudes, there is a low 149 

production of crops and a scarcity of feed due to low temperatures. Animals graze the whole 150 

year round on communal pastures and are fed on crop residues during the dry season. In Menz, 151 

sheep - with approximately 200,000 heads - is the main livestock species and predominates in 152 

smallholder farmers (Sharma 2010).  153 

Bonga is a village part of the mountainous highlands west of the Great Rift Valley and is located 154 

in southwest Ethiopia (Figure 1), with altitudes ranging from 1,000 to 3,400 meters (Schmitt et 155 

al. 2014). The region experiences a warm tropical rainy climate. The rainfall pattern is unimodal, 156 

characterized by lower precipitation from November to February and the main rainy season, 157 

known as Kiremt, occurring from June to September. During this period, the region receives the 158 

heaviest and most consistent rainfall. The dominant farming system is Sylvo-agro-pastoral, 159 

where local livelihoods primarily depend on livestock, crop production, and forestry by-160 

products (Tarekegn et al. 2016). The average family size in Bonga is 6.51 (Melaku et al. 2014). 161 

The district statistics report over 140,000 head of livestock. Cattle constitute the primary 162 

species of livestock in Bonga, comprising 47.5% of the total livestock population, while sheep 163 

account for 17.3% (Mamiru et al. 2024) . 164 

Sampling procedure and data sources 165 

Data collection took place in two stages during this period. Questions for the climate 166 

change discussions were Ʊne-tuned through focus group discussions (FGDs) and 167 

pretested with a small sample of farmers to ensure clarity and relevance. The pretesting 168 
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involved 40 farmers in total, with two focus groups in each study area (one male group 169 

and one female group), each consisting of 10 farmers. These open discussions explored 170 

their perceptions of climate change, the challenges they face, adaptation strategies, and 171 

barriers to implementation. Three kebeles, the smallest administrative units in Ethiopia, 172 

were selected from the two districts based on the presence of cooperatives involved in 173 

sheep CBBP. Accordingly, one kebele, namely Boka-Shuta, was selected from Bonga 174 

district, and two kebeles, Zeram and Molale, were selected from Menz Gera district. 175 

Control cooperatives non-involved in sheep CBBP were selected from four kebeles, 176 

namely Shada and Meera from Bonga district, and Kewariat, and Keyewela from Menz 177 

district.  178 

To determine the appropriate sample size, the methodology outlined in was followed 179 

(Areb et al. 2021). A comprehensive list of owners sheep-producing household heads 180 

across all selected villages was compiled with the assistance of village leaders. A total of 181 

2,277 sheep owners from Bonga and Menz, each owning more than three ewes, were 182 

identiƱed. The sample size for this study was calculated using Yamane's formula 183 

(Yamane 1967) with a 95% conƱdence level, 5% variability, and a precision level of 5%, 184 

as outlined below:  185 

𝑛 = ܰ1 + ܰ(݁)2 186 

where n = sample size, N = population size, and e = the desired precision level (margin of 187 

error), set at 0.05. The calculation yielded a sample size n = 340. Finally, a total of 407 188 

sheep-producing households were then selected using simple random sampling within 189 

each kebele, with 204 from the Bonga district and 203 from the Menz district. In each 190 

village, the surveyed households were evenly distributed between CBBP and non-CBBP 191 
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farmers to ensure balanced representation and robust comparisons between the two 192 

groups. The climate questionnaire consisted of both open-ended and closed-ended 193 

questions, including ranking and Likert-scale items. The survey was administered in 194 

paper format by trained enumerators in the local language. 195 

Meteorological assessment 196 

The meteorological data for the Bonga and Menz areas were primarily derived from the 197 

Google Earth Engine (GEE) (Gorelick et al. 2017) . The Mann-Kendall test was employed 198 

to assess trends in temperature and precipitation data for Menz and Bonga between 1993 199 

and 2023 (Rustum et al. 2017). This non-parametric test is particularly suited for 200 

detecting monotonic trends in environmental time series data, as it does not require the 201 

data to conform to a speciƱc distribution (Nyambariga et al. 2023). Sen’s slope estimator 202 

was used to quantify the rate of change per year in temperature and precipitation, 203 

enabling comparison between observed climate trends and farmers’ reported 204 

perceptions (Kerebo et al. 2024). 205 

Data analysis 206 

This study employed a mixed-methods approach, integrating both qualitative and 207 

quantitative components to provide a comprehensive understanding of farmers’ 208 

perceptions, adaptation strategies, and the factors inƲuencing them. The data collected 209 

from focus group discussions (FGDs) were organized and analyzed using descriptive 210 

statistical methods. Quantitative analyses were conducted using SPSS ver. 23.0 software 211 

(IBM SPSS Statistics for Windows, IBM Corp., Armonk, By, USA). Descriptive statistics 212 

were Ʊrst calculated to summarize household characteristics, perceived climate trends, 213 

climate-related challenges, and adaptation practices. To address the Ʊrst research 214 
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question, Farmers’ perceptions of climate change indicators were assessed using a Ʊve-215 

point Likert scale (1 = strongly disagree to 5 = strongly agree). The indicators included 216 

perceived changes in temperature trends, rainfall variability, drought frequency, water 217 

availability, and grazing resource availability. Mean perception scores were calculated for 218 

each indicator and compared between the two study areas. 219 

Independent t-tests were applied to compare mean perception scores between Bonga 220 

and Menz when the data met normality assumptions, while the Mann–Whitney U test was 221 

used for non-normally distributed variables.  The Ʊrst research question was considered 222 

supported when farmers’ perceptions showed the same direction of change as the 223 

meteorological records.  For the second research question, the main climate-related 224 

livestock challenges were identiƱed as those reported by at least 50% of the total sample. 225 

