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ABSTRACT 

Pastoralists’ livelihood was threatened by Prosopis invasion of farm and pastor land in the study 

area of Afar region. Thus, this research paper aimed to deliver empirical evidence on the links between 

household perception regarding Prosopis juliflora, and pastoral livelihood diversification strategy by 

conducting a survey on pastoral system of production in Gewane district of Afar regional state, Ethiopia. 

The subsistence nature of livestock production in the study area suggested that infrastructure, credit 

access, fertilizers, improved seed variety and sustainable crop processing technologies were beyond the 

reach of most pastoralists and agro-pastoralists. The consequence was that in order to sustain their 

livelihood, households combat such challenge by diversification. Hence an increasing amount of land 

was invaded by Prosopis weed resulting in pastor land degradation and a loss of biodiversity. The 

research design followed a three-stage sampling procedure. A total of 150 respondents were selected 

randomly based on probability proportional to household size of the 5 kebeles from the district. This 

study determines in as a first step the pastoralists’ perception regarding Prosopis to extract the positive 

side of the species as well as investigates factors that matter perception of the households using 

multinomial logit model (MLOGIT). In a second step the relation between livelihood diversification 

strategy and household perception regarding Prosopis juliflora as well as pastoral livelihood 

diversification determinants were empirically analyzed using two step Tobit regression model 

(IVTOBIT). The results indicate that the household perception vary widely over the sample, showing a 

significant positive effect on their livelihood diversification. Even if the majority of households prefer to 

stay on livestock production, some sample households began crop production with increasing returns. A 

strong positive correlation between the household perception regarding the species and their livelihood 

diversification strategy as well as complementarities was revealed between crop and livestock 

production. Accordingly these suggest that the likely perception of household and livelihood 

diversification is conducive for controlling species invasion, environmental and livelihood sustainability 

in the study area.  
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INTRODUCTION  

        Ethiopia, with a population of around 85 million people, is one of the most populous countries 

in the horn of Africa (CSA, 2011). The majority (84 percent) of the population lives in the rural areas 

mainly depending on agriculture for its livelihood. Pastoralists are estimated to constitute 11 percent of 

the total population. However, they exhibit the highest rates of poverty and the lowest human 

development indices. Pastoralists raise 50-70 percent of their livelihood from livestock. However, only 

1.5 million (27 percent) earn good revenue from livestock (CSA, 2007).  

  Afar Region is one of the most remote and food insecure regions in Ethiopia. The area 

experiences harsh and difficult climatic conditions. The region is predominantly pastoral region with 90 

percent people depending on subsistence livestock production (CSA, 2007). Livestock production in the 

region is declining as a result of recurrent droughts, land degradation, encroachment of agriculture, 

conflicts and invasion of Prosopis.  

 Pastoralists are exposed to the vagaries of nature that add to their vulnerability to climate 

changes including drought and dwindling pasture land by invasive alien species (IAS). The area is 

infested with invasive alien weed species commonly known as Prosopis. The alien species is one of the 

three top priority invasive species in Ethiopia and has been declared a noxious weed. In Ethiopia, the 

aggressive invasion of Prosopis juliflora in pastoral areas is displacing native trees, forming 

impenetrable thickets and reducing grazing potential (Pasiecznik et. al., 2001). 

         Over 700,000 hectares of prime grazing land and cultivable land following the Awash River is 

currently either invaded or at risk of invasion from Prosopis in the Afar Region, (US FS, 2006, cited in 

Dubale, 2006). On the other hand, according to a survey conducted in Gewane and Amibara districts, it 

was recorded that 77 percent of the interviewed pastoralists diversified their means of living to selling 

labor for private and government state farms, involved themselves in charcoal production and trade, and 

carried out shared cropping with emigrant laborers. Similarly, 87 percent of the interviewed agro-

pastoralists were engaged in other activities such as selling labor, charcoal production and trade (Dubale, 

2006). 

         Despite Prosopis has the negative impact and different perceptions among the large part of the 

community (farmer and pastoralist), it is used as an income source for the livelihood of part of the 

community including daily laborers and fuel wood and charcoal producers. Therefore, eradication of IAS 

may have unfavorable effect on livelihood strategies that the community pursues. Similarly, Pasiecznik 

et al. (2001) indicate that Prosopis juliflora was introduced 25 years ago to provide fuel and fodder, but 

has since become an invasive weed, threatening, rather than improving local livelihoods. It is now being 

turned into a valuable resource, and is starting to provide the rural poor with a ready cash income and 

numerous indirect benefits. At early stage, expensive eradication and biological control of Prosopis was 

considered the best option. However, latter  a DFID project (R7295) was the first to collate the global 

knowledge on Prosopis, concluding that eradication was not only impossible but also unnecessary when 
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improved management, utilization and marketing could provide incalculable benefits to rural 

communities if the knowledge contained therein was applied effectively, while also effectively 

controlling further spread (Pasiecznik et al., 2001). 

         Related recent researches indicate that Afar region is one of the regions in Ethiopia where 

pastoralists dominate and the weed is widely spread. The Afar community members realize that Prosopis 

has positive contributions to the ecology such as improvement to the soil fertility, reclamation of salinity, 

control of soil erosion and cooling the environment. However, for the pastoralists and agro-pastoralists 

the losses outweigh the benefits for their livelihoods and agree on the control of the invasion and if 

possible to eradicate at least from key resource areas (Dubale, 2008). 

        On the other hand, Barrett et al. (2001) suggest several reasons why households choose to diversify, 

and these can be classified as “push” and “pull ” factors. Diversification due to “pull” factors is a 

response by households to exploit economic opportunities that are created by local economic and 

population growth, proximity to urban markets and improvements in infrastructure. In contrast, “push” 

factors are those that force households to diversify as a coping strategy. Diversification by poor 

households in developing countries is usually a response to “push” factors.  

       So far the studies carried out in the area either did not consider the likely effect of the invasive weed 

on pastoral livelihood diversification strategies and perception related issues or sufficient information is 

not available concerning Prosopis. Moreover, studies using econometric analysis on important factors 

influencing pastoralist’s perception are lacking. Therefore, this study was designed to discover the facts 

lying behind pastoralist’s perception about Prosopis and pastoral livelihood diversification strategies in 

Gewane district of Afar regional state. 

RESEARCH METHODOLOGY 

         This part deals with the methodology of the study which embraces the procedures used in sample 

selection, gathering information and data analysis. 

SAMPLING TECHNIQUE 

         The research design followed a three-stage sampling procedure. In the first stage, Gewane district 

was selected purposively. In the second stage, 5 kebeles (Gebeyaborra, Amassabure, Urrafita, Gelilladora 

and Bereiforra) were randomly selected from Gewane district. Finally, a total of 150 respondents were 

selected randomly based on probability proportional to size of the kebeles. 

