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Abstract 

Ethiopia, one of the developing countries, is facing serious natural resource degradation problems.  The main 

objective of this study was to examine the farmer’s perceptions and adaptation to climate change through 

conservation agriculture. The data used for the study were collected from 142 farm households heads drawn 

from five kebeles. Primary data and secondary data were used. In addition to descriptive statistics, Heckman two 

stage sample selection model was employed to examine farmer’s perceptions and adaptations of climate change. 

Farmers level of education, household nonfarm income, livestock ownership, extension on crop and livestock, 

households’ credit accessibility, perception of increase in temperature and perception of decrease in precipitation 

significantly affect the adaptation to climate change. Similarly, farmers’ perception of climate change was 

affected significantly by information on climate, farmer to farmer extension, local agro -ecology, number of 

relatives in development group and perception of change in duration of season.  A binary logit model was 

employed for farmers’ participation in conservation agriculture shows education level, number of active family 

labour and main employment of farmers were significant variables in determining participation in conservation 

agriculture 

Keywords: Climate Change, Conservation Agriculture, Heckman and Binary Logit, Western Ethiopia 

 

1. Introduction 

Human beings of current world are faced by the depletion of natural resource (Abera, 2003). Agriculture is 

among the factors affecting the environment in satisfying human needs, while “climate is the primary 

determinant of agricultural productivity” (Apata et al., 2009). 

 Ethiopia, one of the developing countries, is “facing serious natural resource degradation problems” 

(Anemut, 2006). The diversity in altitude accompanied with climatic and ecological variations which affect 

production is among the features of the country (Shibru & Kifle, 1998). One of Ethiopia's principal natural 

resources is its rich endowment of agricultural land. Agriculture is the backbone of the Ethiopian economy and is 

given special attention by the government to spearhead the economic transformation of the country. However, 

land degradation, especially soil erosion, soil nutrient depletion and soil moisture stress, is a major problem 

confronting Ethiopia. The proximate causes of land degradation include cultivation of steep slopes and erodible 

soils, low vegetation cover of the soil, burning of dung and crop residues, declining fallow periods, and limited 

application of organic or inorganic fertilizers.  

 Climate is a primary determinant of agricultural productivity. The rate and magnitude of change in 

climate characteristics determines agronomic and economic impacts from climate change (Bruce et al., 2001).  

Though climate change is a threat to agriculture and non-agricultural socio-economic development, “agricultural 

production activities are generally more vulnerable to climate change than other sectors” (Ayanwuyi et al., 2010). 

Literature on farmers' perceptions about climate change and participation on conservation agriculture 

in Ethiopia in general and in the Oromia Region in particular are very few. There are no empirical studies 

conducted on farmers' perceptions of climate change and their adoption decision on agricultural conservation 

strategies in Guto Gida and Sasiga districts. 

The purpose of this study is therefore, to examine the farmers’ perceptions and adaptation to climate 

change through conservation agriculture in which the following specific objectives, examine farmers’ 

perceptions and adaptations to climate change, investigate farmers’ perception towards conservation agriculture 

as adaptation strategy to climate change and analyze the determinants of farmers’ participation in conservation 

agriculture, were studied. 

 

2. Materials and Methods 

This paper used both primary and secondary data. Primary data was collected by structured questionnaire. 

Detailed information on household and farm characteristics, household socio-economic and demographic 

characteristics, location characteristics and farm management practices and other related information were 
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collected through interview of sample household heads. 

The study was conducted in Guto Gida and Sasiga districts, East Wollega Zone of Oromia Regional 

State. These districts were purposefully selected due to the fact that in these areas the environment has been 

degraded largely and the occurrence of climate change that affect agricultural production during the year 2010 

and 2011 in three kebeles of Guto Gida district. Systematic random sampling technique was employed to draw 

sample of household heads.  From  a  total  of  50  peasant  associations  in  these  districts  nine peasant 

associations  were  selected  randomly.  From these sampled peasant associations based on formula by Kothari 

(2004) 142 households were selected proportionally.  

Two types of econometric models were used for this study. The first model, Heckman Two Stage 

Selection Model, analyzes farmers’ perception and adaptation to climate change, whereas the second model, 

Binary Logistic Regression Model, examines the farmers’ participation in conservation agriculture in Guto Gida 

and Sasiga districts of Oromiya Regional State. 

Statistic Package for Social Science (SPSS) version 16.0 and stata version 10.0 were employed for the 

analysis of this study. Along with the econometric models, descriptive statistics tools were employed to have 

clear picture of household demographic characteristics, socio-economic and farm characteristics, perception and 

adaptation of climate change and participation in conservation agriculture. Mean, standard deviation, percentage, 

t-test, χ
2
 test, Wald test, correlation matrix and charts were employed to analyze data. 

Adaptation to climate change involves a two-stage process: first, perceiving change and, second, 

deciding whether or not to adapt by taking a particular measure. This leads to a sample selectivity problem, since 

only those who perceive climate change will adapt, whereas we need to make an inference about adaptation by 

the agricultural population in general, which implies the use of Heckman’s sample selectivity probit model 

(Maddison, 2006). The probit model for sample selection assumes that an underlying relationship exists, the 

latent equation given by 
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Where x is a k-vector of regressors or independent variables that is affect farmers perception and 

adaptation to climate change, z is an m vector of regressors, u1and u2 are error terms. When ρ≠0, the standard 

probit techniques applied to equation (1) yield biased results (Deressa et al., 2008). Thus, the Heckman probit 

provides consistent, asymptotically efficient estimates for all parameters in such models. Thus, the Heckman two 

stage selection model was employed to analyze the perception and adaptation to climate change in the Guto Gida 

and Sasiga districts. 