Regional diƯerences in perceived challenges were considered meaningful when chi-226 

square tests of independence indicated a statistically signiƱcant diƯerence between 227 

Bonga and Menz (p < 0.05). The same approach was applied to barriers to adaptation for 228 

the 4th research question: group diƯerences between CBBP and non-CBBP farmers were 229 

interpreted only when chi-square tests reached signiƱcance at p < 0.05; where no 230 

signiƱcant diƯerences were found, barriers were described as common constraints 231 

aƯecting both groups regardless of CBBP membership. 232 

Model speciƱcation: Factors InƲuencing Farmers’ Adaptation 233 

to Climate Change  234 

To address the third research question, which examines whether farmers participating in 235 

CBBPs adopt diƯerent or more climate adaptation strategies than non-CBBP farmers, a 236 
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binary logistic regression model (BLR) was employed to identify the key factors 237 

inƲuencing the adoption of strategies in response to the adverse impacts of climate 238 

extremes (Bryan et al. 2009b; Kato et al. 2011; Abid et al. 2016). The choice of each 239 

adaptation measure available to farmers is a binary decision. The model was 240 

independently applied to each of the nine adaptation strategies identiƱed during the 241 

FGD. Let Y be the binary outcome variable, Y is deƱned as follows:  242 

Yi= 1 if the farmer ticks the given adaptation measure, otherwise Yi = 0  243 

The binary dependent variables were regressed against the X variables as speciƱed in the 244 

following equation:  245 

ܻ݅ = 0ߚ  + .+1ܺ1ߚ . . .  𝑛ܺ𝑛 246ܤ

 𝑛  the coeƯicients for the independent variables and 247 ܺ1, ܺ2,…, ܺ𝑛 the explanatory variables inƲuencing a given adaptation practice. These 248ߚ ,…,2ߚ ,1ߚ ,being the intercept 0ߚ

variables included household characteristics: gender, study area, age group, farming 249 

experience, education level, main income source, agricultural training, attendance at 250 

climate-related events or training and farmer group membership (Table 1). 251 

Prior to the logit regression, we checked for multicollinearity among the explanatory 252 

(independent) variables using the Variance InƲation Factor (VIF) and pairwise correlation 253 

test (Pearson’s correlation coeƯicient). A VIF value below 10 was used as the accepted 254 

threshold for determining the absence of problematic multicollinearity (Gujarati 2003). 255 

Given the exploratory nature of this analysis and the estimation of nine separate logistic 256 

regression models, no correction for multiple comparisons was applied. Under these 257 

conditions, some statistically signiƱcant results may represent false positives; Ʊndings 258 
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are therefore interpreted as hypothesis-generating rather than conƱrmatory, with greater 259 

weight placed on eƯects that are consistent across multiple models. 260 

Table 1:Description of the variables inƲuencing the adaptation of strategies 261 

Explanatory variables Description  

Study area Dummy 1= Bonga 0 = Menz 

Gender Dummy 1= Female 0=Male 

Age  Categorical  

21-30 

31-40 

41-50 

51 and above 

Education  Categorical: 

None  

Primary  

Secondary  

University education 

Farming experience  Categorical  

Less than 5 years  

5 – 10 years  

10 – 15 years  

Greater than 15 years 

Main income  Categorical  

Crops 
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Livestock 

OƯ Farm Employment (e.g., 

governmental) 

Business 

Remittances/Monetary Gifts  

OTHER 

CBBP  Dummy 1=yes, 0= no 

Climate change event/course Dummy 1=yes, 0= no 

Training  Categorical  

None  

Training attendance 

CertiƱcate in Agriculture  

Diploma in Agriculture 

 262 

Propensity score matching (PSM)  263 

It is possible that farming households that are members of CBBP diƯer systematically 264 

from non-members. To address this issue of selection bias, this study employs a 265 

propensity score matching (PSM) method.  The PSM technique pairs the treatment group 266 

(CBBP members) and the control group (non-members) based on the similarity of 267 

observable characteristics as detailed in Table 1 (Ali and Abdulai 2010). This technique 268 

helps to adjust for initial diƯerences between CBBP member and non-member groups by 269 

matching each member unit to a non-member unit based on similar observable 270 

characteristics, conveniently summarizing the conditional probability of membership 271 
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given pre-treatment characteristics (Rosenbaum and Rubin 1983). The Ʊrst step in 272 

estimating the CBBP membership eƯect is to estimate the propensity score.  273 

After obtaining the predicted probability values conditional on the observable covariates, 274 

nearest neighbor and Kernel matching was then performed to match each treated unit 275 

(CBBP members) with control group (non-members) based on their propensity scores. 276 

Covariate balance before and after matching was assessed using standardised mean 277 

diƯerences (SMD) for all seven matching covariates. An SMD below 0.10 in absolute value 278 

was used as the threshold for adequate balance (Austin 2011). The common support 279 

region was identiƱed based on the overlap in propensity score distributions between 280 

treated and control group. Matching was conducted using nearest-neighbour matching 281 

(1:1, without replacement) with a caliper of 0.05, within the common support region 282 

(propensity score range: 0.20–0.87). Full balance diagnostics are reported in Table S 3. 283 