METHOD OF DATA COLLECTION 

        In this study, both primary and secondary data were used. The data had both Quantitative and 

Qualitative nature.  
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PRIMARY DATA SOURCE 

          Primary data were collected from sampled respondents through pre-tested structured 

questionnaire. The data focused on the socio-economic and attitudinal characteristics of farmers and the 

climatic factors directly influencing farmers’ circumstances. Check list was used to collect preliminary 

information about the study area.  

          In our case, it was used a different grade to calculate perception index, then the result was 

categorized by three options which were disfavor/not good, moderate/neutral and favor/good, in turn 

these were used as present perception of the household regarding Prosopis.  

         Informal interview was conducted with State enterprises expert, Wereda development workers 

and local community leaders, to support the formal survey. To gather reliable information, enumerators 

who know the local norms and customs were selected and trained on how to collect the data using 

questionnaire, the survey instruments were translated into local language (Afarigna) for respondents if 

necessary. 

SECONDARY DATA SOURCE 

          Secondary data were collected from written documents including those from agricultural and 

pastoral rural development bureau and recent research works about the study area which has been highly 

invaded by Prosopis.  

DATA ANALYSIS 

         Data were analyzed using both descriptive statistical methods and econometric model.  

DESCRIPTIVE STATISTICAL METHODS 

        The descriptive statistical methods include tabular analyses using means, standard deviation, 

percentages, Simpson’s diversification index (SDI). 

ECONOMETRIC MODEL 

      Multinomial logit model was used to assess the determinants of pastoral households’ perception 

regarding Prosopis juliflora and the effect of Prosopis juliflora on pastoral livelihood strategies and two-

step instrumental variable Tobit (ivtobit) model was used to assess determinants of livelihood 

diversification strategies.  

MULTINOMIAL LOGIT MODEL 

        To assess the determinants of pastoral households’ perception, a response category was elicited 

based on sample household heads’ perception. The perception of these farmers on invasive species was 

classified into three categories; namely, 1=disfavor/not good, 2=moderate/neutral, and 3=favor/good. 

The responses were found to differ across groups of pastoral households leading to multiple choices 
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requiring a suitable model to address the objectives. Therefore, a multinomial logit model was 

constructed for each objective.  

         According to McFadden (1973), the multinomial logit model is derived from random utility 

function. The model is based on the framework of utility maximization with respect to the choice of a 

preferred alternative. We assume a decision maker i who must choose from a set of mutually exclusive 

alternatives, i=1,…, n. The decision maker i obtains utility in U from each choice made. In general, given 

a set of alternatives (in this case, the types of strategies or the perception categories), a rational individual 

will choose an alternative that provides the highest utility.  

        The multinomial logit model offers efficient ways to predict the behavior of multiple-response 

dependent variables as a function of a set of explanatory variables (Demaris, 1992). To assess the 

perception of the household about species, we specify a random utility-based choice as follows:  

        Supposing that for the ith individual that is faced with j alternatives (the effect on livelihood 

strategies or the perception categories) indexed as j = 1, 2,…, n, then we can represent the individual’s 

utility (U ij) from the choice alternatives as 

 

                                                                                           (1) 

 

          Where Xij is a vector of factors that explain the decision made (in this case, the 

perception categories) by individual respondents, βij is a set of parameters that reflect the impact of 

changes in Xij on Uij, and εij is an unobservable error term. Alternative j is chosen by individual i if it 

gives the highest utility, that is, max {Ui1 …Uin}. The decision on the choice of j depends on Xij, which 

includes aspects specific to the individual as well as the choices. If Yi is a random variable that indicates 

the choice made, then the probability that alternative j is chosen is given by 

                                                                              (2)                                

        Estimating Eq. 2 provides a set of j+1 choice probability for a decision maker with characteristics 

X ij. The equation can be normalized by assuming βij = 0, in which case the probabilities can be estimated 

as: 

  , j= 0, 1, 2, …, n                                                                      (3)            

prob                                                                                               (4)   
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        The model is based on the assumption of independence irrelevant alternative (IIA). As cited by 

Greene (2003), Hausman and McFadden (1984) suggest that if a subset of the choice set truly is 

irrelevant, omitting it from the model altogether will not change parameter estimates systematically. 

Exclusion of these choices will be inefficient but will not lead to inconsistency. But if the remaining odds 

ratios are not truly independent from these alternatives, then the parameter estimates obtained when these 

choices are included will be inconsistent. This observation is the usual basis for Hausnan’s specification 

test. The statistic is 

  

                                                                                      (5) 

      Where s indicates the estimators based on the restricted subset, f indicates the estimator based on the 

full set of choices, and  and  are the respective estimates of the asymptotic covariance matrices. 

The statistic has a limiting chi-squared distribution with K degrees of freedom.  

Likewise, Long and Freese (2001) suggest that in terms of the multinomial logit model, the odds 

do not depend on other outcomes that are available. In this sense, these alternative outcomes are 

“irrelevant.” What this means is that adding or deleting outcomes does not affect the odds among the 

remaining outcomes. Hence, significant values indicate that the IIA assumption has been violated.   

            In interpreting results of the model, unlike the OLS estimation, the estimated coefficients (βj) do 

not represent marginal effects of the regressors. Instead, one has to find the marginal effects of the 

independent variables on the probabilities. Marginal effects are commonly used to quantify the effect of 

variables on an outcome of interest. They are known as average treatment effects, average partial effects, 

and average structural functions in different contexts (Wooldridge, 2002).  

  Marginal Effect (Partial derivative) is calculated as the ratio of the change in y to the 

change in x when the change in x is infinitely small holding all other variables constant. Thus, the value 

of the marginal effect depends on the values of all independent variables and on the coefficients of each 

outcome. The marginal effect on the probability that Pr(y=1) implied by the marginal increase in a given 

explanatory variable is computed by: 

                                                           

(6)                         

    Where, Ψ xβ is the density function.  

The delta method is used to estimate the variance of the marginal effect (Greene 2003).  

                                                                                                  (7)                                                
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      Where V is the variance–covariance matrix from the estimation and Dj is the column vector 

whose kth entry is the partial derivative of the marginal effect of xj, with respect to the coefficient of the 

kth independent variable and is given by: 

                                                                                                         (8)                                                                          

        Model diagnostics was applied during estimation of the model. In order to check the severity of 

multicollinearity among explanatory variables and the variance inflation factor (VIF) and pair wise 

correlation were computed. Following Gujarati (1995), VIFj was defined as: 

                                                                                                                     (9) 

        Where, Rj
2 is the coefficient of determination. As Rj

2 increase towards unity, i.e., the collinearity 

among the explanatory variables increases, the VIFj also increases. The VIFj, ranges between one and 

infinity. If there is no collinearity between the explanatory variables, VIFj will be 1.  If the VIF of the 

variable exceeds 10, that variable is said to be highly collinear. In the case of pair wise correlation those 

values (above 5) obtained for each pair were checked for statistical significance to detect the presence of 

severe multicollinearity. 

