Appendix S 1: Sample characteristics table (socio-demographic profile of the 407 farmers)
	Characteristic
	Total (n=407) n (%)
	Bonga (n=204) n (%)
	Menz (n=203) n (%)
	CBBP members (n=196) n (%)
	Non-CBBP (n=208) n (%)

	Sex

	   Female
	293 (72.0%)
	139 (68.1%)
	154 (75.9%)
	142 (72.4%)
	149 (71.6%)

	   Male
	114 (28.0%)
	65 (31.9%)
	49 (24.1%)
	54 (27.6%)
	59 (28.4%)

	Age group

	   21–30 years
	68 (16.7%)
	30 (14.7%)
	38 (18.7%)
	25 (12.8%)
	43 (20.7%)

	   31–40 years
	130 (31.9%)
	49 (24.0%)
	81 (39.9%)
	63 (32.1%)
	66 (31.7%)

	   41–50 years
	86 (21.1%)
	47 (23.0%)
	39 (19.2%)
	42 (21.4%)
	43 (20.7%)

	   51 years and above
	123 (30.2%)
	78 (38.2%)
	45 (22.2%)
	66 (33.7%)
	56 (26.9%)

	Highest level of education

	   None
	136 (33.4%)
	77 (37.7%)
	59 (29.1%)
	69 (35.2%)
	67 (32.2%)

	   Primary
	209 (51.4%)
	92 (45.1%)
	117 (57.6%)
	98 (50.0%)
	109 (52.4%)

	   Secondary
	61 (15.0%)
	35 (17.2%)
	26 (12.8%)
	29 (14.8%)
	31 (14.9%)

	   University
	1 (0.2%)
	0 (0.0%)
	1 (0.5%)
	0 (0.0%)
	1 (0.5%)

	Agricultural training

	   None
	219 (53.8%)
	134 (65.7%)
	85 (41.9%)
	79 (40.3%)
	137 (65.9%)

	   Training attendance
	180 (44.2%)
	63 (30.9%)
	117 (57.6%)
	110 (56.1%)
	70 (33.7%)

	   Certificate in Agriculture
	8 (2.0%)
	7 (3.4%)
	1 (0.5%)
	7 (3.6%)
	1 (0.5%)

	   Diploma in Agriculture
	0 (0.0%)
	0 (0.0%)
	0 (0.0%)
	0 (0.0%)
	0 (0.0%)

	Farming experience

	   Less than 5 years
	9 (2.2%)
	3 (1.5%)
	6 (3.0%)
	4 (2.0%)
	5 (2.4%)

	   5–10 years
	79 (19.4%)
	28 (13.7%)
	51 (25.1%)
	34 (17.3%)
	45 (21.6%)

	   10–15 years
	75 (18.4%)
	18 (8.8%)
	57 (28.1%)
	29 (14.8%)
	45 (21.6%)

	   Greater than 15 years
	244 (60.0%)
	155 (76.0%)
	89 (43.8%)
	129 (65.8%)
	113 (54.3%)

	Main income source (1st choice)

	   Crops
	263 (64.6%)
	117 (57.4%)
	146 (71.9%)
	114 (58.2%)
	148 (71.2%)

	   Livestock
	139 (34.2%)
	86 (42.2%)
	53 (26.1%)
	80 (40.8%)
	57 (27.4%)

	   Off-farm employment
	1 (0.2%)
	0 (0.0%)
	1 (0.5%)
	0 (0.0%)
	1 (0.5%)

	   Business
	4 (1.0%)
	1 (0.5%)
	3 (1.5%)
	2 (1.0%)
	2 (1.0%)

	Attended climate change event or course (last 2 years)

	   Yes
	114 (28.0%)
	6 (2.9%)
	108 (53.2%)
	76 (38.8%)
	38 (18.3%)

	   No
	293 (72.0%)
	198 (97.1%)
	95 (46.8%)
	120 (61.2%)
	170 (81.7%)

	CBBP / cooperative membership

	   CBBP member (Yes)
	196 (48.2%)
	92 (45.1%)
	104 (51.2%)
	196 (100.0%)
	0 (0.0%)

	   Non-member (No)
	208 (51.1%)
	109 (53.4%)
	99 (48.8%)
	0 (0.0%)
	208 (100.0%)




Appendix S 2: Survey instrument: full item wording, response scales, and analytical coding of all questions as administered to smallholder farmers in Bonga and Menz, Ethiopia.
	Q#
	Question (as administered)
	Response options (as administered)
	Scale / coding

	Q1
	What is your age group? (Select one)
	21–30
31–40
41–50
51 and above
	Categorical: 4 levels. Coded 1–4 for analysis.

	Q2
	State your gender. (Select one)
	Female
Male
	Binary dummy: 0 = Male, 1 = Female.