Finally, ordinary least squares (OLS) regression analysis was conducted on the matched 284 

sample to determine the eƯect of CBBP membership on the total number of adaptation 285 

measures employed by the farmers.  286 

Results 287 

Meteorological data  288 

The meteorological analysis (table 2) revealed an increasing trend in temperature in both 289 

Menz and Bonga. The maximum temperature in Bonga increased by 0.42 C per decade 290 

and 0.39C for Menz. Additionally, the analysis indicated that Menz is experiencing more 291 

severe drought conditions compared to Bonga, as evidenced by the precipitation data 292 

and the Standardized Precipitation Index (SPI) (Figure 2).  293 
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Table 2: Temperature and rainfall trends in the study regions Bonga and Menz   294 

LOCATION CLIMATE 

PARAMETERS 

MEAN 

 

STD.DE

V 

TREND KENDA

LL'S 

TAU 

P-

VALUE 

SEN'S 

SLOPE  

BONGA Annual Maximum 

Temperature (°C) 

22.3 0.78 increasing 0.37 0.004 0.04 

Annual Minimum 

Temperature (°C) 

15.7 0.48 increasing 0.28 0.03 0.02 

Annual Rainfall 

(mm) 

1793 195.8

2 

increasing 0.24 0.05 6.57 

MENZ Annual Maximum 

Temperature (°C) 

19.9 0.71 increasing 0.25 0.05 0.04 

Annual Minimum 

Temperature (°C) 

12.2 0.53 increasing 0.15 0.26 0.02 

Annual Rainfall 

(mm) 

1111  147.0

8 

decreasing -0.11 <0.00

1 

-2.47 

 295 

 296 

Figure 2: Standardized Precipitation Index (SPI) in Menz from 1993-2023 297 
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Trends in Ʊgure 2 show signiƱcant variability in precipitation over the years, with several 298 

periods of severe above-average and below-average rainfall. The same Ʊgure shows the 299 

frequent occurrence of years with SPI < -1, hence indicating that Menz has experienced 300 

several periods of potential drought over the last few decades. 301 

Farmers perception of climate variability indicators 302 

The perception scores of individual climate indicators presented in Table 3 highlight 303 

regional diƯerences in how farmers experience and interpret climate change, with Menz 304 

generally reporting higher concern levels across most indicators. For example, farmers in 305 

Menz reported stronger concern about increasing drought frequency (mean score = 4.08) 306 

and temperature Ʋuctuations (mean score = 3.89 on a Ʊve-point Likert scale, where 1 = 307 

strongly disagree and 5 = strongly agree that the change is occurring), consistent with the 308 

more arid conditions and pronounced rainfall decline documented in the meteorological 309 

analysis. In Bonga, farmers perceived noticeable temperature Ʋuctuations (mean score 310 

= 3.28), which aligns with observed climatic data indicating a signiƱcant increase in 311 

annual maximum temperature (p = 0.004), conƱrming the experiential knowledge of 312 

rising temperatures. During FGD sessions, participants expressed that Bonga’s climate 313 

no longer feels like a highland climate due to the extreme temperature variations. 314 

Table 3: Mean perception scores of climate variability indicators among farmers in 315 

Bonga and Menz (Likert scale: 1 = strongly disagree, 5 = strongly agree). 316 

Item Bonga  Menz p-value 

Rainfall amount decreases 4.19 4.11 0.49 

Rainfall amount increases 1.07 1.48 <0.001 

Delayed onset of rainy season 2.89 3.00 0.35 
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Cessation of rainy season becoming 

more unpredictable 

2.92 3.15 0.07 

Irregular rainfall 2.36 2.26 0.44 

Temperature Ʋuctuation 3.28 3.47 0.12 

Increase in wind intensity 1.89 2.61 <0.001 

Increased frequency of droughts 1.01 4.08 <0.001 

Increased frequency of Ʋoods 1.03 1.32 <0.001 

 317 

Table 3 reveals that the majority of farmers perceived a decrease in rainfall in both 318 

regions, with this indicator recording the highest mean score among all assessed climate 319 

factors. However, in Bonga region, farmers generally perceived that rainfall is decreasing, 320 

whereas the meteorological data indicate a slight increasing trend in annual rainfall 321 

(approximately 65.7 mm per decade). This discrepancy between instrumental records 322 

and farmers’ perceptions may arise because farmers tend to recall extreme or recent 323 

rainfall events, whereas meteorological analyses reƲect long-term average trends.  In 324 

Menz, the decreasing trend in annual rainfall (Kendall's tau = -0.11, p = <0.000; Sen's 325 

slope = -2.47) matches farmers' perceptions of reduced rainfall (mean = 4.11). 326 

Additionally, the high mean scores for delayed onset of rains (mean = 3.00) and increased 327 

unpredictability (mean = 3.15) are consistent with meteorological observations from 328 

GEE, lending support to the farmers' experiential accuracy regarding rainfall challenges. 329 

A notable diƯerence in the mean perception of droughts was observed between Menz 330 

(mean= 4.08) and Bonga (mean= 1.01). To further explore this, the Standardized 331 

Precipitation Index (SPI) was measured and plotted. Figure 2 illustrates that Menz has 332 