Tests of heteroscedasticity used include the White’s general heteroscedasticity test and the 

Breusch-Pagan test following Gujarati (1998). The Hausman test of independence of irrelevant 

alternatives (IIA) was also employed to check whether IIA assumption is violated.  

              TWO-STEP INSTRUMENTAL VARIABLE TOBIT MODEL 

       To assess the factors influencing pastoral livelihood diversification, two step instrumental 

variable tobit regression model was employed on the different means of livelihood defined by Simpson’s 

diversification index (Patil and Taillie, 1982) as dependent variables.  

COMPUTING THE INDEX 

The diversification index, the dependent variable, was computed using Simpson’s 

diversification index formula given by: 

 

                                                                                           (10)          

                                                                                                                                                                                                    

Where; 

M i= income from each activity,         

MT= households’ total income and 

n = sources of income     
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       The above indices assumed a value of 0 when their respective upper limit = 1 and a value of 1 

when their respective upper limit = ∞. Closeness to 0 implies decreasing diversification where as 

closeness to 1 implies advancement for perfect diversification.  

ESTIMATING TWO-STEP TOBIT MODEL (IVTOBIT) 

       The dependent variable was regressed on the hypothesized explanatory variables by two-step Tobit 

model (ivtobit). 

Tobit model, the censored normal regression model, is one with censoring from below at zero where the 

latent variable is linear in regressors with additive error that is normally distributed (Cameron and 

Trivedi, 2005).  

Thus, it takes the form: 

                                                                                                                    (11) 

Where; in our case 

 is the calculated value of Simpson index of diversity for each household and 

 is explanatory variable expected to influence the dependent variable 

       The association between SDI and household perception must be further investigated. Even if SDI 

depends on household perception about Prosopis, it is not exogenously given since it is determined in 

part by SDI. Such correlation or association between regressors and errors (endogeneity) lead to 

inconsistent parameter estimation. Cameron and Trivedi (2005) suggest the instrumental variables 

estimator as a standard solution for inconsistent parameter estimation caused by endogenous regressors. 

Hence, in our case a suitable instruments for household perception is a variable that is correlated with 

household perception but indirectly affect SDI. 

If Tobit model with endogenous regressor that is completely observed, then is fully 

observed, so Y2= , whereas we observe Y1 =  if > 0, Y1 = 0 otherwise.  

The model becomes 

+ +                                                                                                              (12) 

Y2= π +ν                                                                                                                                  (13) 

         Where the first equation is the structural equation of interest and the second equation is the reduced 

form for the endogenous regressor Y2. Again note that here Y2 is continuous, not discrete. For joint 

normal errors  = γv + ξ, where ξ is an independent normal error, so  

  +                                                                                                  (14) 
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      Whereas, a two-step estimation procedure calculates predicted residuals  from OLS 

regression of  on X and then obtains Tobit estimates from the model as follows:  

                                                                                        (15) 

Where, the error  is normally distributed.  

         A test for endogeneity of  can be implemented as a Wald test of γ = 0 using the usual 

standard errors from a Tobit package. A Wald test on exogeneity is used to test if the variable (household 

perception in this case) needs to be instrumented. This test is an extension of the auxiliary regression to 

implement the Hausman endogeneity test in the linear model. If the null hypothesis is rejected then the 

aforementioned second-step Tobit regression yields consistent estimates of  and , but standard 

errors then need to be adjusted because of first-step estimation of the additional regressor  Cameron and 

Trivedi (2005). Therefore, to test whether the applied ivtobit estimator, is consistent and more efficient 

than an alternative Tobit estimator, Hausman’s model specification test was also employed. 

RESULTS & DISCUSSIONS 

         Data collected were analyzed with the help of both descriptive statistics and econometric model. 

Results are presented and discussed as follows.  

HOUSEHOLD CHARACTERISTICS 

CATEGORICAL VARIABLES 

         Results of categorical variables indicate that, the sample respondents constitute 57 (38%) 

female and 93 (62%) male household heads (Table 1). Further disaggregation of sex of respondents 

based on their perception of Prosopis juliflora species showed that 19 (25%) female and 57(75%) male 

households disfavored the species, but 21 (55.3%) female and 17 (44.7%) male had considered as good 

regarding the species. Generally, out of the 150 sample households, 76 (50.7%) of them considered the 

species as bad but 38 (25.3%) households reflected desirable feeling (good) about the species and the rest 

36 (24%) households  portrayed themselves on neutral/middle perception option. Proportionally female 

households favored the species compared to male. 

        With regard to education status, 132 (88%) respondents were illiterate and 18 (12%) 

respondents were literate. As the result indicates, majority of households who had unlikely perceived 

were illiterates. With respect to marital status of the household 25 (16.7%) were single, 111 (74%) were 

married, 6 (4%) were divorced and 8 (6%) were widowed. Perception wise, the finding confirms that 

most respondents were married and disfavor the species.   

        The survey finding shows 128 (85.3%) households got extension service but the rest 22 (14.7%) 

households did not get the service (=7.02, p=0.05). This could give us an indication that extension 
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service was very important and many farmers have been reached under such Prosopis dominated 

environment. On the other hand, technologies including water pumps for irrigation and tractors which 

could reduce production cost and enhance output have been recently introduced in the area. According to 

the findings, 54 (36%) respondents were using those technologies but 96 (64%) of them did not.  

Table 1: Demographic characteristics of households (categorical variables) based on perception 

about prosopis juliflora 

Categorical variables 

  

Household Perception 

Total 

 

 test 

 

Not  good Neutral Good 

Fre.  % Fre.  % Fre.  % Fre. % 

Sex  Female 19 25.0 17 47.2 21 55.3 57 38.0 11.69* 

 Male 57 75.0 19 52.8 17 44.7 93 62.0 

Education 

level 

Illiterate 66 86.8 31 86.1 35 92.1 132 88.0      0.82 

 Literate 10 13.2 5 13.9 3 7.9 18 12.0 

Marital status 

  

Single 12 15.8 6 16.7 7 18.4 25 16.7 

    11.33** 

 

Married 62 81.6 26 72.2 23 60.5 111 74.0 

Divorced 1 1.3 2 5.6 3 7.9 6 4.0 

Widowed 1 1.3 2 5.6 5 13.2 8 5.3 

Ext. service 

  

no 6 7.9 6 16.7 10 26.3 22 14.7 
7.02** 

yes 70 92.1 30 83.3 28 73.7 128 85.3 

Technology 

  

no 53 69.7 21 58.3 22 57.9 96 64.0 
     2.202    

yes 23 30.3 15 41.7 16 42.1 54 36.0 

Total   76 50.2 36 24.5 38 25.5 150 100  

Source: Survey data analysis 

Note; *, ** and *** indicate significant at10%, 5% and 1% probability level respectively 