For this study, the first stage of the Heckman probit model considers whether the farmer perceived a 

climate change; this is the selection model. The second-stage model looks at whether the farmer tried to adapt to 

climate change, and it is conditional on the first stage, that is, a perceived change in climate. This second stage is 

the outcome model (Deressa et al., 2008). 

There are two dependent variables; farmers’ perception of climate change and farmers’ adaptation to 

climate change. Farmers’ perception of climate Change (climate_perception) is selection equation and 

dichotomous in nature and represented in the model 1 for perceived farmer, otherwise 0.  Farmers’ adaptation to 

climate change (climate_adaptation) is outcome equation and dichotomous in nature and explains whether 

farmers adapted climate change or not. It is valued 1 in the model if farmer adapted climate change, 0 otherwise. 

The explanatory variables for the selection equation include different socio-demographic and environmental 

factors based on the literature on factors affecting the awareness of farmers to climate change or their risk 

perceptions. The explanatory variables of the outcome equation are chosen based on the climate change 

adaptation literature and data availability. These variables include: education of the head of the household, 

household size, gender of the head of the household, non-farm income, livestock ownership, extension on crop 

and livestock production, access to credit, farm size, distance to input and output markets, temperature and 

precipitation. 

A logistic regression analysis was employed to identify the factors that influence farmer’s participation 

in conservation agriculture as an adaptation to climate change. The farmers’ participation in conservation 
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agriculture is dependent variable which takes a value of 1 if the farmer was participated and 0 if farmer did not 

participated. The basic model of the logit estimation (Gujarati, 2004) is as follows: 
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Where Pi is the probability that household participate in conservation agriculture and then (1-Pi) is the 

probability that household is non participant in conservation agriculture and e is the exponential constant.  

The two computing models commonly used in the adoption studies are the probit and logit models. But 

the results obtained from the two models are very similar since the normal and logistic distributions from which 

the models are derived are very similar (Gujarati, 2004). As a result, only the logit model will be reported in the 

paper even if both models will be estimated for the purpose of comparison. 

In this analysis before estimating the model, it was necessary to check the existence of 

multicollinearity among the hypothesized explanatory variables. Multicollinearity problem arises when at least 

one of the independent variables is a linear combination of the others; with the rest that we have too few 

independent normal equations and, hence, cannot derive estimators for our entire coefficient. VIF shows how the 

variance of an estimator is inflated by the presence of multicollinearity (Gujarati, 2004). The speed with which 

variances and covariances increase can be seen with the variance-inflating factor (VIF) , which is defined as 

21
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jR  is the coefficient of determination in the regression. The larger the value of 

VIFj, the more troublesome or collinear the explanatory variables is (Gujarati, 2004). 

Farmers’ participation in conservation agriculture (Participation_CA), for logit analysis has a dichotomous 

nature measuring the willingness of a farmer to participate in conservation agriculture as a measure of adaptation 

of climate change. The probability of participation in conservation agriculture practices dependent on several 

household, farm and location characteristics. The independent variables included in this model were age, sex, 

marital, total family size, level of education, topography of arable land, farming experience, farm size in hectares, 

extension services and technology promoters, membership in farmer organization, main employment, and active 

family labor. 

 

3. Result and Discussion 

From all sampled respondents 69 were taken from Guto Gida and the left 73 were sampled from Sasiga district. 

Out of all these 109 respondents perceived the change in climate while the remaining 33 did not perceived the 

change in climate (Appendix a). Farmers who perceived change in climate have around 8 mean numbers of 

relatives of household head in development group while it was around 6 for those who did not perceive the 

change in climate. The maximum number of relatives of respondent household heads who did not perceive 

climate change was 24 while it was 23 for those who perceived the change (Appendix a). The t-test values 

indicated that the difference in number of relatives of households in development group between those who did 

not perceive the change in climate and those who perceived the climate change was significant at 1 percent 

probability level (Table 1). The average farm income during last production period (2012/13) for the household 

those who did not perceived the change in climate was 4,126.57 and the mean of farm income of those who 

perceived the change in climate was 8,909.20. The t-test values indicated that the difference in farm income 

between those who did not perceive the change in climate and those who perceived the climate change was 

significant at 1 percent probability level (Table 1). 

 The mean of nonfarm income during last production period (2012/13) for farmers who did not 

perceive and who perceived change in climate was 2,930.30 and 4,380.96 respectively. The t-test values 
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indicated that the difference in nonfarm income of households between those who did not perceive the change in 

climate and those who perceived the climate change was significant at less than10 percent probability level 

(Table1). 

Table 1. Summary statistics of continuous variables and their mean difference test used in selection equation for 

the Heckman two stage selection model (n=142) 

List of variables Total respondent Not perceived
1
 Perceived

2
 t -Value 

Mean  St. d Mean  St. d Mean  St. d 

No_of_relatives  

Farm Income 

Non-Farm Income 

7.4155 

7797.75 

4043.83 

4.4867 

5695.92 

3813.69 

5.61 

4126.57 

2930.30 

4.795 

2777.30 

3397.16 

7.96 

8909.20 

4380.96 

4.262 

5891.21 

3882.68 

2.703*** 

4.506*** 

1.933* 

***, ** and * significant at 1%, 5% and 10% respectively 

Source: Own Survey, 2013 

The maximum level of education of the respondent household who did not perceive change in climate 

was those attained grade 9-10 while the maximum level of education for household head who perceived the 

occurrence of climate change was those with certificate. Out of all households who perceive the occurrence of 

the climate change 39.45 percent were those who attended grade 1-8 (Appendix a). The χ
2
 test shows significant 

difference between households who perceived the climate change to those who did not perceive the change 

(Table 2). 