19 

 

been experiencing alternating periods of wetter and drier conditions. Increased drought 333 

occurrences, particularly in the last two years, clearly indicate the region's susceptibility 334 

to variable rainfall patterns and potential climate impacts. 335 

Principal climate change challenges that farmers encounter in livestock 336 

management  337 

Smallholder farmers identiƱed climate change as a signiƱcant threat to their livelihood 338 

systems. They were asked to assess their vulnerability to the challenges posed by climate 339 

change, particularly in relation to livestock management. Table 4 presents the 340 

percentage of respondents reporting each challenge, based on their perception of 341 

climate-related impacts on livestock production. 342 

Table 4: Percentage of farmers reporting livestock production challenges perceived 343 

to be associated with climate variability and change in Bonga and Menz. 344 
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 345 

The Ʊndings, presented in Table 4, reveal notable regional diƯerences in perceptions of 346 

climate-related challenges. Respondents from Menz expressed greater concern about 347 

issues such as the increased frequency of stillbirths, disease outbreaks, extreme 348 

weather events, heat stress, and water scarcity compared to farmers in Bonga. Despite 349 

these regional diƯerences, both regions shared similarly high levels of concern regarding 350 

livestock morbidity (73.5%) and forage and pasture scarcity (95.3%). 351 

Frequency of Adaptation Strategy Adoption Among CBBP and Non-CBBP 352 

Farmers: 353 

Perceived climate challenges Bonga 

(n=204) 

% 

Menz 

(n=203) 

% 

Total % P-value 

Reduced growth performance 74.9 84.3 79.6 0.20 

Increased frequency of still birth  51.2 74.5 62.9 <0.000 

Livestock morbidity  74.4 72.5 73.5 0.74 

Disease outbreak 67 90.2 78.6 <0.000 

Extreme weather impacts on livestock 

health and management 

27.1 67.2 47.2  <0.000 

Heat stress 35.5 65.7 50.6 <0.000 

Water scarcity  23.2 63.2 43.2 <0.000 

Loss of grazing land 72.9 44.1 58.5 <0.000 

Livestock mortality 95.1 81.4 88.2 <0.000 

Forage and pasture scarcity 96.6 94.1 95.3 0.35 
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The Ʊndings from Table 5 indicate that certain adaptation strategies are more commonly 354 

adopted by CBBP farmers compared to their non-CBBP counterparts. As illustration, 355 

proactive livestock health management (51.2% vs. 48.8%), diversifying income sources 356 

beyond livestock farming (45.9% vs. 27.7%), breeding animals that are more adapted 357 

(66.8% vs. 14.6%), transhumance (18.4% vs. 4.9%), and pasture management through 358 

plant clearance and forage cropping (24.0% vs. 8.7%) exhibit statistically signiƱcant 359 

diƯerences between the two groups.  360 

Table 5: Frequency of Adaptation Strategies Among CBBP and Non-CBBP Farmers 361 

Adaptation strategy CBBP farmers 

% (n= 199) 

Non CBBP farmers  

% (n=208) 

P-value 

Feed improvement 75.5 68.9 0.15 

Implementing shelters structures 

or cooling systems for animals 

29.1 31.6 0.66 

EƯicient water use and 

conservation for livestock 

14.3 8.7 0.09 

Proactive livestock health 

management 

51.2 48.8 <.001 

Diversifying income sources 

beyond livestock farming 

45.9 27.7 <.001 

Breeding animals that are more 

adapted 

66.8 14.6 <.001 

Transhumance 18.4 4.9 <.001 

Destocking 76 68.4 0.09 
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Pasture management through 

plant clearance and forage 

cropping 

24 8.7 <.001 

 362 

Determinants of adaptation choice 363 

The results from the logit regressions (marginal eƯects) on the determinants of 364 

adaptation are presented in Table 6.  365 

The study area was signiƱcantly associated with diƯerences in the likelihood of adopting 366 

several adaptation strategies (AD). Practices related to feeding and grazing management, 367 

including feed improvement (AD1: -1.79***), transhumance (AD7: -2.08***), and pasture 368 

management through plant clearance and forage cropping (AD9: -0.72*), were less likely 369 

to be adopted by farmers in Menz compared to Bonga. Similarly, diversiƱcation and risk 370 

management practices, including diversifying income sources (AD5: -2.40***) and 371 

destocking (AD8: -0.949**), also showed lower adoption probabilities among farmers in 372 

Menz.373 
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Table 6: Parameter estimates of the determinants of adaptation practices  375 

Variables AD1 AD2 AD3 AD4 AD5 AD6  AD7 AD8 AD9 

Study area -1.78*** 3.79*** 1.41** 0.86** -2.39*** -0.19 -2.08*** -0.95** -0.71* 

Gender 0.18 0.38 0.24 -0.38 0.19 -0.37 0.00 0.19 0.09 

Education 0.21 -0.20 0.44 0.38 0.16 0.68* 0.35 0.25 -0.02 

Age group 0.11 0.26 0.20 0.07 -0.29 0.03 1.14* -0.25 0.06 

Experience 0.16 -0.23 -0.40 -0.39 0.48 -0.41 -1.15* 0.58 0.10 

Main income 0.15 -0.68 0.34 1.05 -0.67** -0.15 -0.20 0.02 -0.41 

CBBP 0.31 -0.36 0.44 0.68** 1.07*** 2.5*** 1.22** 0.30 1.07*** 

CC event -0.45 1.28* 0.49 0.61* 1.01*** 0.49 0.85* 0.09 0.19 

Training 0.12 0.72* 0.42 0.25 -0.99** 0.20 0.98* 0.18 0.52 

AD: Adaptation strategy, AD1= Feed improvement, AD2= Implementing shelter structures or cooling systems for animals, AD3= EƯicient water use 376 

and conservation for livestock, AD4= Proactive livestock health management, AD5= Diversifying income sources beyond livestock farming, AD6= 377 

