Climate change adaptation in smallholder agriculture: Adoption, barriers, determinants, and policy implications 

SUPPORTING INFORMATION 1: Climatic patterns and yield anomalies in study area.
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Climatic patterns and yield anomalies in the study area. a) Growing season temperature showed an increasing trend with relatively faster increase for wheat and maize growing season in the Mountain and Hill agro-ecosystems, b) Rainfall exhibited a greater variability during rice and maize growing season (data from DoHM), and c) Highest yield anomalies were observed in Terai for rice and wheat crops (data from MoAD, 2014).


SUPPORTING INFORMATION 2: Questionnaire

A. Farm information

1. Location:
District [ ___________________ ]    Municipality  [  ________________  ]   Ward  [ ____ ]  
2. What are the major crops you grow? Tick all that apply. 
Rice □, Maize □, Wheat □, Buckwheat □, Other (___________________________________________) □
3. What area of land do you crop? Tick the relevant box.
	For Terai
	For Hills and Mountain

	Under 10 Kattha 󠆼□,   10 – <20 Kattha □, 20 Kattha - <1 ha □, 1 ha – <1.2 ha □,   1.2 ha – <2 ha □, 2 ha and above □
	Under 5 ropani □,   5 – <10 ropani □, 10 - <15 ropani □, 15 – <20 ropani □,   20 - <30 ropani □, 30 ropani and above □


4. How many parcels of land do you farm on?  Please tick the relevant box.     
Less than 5 □, 5 – 10 □, 10 and more □
5. For how many years have you been farming? Please tick the relevant box.
Under 5 year □, 5 years – 10 years □, More than 10 years
6. Do you own your farm (land tenure) outright? All □, Partly □, None □
7. Have you ever attended in the trainings related to climate change adaptation in the past three years? Yes □, No □
8. Are there any agriculture extension services available to you in your area? Yes □, No □
9. Do you belong to any farmer’s groups in the community? Yes □, No □
10. What kind of farming do you practice? labour-intensive □, mechanised □
11. Can you access credit for adjustments in farming? Yes □, Yes, to some extent □, No □
12. Do you rely on external inputs (e.g. fertiliser and seeds) for farming? Yes □, Yes, to some extent □
13. How far is the input purchase market (e.g. seeds, fertilizers) from your farm/house?   [______] km
14. Is the source of irrigation water independent of monsoon rain? Yes □, Moderately independent □, No □
15. Are you able to access weekly weather forecasts to guide farm practices? Yes □, No □
16. Do you believe the statement that 'climate change is happening?' Please circle the response below. 
□ I don’t believe the statement		□ I have lower level of belief on the statement	□ The statement might be true
□ I believe on the statement		□ I strongly belief on the statement
17. Have you experienced climate risks over the years that caused detriment to your crops? Yes □, No □

B. Adaptation Barriers
18. How do you feel about the following dimensions as a barrier to the adaptation in 1-5 scale? Please circle the most relevant response level.
	Adaptation barriers
	Not a barrier
(1)
	Light barrier
(2)
	Moderate barrier (3)
	Considerable barrier (4)
	Significant barrier (5)

	Access to timely weather information
	1
	2
	3
	4
	5

	Knowledge about drought resistant crop varieties
	1
	2
	3
	4
	5

	Access to information about potential climate change
	1
	2
	3
	4
	5

	Availability of local resources for farming (e.g. litters)
	1
	2
	3
	4
	5

	Crop damage by wild animals
	1
	2
	3
	4
	5

	Cost of farm inputs
	1
	2
	3
	4
	5

	Access to credit 
	1
	2
	3
	4
	5

	Access to agricultural subsidies
	1
	2
	3
	4
	5

	Crop insurance
	1
	2
	3
	4
	5

	Land ownership/tenure
	1
	2
	3
	4
	5

	Availability of farm inputs (e.g. fertilizers)
	1
	2
	3
	4
	5

	Access to agricultural technicians/officers
	1
	2
	3
	4
	5

	Access to agricultural markets
	1
	2
	3
	4
	5

	(Un)predictability of weather
	1
	2
	3
	4
	5

	Access to water for irrigation
	1
	2
	3
	4
	5

	Soil fertility
	1
	2
	3
	4
	5

	Land capabilities 
	1
	2
	3
	4
	5

	Farm size
	1
	2
	3
	4
	5

	Potential of farm to be irrigated
	1
	2
	3
	4
	5

	Availability of labour during peak agricultural operations
	1
	2
	3
	4
	5

	Collective decisions among smallholders to adaptation
	1
	2
	3
	4
	5

	Trust over new adaptive practices 
	1
	2
	3
	4
	5

	Availability of appropriate technologies
	1
	2
	3
	4
	5

	Fatalism (belief on fate/god)
	1
	2
	3
	4
	5

	Government programs and policies
	1
	2
	3
	4
	5


19. Are there any additional barriers you have realised? Do you want to add anything on the barriers?
	







C. Adoption of adaptation choices
20. How do you feel about the following adaptation choices you have adopted to adapt to climatic impacts in 1-5 scale? Please circle the responses that most accurately represent your actions.
	Adoption choices
	Not practiced
(1)
	Rarely practiced
(2)
	Moderately practised
(3)
	Well practiced
(4)
	Practised in full-scale
(5)