Change in duration of season was perceived differently among the respondent households in the study 

area. The χ
2 
statistic (11.636) and its small significance level (p< .001) indicate that it is very unlikely that these 

variables are independent of each other. This shows the existence of relationship between a household’s 

perception of climate change and their perception in change in duration of season (Table 2). 

Having information on climate change is one way through which farmers perceive the change in 

climate. Variability in accessibility of information on climate change between those who did not perceived the 

change in climate and those who did was the same The χ
2 

statistic (56.119) and its small significance level 

(p< .001) indicates existence of relationship between a household’s  perception of climate change and their 

availability of information on climate change (Table 2). 

Farmer to farmer extension helps the farmers to share experience and information between them in 

perceiving environmental problems occurring in their area. The χ
2
 test shows significant difference between 

households who received farmer to farmer extension to those who did not take the extension (Table 2). 

Table 2 Summary statistics of dummy and categorical variables used in selection equation for the Heckman two 

stage selection model (n=142) 

List of variables Total respondent Not perceived
3
 Perceived

4
 χ

2
 -Value 

Mean  St. d Mean  St. d Mean  St. d 

Education 1.2887 1.1397 0.79 1.023 1.44 1.134 13.353** 

Season_change 0.4718 0.5009 0.21 0.415 0.55 0.50 11.636*** 

Information  0.6831 0.4669 0.15 0.364 0.84 0.364 56.119*** 

Farmer_extension 0.7253 0.4479 0.27 0.452 0.86 0.346 44.211*** 

Local Agroeco 0.4507 0.4993 0.61 0.496 0.40 0.493 4.191** 

***, ** and * significant at 1%, 5% and 10% respectively 

Source: Own Survey, 2013 

Perceiving climate change is prerequisite for adaptation of climate change. Out of total of 109 

respondents who perceived the change in climate was 75 respondents adapted the change through taking 

adaptation measures while 34 of from 109 respondents did not adapt the change (Appendix a). 

The maximum family size for household head those who did not adapt the change in climate was 9 and 

the minimum family size was 2 (Appendix b). The average family size of those who did not adapt to climate 

change was around 5 and the family sizes of the household head those who did not adapt the change deviates 

from its mean by 1.805. However, the maximum family sizes of respondent household those who perceive the 

change in climate was 16 while the minimum was 3. The standard deviation of family size of those farmers who 

adapt to climate change was 2.147. This shows that the family size of respondents who did adapt the change in 

climate deviates larger from its mean than those who did not adapted the change in climate. The t-test values 

indicated that the difference in family size of households between those who did not adapt the change in climate 

and those who adapted the climate change was significant at 1 percent probability level (Table 3). The maximum 

                                                           
1 Farmers who did not perceive climate change 
2 Farmers who perceived the change in climate 
3 Farmers who did not perceive climate change 
4 Farmers who perceived the change in climate 
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farm size for those farmers who did not adapt the change in climate was 3 hectare while it was 7.25 hectare for 

those who adapted the change in climate (Appendix b). As the result of the survey shows the mean farm size of 

respondents who adapted the change in climate was 1.537 hectare which is greater than mean farm size of 

respondents who did not adapt the change in climate.  

The mean of nonfarm income for farmers who did not adapt and who adapted the change in climate 

was 2,132.740 and 5,400 respectively. The standard deviation of the household nonfarm income for farmers who 

did not adapt the change in climate was 1,871 and 4,131 for farmers who adapted the change in climate. The t-

test values indicated that the difference in nonfarm income of households between those who did not adapt the 

change in climate and those who adapted the climate change was significant at 1 percent probability level (Table 

3). The mean distance from input market for those who did not adapt the change in climate was 12.519 km while 

it was 15.195 km for those households who adapted the change in climate. The standard deviation of the 

respondent households distance from input market was 10.36 for those who did not adapt the change in climate 

and 11.88 for those who adapt the change in climate change. The mean distance from output market for those 

who did not adapt the change in climate was 10.61 km while it was 15.12 km for those households who adapted 

the change in climate. The standard deviation of the respondent households distance from output market was 

10.16 for those who did not adapt the change in climate and 14.04 for those who adapt the change in climate. 

Table 3 Summary statistics of continuous variables and their mean difference test used in outcome equation for 

the Heckman two stage selection model (n=142) 

 

List of variables Total respondent Not adapted
1
 Adapted

2
 t -Value 

Mean  St. d Mean  St. d Mean  St. d 

Family_Size 6.183 2.220 4.88 1.805 6.77 2.147 4.467*** 

Farm_Size 1.442 1.007 1.2338 .81823 1.5370 1.07327 1.464 

Non-Farm Income 4380.96 3882.68 2132.74 1871.07 5400.16 4131.02 4.403*** 

Distance_Input  14.36 11.45 12.52 10.36 15.19 11.88 1.132 

Distance_ Output  13.71 13.08 10.61 10.16 15.12 14.04 1.684** 

*** and  ** significant at 1% and 5% respectively 

Source: Own Survey, 2013 

Farmers those who adapted the change in climate were 75 out of which 6.6 percent were female 

households while those who did not adapt were 34 out of which 17.65 percent were female headed households. 