         Results of other household characteristics show that mean  

CONTINUOUS VARIABLES 

age of the household head was 37.4 years with a range of 20 and 65 years (Table 2). Age distribution of 

the respondents according to their perception about Prosopis shows that household heads with mean age 

of 37.89, 36.51 and 38.71 years reflected neutral, not good and good impression about Prosopis juliflora 

respectively.  
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         The average number of year that the household heads lived in the area was, on average, 36 

years with standard deviation of 8.7. The minimum year that the household heads have lived in the area 

was 10 and the maximum was 64 years. Considering the perception about Prosopis species, it was found 

out that, household heads who have lived 38.11 years (n= 36), 35.69 years (n= 76) and 35.74 years (n= 

38) in the area perceived as neutral, not good and good about the species in that order. The 

aforementioned scenario may indicate that most respondents were native to the area since the difference 

between average age of household head and average year that households lived in the area is too small 

and that experience with Prosopis does not seem to be a good measure to judge the effect of Prosopis on 

farmers perception as most of them were neutral in their feeling.  

        Simpson diversity index (SDI) was computed using income of households from different 

sources. Results indicate that mean Simpson diversity index on income of sampled households was 0.28 

with base value of 0 indicating income from only one source and a maximum of 0.66 which indicates a 

diversification of sources of household income. Average Simpson diversity indices were 0.24, 0.27 and 

0.34 for households who considered ‘not good’, neutral and good about Prosopis in that order. The 

increasing trend in the households’ perception may indicate a positive association with increasing 

livelihood strategies and that perception of households was shaped by their livelihood strategies. The 

implication was that if the household head considered the species as good, he would be more likely to 

diversify his livelihood than household head who considered Prosopis as bad in the study area. 

Diversification in to several income sources would mean a strategy followed by the farmers of the study 

area to escape drought. However, considering the relatively lower number of households in the latter 

choice category, it may be said that most of the farmers hate to diversify their income due to Prosopis. 

Hence, lack of traditional means of escaping drought which would lead to low productivity of the 

farmers due to increased vulnerability to the influence of drought. 

 

 

 

 



 43                                                 Household Perception About Prosopis Juliflora & its Effect on Pastoral Livelihood                                                            
Diversification Strategy:  The Case of Gewane District  in Afar Regional State, Ethiopia                                                                          

 

 

 

 

 

 

Table 2: Household demographic characteristics (continuous variables) based on their perception on Prosopis 

juliflora     

 

  Household Perception 

 t-test 

Continues 
variables Disfavor/Bad Moderate/Neutral Favor/Good 

  mean  SD mean SD mean SD 

SDI 0. 24 0.232 0.27 0.226 0.363 0.22   2.66*** 

Age  36.51 7.965 37.89 7.551 38.71 9.684 -1.3 

Year lived  35.69 7.687 38.11 7.577 35.74 11.413 0.84 

Adult equivalence 4.13 1.729 4.68 1.796 3.89 1.506   2.07** 

Market distance 26.34 27.495 24.14 9.577 28.5 57.868 0.08 

TLU per adult  9.64 7.97 7.56 7.34 7.27 7.22 -1.79* 

Ha of land cul. 1.04 1.1 1.11 1.06 0.93 1.18 2** 

Total land own 11.76 6.46 14.42 8.48 10.39 6.73 2.27* 

Exp. Livestock  27.46 10.26 24.39 9.92 28.08 11.17 -0.69 

Exp.  Farming  1.63 2.13 1.89 2.13 1.58 2.02 0.286 

Exp. Prosopis  0.04 0.34 0.64 2.59 1.34 1.98 5.6*** 

Exp. on irri. 1.05 2.09 1.33 2.18 1.76 2.34 1.4 
Source: Survey data analysis 

Note; *, ** and *** indicate significant at10%, 5% and 1% probability level respectively 

INCOME DIVERSIFICATION 

         The study area is predominantly pastoral. According to Swift (1988), pastoral production systems 

are those in which 50% of gross household revenue comes from livestock or livestock-related activities. 

In this study, contrary to the above definition, income share of livestock is found to be 28.76% (Table 3). 

Crop production generates the lion’s share of 43.43% of total income. Off-farm income including that 

from Prosopis utilization wage contributes the remaining 29.8% of the total income. Unlike income 

share, households’ participations were 147 in livestock production, 81 in crop production, 32 in Prosopis 

utilization, and 16 in other off-farm activities. This clearly indicates that the high participation of 

households on livestock production but less productivity or income gain from this sector. As shown in 
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Table 7, the majority households were pursuing at least two livelihood options. The proportion of income 

from livestock; livestock and crop; livestock and Prosopis; crop and Prosopis; crop, livestock and 

Prosopis,  and livestock, crop and other sources is 7.6, 44.8, 23.4, 1.1, 16, and 7.2 percent in that order 

(Table 3). 

        Even if they earned less income from livestock production, they preferred to stay with them and 

pursue as their livelihood option. Some respondents said that they did not want to live without cattle and 

camel. According to the local elder respondent explanation during interview, livestock specially cattle 

and camel were closely tied with their daily life activity, their consumption habit and wealth ranking 

were based on those animals due to such reasons and they considered them as a holy creatures. 

Table 3: Income sources of sample households 

 Income 

source 

 

 

 

   Livelihood 

strategy                                                            

Livestock Income    Crop Income Prosopis Income 
other 0ff-farm   

Income 
  Total income 

Sum 
Column 

Sum % 
 Sum 

Column 

Sum % 
 Sum 

Column 

Sum % 
 Sum 

Column 

Sum % 
  Sum 

Column 

Sum % 
 

Livestock 245084 21.3  0 .0  39600 4.0  18240 15.3  302924 7.6  

Livestock and 

crop 
457702 39.7  1337879 76.9  0 .0  0 .0  1795581 44.8  

Livestock and 

prosopis 

prod. 