	Q3
	What is your highest level of education? (Select one)
	None
Primary
Secondary
University education
	Ordinal: 4 levels. Coded 1–4 for analysis.

	Q4
	What agricultural training do you have? (Select one or more)
	None
Training attendance
Certificate in Agriculture
Diploma in Agriculture
	Categorical; recoded as ordinal training level (0=None … 3=Diploma) for analysis.

	Q5
	What is your experience in agriculture? (Select one)
	Less than 5 years
5–10 years
10–15 years
Greater than 15 years
	Ordinal: 4 levels. Coded 1–4 for analysis.

	Q6
	What are your income sources? (Rank up to 3 choices)
	Crops
Livestock
Off-farm employment (e.g., governmental)
Business
Remittances/Monetary gifts
Other (specify): …………
	Categorical; 1st choice coded 1–6 for analysis. 2nd and 3rd choices recorded separately.

	Q7
	Do you belong to any farming groups like CBBP/Agricultural Cooperative? (Select one)
	Yes
No
	Binary dummy: 0 = No, 1 = Yes.

	Q8
	Have you attended any agricultural events or course related to climate change in the last 2 years? (Select one)
	Yes
No
	Binary dummy: 0 = No, 1 = Yes.

	Q9
	Have you observed any long-term changes in the following climate factors over the last 10 years? (Select multiple)
	For each of 9 indicators, two sub-questions:
(a) Have you noticed changes? Yes / No
(b) To what extent? 5-point Likert scale:
     1 = Strongly disagree
     2 = Disagree
     3 = Neutral
     4 = Agree
     5 = Strongly agree
The 9 climate indicators are:
  • Less rain
  • More rain
  • Frequent droughts
  • Frequent floods
  • Delay in start of rainy season
  • Rainy season ends sooner
  • Unusual rain
  • Temperature fluctuation
  • More wind
  • Other (specify): ………
	Part (a): Binary Yes/No per indicator. Part (b): Ordinal 1–5 Likert scale per indicator (agreement with direction of stated change).

	Q10
	What are the major climate-related challenges you have experienced in your livestock farming practices? (Select one or more)
	For each of 10 livestock challenges, two sub-questions:
(a) Have you faced this challenge? Yes / No
(b) To what extent (vulnerability)? 5-point scale:
     1 = Very vulnerable
     2 = Vulnerable
     3 = Somewhat vulnerable
     4 = Not vulnerable
     5 = I don't know
The 10 livestock challenges are:
  • Availability of adequate pasture and forage
  • Water scarcity for livestock
  • Heat stress on animals
  • Disease outbreaks related to changing weather patterns
  • Extreme weather events affecting livestock management
  • Loss of grazing land due to soil degradation or desertification
  • Increased frequency of still birth and abortions in livestock
  • Reduced growth performance
  • Livestock morbidity (unhealthy animals)
  • Livestock mortality
  • Other (specify): ………
	Part (a): Binary Yes/No per challenge. Part (b): Ordinal 1–5 vulnerability scale per challenge.

	Q11
	What are the major climate-related challenges you have experienced in your crops farming practices? (Select one or more)
	For each of 10 crop challenges, two sub-questions:
(a) Have you faced this challenge? Yes / No
(b) To what extent (vulnerability)? 5-point scale:
     1 = Very vulnerable
     2 = Vulnerable
     3 = Somewhat vulnerable
     4 = Not vulnerable
     5 = I don't know
The 10 crop challenges are:
  • Pest invasion
  • Prevalence of disease in crops
  • Less water for irrigation
  • Water runoff, landslides, soil displacement
  • Rising cost of farming
  • Increased frequency of crop failure
  • Extinction of some crops and crop varieties
  • Soil quality is decreasing
  • Sowing/cultivation season shifting
  • Other (specify): ………
	Part (a): Binary Yes/No per challenge. Part (b): Ordinal 1–5 vulnerability scale per challenge.

	Q12
	Are you aware of climate-smart agricultural practices or innovations? (Select one)  [Interviewer note: Explain that climate-smart practices means farming techniques and strategies that help adapt to the changing climate and reduce its negative impact]
	Yes
No
	Binary dummy: 0 = No, 1 = Yes.

	Q13
	If yes, please select from below. (Select one or more)
	  • Improved livestock breed selection for functional and adaptation traits
  • Reliance on indigenous and local breeds
  • Shifting from sheep to goats
  • Proper housing and ventilation systems to mitigate heat stress (building sheds)
  • Water management techniques for livestock hydration
  • Grazing management and rotational grazing practices
  • Disease prevention and regular visits to the veterinary
  • Total feed rations relying on crop residues and agro-industrial by-products
  • Other (specify): ………
	Multi-select checklist; each item coded as binary 0/1. Conditional on Q12=Yes.