The maximum level of education of the respondent household who did not adapt climate change was those 

households who have certificate while the maximum level of education for household head who adapted the 

occurrence of climate change was those households who attained grade 11-12. The standard deviation of 

education level of household adapted change in climate was 0.97 while it was 1.163 for those farmers who did 

not adapt change in climate. This shows that variability of level of education of households was larger for those 

who did not adapt the change in climate than those who adapted the change. Out of all households who adapted 

the occurrence of the climate change 53.33 percent were those who attended grade 1-8 while 58.82 percent (20 

out of 34) of all who did not adapt climate change were those who were illiterate  (Appendix a). This implies that 

illiterate households have more probability not to adapt climate change than those with higher level of education. 

 Extension on crop and livestock is one way through which households exchange information to each 

other. Out of 109 household heads those perceived climate change 74 of them were those who get extension on 

crop and livestock. From the total of 109 farmers who did not adapt and adapted climate change 74 were those 

who received extension on crop and livestock and 35 of them were those who did not receive the extension. 

The availability of credit may facilitate the favorable condition to adapt climate. As per the result of 

household survey reflected 57.04 percent of the total households were those with no availability of credit. The χ
2 

statistic (11.855) and its small significance level (p< .001) indicate existence of relationship between a 

household’s who with access to credit and those without the access (Table 4). From total of 69 respondents from 

Guto Gida 55 households perceived climate change. Out of these who perceive the change in climate 51 of them 

perceive increase in temperature and three of them respond as there is no change in temperature. From total 54 

farmers in Sasiga district who perceive change in climate 42 of them respond as temperature is increasing, 6 of 

them perceived decrease in temperature and the left 6 farmers responded as there was no change in temperature 

(Appendix c). 

From all the respondents on perception of change in precipitation 41 respondents from Guto Gida and 

49 respondents from Sasiga districts were those who perceive decrease in precipitation. 9 respondent from Guto 

Gida and 2 from Sasiga district were perceived increase in precipitation while the rest 5 from Guto Gida and 3 

                                                           
1 Households who did not adapt climate change 
2 Households who adapted climate change 
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from Sasiga district were those who did not observe change in precipitation (Appendix c).  

Table 4 Summary statistics of dummy and categorical variables used in outcome equation for the Heckman two 

stage selection model (n=142) 

List of variables Total respondent Not adapted
1
 Adapted

2
 χ

2
 -Value 

Mean  St. d Mean  St. d Mean  St. d 

Education 1.440 1.134 0.74 1.163 1.76 0.970 32.244*** 

Sex  0.899 0.303 0.82 0.387 0.93 0.251 3.109* 

Livestock_Ownership 0.789 0.409 0.41 0.500 0.96 0.197 42.235*** 

Extension_on_crop  0.678 0.469 0.29 0.462 0.85 0.356 35.560*** 

Credit  0.449 0.499 0.21 0.410 0.56 0.500 11.855*** 

Increase_temperature 0.853 0.355 0.529 0.506 1 0 41.366*** 

Decrease_precipitation 0,825 0.381 0.441 0.504 1 0 50.760*** 

*** and * significant at 1% and 10% respectively 

Source: Own Survey, 2013 

Conservation agriculture is one of the mechanisms of climate change adaptation. This study was also 

conducted in above stated districts in which 142 respondents were interviewed to know their participation in 

conservation agriculture (Appendix a). 

The average age of sample household heads for those who did not participate on conservation 

agriculture was 38.21 with standard deviation of 12.55. The mean age of respondents who participated on 

conservation agriculture was 48.58 and the age of respondents who participate on conservation agriculture was 

deviates from its mean by 13.73. The minimum age of the respondent households was 22 and the maximum age 

of the respondent was 90 (Appendix d).  The maximum farm size for those farmers who did not participate on 

conservation agriculture was 7.250 hectare while it was 4.75 hectare for those who participated on conservation 

agriculture. As the result of the survey shows the mean farm size of respondents who participated on 

conservation agriculture was 1.364 hectare which is greater than mean farm size of respondents who did not 

participate on conservation agriculture which is 1.332 hectare. 

The mean years of farming experience of respondent households who did not participate on 

conservation agriculture was much less than those who participated on conservation agriculture. The t-test values 

indicated that the farming experience between those who did not participate on conservation agriculture and 

those who participated on conservation agriculture was significant at 1 percent probability level (Table 5). This 

shows that farmers with high years of experience highly participate on conservation agriculture than farmers 

with less years of experience. 

The maximum active family labor for respondent household was 13. The mean of active family labor 

of households, those who participated on conservation agriculture (4.98) was higher than those who did not 

participate on conservation agriculture which was 2.70. This shows that the size of active family labor in 

households family size affect participation on conservation agriculture. 

The maximum family size for household head those who did not participate on conservation 

agriculture was 12 and the minimum family size was 2. The mean family size of those who did not participate on 

conservation agriculture was 5.1 and the family sizes of the household head those who did not participate on 

conservation agriculture deviates from its mean by 2.229. However, the maximum family sizes of respondent 

household those who participated on conservation agriculture was 16 while the minimum was 2. The standard 

deviation of family size of those farmers who participated on conservation agriculture was 2.191. 

