[bookmark: _Hlk193791347]Supplementary Material
Heterogeneous impact of adoption intensity of climate-smart agricultural practices on welfare of livestock farmers in Pakistan
Mahwish Arshad1∗ and Awudu Abdulai1
1Department of Food Economics and Consumption Studies, University of Kiel, Olshausenstrasse 40, 24098 Kiel, Germany
∗Corresponding author’s Email address: marshad@food-econ.uni-kiel.de
Table S1 Test of endogeneity and instrument validity (2SLS estimation)
	Test of endogeneity

	
	Farm income
	Poverty headcount 
	Poverty gap 
	Poverty gap Sq.

	Durbin (score)
	chi2(1) = 5.788
	chi2(1) = 3.394
	chi2(1) = 6.812
	chi2(1) = 5.796

	
	(p = 0.0161)
	(p = 0.0654)
	(p = 0.0091)
	(p = 0.0161)

	Wu-Hausman
	F (1,409) = 5.607     
	F (1,408) = 3.262
	F (1,408) = 6.598
	F (1,408) = 5.602

	
	(p = 0.0183)
	(p = 0.0716)
	(p = 0.0106)
	(p = 0.0184)

	Ho: variables are exogenous

	First-stage regression summary statistics (Test of strong instruments)

	Treatment Variable
	Outcome variable
	R-sq.
	 Adjusted R-sq.
	Partial R-sq.
	F (2,401)
	Prob > F

	CSA adoption
	Farm income
	0.2701
	0.2380
	0.0478
	10.2671
	0.0000

	
	Poverty outcomes
	0.2785
	0.2449
	0.0511
	10.9913
	0.0000

	H0: Instruments are weak

	Tests of overidentifying restrictions

	
	Farm income
	Poverty headcount 
	Poverty gap
	Poverty gap Sq.

	
	chi2(1)
	 p-value
	chi2(1)
	p-value
	chi2(1)
	 p-value
	chi2(1)
	 p-value

	Sargan (score)
	0.0598
	0.8068
	0.1119
	0.7380
	0.0070
	0.9332
	0.0156
	0.9005

	Basmann
	0.0572
	0.8110
	0.1067
	0.7440
	0.0067
	0.9348
	0.0149
	0.9028

	Sargan (score) and Basmann tests are used to ensure that instrumental variables (IVs) are uncorrelated with the structural error terms.




Table S2 Average farm income and poverty across the intensity of climate-smart agricultural (CSA) practice adopters
	
Variables 
	1. Non-adopters
	Diff 
(t-stat.)
	2. Low intensity adopters
	3. High intensity adopters
	Diff 
(t-stat.)

	
	Mean 
	SD
	2-1
	Mean 
	SD
	Mean 
	SD
	3-2

	Farm income 
	10.42
	10.06
	9.04***
	19.46
	15.17
	42.40
	51.65
	22.94***

	Poverty headcount 
	0.91
	0.29
	−0.17***
	0.77
	0.44
	0.50
	0.50
	−0.23***

	Poverty gap
	0.56
	0.25
	−0.19***
	0.36
	0.28
	0.17
	0.22
	−0.19***

	Poverty gap squared 
	0.37
	0.22
	−0.16***
	0.21
	0.22
	0.07
	0.13
	−0.13***


Note. Non-adopters who don’t adopt CSA practices, low-intensity adopters who adopt CSA practices less than 50 %., and high-intensity adopters who adopt CSA practices greater than 50 %.  Asterisks ***, **, and * indicate 1%, 5%, and 10% significance levels, respectively.  Farm income is income from livestock farming in thousands (PKR). PKR is Pakistani currency, exchange rate during the year of data survey was USD 1 = PKR 226.53.