	Change in crop type 
	1
	2
	3
	4
	5

	Crop drought-tolerant varieties
	1
	2
	3
	4
	5

	Crop high value varieties
	1
	2
	3
	4
	5

	Crop high yielding varieties
	1
	2
	3
	4
	5

	Multi-cropping 
	1
	2
	3
	4
	5

	Changing planting dates 
	1
	2
	3
	4
	5

	Soil erosion control
	1
	2
	3
	4
	5

	Fertilisation - Chemical Fertiliser
	1
	2
	3
	4
	5

	Fertilisation - Manure
	1
	2
	3
	4
	5

	Changing timing of fertilisation
	1
	2
	3
	4
	5

	Invest on Irrigation/rain water harvesting
	1
	2
	3
	4
	5

	Adapting irrigation schedule
	1
	2
	3
	4
	5

	Abandon cultivating less/non-profitable crops
	1
	2
	3
	4
	5

	Crop diversification
	1
	2
	3
	4
	5

	Improved seed
	1
	2
	3
	4
	5

	Cash crops
	1
	2
	3
	4
	5

	Rely more on off-farm interventions
	1
	2
	3
	4
	5

	Selling/rent-out farm land
	1
	2
	3
	4
	5

	Seasonal migration (during crop offseason)
	1
	2
	3
	4
	5

	Long-term migration (aboard/city/India)
	1
	2
	3
	4
	5

	Abandon farming 
	1
	2
	3
	4
	5

	Farming on marginal land
	1
	2
	3
	4
	5

	Off-season cropping
	1
	2
	3
	4
	5

	Rely more on livestock
	1
	2
	3
	4
	5

	Insurance 
	1
	2
	3
	4
	5


21. Are there any additional adaptation actions you have taken? Would you like to mention anything on adoption?
	






D. Socio-demographic information:
Please tick the relevant boxes.
22. Which age group do you belong to?
Age: 18 – 35 years  □, Above 35 years – under 60 years  □, 60 years and above  □
23. What is your gender?    Male  □,   Female □, Other □
24. Who heads your household? Male  □,   Female □, Other □
25. What is your household size?  Three or less □, 4-6  □, 7 and above □
26. What is your level of education? No formal education  □,  Primary education □, Secondary school □, Tertiary □
27. How many members of your family above 18 work in other occupations than agriculture? [         ]

The End

	Questionnaire:










SUPPORTING INFORMATION 3: Adoption indices
	Adoption indices
	Terai
	Hill
	Mountain

	
	Mean
	SD
	Mean
	SD
	Mean
	SD

	Crop adjustment
	0.400  
	0.0959
	0.347  
	0.107
	0.288  
	0.144

	Farm management
	0.337
	0.116
	0.483
	0.137
	0.437
	0.164

	Fertiliser management
	0.407
	0.0984
	0.450
	0.138
	0.357
	0.138

	Off-farm adjustments
	0.224
	0.0738
	0.212
	0.0737
	0.244
	0.0854

	Non-farm adjustments
	0.279
	0.107
	0.341
	0.0808
	0.318
	0.0947




SUPPORTING INFORMATION 4: Barrier indices
	Barrier indices
	Terai
	Hill
	Mountain

	
	Mean
	SD
	Mean
	SD
	Mean
	SD

	Techno-info barrier
	0.403
	0.088
	0.572
	0.123
	0.627
	0.106

	Economic barrier
	0.654
	0.131
	0.46
	0.158
	0.428
	0.132

	Social barrier
	0.385
	0.108
	0.335
	0.135
	0.45
	0.107

	Governance
	0.496
	0.143
	0.507
	0.149
	0.545
	0.131

	Environmental
	0.653
	0.111
	0.446
	0.169
	0.485
	0.137




SUPPORTING INFORMATION 5: Variability in adoption-barrier relationship across agro-ecosystems
[image: ]
Correlation between various adaptation indices and the barrier indices varied across the Mountain, Hill and Terai agro-ecosystems. Significant correlation coefficients are shown in bold at p = 0.05.




SUPPORTING INFORMATION 6: Regression model results for the study area
	MODEL INFO:

	Observations: 315 (12 missing obs. deleted)

	Dependent Variable: Barrier indices

	Type: OLS linear regression

	

	MODEL FIT:

	F(18,296) = 28.919, p = 0.000

	R² = 0.637

	Adj. R² = 0.615

	

