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Table 1.  Determinants of adoption of CSA innovation 
	Explanatory variables
	Crop residue management  
	Compost
	Soil and water conservation (SWC)
	Agroforestry

	
	Adopter
	Non adopter
	t-test (chi2)
	Adopter
	Non adopter
	t-test (chi2)
	Adopter
	Non adopter
	t-test (chi2)
	Adopter
	Non adopter
	t-test (chi2)

	Personal Factors
	
	
	
	
	
	
	
	
	
	
	
	

	Household head sex
	0.98
	0.91
	9.62***
	0.94
	0.94
	0.06
	0.94
	0.94
	0.03
	0.99
	0.93
	4.45**

	Household head age(in Year)
	44.39
	47.55
	-2.58**
	46.9
	44.6
	1.8*
	46.12
	46.07
	0.04
	48.05
	45.59
	1.62

	Household head education level 
	1.96
	1.54
	5.64***
	1.72
	1.75
	2.5
	1.80
	1.66
	1.9*
	1.86
	1.70
	1.73*

	Household head farm experience (in Year)
	9.46
	11.78
	-2.94***
	10.7
	10.8
	-0.19
	10.78
	10.65
	0.16
	11.20
	10.59
	0.61

	Household  size
	5.38
	5.22
	0.89
	5.6
	4.7
	5.14***
	5.37
	5.21
	0.86
	6.06
	5.09
	4.4***

	Climate change awareness
	0.27
	0.1
	18.76***
	0.23
	0.09
	12.02***
	0.15
	0.21
	2.59
	0.25
	0.16
	4.03**

	CSA awareness 
	0.32
	0.1
	31.09
	0.27
	0.08
	21.35***
	0.21
	0.19
	0.26
	0.32
	0.17
	10.1***

	Economic Factors
	
	
	
	
	
	
	
	
	
	
	
	

	Number of Plots
	1.73
	1.38
	5.06***
	1.63
	1.37
	3.37***
	1.60
	1.48
	1.6
	1.84
	1.46
	4.28***

	Total farm size
	4.38
	4.23
	0.91
	4.5
	4.0
	2.9***
	4.20
	4.40
	-1.22
	4.94
	4.13
	4.01***

	Livestock holding
	5.44
	4.38
	3.36***
	5.5
	3.6
	6.01***
	4.90
	4.83
	0.21
	6.22
	4.52
	4.44***

	Access to credit
	0.5
	0.52
	0.13
	0.51
	0.5
	0.01
	0.61
	0.40
	17.43***
	0.49
	0.51
	0.07

	Access to saving
	0.16
	0.2
	1.24
	0.19
	0.17
	0.13
	0.21
	0.15
	2.39
	0.16
	0.19
	0.32

	Remittance
	0.84
	0.86
	0.69
	0.84
	0.88
	1.04
	0.84
	0.87
	0.76
	0.76
	0.88
	7.45***

	Institutional Factors
	
	
	
	
	
	
	
	
	
	
	
	

	Agricultural extension service
	3.5
	3.69
	- 2.78***
	3.7
	3.5
	2.73***
	3.66
	3.55
	1.68*
	3.66
	3.59
	0.72

	Market distance (in minutes)
	60.24
	63.46
	-0.77
	66.5
	53.3
	3.04***
	67.93
	55.92
	2.9***
	60.93
	62.25
	0.26

	Mobile phone
	0.46
	0.38
	3.21*
	0.5
	0.26
	23.21***
	0.56
	0.27
	35.37***
	0.47
	0.40
	1.42

	Stand pipe water infrastructure 
	0.37
	0.31
	1.91
	0.3
	0.4
	4.2**
	0.42
	0.25
	12.72***
	0.23
	0.36
	5.42**

	Tube well water infrastructure 
	0.3
	0.23
	3.11*
	0.22
	0.35
	7.86***
	0.15
	0.37
	25.87***
	0.25
	0.26
	0.05

	Solar(energy infrastructure )
	0.39
	0.38
	0.1
	0.41
	0.35
	1.64
	0.42
	0.36
	1.54
	0.47
	0.36
	3.29*

	Improved stove(energy infrastructure)
	0.36
	0.3
	2.2
	0.41
	0.18
	22.06***
	0.35
	0.31
	0.63
	0.47
	0.29
	10.2***

	Community work
	0.61
	0.56
	0.96
	0.57
	0.61
	0.44
	0.61
	0.56
	0.91
	0.56
	0.59
	0.21

	Wenfel
	0.4
	0.45
	1.07
	0.35
	0.57
	17.31***
	0.35
	0.51
	11.6***
	0.41
	0.43
	0.08