175780 15.3  2640 .2  698806 70.3  59320 49.8  936546 23.4  

Crop and 

prosopis 

product 

0 .0  21750 1.2  23020 2.3  0 .0  44770 1.1  

Crop, live. 

and prosopis 

prod 

187470 16.3  240892 13.8  210640 21.2  0 .0  639002 16.0  

Livestock, 

crop and 

others 

86170 7.5  137000 7.9  22660 2.3  41620 34.9  287450 7.2  
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 Income 

source 

 

 

 

   Livelihood 

strategy                                                            

Livestock Income    Crop Income Prosopis Income 
other 0ff-farm   

Income 
  Total income 

Sum 
Column 

Sum % 
 Sum 

Column 

Sum % 
 Sum 

Column 

Sum % 
 Sum 

Column 

Sum % 
  Sum 

Column 

Sum % 
 

Livestock 245084 21.3  0 .0  39600 4.0  18240 15.3  302924 7.6  

Livestock and 

crop 
457702 39.7  1337879 76.9  0 .0  0 .0  1795581 44.8  

Livestock and 

prosopis 

prod. 

175780 15.3  2640 .2  698806 70.3  59320 49.8  936546 23.4  

Crop and 

prosopis 

product 

0 .0  21750 1.2  23020 2.3  0 .0  44770 1.1  

Crop, live. 

and prosopis 

prod 

187470 16.3  240892 13.8  210640 21.2  0 .0  639002 16.0  

Livestock, 

crop and 

others 

86170 7.5  137000 7.9  22660 2.3  41620 34.9  287450 7.2  

Total 

1152206 

(7838) 

(29%) 

N=147 

100%  

1740161 

(21483) 

(43%) 

N=81 

100%  

994726 

(31085) 

(25%) 

N=32 

100%  

119180 

(7449) 

  (3%) 

N=16 

100%  4006273 100%  

Source: Survey data analysis 

Note; *, ** and *** indicate significant at10%, 5% and 1% probability level respectively 

ECONOMETRIC ANALYSIS 

 Multinomial logit model was estimated, in order to identify the determinants of the different 

categories of household perceptions about Prosopis juliflora and the effect of Prosopis juliflora on 

household livelihood diversification strategies, and a two-step instrumental variables Tobit (ivtobit) 

regression was employed to study factors that influence income diversification index (SDI).  
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Determinants of  Pastoralist Perception Regarding Prosopis Juliflora  

          During model estimation the variables included in the model were analyzed for regression rules of 

outlying variables, multicollinearity and heteroscedasticity. Results show that there was no serious 

multicollinearity among the variables. Robust estimation method was used to control for minor 

heteroscedasticity. The multinomial model employed was statistically significant at less than one percent 

level and indicates the suitability of the model in estimating the different variables. The dependent 

variable in the empirical estimation includes three categories (households who considered as not good, 

neutral and good), and the neutral perception option is the base outcome in this study.  

           Results of multinomial logit regression as presented in Table 4 indicates that sex, age, market 

distance, TLU,  extension service, participation on diversification, experience on farming and charcoal 

production, conflict, total household income, and hectare of land cultivated and total land owned by the 

household were found to be the major determinants of household perception with regard to Prosopis.  

           Sex of the households head was a statistically significant determinant (at 10% level) under both 

(not good and good) options. It  was negatively related with perception. The finding suggests that, 

compared to those who considered as neutral, male household heads were more likely to perceive the 

species badly than females since  the daily activities of the latter like collection of fire-wood for cooking 

and feed/forage for livestock uses, were providing them with better experiences about Prosopis than the 

former. In addition to this, female household heads benefiting from sale of Prosopis product for their 

daily expenditure needs. The finding that female-headed households were more likely to perceive the 

species than male, therefore, was consistent with prior expectations and with Veitch et al. (2001). 

According to Veitch et al. (2001) the livelihoods strategies that individuals pursue, their wealth levels 

and their gender are central factors shaping how they relate to and value an invasive species. 

         The age of household head was positive and statistically significant (p<0.1) only under the 

choice of good perception. Relative to the base category, a unit increase in age of those pastoralists 

feeling bad about Prosopis would lead to an increase their feeling by 9.15. It is probable that with 

increased age, as a factor of experience and observed changes of the pasture land over a longer period of 

time, older farmers opt for controlling of species abundance in their land, unlike the young household 

heads.  

           Market distance was significant for positive correlation with bad perception about Prosopis. The 

odds ratio indicates that the relative probability of household to perceive the species as not good 

increases with market distance by a factor of 1.02, with the assumption of citrus paribus condition. This 

result may suggest that the favorable condition of market facility in household residence may enable 

household to participate in productive utilization of the species, but the low transportation service and 

poor market access discourage pastoralists’ engagement in the market of Prosopis product. As a result of 

more money and time was spent for distant market, households might perceive the species 

unlikely/badly.  
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          Tropical livestock unit (TLU) per adult equivalent was the important determinant of household 

perception since the area is known in livestock production. The variable was significantly and positively 

associated with ‘not good’ perception option of household about Prosopis. The odds ratio of 1.08 for 

tropical livestock unit per adult equivalence indicates that the relative probability of considering as not 

good increases by a factor of 1.08 as livestock ownership (TLU) increased by 1 unit. The low 

productivity of livestock sector was aggravated due to Prosopis invasion in the area. Respondents who 

had large number of livestock were likely to be aware the negative side of Prosopis than the positive 

effects. This might be due to using Prosopis pod as a substitute of animal feed was relatively costly than 

the previous free grazing system of livestock rearing. Veitch and Clout (2001) suggest that people’s 

perceptions of an invasive species are influenced by factors including how damaging the species is to 

property, whether or not the species is physically appealing and by the opinions of powerful and 

influential individuals in the society. 

        Diversification strategy was the other major determinant of household perception. Although it was 

negatively associated with bad perception, diversification result was significant by 5% probability. The 

relative probability of a household to consider as bad increases with diversification strategy by a factor 

0.045, holding other things constant. The result may reflect that households, who considered as good, 

were more likely to diversify their livelihood.  The findings suggest that livelihood diversification 

enables households to shape their perception likely and derive income from it. Findings of Binggeli 

(2001) and Pasiecznik et al. (2001) support this. Conflict and drought were also among the main 

determinants of household perception. Even if occurrence of conflict and recurrent drought were 

prevalent in the study area, only conflict was significant on good perception column.  

         Extension service was significantly and positively correlated with not good option of perception 

of households. The odds ratio for the effect of extension service on having a not good relative to a neutral 

impression is 2.17. Indeed, the effect of extension service on ‘not good’ category was ambiguous as 

extension service probability increased relative to neutral impression.  The result seems unusual. Since 

the more households got the extension service, they probably had the more knowledge on how to utilize 

the species product. However, the result might suggest that respondents were not aware about productive 

utilization as one controlling mechanisms of Prosopis invasion, or in other way, extension service was 

not primarily aim for attitudinal change of households perception about Prosopis. Therefore, the finding 

that the positive correlation of extension service access and ‘not good’ option concerning Prosopis was 

inconsistent with prior expectation.  