Table 5 Summary statistics of continuous variables and their mean difference test used binary logit model 

(n=142) 

List of variables Total respondent Not participated
3
 Participated

4
 t -Value 

Mean  St. d Mean  St. d Mean  St. d 

Age  44.493 14.173 38.21 12.546 48.58 13.729 4.547*** 

Farm_size  1.352 0.949 1.3318 1.09880 1.3645 .84316 0.200 

Experience  26.718 13.186 20.68 11.246 30.65 12.919 4.726*** 

Family_Labor  4.077 2.070 2.70 1.043 4.98 2.081 7.597*** 

Family_Size 5.831 2.275 5.11 2.229 6.30 2.191 3.155*** 

Extension_service_promoters 2.042 2.788 1.7500 2.89357 2.2326 2.71672 1.008 

***, ** and * significant at 1%, 5% and 10% respectively 

                                                           
1 Households who did not adapt climate change 
2 Households who adapted climate change 
3 Farmers who did not participate on conservation agriculture 
4 Farmers who did participate on conservation agriculture 
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Source: Own Survey, 2013 

The highest level of education attained by respondent household who did not participate on 

conservation agriculture was certificate while the highest level of education attained by household head who 

participated on conservation agriculture was grade 11-12. The standard deviation of education level of household 

who participated on conservation agriculture was 1.010 while it was 1.05 for those farmers who did not 

participate on conservation agriculture. Out of all households who participated on conservation agriculture 50 

percent (43 out of 86) were those who attended grade 1-8 while 64.29 percent (36 out of 56) of all who did not 

participate on conservation agriculture were those who were illiterate  (Appendix a). According to the result of 

the household survey conducted from all respondents 86 were participated on conservation agriculture while 56 

respondents were those who did not participated on conservation agriculture. 

Table 6 Summary statistics of dummy and categorical variables used binary logit model (n=142) 

List of variables Total respondent Not participated
1
 Participated

2
 χ

2
 -Value 

Mean  St. d Mean  St. d Mean  St. d 

Education 1.289 1.140 0.66 1.049 1.70 1.007 37.113*** 

Sex  0.873 0.334 0.79 0.414 0.93 0.256 6.399** 

Marital  0.859 0.349 0.768 0.426 0.918 0.275 10.317 

Employment 0.852 0.356 0.66 0.478 0.98 0.152 6.396** 

Topography  0.521 0.501 0.589 0.496 0.477 0.502 1.721 

Membership  0.739 0.440 0.66 0.478 0.79 0.409 2.974* 

***, ** and * significant at 1%, 5% and 10% respectively 

Source: Own Survey, 2013 

1.1. Conservation Agriculture as Adaptation Strategy to Climate Change 

Conservation Agriculture can increase the ability of smallholder farmers to adapt to climate change by reducing 

vulnerability to drought and enriching the local natural resource base on which farm productivity depends. 

Conservation Agriculture aims at increasing the annual input of fresh organic matter, controlling soil organic 

material losses through soil erosion, and reducing the rate of soil organic material mineralization (Carlton and 

Antonio, 2012). 

Out of the total 142 respondents 130 were those households who perceive conservation agriculture as 

an adaptation strategy to climate change. 64 out of 130 households perceived conservation agriculture as an 

adaptation strategy were those whose average topography of their plots is flat while the rest 66 were those whose 

average topography of their plots is gentle, steep slope and mountainous. As illustrated on the following graph 

about 55 percent of the respondent households adopt the crop rotation technique of conservation agriculture. 

Cover crops and mulching was undertaken by 37 percent of total household respondent while minimum tillage 

and direct planting was undertaken by about 8 percent of sample households. 

 

Figure 1 Households undertaking Conservation Agriculture Technique 

 
Source: Own Survey, 2013 

4.3. Results of the Econometric Model 

4.3.1. Farmers’ Perception and Adaptation to Climate Change 

Farmers should be able to adapt in order to reduce the negative impact of climate change in order to increase 

production and productivity. Adaptation to climate change is a two-step process which requires that farmers 

perceive climate change in the first step and respond to changes in the second step through adaptation. To get 

information on their perceptions of climate change, farmers were asked if they have observed any change in 

temperature or the amount of rainfall over the past years. The analysis of farmers’ perceptions of climate change 

indicates that most of the farmers in this study are aware of the fact that temperature is increasing and the level 

of precipitation is declining (Appendix c). Different socio-economic and environmental factors affect the 

                                                           
1 Farmers who did not participate on conservation agriculture 
2 Farmers who did participate on conservation agriculture 
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abilities to perceive and adapt to climate change. 

Among the explanatory variables used in the model, 7 variables were significant with respect to 

outcome equation with less than 10 percent of the probability level while 5 variables were significant with 

respect to selection equation. The variables having a significant effect on adaptation to climate change in the 

study area are discussed below. 

The number of relatives is one of the social capitals which increase the awareness of the households on 

their environment. As expected, households’ number of relatives in development group was positively related 

with perception of climate change. One increase in number of relative of household head raises the probability of 

perceiving climate change by 0.16 percent.  