	Mahber
	0.86
	0.86
	0.03
	0.9
	0.77
	13.44***
	0.93
	0.79
	15.84***
	0.91
	0.85
	2.21

	Informal aid from fiends
	2.99
	2.21
	3.48***
	2.7
	2.4
	1.01
	2.52
	2.62
	-0.44
	2.83
	2.51
	1.14

	Own  farm plot
	0.82
	0.76
	2.32
	0.81
	0.75
	2.43
	0.79
	0.78
	0.12
	0.90
	0.76
	7.75***

	Environmental Factors
	
	
	
	
	
	
	
	
	
	
	
	

	Degraded farm land
	0.15
	0.19
	1.07
	0.15
	0.23
	4.31**
	0.19
	0.16
	0.46
	0.20
	0.17
	0.33

	Erosion prone  farm land
	0.05
	0.02
	3.77*
	0.04
	0.03
	0.2
	0.05
	0.01
	4.57**
	0.01
	0.04
	1.58

	Temperature increased
	0.84
	0.69
	12.85***
	0.76
	0.74
	0.35
	0.80
	0.70
	5.61**
	0.83
	0.74
	3.14*

	Precipitation decreased
	0.73
	0.62
	5.69**
	0.65
	0.72
	1.83
	0.64
	0.70
	1.73
	0.69
	0.67
	0.11

	Drought increased
	0.7
	0.66
	0.73
	0.66
	0.72
	1.84
	0.69
	0.68
	0.06
	0.72
	0.67
	0.91

	Flooding  increased
	0.51
	0.48
	0.22
	0.52
	0.45
	1.95
	0.54
	0.45
	3.78*
	0.59
	0.47
	3.62*

	Hailstorm increased 
	0.53
	0.45
	2.64
	0.49
	0.48
	0.05
	0.60
	0.38
	21.8***
	0.54
	0.48
	1.08

	Erratic rainfall increased
	0.77
	0.76
	0.12
	0.75
	0.8
	1.38
	0.80
	0.73
	3.35*
	0.77
	0.77
	0.01

	Agroecosystem zones
	
	
	
	
	
	
	
	
	
	
	
	