	Standard errors: OLS

	 
	Est.
	10%
	90%
	t val.
	p
	VIF

	(Intercept)
	0.947
	0.889
	1.005
	21.053
	0.000
	

	Household head
	-0.067
	-0.093
	-0.040
	-3.241
	0.001
	2.489

	Household size
	-0.010
	-0.017
	-0.004
	-1.969
	0.050
	1.462

	Education
	-0.030
	-0.035
	-0.024
	-6.696
	0.000
	1.568

	Trainings attended
	-0.021
	-0.033
	-0.008
	-2.112
	0.036
	1.846

	Farm size
	-0.013
	-0.020
	-0.007
	-2.555
	0.011
	1.363

	Crop diversification
	-0.007
	-0.013
	-0.001
	-1.590
	0.113
	1.285

	Extension services
	-0.018
	-0.026
	-0.011
	-3.017
	0.003
	1.395

	Land tenure
	-0.004
	-0.011
	0.003
	-0.786
	0.432
	1.312

	Farmers’ group membership
	-0.023
	-0.033
	-0.013
	-2.964
	0.003
	1.131

	Credit access
	-0.038
	-0.055
	-0.021
	-2.818
	0.005
	2.156

	Farming practice
	-0.054
	-0.075
	-0.034
	-3.405
	0.001
	3.782

	Non-farm income
	0.030
	0.019
	0.042
	3.432
	0.001
	1.116

	Reliance on external inputs
	0.019
	0.009
	0.029
	2.416
	0.016
	1.259

	Market distance
	0.006
	0.001
	0.010
	1.475
	0.141
	1.456

	Monsoon dependency
	0.036
	0.028
	0.044
	5.902
	0.000
	1.621

	Weather information
	-0.009
	-0.018
	0.001
	-1.124
	0.262
	1.136

	Climate belief
	-0.011
	-0.017
	-0.005
	-2.259
	0.025
	3.493

	Risk experience
	-0.035
	-0.041
	-0.028
	-6.860
	0.000
	4.096







SUPPORTING INFORMATION 7: Determinants of barriers varied across agro-ecosystems
Agro-ecosystem specific variation in the predictors of adaptation barriers were observed (Table 2). Most predictors were common between the Mountain and Hill agro-ecosystems, while only a few predictors were in common with the Terai. Gender of household head (i.e., male) exhibited a significant but negative predictive power for the adaptation barriers for all agro-ecosystems with the highest coefficient observed for Hill. Likewise, access to credit also exhibited a significant inverse relationship with barriers for all agro-ecosystems. Level of education of household, diversification in crops, affiliations to farmers’ groups, and market distance were influential in both in the Hill and Mountain agro-ecosystems. Access to extension services and farmers' previous experience of climatic risk showed a negative relationship with adaptation barriers in the Hill and Terai. While land tenure was negatively related to barriers for the Mountain and Terai, it was not a strong predictor for the Hill agro-ecosystem. Farmers’ dependency on external inputs in agriculture was positively related to barriers for the Mountain and Terai. 
[bookmark: _Ref54002179]Table 1 Predictors of barriers for agro-ecosystems 
	Variables
	
	Mountain
	
	
	Hill
	
	
	Terai
	

	
	
	Coeff.
	t-value
	
	Coeff.
	t-value
	
	Coeff.
	t-value

	Household head
	
	-0.080 ***
	-4.51
	
	-0.123 ***
	-3.55
	
	-0.034 ***
	-2.714

	Education
	
	-0.054 ***
	-5.52
	
	-0.013
	-1.326
	
	
	

	Trainings
	
	
	
	
	-0.062 ***
	-2.978
	
	
	

	Crop diversification
	
	-0.006
	-1.51
	
	 0.019 **
	 2.318
	
	
	

	Extension services
	
	
	
	
	-0.028 ***
	-3.538
	
	-0.027 **
	-2.073

	Land tenure
	
	-0.023 ***
	-5.46
	
	
	
	
	-0.021 *
	 1.98

	Institution
	
	-0.017 **
	-2.46
	
	-0.038 ***
	-2.815
	
	
	

	Credit access
	
	-0.049 ***
	-4.45
	
	-0.019 *
	-0.589
	
	-0.063 ***
	-4.218

	External inputs
	
	 0.015 **
	 2.35
	
	
	
	
	 0.037 **
	 1.876

	Market distance
	
	 0.009 **
	 2.25
	
	 0.009 *
	 1.566
	
	
	

	Monsoon dependency
	
	
	
	
	
	
	
	-0.071 ***
	-5.497

	Risk experience
	
	 
	 
	
	-0.031 ***
	-3.032
	
	-0.012 
	-1.205

	N
	
	100
	
	
	148
	
	
	77
	

	R2
	
	0.89
	
	
	0.62
	
	
	0.57
	

	Adj. R2
	
	0.88
	
	
	0.60
	
	
	0.53
	

	F-value
	
	84.54 ***
	 
	
	25.48 ***
	 
	
	13.04 ***
	 

	*** p < 0.01; ** p <0.05; * p < 0.1
	
	
	
	
	
	





SUPPORTING INFORMATION 8: Manure or mulch?a)                                                                                     b)

[image: ]
In Mountain region, manure is often mixed-up with the litter (a) and is most commonly applied in fields on the surface in uplands (b). Farmers have reported that the application of manure in the soil in the non-irrigated upland fields makes the soil dry. Application of manure with litter on the surface helps to conserve soil moisture. Though such manure application practices may have high nutrition loss potential, its role in moisture conservation might have outweighed the potential nutrition losses for the rain-fed agriculture in the Mountain.  Such knowledge, generated traditionally, was well embedded in smallholder farming practices.
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