Having access to farmer-to-farmer extension increases the likelihood of perceiving occurrence of 

climate change by 50.79 percent. Information on temperature and rainfall has a significant and positive impact 

on the likelihood perceiving climate change and access to information on climate change increases the 

probability of perceiving the occurrence of change in climate by 18.42 percent. Access to climate change 

Information is an important precondition for farmers to take up adaptation measures (Madison, 2006) 

The agro-ecological setting of farmers influences the perception of farmers to climate change. As 

expected, different farmers living in different agro-ecological settings perceive the occurrence of climate change 

differently. The result of this study shows as one moves from Kolla to Woina dega local agro-ecology the 

probability of perceiving the occurrence of climate change decreases by 16.19 percent. Contrary to Deressa et al., 

(2011) farmers living in Kolla (lowland) perceived more change in climate than farmers in Woina dega (mid-

land) or Dega (high land).  

The farmers’ perception of change in duration of season significantly affects perception of climate 

change. As an individual farmer observe change in duration of season, his/her probability of perceiving change 

in climate increases by 3.44 percent. District dummy variable negatively and significantly affected perception of 

climate change. This shows that respondent households in Guto Gida district perceived the occurrence of climate 

change than those in Sasiga district.  

Level of education of household took the expected sign and its coefficient was significant at less than 

10 percent probability level. It had a positive and strong relationship with the dependent variable showing that 

literate household heads were more probability to adapt climate change on average. One level increase in 

education raises the probability of adaptation to climate change by 3.75 percent. This result is in line with 

Ayanwuyi et al., (2010) who reported that education level of households had positive and significant relationship 

with perception of climate change. 

Nonfarm income increases the probability of adapting the climate change. One birr increase in 

household nonfarm income leads to the increment of the probability of adaptation to climate change by 0.001 

percent. This implies that households with income may get capital, land and labour. These factors serve as 

important factors for coping with adaptation (Apata et al., 2009). So, adaptation to climate change depends on 

availability of income. 

Livestock ownership is a sign of wealth to farmers (Sofoluwe et al., 2011). The ownership of livestock 

is also positively related to the adaptation of climate change. An increase in access to livestock ownership raises 

the probability of adaptation to change in climate by 19.01 percent. 

As expected, access to crop and livestock extension has a positive and significant impact on adaptation 

to climate change. Having access to crop and livestock production increases the probability of adapting climate 

change by 20.03 percent. This result is in line with Ayanwuyi et al., (2010) who reported that access to extension 

facilities of households had positive and significant relationship with perception and adaptation of climate 

change. 

Resource availability is generally expected to positively influence farmers’ to adapt climate change. 

Hence, access to credit is expected to have positive relationship with farmers’ adaptation to change in climate. 

Credit availability is one factor that leads household to adapt climate change. An increase in access to credit 

raises the probability of adaptation to climate change by 12.78 percent. Similar with this finding Charles and 

Rashid (2007) and Apata et al., (2009) showed farmers with access to credit have higher chances of adapting to 

changing climatic conditions. This result is also in line with Ayanwuyi et al., (2010) who reported that access to 

credit facilities of households had positive and significant relationship with perception of climate change and 

adaptation options. 

Increment in temperature and adaptation to climate change were hypothesized to be related positively. 

As expected the result of this study shows the direct relationship between adaptation to climate change and 

perception of increase in temperature. Perceived change in temperature has significant effect in the likelihood of 

employing climate change adaptation strategies (ACCCA, 2010).  For increment in perception of increase in 

temperature raises the probability of adaptation to climate change by 42.28 percent. Adaptation to climate 

change and precipitation were negatively related as expected. Perceiving decrease in precipitation raises the 

probability of adapting climate change by 64.76 percent. 
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Table 7 Result of Heckman two stage sample selection model (n=142) 

Farmers’ Perception to Climate Change (Selection 

equation) 

Farmers’ Adaptation to Climate Change (Outcome 

equation) 

 

List of variables 

Marginal Effect  

List of variables 

Marginal Effect 

dy/dx P-value dy/dx P-value 

Education  0.00349 0.180 Education  0.03757 0.040** 

Sex 0.04491 0.265 Family_Size  0.01327 0.152 

No_of_relatives 0.00160 0.015** Sex  0.00286 0.965 

Farm income 0.00000 0.802 Non-Farm Income  0.00001 0.030** 

Local agroeco -0.16196 0.002*** Livestock_Ownership  0.19014 0.001*** 

Information 0.18417 0.000*** Extension_on_Crop  0.20033 0.000*** 

Season_change  0.03442 0.002*** Credit  0.12781 0.001*** 

Farmer_extension 0.50799 0.009*** Farm_Size  -0.01752 0.337 

Distance_ Input     0.00153 0.580 

Distance_ Output     0.00153 0.431 

Increase_Temperature    0.42288 0.000*** 

Decrease_Temperature    0.13554 0.190 

Decrease_precipitation    0.64763 0.000*** 

District -0.10635 0.036**  -0.08341 0.233 

***, ** and * significant at 1%, 5% and 10% level respectively. 

Source: Computed from own survey (2013) 

Climate Change Adaptation Measures and Causes of Non Adaptation 

From all respondents who adapted the change in climate majority of them (45.33 percent) adapted the change 

through taking soil conservation measures. About 9.33 percent have taken measures of planting crop varieties in 

order to cope up climate change problem. 32 percent of them were participated on planting trees in reducing the 

problem caused by climate change. The remaining 13.34 percent of total households who adapted the change in 

climate were participated in irrigation activities in order to solve problem faced them through climate change. 