	Q14
	What do you believe is the main reason for climate change? Please select the option you consider most significant. (Select one or more)
	  • Human activities (e.g., burning fossil fuels, urbanisation, deforestation)
  • Changing weather patterns and climate variability and cycles
  • Natural factors beyond human control (religious reasons)
  • Livestock (e.g., overgrazing, depletion of water resources, deforestation)
	Categorical; multi-select. Each option coded as binary 0/1.

	Q15
	Which of the following are you doing, in terms of strategies or practices for mitigating or adapting to climate change in your livestock farming activities? (Select one or more)
	  • Adjusting livestock feeding strategies and nutritional management (use of by-products)
  • Implementing shade structures or cooling systems for animals
  • Enhancing water management and conservation methods for livestock
  • Disease surveillance and early warning systems
  • Diversifying income sources beyond livestock farming
  • Breeding animals that are more adapted (resilient)
  • Extended search for better pasture in more distant locations outside the usual transhumance circuit (to less affected areas)
  • Destocking (reduce number of animals)
  • Clearance of undesirable plants which otherwise would make the grazing lands unusable
  • Other (specify): ………
	Multi-select checklist; each of the 9 listed strategies coded as binary 0/1.  Derived variable: total_adaptation_strategies = sum of adopted strategies (range 0–9), used as continuous outcome in OLS regression on matched sample.

	Q16
	What are the three main barriers or challenges you face in adopting climate-smart practices for livestock farming? (Rank from 1 to 3, with 1 = most important)
	Seven barrier options to rank (1st, 2nd, 3rd choice):
  • Limited access to veterinary services and livestock extension support
  • Insufficient knowledge or awareness of climate-smart practices
  • Lack of financial resources to invest in climate-smart technologies
  • Limited availability of climate-resilient livestock breeds or genetics
  • Inadequate infrastructure for water storage and distribution to support livestock
  • Lack of training and capacity-building opportunities for livestock farmers
  • Limited access to feed varieties (due to land and soil degradation, unavailable improved seeds, limited access to quality feed ingredients)
	Ranked ordinal: 1st, 2nd, 3rd choice recorded as separate variables. Analysed as proportion of farmers citing each barrier among their top-3 choices.

	Q17
	How important do you consider climate change adaptation and mitigation in your farming activities? (Select one)
	Very important
Important
Neutral
Not important
Not sure
	Ordinal: 5 levels. Coded 1–5.

	Q18
	Are you willing to invest time, effort, and resources in adopting climate-smart innovations? (Select one)
	Yes, definitely
Yes, if provided with support or incentives
Not sure
No, not interested
	Ordinal: 4 levels. Coded 1–4.

	Q19
	Would you be interested in participating in knowledge-sharing platforms or farmer networks focused on climate-smart agriculture? (Select one)
	Yes
No
Not sure
	Categorical: 3 levels. Coded 1–3.





Appendix S 3: Propensity Score Matching, Covariate Balance Before and After Matching
	Covariate
	CBBP mean before (n=194)
	Non-CBBP mean before (n=208)
	SMD before
	CBBP mean after (n=152)
	Non-CBBP mean after (n=152)
	SMD after
	% Bias reduction
	Balance (|SMD|<0.10)

	Study site (1=Bonga,2=Menz)
	0.531
	0.476
	 0.110
	0.500
	0.447
	 0.105
	  4.2%
	0.105

	Age group (1–4 scale)
	2.773
	2.538
	 0.218
	2.691
	2.750
	−0.054
	 75.4%
	 −0.054

	Sex (1=Female, 2=Male)
	1.722
	1.716
	 0.012
	1.717
	1.711
	 0.015
	  n/a* 
	  0.015

	Education level (1–4)
	1.784
	1.837
	−0.078
	1.816
	1.789
	 0.039
	 50.3%
	  0.039

	Farming experience (1–4)
	3.464
	3.279
	 0.216
	3.401
	3.401
	 0.000
	100.0%
	  0.000

	Main income source (1–6)
	1.438
	1.313
	 0.231
	1.362
	1.395
	−0.060
	 74.1%
	 −0.060

	CC event attendance (0/1)
	0.392
	0.183
	 0.474
	0.289
	0.250
	 0.089
	 81.3%
	 0.089

	Matching details: Nearest-neighbour matching, 1:1, without replacement, caliper = 0.05. Common support region: propensity scores [0.2017, 0.8749]. Original CBBP: n=194; after common support restriction: n=192; after caliper matching: n=152 (40 dropped). Non-CBBP: n=208; 152 matched as controls. Total matched sample: N=304. * Sex % bias reduction not reported (pre-matching SMD near zero, making denominator unstable).


Notes: SMD = Standardised Mean Difference = (mean treated − mean control) / pooled SD.