Table S3 Average treatment effect (ATE) regressions for assessing the impact of climate-smart agricultural (CSA) practices on farm income
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	Farm income
	SE

	CSA Adoption
	29.94
	(34.34)

	Household head age
	−0.606
	(0.712)

	Farm experience
	    0.331*
	(0.194)

	Family size
	  0.049
	(1.076)

	Family type
	−8.998*
	(5.284)

	Cultivated land
	−0.535
	(0.436)

	Total livestock
	0.337
	(1.154)

	Household assets’ value
	    3.975**
	(2.011)

	Labor Force in livestock
	4.211
	(11.45)

	Distance vet. center
	−0.276
	(1.893)

	Off-farm activity
	−13.28
	(14.74)

	Crop farming
	−11.60*
	(6.604)

	Temp_anom x mean_prec
	−169.1
	(661.7)

	Sheikhupura
	  3.263
	(11.45)

	Sahiwal
	13.70
	(9.933)

	Bahawalnagar
	  20.84*
	(12.30)

	Rahim yar khan
	17.94
	(11.59)

	Constant
	−16.08
	(46.89)

	Observations
	428

	R-squared
	0.151


Note. Asterisks ***, **, and * indicate 1%, 5%, and 10% significance levels, respectively.  Faisalabad district is the reference category. HH: household head. SE refers to standard errors. Farm income is income received from livestock farming. Temp_anom x mean_prec is the interaction of temperature anomaly and average daily precipitation.

Table S4 Average treatment effect (ATE) regressions for assessing the impact of climate-smart agricultural (CSA) practices on poverty indices
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	Poverty headcount
	SE
	Poverty gap
	SE
	Poverty gap squared
	SE

	CSA Adoption
	−0.150
	(0.410)
	−0.353*
	(0.211)
	−0.361**
	(0.173)

	Household head age
	−0.003
	(0.007)
	−0.002
	(0.004)
	−0.002
	(0.003)

	Farm experience
	−0.005**
	(0.002)
	−0.003**
	(0.001)
	−0.002*
	(0.001)

	Household head literacy
	−0.135
	(0.168)
	−0.149*
	(0.087)
	−0.144**
	(0.071)

	Family size
	0.021
	(0.046)
	0.091***
	(0.024)
	0.093***
	(0.019)

	Family type
	0.026
	(0.052)
	0.009
	(0.027)
	−0.001
	(0.022)

	Cultivated land
	−0.017***
	(0.004)
	−0.008***
	(0.002)
	−0.005***
	(0.002)

	Total livestock
	− 0.0001
	(0.011)
	0.004
	(0.006)
	0.004
	(0.005)

	Household assets’ value
	−0.049**
	(0.024)
	−0.027**
	(0.012)
	−0.019*
	(0.009)

	Labor Force in livestock
	0.152
	(0.121)
	0.144**
	(0.063)
	0.106**
	(0.051)

	Distance vet. center
	0.003
	(0.020)
	0.008
	(0.011)
	0.007
	(0.009)

	Off-farm activity
	−0.140***
	(0.046)
	−0.127***
	(0.024)
	−0.094***
	(0.019)

	Crop farming
	0.055
	(0.068)
	−0.032
	(0.035)
	−0.029
	(0.029)

	Temp_anom x mean_prec
	15.29**
	(6.735)
	6.469*
	(3.475)
	3.303
	(2.845)

	Sheikhupura
	0.085
	(0.119)
	0.052
	(0.062)
	0.032
	(0.050)

	Sahiwal
	−0.146
	(0.105)
	−0.038
	(0.054)
	−0.013
	(0.044)

	Bahawalnagar
	−0.230*
	(0.134)
	−0.084
	(0.069)
	−0.043
	(0.057)

	Rahim yar khan
	−0.105
	(0.120)
	−0.020
	(0.062)
	0.006
	(0.051)

	Constant
	1.714***
	(0.552)
	0.563**
	(0.285)
	0.247
	(0.233)

	R-squared
	0.409
	
	0.559
	
	0.450
	

	Observations
	428


Note: Asterisks ***, **, and * indicate 1%, 5%, and 10% significance levels, respectively.  Faisalabad district is the reference category. HH: household head. SE refers to standard errors. Temp_anom x mean_prec is the interaction of temperature anomaly and average daily precipitation. 
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