             Hectares of land cultivated per adult equivalent and total hectare of land owned by the 

household were also determining household perception. They were significant positively and negatively 

with ‘not good’ and ‘good’ perception category respectively. The odds ratio shows that the probability of 

a household to perceived as not good increases with land ownership relative to the neutral impression of 

household. The finding suggests that as the households engaged on farming, they might be bored by 

additional cost of production for controlling Prosopis and hosted pest due to Prosopis. Thus,  a farmer to 

perceive Prosopis as bad was likely due to the negative impact of species invasion in their farm land. 
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According to Veitch et al. (2001) factors that influence people’s perceptions of an invasive species, 

including how damaging the species is to property and/or natural ecosystems (e.g. weeds in a crop, 

insects eating a crop, destruction of native trees). Although total land owned by the household was 

significant and negatively associated with “good” perception category, its result was indifferent with the 

former variable. Occurrence of animal and human disease, low productivity of livestock and food 

insecurity in the area were likely due to the increased incidence of Prosopis invasion. Thus, the result 

suggests that as household owned more hectare of land; he might have perceived badly because of 

negative impact of Prosopis on his land.  

           Household perception could also be influenced by experience of household on farming and 

Prosopis utilization. Experience on farming was negative and significant with regard to good impression 

of household regarding Prosopis. With the assumption of citrus paribus condition, the odds ratio indicate 

that a unit change of household experience on farming increases the probability of good impression 

relative to base category by 0.803. The result may be interpreted as experience on Prosopis utilization 

significantly increases the relative probability of a household considering not good about the species. 

This might arise  farmers were suffered by the fast growing pattern of Prosopis species which cause 

frequent and repetitive controlling attempt of its invasion from his farm land. In contrast, experience of 

household in Prosopis utilization was significantly and positively associated with good perception 

category. A unit increase in experience of those pastoralists feeling not good about Prosopis would lead 

to an increase by 1.87 relative to the base category. As perception of the household was shaped by the 

livelihood option that they pursue, with increased experience in Prosopis utilization, it was more likely 

for a person to observe the positive effect of species and had good perception on it. This result, therefore, 

was indifferent with the hypothesized statement previously.  

         Total household income was found to impact household perception regarding Prosopis. It was 

significantly and negatively related with both bad and good perception categories at 5% and 10% 

probability level in that order. In terms of odds ratio, an additional total household income appears to 

increase the relative probability of a household to have good perception by 0.99. This seems to suggest 

that the increased respondent participation on this income source and the larger contribution to their total 

income influence household to perceive the species likely. On the other hand, the study may also show 

the negative perception can exist if the role of Prosopis is not important. With regard to this, Veitch et al 

(2001) propose that an economically beneficial species will more likely be favored in as far as the costs 

of managing it do not exceed the discernible benefits. 
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Table 4: Multinomial logistic regression of pastoralist perception regarding Prosopis juliflora 

 

Dependent variable = Perception index (HHperc) 

Option Variables B Odd ratio Wald P value 

 

 

 

 

 

Disfavor 

(not good) 

ageHH 2.21 9.15 2.65 0.118 

sex 1.04 2.83 4.88 0.039 

eduHH .529 1.69 1.33 0.314 

year -.145 .865 -2.09 0.172 

adultequi .154 1.17 1.29 0.326 

tluperadequ .078 1.08 4.30 0.050 

Divern -3.09 .045 -6.12 0.026 

Conflict .199 1.22 0.45 0.695 

Drought .074 1.08 0.23 0.838 

mktdistance .016 1.02 3.02 0.094 

exservice .774 2.17 3.08 0.091 

landccprad 1.67 5.31 2.95 0.098 

expecc .036 1.04 0.62 0.600 

expepp -.836 .434 -2.61 0.121 

technology 1.64 5.13 2.71 0.113 

landowner .014 1.01 0.43 0.711 

totaly -.001 .999 -5.95 0.027 

 

Favor 

(Good)  

ageHH 1.897 6.67 3.10 0.090 

sex -.733 .480 -4.37 0.049 

eduHH -.725 .484 -1.55 0.262 

year -.114 .892 -1.80 0.214 

adultequi -.317 .728 -0.98 0.432 

tluperadequ .078 1.08 11.57 0.000 
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Divern .262 1.29 0.48 0.680 

Conflict 3.114 22.5 13.01 0.006 

Drought 1.179 3.25 0.52 0.652 

mktdistance .015 1.01 2.08 0.173 

exservice -.661 .516 -1.01 0.418 

landccprad -.960 .383 -0.59 0.614 

expecc -.219 .803 -3.23 0.084 

expepp .629 1.87 3.43 0.075 

technology 1.092 2.98 1.39 0.300 

landowner -.184 .832 -4.53 0.045 

totaly -6.05e-06 .999 -3.64 0.068 

Num. of obs 150    

LR chi2(34) 126.48    

Prob > chi2 0.000    

Pseudo R2 0.384    

Log pseudo likelihood -101.554    

(Perception==moderate/neutral is the base outcome) 

Note; *, ** and *** indicate significant at10%, 5% and 1% probability level respectively 

Table 5: Marginal effects after the multinomial logit model (Perception of the household on Prosopis) 

 Dependent variable=Perception index     

 Disfavor/Not good Neutral/Moderate  Favor/Good  

Variables dy/dx SE dy/dx SE dy/dx SE X 

ageHH  .398*** .153 -.463*** .162 .066 .072 1.87 

sex*  .312** .134 -.119 .130 -.193* .103 .62 

eduHH*  .172 .177 -.068 .159 -.104 .076 .12 

year  
-

.027*** 
.011 

.030*** 
.011 

-.003 
.006 36.29 

adultequi  .064 .055 -.012 .048 -.053 .037 4.21 

tluperadu  .013 .010 -.017* .010 .004*** .006 8.54 

divern* 
-

.622*** 
.124 

.403** 
.115 

.220*** 
.085 .67 
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conflict*  -.126 .155 -.143 .148 .269 .085 .73 

drought*  -.050 .213 -.055 .209 .105 .101 .92 

mktdistnc .003 .002 -.004 .003 .001 .001 26.36 

exservice*  .247* .136 -.067 .137 -.180 .125 .85 

landccprad  .493 .325 -.235 .275 -.259 .231 .26 

expecc  .027 .047 .004 .038 -.031 .038 1.68 

expepp  -.259** .113 .110 .076 .149*** .054 .51 

technology*  .296* .175 -.295** .151 -.001 .100 .36 

landowner  .019* .011 .006 .009 -.025*** .008 12.05 

totaly  
-3.73e-

06 
.000 

3.14e-06 
.000 

5.91e-07 
.000 

26708.