 

Figure 2 Climate adaptation measures practiced  

 
Source: Own Survey, 2013 

Out of all respondent households who perceived the change in climate, those who did not adapt the change was 

not free of cause. Majority of them (47 percent) did not adapt because of shortage of labor while 32 percent of 

them did not adapt the change in climate because of lack of money to undertake the adaptation measures. From 

all those who did not adapt the change in climate 12 percent of them were absent from adapting the change 

because of lack of information and poor potential for irrigation. 
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Figure 3 Causes of non adaptation to climate change  

 
Source: Own Survey, 2013 

4.3.2. Farmers’ Participation in Conservation Agriculture 

Before running the binary logit model all the hypothesized explanatory variables were checked for the existence 

of multicollinearity problem. The strong linear dependence might be the source of collinearity within 

independent variables. VIF (variance inflation factor) and correlation matrix was used for testing the association 

between the hypothesized variables. As per the appendix e variables with high value of VIF were age (52.01), 

experience (33.48), sex (18.71), marital status (18.69), and family size (12.73). The VIF values larger than 10 

shows evidence of multicollinearity. From correlation matrix as shown on appendix f variables specified above 

were with collinearity problem. 

Based on these tests from all the explanatory variables planned to be included in binary logit model 

age, experience, sex, marital status and family size were rejected from the regression. The overall VIF test for all 

independent variables planned to be included to binary logit model was 14.23, while the value after the 

regression was 3.67, showing the problem of multicollinearity was solved (Appendix e).   In solving the problem 

of heteroskedasticity literatures used robust standard errors (Charles and Rashid, 2007). To address the 

possibilities of heteroskedasticity in the model, the researcher estimated a robust model that computes a robust 

variance estimator based on a variable list of equation. 

Finally, all hypothesized explanatory variables expect those with multicollinearity problem, were 

included in the binary logistic analysis. These variables were selected on the basis of available literature and the 

results of the survey studies. To determine the best subset of explanatory variables that are good predictors of the 

dependent variable, the binary logistic regressions were estimated, which is available in stata (version 10).  

The binary logit model results used to study factors influencing the farmer’s participation on 

conservation agriculture are shown in Table .8. The model explained about 47.09 percent of the total variation in 

the sample for participation on conservation agriculture. From the result of classification table 81.69 percent of 

the values were specified correctly (Appendix g). This shows observations were reasonably classified. The result 

of Wald test shows all variables included in the model were jointly significant since the value of χ
2
 (51.58) is 

significant at 1 percent probability level (Appendix h). Among the explanatory variables used in the model, three 

variables were significant with respect to participation on conservation agriculture with less than 10 percent of 

the probability level. The significant explanatory variables on participation in study area are discussed below. 

Education is expected to reflect acquired knowledge of environmental necessity. Education has 

positive impacts on participation on conservation agriculture and was significant at 1 percent level. Consistent 

with this expectation, binary logistic regression showed educational status of farmers to have a strong power in 

explaining participation on conservation agriculture. Holding other regressors constant, a change in household 

head education level by one unit, say one level, will increase the odds of being participated on conservation 

agriculture by the factor of 0.1542. The possible justification for this finding was that educated farmers tend to 

conserve their environment, use agricultural extension services and adapt climate change than the illiterates. 

These are important instruments in boosting production which makes farmers to be wealthier and reverse the 

environmental problem (Table 8). This result is similar to findings by Fapojuwo et al., (2010) which identified 

the higher the educational level of the farmer, the higher the tendency of using improved soil conservation 

techniques.  Paulos (2002) identified that literate household heads were more opt to recognize the advantages of 

soil conservation and were willing to take part in it which is in line with the study. 

Households’ main employment was significant at 1 percent. The estimated coefficient for dummy 

variable main employment of household with the odds of being participator in conservation agriculture over non 

participator was positively correlated. This suggests that the probability of being participator on conservation 
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agriculture increases if one has participated on on-farm employment, other factors being constant. This meant 

that farmers with on farm employment were more likely to participate on the conservation agriculture practices 

than those off farm. This is agreeing with the hypothesized idea which says off-farm employee may not 

participate on conservation agriculture because he/she may not think about environment since his/her income 

may not directly related to production of crops.  

Households with larger number of economically active labor are supposed to be better in conservation 

agriculture practices, since they are less likely to have shortage of labor which is required to do conservation 

activities. The coefficient of active family labour was positive and significant at 1 percent probability level. A 

unit increase in active family labour increased the log-odds of participating on conservation agriculture by 

0.2063 when the other variables are held constant (Table 8). Hence, households with more active family labour 

were better placed to participate on conservation agriculture than those with less active family labour. This might 

be so because of the practices of conservation agriculture are labour intensive since it requires application of 

conservation techniques.  

Table 8 Binary logistic regression for conservation agriculture (142) 

List of variables dy/dx 

 

 P-value Odds ratio p-value 

Education 0.1542***  0.008 2.2439*** 0.003 

Farm_Size -0.0009  0.985 0.9952 0.985 

Family_Labor 0.2063***  0.000 2.9489*** 0.000 

Employment  0.4945***  0.009 9.0995** 0.014 

Topography 0.0028  0.978 1.0151 0.978 

Extension_Service_Promoters     0.0273  0.176 1.1539 0.169 

Membership -0.1254  0.231 0.4867 0.298 

District 0.0858  0.448 1.5672 0.446 

Log likelihood = -50.389404     Wald χ2
(8)   = 51.58 Prob > χ

2
 = 0.0000 Pseudo R

2
    =   0.4709 

***, **, and * significant at 1%, 5% and 10% level respectively. 

Source: Computed from own survey 

 

4. Conclusion 

The number of relatives is one of the social capitals which increase the awareness of the households on their 

environment. As expected, households’ number of relatives in development group was positively related with 

perception of climate change. One increase in number of relative of household head raises the probability of 

perceiving climate change by 0.16 percent. 