	Dejen(AESZ1)
	0.51
	0.49
	
	0.45
	0.55
	
	0.78
	0.22
	
	0.01
	0.99
	

	Awobel(AESZ2)
	0.56
	0.44
	
	0.29
	0.71
	
	0.27
	0.73
	
	0.05
	0.95
	

	Basoliben (AESZ3)
	0.67
	0.33
	
	0.89
	0.11
	
	0.34
	0.66
	
	0.42
	0.58
	

	Machakel (AESZ4)
	0.35
	0.65
	
	0.84
	0.16
	
	0.65
	0.35
	
	0.18
	0.82
	

	Sinan(AESZ5)
	0.27
	0.73
	
	0.67
	0.33
	
	0.51
	0.49
	
	0.23
	0.77
	


Standard errors in parentheses* p < 0.1, ** p < 0.05, *** p < 0.01




Annex B
Propensity score Matching (PSM)
The propensity score matching approach is one possible solution to the selection problem. Its basic idea is to find in a large group of non-adopters of CSA technology who are similar to the adopters of CSA technology in all relevant pre-adoption characteristics X. To find this X, (Rosenbaum & Rubin, 2006) suggest the use of so-called balancing scores b(X), i.e. functions of the relevant observed covariates X such that the conditional distribution of X given b(X) is independent of adoption of CSA technology. One possible balancing score is the propensity score, i.e. the probability of receiving the treatment given observed characteristics X. Matching procedures based on this balancing score are known as propensity score matching (PSM). 
The standard framework in evaluation analysis to formalize this problem is the potential outcome approach or Roy-Rubin-model (Rubin, 1974). The main pillars of this model are farm households, CSA technology and potential food security status. The potential food security (FCS) is defined as Ui(J=j) for each individual i, where i = 1, … ,N and N denotes the total population and  j=1; adopter  and j=0 ; non adopter. 
The treatment effect for an individual i can be written as:
𝜏i = Ui(1)-Ui(0)                                                                                        (2)
The fundamental evaluation problem arises because only one of the potential food security status is observed for each individual i. The unobserved outcome is called counterfactual food security status, Ui(0). Hence, estimating the individual CSA technology effect 𝜏i is not possible and one has to concentrate on (population) average CSA technology effects. Estimation of average CSA technology effects requires that the CSA technology effect for each individual i is independent of CSA technology adoption of other individuals (‘stable unit-treatment value assumption’). In this case, the evaluation parameter is the ‘average treatment effect on the treated’ (ATT).  Thus, in our case, Average treatment on the treated (ATT) focuses on the impact of adopting CSA technologies for whom the intervention is introduced, is the most common evaluation parameter. 
Hence, ATT is defined as:
𝜏ATT = E(𝜏 | J=1) = E[Y (1)| J=1] - E[Y (0)|J=1]                                            (3)
As the counterfactual mean for those that adopted CSA technology - E[Y (0)| J=1] - is not observed, one has to choose a proper substitute for it in order to estimate ATT. However, the food security status of adopters and non-adopters would differ even in the absence of the CSA technology leading to a ‘self-selection bias’. For ATT it can be noted as:
E[Y (1)|J = 1] - E[Y (0)|J = 0] = 𝜏ATT + E[Y (0)| J = 1] - E[Y (0)|J = 0]                 (4)
The difference between the left hand side of equation (3) and 𝜏ATT is the so-called ‘self-selection bias’. The true parameter 𝜏ATT is only identified, if:
E[Y (0)|J = 1] - E[Y (0)|J = 0] = 0                                                                               (5)
Hence, a valid substitute has to be chosen to estimate ATT. In non-experimental studies one has to invoke some identifying assumptions to solve the section problem stated in equation (4). 
Assume that given a set of observable covariates X which are not affected by adoption of CSA technology, potential food security status is independent of adoption:
(Un confoundedness) Y (0),  Y (1)  ⨿  J |P(X);                                                         (6)
This implies, that selection is solely based on observable characteristics and that all variables that influence adoption of CSA technology and potential food security status simultaneously are observed by the researcher. The other assumption is the common support or overlap condition. It rules out the phenomenon of perfect predictability of J given X:
(Overlap) 0 < P(J = 1|X) < 1                                                                                 (7)
It ensures that persons with the same X values have a positive probability of being both adopter and non-adopter of CSA technology. 
Given that CIA holds and assuming additional that there is overlap between both groups(Rosenbaum & Rubin, 2006) (called ‘strong ignorability’), the PSM estimator for ATT can be written in general as:
𝜏PSMATT  = E P(X)|J=1{E[Y (1)| J = 1, P(X)] - E[Y (0)|D = 0, P(X)]}:                         (8)
That is,  the PSM estimator is simply the mean difference in outcomes over the common support, appropriately weighted by the propensity score distribution of participants.  Since adoption of CSA practices followed a non-random process, we applied suitable non-experimental methods. Therefore, we use propensity score matching which helps to mimic randomization of the assignment of households and estimate the effect of adoption of CSA technology.
The effect of crop residue management, soil and water conservation, and row planting for adopters and non-adopters farming households on food security is estimated using three alternative matching algorithms and ATT is compared among these algorithms. The matching techniques are nearest neighbor matching (with replacement), radius and stratification matching. Bootstrap standard errors based on 100 replications are used. 















Annex C
Table 1   Rosenbaum sensitivity analysis for crop residue management
Rosenbaum bounds for delta (N = 195 matched pairs)
	Gamma
	sig+
	sig-
	t-hat+
	t-hat-
	CI+
	CI-

	1
	5.20E-13
	5.20E-13
	9
	9
	7
	11.5

	1.1
	2.80E-11
	6.30E-15
	8.5
	10
	6.25
	12

	1.2
	7.20E-10
	1.10E-16
	8
	10.5
	5.75
	12.75

	1.3
	1.10E-08
	0
	7.25
	11
	5
	13.25

	1.4
	1.10E-07
	0
	6.75
	11.5
	4.5
	13.75

	1.5
	7.80E-07
	0
	6.25
	12
	4
	14.25

	1.6
	4.20E-06
	0
	6
	12.5
	3.5
	14.75

	1.7
	0.000018
	0
	5.5
	12.75
	3.25
	15.25

	1.8
	0.000065
	0
	5.25
	13.25
	2.75
	15.5

	1.9
	0.000196
	0
	4.75
	13.5
	2.25
	16

	2
	0.000519
	0
	4.5
	14
	2
	16.25



* gamma - log odds of differential assignment due to unobserved	factors
sig+   - upper bound significance level
sig-   - lower bound significance level
t-hat+ - upper bound Hodges-Lehmann point estimate
t-hat- - lower bound Hodges-Lehmann point estimate
CI+    - upper bound confidence interval (a=  .95)
CI-    - lower bound confidence interval (a=  .95)

Table 2 Rosenbaum sensitivity analysis for compost  
Rosenbaum bounds for delta (N = 195 matched pairs)
	Gamma
	sig+
	sig-
	t-hat+
	t-hat-
	CI+
	CI-