5 

                    

Note; *, ** and *** indicate significant at10%, 5% and 1% probability level respectively 

Determinants of Pastoral  Livelihood  Diversification Strategy  

                 For the purpose of this study, the econometric estimation of the determinants of SDI (Simpson 

diversity index) was conducted using two stages instrumental variable Tobit regression (ivtobit). Table 6 

represents results of Two-step Tobit with endogenous regressors (instrumental variable Tobit model) for 

factors or determinants that influenced the dependent variable Simpson diversity index (SDI) and these 

were used for variable interpretation. Household perception (callperc) is instrumented by the variables: 

sex, education level, drought and experience on Prosopis utilization. Wald test is the test of relevance of 

the instrumental variables (Green, 2002). In the regression of SDI on the full set of exogenous variables, 

the hypothesis of the coefficients on the instrumented variable was tested. Exogeneity test (Wald, 

Durbin-Wu-Hausman chi-sq test and Wu-Hausman F test) and an over identification statistic after 

estimation were computed. The fact that the tests are statistically significant suggests rejection of the null 

hypothesis assumption. In addition, Breusch-Pagan general test statistic and white’s test for 

heteroskedasticity were also confirming the absence of heteroskedasticity. Hausman specification test 

confirmed the underlying model assumption that the use of a two-step Tobit estimator was consistent and 

efficient in favor of Tobit and an ordinary least square regression (OLS).  

 The survey result shows that age was a negative and significant (at p<0.1) determinant of 

income diversification. The negative relationship contradicts with the expected notion that increased age 

of household is one of the driving forces for income diversification. However, the negative coefficient 

suggested that aged household heads were less likely to engage in income diversification than young 

household heads due may be to lack of physical capacity to undertake more businesses. This is in line 

with the findings of survey on tobacco farmers of North Carolina (USA) suggest that younger farmers 
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are more interested in diversification while older growers are more likely to continue cultivating limited 

number of crops until they retire (Altman et al., 1998). 

  Adult equivalent matters income diversification in the study area. It determined the index 

significantly and positively. This was a good indication that family members of household were likely to 

be a push or a pull factor for income diversification. On one hand, as a pull factor, households with more 

family members could be encouraged to engage in income diversification strategy due to the possibility 

of having more work forces. On the other hand, as a push factor, a large family member household could 

more likely be engaged in different livelihood/income sources for mitigating risks at the household level. 

As against Barrett et al. (2001) where diversification by poor households in developing countries was 

considered result as a response to “push” factors, this study suggests that respondents with increased 

family size are more sensitive to diversify income sources than those households with less family size 

determined by both pull and push factors.  

              TLU per adult equivalent was the other significant factors of income diversification index. The 

variable positively influences the household income diversification index. Ownership of livestock and 

livestock production has been prevalent as the main livelihood source in the area. Livestock were one of 

the major asset and important source of cash income in the area. Large number of livestock enables a 

household to have cash income which in turn could be used to access resources to be utilized and served 

as incentive for further diversification of their income/livelihood options. Thus, this study suggests that 

higher income as a result of more livestock ownership increases household engagement in diversified 

income options.  

              Hectare of land cultivated by the household has statistically significant (p<0.01) and positive 

effect on SDI equation. The positive relationship with SDI supports our initial expectations. The result 

could reflect that the increased cultivated land leads to higher agricultural productivity and return. This 

may stimulate the household for further income diversification. In contrast, training negatively 

influenced SDI but it was insignificant. 

                 Perception of households towards Prosopis was positively and significantly (p<0.01) 

correlated with income diversification index. Thus, the positive coefficient of perception indicates that 

household perception was one of a driving force for income diversification using Prosopis. This might 

imply that households who favored the species were more likely to be involved in income diversification 

strategy and to continue deriving their livelihood from Prosopis product than the households who 

disfavored. The survey result was consistent with the findings of Binggeli (2001) and Pasiecznik et al 

(2001) that people’s perceptions of invasive species depend upon whether their economic needs are met 

by the species. An economically beneficial species will more likely be favored in as far as the costs of 

managing it do not exceed the discernible benefits. Hence, it can be said that people’s perceptions are 

fundamentally shaped by the way their daily lives interface with the species and how it affects their 

livelihoods and local economies.  
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Table 6: Two-step tobit with endogenous regressors 

 

SDI= Dependent Variable 

Instrumented: callperc                                 

 

Variables  coefficient  SE    

age2 -.001*  .001    

adultequi .056***  .014    

tluperadequ .014***  .003    

ltfarmy .004  .023    

landccpradt .302***  .100    

technology .110*  .061    

training -.011  .064    

expli .003  .002    

expecc .0059  .014    

callperc .202***  .053    

_cons -.481**  .210    

   

Number of obs 150 left-censored observations at sdi2<=0           51 

Wald 

chi2(10) 
 135.48 uncensored observations     99 

Prob > chi2  0.0000 right-censored observations     0 

       

Wald test of exogeneity:     chi2(2) =     5.44           Prob > chi2 = 0.0196  

Hausman Specification Test  

H0: difference in coefficients not systematic   

Chi2(10) = 32.28,  p-value = 0.0004            ▶ ivtobit superior to OLS and tobit 

 

 

Note: *, ** and *** means significant at10%, 5% and 1% probability level respectively 
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SUMMARY, CONCLUSIONS & POLICY RECOMMENDATION 

Summary  

 This study was carried out in Afar regional state, Gewane district in five selected kebeles which 

were highly invaded by invasive species weed, Prosopis juliflora. The main objective of the research was 

to examine the livelihood pattern of pastoralists as influenced by invasive weed species Prosopis 

juliflora. To achieve the intended objectives, the researcher employed both descriptive and econometric 

analysis. First, to assess the factors influencing the perception of the household, perception index was 

developed on the damaging effects of the Prosopis species in a likert scale fashion and regressed to the 

hypothesized explanatory variables using multinomial logistic regression model. The odds ratio and 

marginal effects of each outcome variables were computed after multinomial logistic regression model 

estimation. Finally, to assess the factors influencing pastoral livelihood diversification strategies, 

instrumental variable two-step Tobit regression model (ivtobit) was employed on the different means of 

livelihood diversification strategies defined by Simpson’s diversification index as dependent variables.  

             The survey findings showed that household perception accounted 50.7% disfavor the species, 

24% reflected neutral/moderate feeling and 25.3% favor the species. Moreover, this variable was used to 

form a category of other variables to compare values between each category. A significant difference was 

observed with past and present perception of pastoralists about the species. The area was repeatedly 

threatened by drought and natural calamity. Access for credit, appropriate technology instrument, 

improved seed and fertilizers were not available for the pastoralists to combat the hardship. With low 

infra structure, the above problems worsen pastoralists living. Pastoralists practice different coping 

mechanisms like migration, diversification, loan and aid. Thus, livelihood diversification, distress-push 

diversification, seems their coping strategy for the prevailed risks in the area. 