The agro-ecological setting of farmers influences the perception of farmers to climate change. As 

expected, different farmers living in different agro-ecological settings perceive the occurrence of climate change 

differently. The result of this study shows as one moves from Kolla to Woina dega local agro-ecology the 

probability of perceiving the occurrence of climate change decreases by 16.19 percent. 

Level of education of household took the expected sign and its coefficient was significant at less than 5 

percent probability level. It had a positive and strong relationship with the dependent variable showing that 

literate household heads were more probability adapt climate change. One level increase in education raises the 

probability of adaptation to climate change by 3.75 percent.  

Access to crop and livestock extension has a positive and significant impact on adaptation to climate 

change. Having access to crop and livestock production increases the probability of adapting climate change by 

20.03 percent. This shows farmers with best access to crop and livestock extension adapt the impact of climate 

change more. 

Resource availability is generally expected to positively influence farmers’ to adapt climate change. 

Hence, access to credit is expected to have positive relationship with farmers’ adaptation to change in climate. 

Credit availability is one factor that leads household to adapt climate change. An increase in access to credit 

raises the probability of adaptation to climate change by 12.78 percent. 

Majority of respondent households perceive conservation agriculture as adaptation strategy to climate 

change. Out of the total 142 respondents 130 (91.55 percent) were those households who perceive conservation 

agriculture as an adaptation strategy to climate change. Active family labor and level of education of household 

significantly affect their participation in conservation agriculture at less than 1 percent probability level. 

Households with more active family labour were better placed to participate on conservation agriculture than 

those with less active family labour. Educated farmers tend to conserve their environment, use agricultural 

extension services and adapt climate change than the illiterates. The households main employment was 

significantly affect participation on CA at probability level less than 5 percent probability level. Farmers with on 

farm employment were more likely to participate on the conservation agriculture practices than those off farm. 
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Appendix 

Appendix a 

Distribution of sample household head by level of education and their perception and adaptation to climate 

change and participation in conservation agriculture 

Educational level 

 of household 

Farmers perception of 

occurrence of climate 

change 

Farmers adaptation to 

climate change 

Participation on Conservation 

agriculture 

No Yes Total No Yes Total No Yes Total 

Illiterate 20 32 52 20 12 32 36 16 52 

Basic education 1 17 18 8 9 17 7 11 18 

Grade 1-8 11 43 54 3 40 43 11 43 54 

Grade 9-10 1 15 16 2 13 15 1 15 16 

Grade 11-12 0 1 1 0 1 1 0 1 1 

Certificate 0 1 1 1 0 1 1 0 1 

Total 33 109 142 34 75 109 56 86 142 

Source: Own Survey, 2013 

Appendix b 

Households Family Size and Farm Size with Adaptation to Climate Change 

List of variables Farmers who did not  

adapted climate change 

Farmers who adapted 

 climate change 

Total Respondent 

mean max min sd mean max min sd mean max min sd 

Total Family Size 4.882 9 2 1.805 6.773 16 3 2.147 6.183 16 2 2.220 

Farm size in Hectares 1.234 3 0.2 0.818 1.537 7.25 0.1 1.073 1.442 7.25 0.1 1.007 

Source: Computed from own survey 

 

Appendix c 

Farmers Perception of Change in temperature and precipitation 

List of variables Districts  

Total Guto Gida Sasiga 

No Yes No Yes No Yes 

Increase_Temperature 18 51 31 42 49 93 

Decrease_Temperature 68 1 67 6 135 7 

Nochange_Temperature 66 3 67 6 133 9 

Decrease_Precipitation 28 41 24 49 52 90 

Increase_Precipitation 60 9 71 2 131 11 

Nochange_Precipitation 64 5 70 3 134 8 

Source: Own Survey, 2013 



Journal of Economics and Sustainable Development                                                                                                                        www.iiste.org 

ISSN 2222-1700 (Paper) ISSN 2222-2855 (Online) 

Vol.5, No.17, 2014 

 

52 

Appendix d 

Summary of variables included in the study 

 
Source: Computed from own survey (2013) 

 

 

 

Appendix e 

VIF test conducted for variables planned to be included in binary logit model 

vif, uncentered 

 
VIF test conducted for variables included in binary logit model 
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Appendix f 

Correlation Matrix 

corr participation_ca age education sex marital farm_size experience family_labor family_size employment 

topography extension_service_promoters membership district 

 
Appendix g 

Classification Table 

estat classification 
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Appendix h 

Wald Test for Binary Logit Model 

test education farm_size family_labor employment topography extension_service_promoters membership district 

 
 

 

 

Appendix i 

Heckman Two Stage Selection Model Stata Result 

heckman climate_adaptation education family_size sex  nonfarm_income livestock_ownership 

extension_on_crop credit farm_size distance_input distance_output increase_temperature decrease_temperature 

nochange_temperature decrease_precipitation increase_precipitation nochange_precipitation district, twostep 

select(climate_perception = education sex no_of_relatives farm_income local_agroeco information 

season_change farmer_extension district) rhosigma level(96) first 
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Appendix j 

Stata Result of Binary Logit Model 

logit participation_ca education sex farm_size family_labor employment topography 

extension_service_promoters membership district, vce(robust) level(96) or 
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