Breeding animals that are more adapted AD7= Transhumance, AD8= Destocking, AD9= Pasture management through plant clearance and forage 378 

cropping 379 

SigniƱcance level: p < 0.001: ***, p < 0.01: **, p < 0.05. 380 

Variable deƱnitions, coding, and reference categories are provided in Table 1.381 
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Conversely, practices associated with animal welfare and resource eƯiciency, such as 382 

implementing shelter structures or cooling systems for animals (AD2: 3.794***) and 383 

eƯicient water use and conservation for livestock (AD3: 1.412**), were positively 384 

associated with Menz.  385 

Being a male household male-led household or female-led household showed no 386 

signiƱcant eƯects across all adaptation practices.  387 

Having an education background was positively associated with the adaptation choice of 388 

breeding animals that are more adapted (AD6: 0.685*) but had minimal inƲuence on 389 

other practices.  390 

Age showed a positive association with transhumance (AD7: 1.141, p < 0.05) while 391 

farming experience showed a negative association with the same strategy (AD7: -1.153, 392 

p < 0.05), suggesting that younger or less experienced farmers may be more likely to 393 

adopt transhumance. These are single-model associations at the marginal signiƱcance 394 

threshold and should be treated as tentative Ʊndings pending replication in larger or 395 

independent samples. 396 

Farmers participation in CBBP emerged as a strong positive factor, signiƱcantly 397 

contributing to breeding animals that are more adapted (AD6: 2.499***) and diversifying 398 

income sources (AD5: 1.072***), as well as with practices including transhumance (AD7: 399 

1.220**), and pasture management through plant clearance and forage cropping (AD9: 400 

1.073***) 401 

Attending climate change-related events positively inƲuenced several practices, such as 402 

shelter structures (AD2: 1.288*) and proactive livestock health management (AD4: 403 
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0.610*). Training also positively impacted transhumance (AD7: 0.979*) but showed a 404 

negative relationship with income diversiƱcation (AD5: -0.989**).405 

406 
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The Propensity Score Matching (PSM) 407 

Propensity score matching was conducted on a sample of 402 farmers after excluding 408 

Ʊve observations with missing covariate data. Nearest-neighbour matching (1:1, without 409 

replacement, caliper = 0.05) was applied within the common support region, yielding a 410 

matched sample of 304 farmers (152 CBBP members and 152 non-CBBP controls). 411 

Covariate balance before and after matching is reported in Table A2. Six of seven 412 

covariates achieved adequate post-matching balance (|SMD| < 0.10); study site showed 413 

marginal residual imbalance (SMD = 0.105), which is acknowledged as a limitation. OLS 414 

regression on the matched sample indicated that CBBP members adopted on average 415 

1.3 more adaptation strategies than comparable non-CBBP farmers (ATT = 1.257, SE = 416 

0.138, 95% CI: 0.985–1.528, p < 0.001), a Ʊnding consistent with kernel matching results 417 

(ATT = 1.29, p < 0.001; Table A2). In practical terms, this diƯerence represents a 418 

meaningful gap in adaptive capacity: while matched non-CBBP farmers adopted on 419 

average 2.7 strategies, CBBP members adopted approximately 4, suggesting that 420 

cooperative membership is associated with a substantially broader portfolio of climate 421 

responses. 422 

The primary barriers hindering the adoption of climate change 423 

adaptation strategies 424 

No statistically signiƱcant diƯerences were found between CBBP and non-CBBP farmers 425 

in the proportion reporting limited access to farm inputs (29% vs. 28%), limited credit and 426 

microƱnance (25% vs. 22%), knowledge and information gaps (13% vs. 17%), or limited 427 

access to veterinary services (26% vs. 20%) as barriers to adoption (all p > 0.05), the 428 
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results indicate that these constraints are shared across both groups regardless of 429 

membership. 430 

Discussion 431 

Climate Trend Analysis Nexus with Farmers’ Perceptions. 432 

Overall, farmers’ perceptions of increasing temperatures in both Bonga and Menz were 433 

consistent with the meteorological records, indicating that local observations broadly 434 

align with measured climate trends. The Ʊndings indicate a signiƱcant increase in 435 

temperature over the past three decades in Bonga and Menz. This trend aligns with recent 436 

evidence showing upward trends in average annual maximum and minimum 437 

temperatures over a 33-year period (Asfaw et al. 2018; KOBE and LIU 2022). Temperature 438 

changes in Amhara Region where Menz is located, have been recorded at rates of 0.046 439 

°C, 0.067 °C, and 0.026 °C annually for mean, minimum, and maximum temperatures, 440 

respectively(Asfaw et al. 2018). Similarly, in the Amhara region, annual increases of 441 

0.0905 °C and 0.0886 °C have been observed for maximum and minimum temperatures, 442 

respectively (Sewagegn 2024). Farmers’ perceptions corroborate these Ʊndings, with 443 

many respondents reporting noticeable increases in temperature in the study areas. This 444 

is consistent with other studies in Ethiopia, where temperature rise is a primary indicator 445 

of climate change (Deressa et al. 2009a; Kassie et al. 2013a).  446 

The analysis revealed a declining trend in annual rainfall in the Menz region. The results 447 

of Menz are in accordance with a meteorological study in Ethiopia that indicated an 448 

annual rainfall of 1100-2000 mm in Amhara region (Sewagegn 2024). The analysis 449 

revealed a declining trend in annual rainfall in the Menz region, with a reduction of 2.47 450 

mm per year. This decrease is lower than average estimates from broader regional 451 