	1
	5.20E-13
	5.20E-13
	9
	9
	7
	11.5

	1.1
	2.80E-11
	6.30E-15
	8.5
	10
	6.25
	12

	1.2
	7.20E-10
	1.10E-16
	8
	10.5
	5.75
	12.75

	1.3
	1.10E-08
	0
	7.25
	11
	5
	13.25

	1.4
	1.10E-07
	0
	6.75
	11.5
	4.5
	13.75

	1.5
	7.80E-07
	0
	6.25
	12
	4
	14.25

	1.6
	4.20E-06
	0
	6
	12.5
	3.5
	14.75

	1.7
	0.000018
	0
	5.5
	12.75
	3.25
	15.25

	1.8
	0.000065
	0
	5.25
	13.25
	2.75
	15.5

	1.9
	0.000196
	0
	4.75
	13.5
	2.25
	16



* gamma - log odds of differential assignment due to unobserved factors
sig+   - upper bound significance level
sig-   - lower bound significance level
t-hat+ - upper bound Hodges-Lehmann point estimate
t-hat- - lower bound Hodges-Lehmann point estimate
CI+    - upper bound confidence interval (a=  .95)
CI-    - lower bound confidence interval (a=  .95)



Table 3   Rosenbaum sensitivity analysis for  physical soil and water conservation(SWC)
Rosenbaum bounds for delta	(N = 214 matched pairs)
	Gamma
	sig+
	sig-
	t-hat+
	t-hat-
	CI+
	CI-
	Gamma

	1
	1.20E-08
	1.20E-08
	-6.75
	-6.75
	-8.75
	-4.5
	1

	1.1
	3.00E-10
	3.20E-07
	-7.25
	-6
	-9.5
	-3.75
	1.1

	1.2
	7.00E-12
	4.40E-06
	-8
	-5.25
	-10.25
	-3.25
	1.2

	1.3
	1.50E-13
	0.000038
	-8.5
	-4.75
	-1.08E+01
	-2.5
	1.3

	1.4
	3.10E-15
	2.22E-04
	-9
	-4.25
	-11.25
	-2
	1.4

	1.5
	1.10E-16
	9.57E-04
	-9.5
	-3.75
	-11.75
	-1.5
	1.5

	1.6
	0
	3.23E-03
	-10
	-3.25
	-12.25
	-1
	1.6

	1.7
	0
	8.89E-03
	-10.25
	-3
	-12.5
	-0.5
	1.7

	1.8
	0
	0.02075
	-10.75
	-2.5
	-13
	-3.80E-07
	1.8

	1.9
	0
	0.042139
	-11
	-2
	-13.25
	0.25
	1.9

	2
	0
	0.07615
	-11.5
	-1.75
	-13.75
	0.75
	2



* gamma - log odds of differential assignment due to unobserved	factors
sig+   - upper bound significance level
sig-   - lower bound significance level
t-hat+ - upper bound Hodges-Lehmann point estimate
t-hat- - lower bound Hodges-Lehmann point estimate
CI+    - upper bound confidence interval (a=  .95)
CI-    - lower bound confidence interval (a=  .95)
Table 4   Rosenbaum sensitivity analysis for agroforestry  
  Rosenbaum bounds for delta (N = 53 matched pairs)
	Gamma
	sig+
	sig-
	t-hat+
	t-hat-
	CI+
	CI-

	1
	1.44E-03
	1.44E-03
	7.25
	7.25
	2.75
	12.25

	1.1
	3.66E-03
	5.12E-04
	6.5
	8
	2.25
	13

	1.2
	7.84E-03
	0.00018
	6
	8.75
	1.5
	13.75

	1.3
	1.48E-02
	0.000063
	5.5
	9.5
	0.75
	14.5

	1.4
	2.53E-02
	0.000022
	5
	10
	-4.70E-07
	15.25

	1.5
	3.98E-02
	7.50E-06
	4.25
	10.5
	-0.75
	15.75

	1.6
	0.058666
	2.60E-06
	3.75
	11
	-1.5
	16.5

	1.7
	0.082017
	8.80E-07
	3.25
	11.5
	-2
	17



* gamma - log odds of differential assignment due to unobserved	factors
sig+   - upper bound significance level
sig-   - lower bound significance level
t-hat+ - upper bound Hodges-Lehmann point estimate
t-hat- - lower bound Hodges-Lehmann point estimate
CI+    - upper bound confidence interval (a=  .95)
[bookmark: _GoBack]CI-    - lower bound confidence interval (a=  .95)