29 

 

studies, which range from 1.84 mm to 9.74 mm per year (Birara et al. 2018; Kerebo et al. 452 

2024). The lower value can be attributed to the analysis being focused solely on the Menz 453 

region which may have impacted the accuracy and continuity of the dataset. Farmers' 454 

perceptions of rainfall changes reƲect these trends, with widespread acknowledgment 455 

of decreasing rainfall, delayed onset, and earlier cessation of rainy seasons. Similar 456 

observations were reported in studies across Ethiopia, highlighting regional convergence 457 

in these perceptions (Eneyew et al. 2019). The SPI analysis for Menz further validates 458 

these Ʊndings, showing alternating wetter and drier conditions in recent decades, with a 459 

severe drought in 2015 linked to El Niño (Niño 2016). This drought signiƱcantly impacted 460 

farming communities, particularly pastoralists, whose livestock was adversely aƯected. 461 

Farmers in Menz also reported the increasing frequency of droughts as a critical concern 462 

during FGD, which aligns closely with the SPI results, emphasizing the region's 463 

vulnerability to climatic variability. Although Bonga and Menz are both located in Ethiopia, 464 

farmers’ perceptions of climate change diƯered between the two regions, reƲecting their 465 

contrasting agro-ecological and climatic conditions. These diƯerences suggest that 466 

farmers’ perceptions of climate change are strongly shaped by local environmental 467 

conditions and production constraints rather than by national climate narratives alone. 468 

In response to the second research question, these Ʊndings conƱrm that climate-related 469 

livestock challenges are widespread across both sites but diƯer signiƱcantly in their 470 

nature and prevalence: Menz farmers face predominantly drought-related stressors 471 

including water scarcity, heat stress, and increased stillbirth frequency, while Bonga 472 

farmers are more aƯected by grazing land loss and livestock mortality, underscoring the 473 

need for site-speciƱc rather than uniform adaptation responses. 474 
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Climate change challenges 475 

The observed climate challenges in the study reveal critical diƯerences between the two 476 

study areas, reƲecting the diverse impacts of climate variability on livestock-dependent 477 

communities. Menz and Bonga reported a high prevalence of disease outbreaks and 478 

increased frequency of stillbirths. These Ʊndings are consistent with previous research 479 

identifying feed shortages, water scarcity, and reduced productivity as the primary 480 

challenges among livestock farmers in Jimma zone (Duguma and Janssens 2021) and in 481 

the Southern Nations, Nationalities, and Peoples’ Region of Ethiopia (Mengistu et al. 482 

2021). Similarly, the increased frequency of stillbirths in Menz aligns with reports 483 

documenting drought-induced reductions in livestock reproductive performance in 484 

pastoral areas (Megersa et al. 2014), however, stillbirths can also be associated with 485 

factors such as poor maternal nutrition, infectious diseases, and genetic abnormalities 486 

(Gurmu et al. 2024). A study conducted in Bonga and Menz reported a low stillbirth rate 487 

of 10% at the Ʋock level based on a sample of 40 households in each region ([CSL STYLE 488 

ERROR: reference with no printed form.]), suggesting that actual cases may vary 489 

depending on the scale and method of data collection. In the present study, farmers 490 

frequently attributed stillbirths to drought-related feed shortages and declining forage 491 

quality, which may exacerbate depressed reproductive performance in highland systems 492 

facing extended dry spells and nutritional limitations. 493 

The proportion of farmers reporting water scarcity as a climate-related challenge was 494 

markedly higher in Menz (63.2%) than in Bonga (23.2%), reƲecting the more arid 495 

conditions and limited water resources characteristic of that highland region. Other 496 

studies observed that recurrent droughts and declining rainfall signiƱcantly degraded 497 
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rangelands in the Fentale district, resulting in more occurring unpalatable species and 498 

feed scarcity (Mekuyie and Mulu 2021). In contrast, Bonga reported a higher percentage 499 

of loss of grazing land (72.9%) compared to Menz (44.1%). This diƯerence likely reƲects 500 

the greater pressure of deforestation, urbanisation, and agricultural expansion on grazing 501 

lands in Bonga's mid-altitude areas. This pattern is consistent with broader evidence 502 

from Ethiopia: in the neighbouring Jimma zone, 93.7% of households reported declining 503 

grazing land quantity and quality, a trend further exacerbated by climate variability 504 

(Eneyew et al. 2019) . These Ʊndings suggest that while farmers in both regions perceive 505 

climate change as aƯecting livestock production, the speciƱc challenges they 506 

emphasize diƯer according to local environmental conditions and production systems. 507 

Farmers in Menz tend to associate climate change with drought-related stressors such 508 

as water shortages and reproductive challenges, whereas farmers in Bonga more 509 

frequently highlight land-use pressures and grazing constraints. 510 

Frequency of Adaptation Strategy Adoption Among CBBP and 511 

Non-CBBP Farmers:  512 

Addressing Research Question 3—whether farmers participating in CBBPs are more 513 

likely to report engaging in climate adaptation strategies compared with non-CBBP 514 

farmers—the results indicate that CBBP farmers adopt more adaptation strategies 515 

overall. CBBP members were more likely to report adopting proactive livestock health 516 

management, income diversiƱcation, breeding of more adapted animals, transhumance, 517 

and pasture management practices. This higher adoption rate can be attributed to 518 

knowledge dissemination and capacity-building within CBBP programs, which provide 519 
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farmers with access to technical expertise, peer learning, and improved resources 520 

(Abdulai et al.). 521 

Some strategies, such as feed improvement, shelter structures, water conservation, and 522 

destocking, show no signiƱcant diƯerences between groups, suggesting that these 523 

practices are widely recognized and adopted by all farmers, regardless of CBBP 524 

participation. The role of structured cooperatives in promoting adaptation is further 525 

supported by a recent study in Ethiopia (Dawid and Boka 2025). Their study reported that 526 

cooperative membership increased the probability of adopting improved crop varieties 527 

by 42.4%, improved livestock breeds by 35.5%, and crop-livestock diversiƱcation by 528 

37.3%, suggesting that collective action and structured programs enhance farmers' 529 

adaptive capacity. Taken together, evidence from the descriptive group comparisons, the 530 

logistic regression models, and the propensity score matching analysis consistently 531 

points in the same direction: in response to the third research question, CBBP 532 

membership is positively and signiƱcantly associated with higher adoption of climate 533 

adaptation strategies, with members adopting on average 1.3 more strategies than 534 

observationally comparable non-CBBP farmers (ATT = 1.257, SE = 0.138, p < 0.001), 535 

satisfying the pre-speciƱed criterion of convergent support across at least two analytical 536 

approaches. 537 

Factors of adaptation strategies to climate change  538 

The analysis of the determinants of adaptation practices reveals notable regional 539 

variations. The study area emerged as the most inƲuential factor, signiƱcantly impacting 540 

the adoption of eight out of the nine proposed adaptation measures. A recent review 541 

similarly emphasized that determinants of adaptation strategies to climate variability and 542 
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change vary signiƱcantly across diƯerent locations within Ethiopia, particularly at the 543 

local level (Demem 2023). 544 

Some adaptation practices, such as destocking (AD8) and diversifying income sources 545 

(AD5), are less likely to be adopted in Menz, as reƲected by negative coeƯicients. This is 546 

consistent with other Ʊndings (Zelalem 2009), where destocking was not popular among 547 

farmers for cultural values and because restocking was challenging because of the 548 

limited livelihood alternatives. Conversely, Menz farmers are more likely to implement 549 

practices like proactive livestock health management (AD4) and eƯicient water use and 550 

conservation for livestock (AD3), as indicated by the positive coeƯicients. In other parts 551 

of Ethiopia, the importance of water conservation and disease management in areas 552 

facing frequent droughts and resource scarcity was emphasised in order to cope with 553 

climate change (Bekele 2012). The adoption of these strategies highlights the adaptive 554 

capacity of Menz farmers in addressing speciƱc challenges tied to their epidemiological 555 

and agroecological conditions.  556 

In this study, gender did not appear to signiƱcantly inƲuence the adoption of any of the 557 

analysed adaptation strategies, and no clear gender diƯerences were observed in 558 

adaptation behaviour. This Ʊnding contrasts with previous studies reporting that gender 559 

plays an important role in households’ adoption of climate change adaptation strategies 560 

(Mengistu et al. 2015; Tesfaye and Seifu 2016). Some studies documented that male and 561 

female-headed households often adopt diƯerent strategies based on access to 562 

resources, decision-making authority, and roles within the household (Dev and Manalo 563 

2023). However, this was not observed in our study and gender did not appear to 564 

signiƱcantly inƲuence the adoption of any of the analysed adaptation strategies. This may 565 
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be partially explained by the implementation of Gender Transformative Approaches (GTA) 566 

in both study areas ([CSL STYLE ERROR: reference with no printed form.]), which aim to 567 

promote gender equality by challenging traditional roles and empowering both men and 568 

women to participate equally in decision-making and resource access. Such initiatives 569 

may have contributed to narrowing the gender gap in adaptation behaviour.  570 

Education showed a positive association with the adoption of breeding more adapted 571 

animals (AD6). While this is consistent with evidence that higher education enhances 572 

farmers' awareness of improved livestock practices (Kassie et al. 2013a), this is a single-573 

model association and should be interpreted cautiously given the exploratory nature of 574 

the analysis[45]. Similarly, participation in climate change-related events and training 575 

was positively associated with several practices, such as implementing shelter 576 

structures (AD2) and eƯicient water use and conservation for livestock (AD3). These 577 

results underscore the role of knowledge dissemination and capacity-building initiatives 578 

in fostering climate resilience (Deressa et al. 2009b). 579 

Participation in CBBP emerges as a key determinant, with signiƱcant positive impacts on 580 

practices like breeding adapted animals (AD6) and diversifying income sources (AD5). 581 

These Ʊndings are consistent with other studies (Zampaligré and Fuchs 2019; Abegunde 582 

et al. 2019; Kangogo et al. 2021; Belay et al. 2022; Dawid and Boka 2025), which highlight 583 

the positive role of membership in agricultural associations or groups in promoting the 584 

adoption of climate adaptation practices. Such memberships facilitate the creation of 585 

robust social networks, strengthen social capital, and provide access to public spheres 586 

where experiences and challenges are shared. These platforms enable knowledge 587 

exchange, practical problem-solving, and exposure to innovative coping strategies, 588 
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ultimately fostering the adoption of climate adaptation practices among farmers. The 589 

consistency of the CBBP eƯect across Ʊve of nine models, including three at p < 0.001, 590 

and its corroboration by the PSM analysis, together provide strong convergent evidence 591 

for this association and reduce the concern of false positive inƲation. 592 

Moreover, the negative association between training and diversifying income sources 593 

(AD5) is diƯicult to explain as diversiƱcation is commonly regarded as a coping strategy 594 

to mitigate climate shocks.  One possible explanation may be due to the specialized 595 

focus of training programs, particularly in areas like Menz and Bonga, where both training 596 

and policy emphasize sheep production, potentially limiting farmers’ pursuit of 597 

alternative livelihoods. Further data may help clarify this relationship. 598 

We are not aware of any studies that speciƱcally examine the role of CBBP in climate 599 

change adaptation; however, related research has explored its impact on the well-being 600 

of smallholder farmers (Haile et al. 2020b). Participation in CBBP has been shown to 601 

signiƱcantly improve farmers' livelihoods by enhancing productivity and income levels  602 

(Ahmed and MesƱn 2017). Additionally, animals bred through CBBP programs have 603 

demonstrated improved resilience and adaptability under varying environmental 604 

conditions, highlighting the potential of these programs in fostering climate change 605 

resilience (Tesema et al. 2024).  606 

In current study, results indicate that CBBP membership positively and signiƱcantly 607 

inƲuences farmers' adoption of adaptation strategies. CBBP members adopt 608 

approximately twice as many adaptation measures compared to their non-member 609 

counterparts. This suggests that CBBP participation fosters greater awareness, capacity, 610 

and access to resources necessary for implementing climate adaptation measures.  611 
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Barriers hindering the adoption of climate adaptation 612 

strategies 613 

Addressing Research Question 4, which sought to identify the main barriers hindering the 614 

adoption of climate adaptation strategies among smallholder sheep farmers, the Ʊndings 615 

of this study highlight several key constraints aƯecting both CBBP and non-CBBP 616 

farmers. Limited access to farm inputs and veterinary services emerged as major 617 

challenges for both CBBP and non-CBBP farmers. During FGD discussions, farmers 618 

reported that these services, which were previously provided by government programs, 619 

have become increasingly scarce and discontinued in recent years. Limited availability 620 

and restricted access to high-yielding seeds and improved livestock breeds pose 621 

signiƱcant challenges to the adoption of climate adaptation practices. Many adaptation 622 

strategies practices rely on specialized seeds for cover crops or intercrops, which can be 623 

diƯicult to source, especially if they are not traditionally cultivated in the region. Without 624 

the development of eƯicient and reliable input supply chains, these barriers will persist, 625 

hindering the widespread implementation of such practices (Barnard et al. 2015). The 626 

scarcity of both agricultural inputs and extension services underscores the pivotal role of 627 

government support in ensuring the availability of essential agricultural services. Limited 628 

access to Ʊnancial resources is another key factor constraining the adoption of 629 

adaptation practices and technologies, particularly among smallholder and 630 

marginalized farmers (Imran et al. 2018).  Similar challenges have been identiƱed as 631 

signiƱcant barriers to adopting climate-smart agricultural practices in developing 632 

countries (Khatri-Chhetri et al. 2017; Abegaz et al. 2024). Policy interventions, such as 633 

subsidies or credit programs, play a crucial role in addressing these Ʊnancial barriers and 634 



37 

 

promoting the adoption of climate-smart practices (Kassie et al. 2013b). Farmers from 635 

both study areas also reported limited knowledge and awareness of adaptation 636 

practices. Ethiopian smallholder farmers either do not have access to appropriate 637 

information or are unable to fully utilize existing information. This underscores the need 638 

for capacity-building programs and eƯective knowledge dissemination to enhance 639 

adoption and implementation of climate adaptation strategies (Barnard et al. 2015). 640 

Physical and social infrastructure are essential as indicated by farmers from both study 641 

areas. Adequate infrastructure, such as irrigation systems, water management facilities, 642 

roads, and markets play a crucial role in improving agricultural productivity and access 643 

to resources. Additionally, strong social support networks, including farmers’ 644 

organizations and cooperatives, facilitate knowledge sharing, resource access, and 645 

collective decision-making(Barnard et al. 2015). 646 

Conclusion  647 

In our study we demonstrated that farmers’ perceptions of climate change in two mixed 648 

crop–livestock farming systems in Ethiopia are broadly consistent with meteorological 649 

trend analyses, particularly regarding increasing temperatures and declining rainfall. 650 

Regardless of CBBP membership, climate-related challenges aƯected livestock 651 

production in both Menz and Bonga, with farmers frequently reporting disease outbreaks 652 

and increased stillbirth frequency. In response, and again regardless of CBBP 653 

membership, feed improvement, shelter structures, water conservation, and destocking 654 

were shown to be common adaptation practices widely adopted by farmers in both study 655 

sites. Interestingly, the Ʊndings revealed that CBBP-member farmers exhibited a higher 656 

capacity to adopt more adaptation strategies than non-CBBP farmers, particularly health 657 



38 

 

management, income diversiƱcation, breeding adapted animals, transhumance, and 658 

pasture management. This is supported by the increased exposure of CBBP members to 659 

knowledge dissemination, access to technical expertise and peer learning.  These 660 

insights oƯer clear guidance for policymakers and researchers aiming to design 661 

interventions that enhance climate resilience among smallholder livestock producers. 662 
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