            Empirical estimation concerning the factors determining household perception about Prosopis 

shows that sex (male-headship), TLU per adult equivalent, market distance, extension service, and 

hectare of land cultivated had a significant and negative influence on the perception option of ‘not good’. 

In contrast, diversification in the different livelihood activities and total income determine significantly 

and positively. For ‘good’ perception option, age of household head, conflict and experience on Prosopis 

utilization have influenced significantly and positively. In contrast, a negative and significant coefficient 

was observed in sex (male-headship), experience on farming, total land ownership and total household 

income. So that age of household head, sex (female-headship), diversification in the different livelihood 

activities, total income and experience on Prosopis utilization improve the likely perception of the 

household regarding Prosopis where as sex (male-headship), TLU per adult equivalent, market distance, 

extension service, and hectare of land cultivated, experience on farming, total land ownership 

influence/discourage the household perception to observe species favorably. 

            The findings of the econometric estimation using Simpson’s diversification index as dependent 

variable support to significant linkages with household characteristics.  Age of household head and 

Training were negatively influence the outcome variable. But positive and significant sign was observed 
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for the determinants; adult equivalent, TLU per adult equivalent, access for technology, household 

perception, and Hectare of land cultivated by the household. The latter factors increase the levels of 

household diversification.  

CONCLUSIONS & POLICY RECOMMENDATIONS 

   Empirical findings from this survey study have some feasible conclusion and policy 

implications which influence pastoralists’ livelihood. Therefore, the following conclusion and 

recommendations are forwarded.  

              Promoting income diversification and enhancing pastoralists’ access to off-farm activities are 

essential to support equitable rural development, since staying on livestock alone cannot sustain a 

sufficient livelihood. As the analysis has shown, this requires improvement in rural education and 

training. Therefore, regional government and concerned NGO need to work on the improvement of 

pastoralist and agro-pastoralist knowledge in various dimensions using subsequent informal trainings and 

expansion of formal education in the area. 

             There is high participation in livestock production but its contribution to the total household 

income is less compared to crop production. Although crop and livestock were currently the main 

income sources of households in the area, pastoralists are disadvantaged by provision of physical 

infrastructure, credit, improved seed and fertilizer. Policy makers, therefore, must concentrate on 

measures and need to support to increase income from these activities through targeted efforts such as 

distribution of improved seed varieties and fertilizer, provision of physical infrastructure and credit, 

veterinary services and appropriate technology.  

              The fact that male-headed households perceived Prosopis unlikely and that were less likely to 

diversify using Prosopis product confirms that the daily activities of female-headed households like 

collection of fire-wood for cooking and feed/forage for livestock uses, were providing them with better 

experiences to look for the likely effect of the species. The concerned entities need to implement policies 

that farmers (male-headed households) easily access target extension service, credit, technology and 

market for Prosopis product. Consequently, these improve pastoralists’ awareness and support the 

development of further diversification (non-farm sector) as a means for sustaining pastoralists’ 

livelihood.  

             Technology instruments and market opportunities reduce cost of production and motivate 

households to engage in diversification like Prosopis product market or other off-farm activities. 

Likewise provision of infrastructure like road, electricity and accessible market are the other essentials 

for enhancing income gain from those activities. Hence, to use technology instruments effectively for 

diversification and Prosopis utilization, the technology instrument needs to be incorporated with basic 

training for pastoralists and the provision of those physical and market infrastructures in rural area. 

Moreover, market restriction has to be removed for participating individuals in commercialization of 

Prosopis product. 
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             Despite improved extension system is an essential element to improve awareness and promote 

uses of livelihood diversification for the pastoralists, the results of the study reveal that extension service 

is a negative and significant coefficient of perception. Thus, the negative influence of extension service 

must be further researched in different context. Moreover, the regional agro-pastoral bureau has to offer 

subsequent training programs and improve extension system by upgrading skills of extension agents who 

are working at district and woreda levels.  

            TLU per adult equivalent and adult equivalent are positive determinants of income diversification 

but age of the household has a negative influence on income diversification, as shown in the analysis. 

Therefore, any intervention or policy aimed to fight against livelihood insecurity in the pastoral area need 

to give more attentions for aged and households who have less family size and livestock. 

              Livelihood diversification, which had a key role in enhancing agricultural productivity and self-

sufficiency, was crucially affected by household perception. Policies aimed at promoting farm-level 

productivity and self sufficiency need to emphasize this interdependency which has critical role for 

improving pastoralists’ livelihood. In addition, the individuals, private groups, NGO as well as policy 

makers should work towards enhancing household awareness on the uses productive utilization of 

Prosopis as one of the major controlling mechanism for further species invasion and to fight against 

drought and livelihood insecurity which are repeatedly occurring in the area. 

            The absence of legitimate controlling management rule for Prosopis (until the data were 

collected) seemed the other factor for less household participation in utilization and commercialization of 

Prosopis product. The regional government and bureau of agro-pastoral development need to consider 

linkage between pastoralist livelihood with Prosopis utilization and household perception, and 

implement soon the rule of Prosopis management as much as possible.  In addition, it is important to 

reduce the barriers faced for households and private investors if they want to engage in this sector. 

             Majority households who have unlikely perceived Prosopis, lack access in terms of education, 

credit, market opportunities, infrastructure and appropriate extension contact, were constrained in their 

ability to participate off-farm activities. The econometric analysis shows that diversification strategy and 

household perception are largely determined by the same variables. By removing those barriers like the 

provision of education programs, accessible credit and market schemes, and extension service, 

households would improve their perception and be able to participate in diversification. Consequently, 

participation in different livelihood activities will have a likely effect on the income distribution and 

pastoralist livelihood improvement. 

             Productive utilization of Prosopis includes pod crushing which was one of a decisive controlling 

mechanism for further invasion of Prosopis. Productive utilization of Prosopis might be associated with 

food security and animal nutrition since income had more favorable nutrition effects among pastoralists. 

It is important that promotion of such activity is incorporated into policy efforts aimed at reducing food 

insecurity and protecting environment from further invasion of Prosopis. Therefore, designers need to 
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focus on policies that can facilitate participation in such activity and enhance profitability of existing off-

farm activities.  

            Improved management of Prosopis invasion, utilization and marketing could benefit pastoral and 

agro-pastoral communities when the knowledge was applied effectively. This suggests that the likely 

perception of household and livelihood diversification is conducive for controlling species invasion, 

environmental and livelihood sustainability in the study area. Therefore, to control further invasion of 

Prosopis and protect the environment, agricultural and rural development bureau, other governmental 

entities and concerned non-governmental organization (NGO) need to take measures that could aware 

pastoralists about effective utilization of the species which will have a positive impact on their income 

and environment.   

             Finally, the survey finding shows a positive correlation between the household perception 

regarding Prosopis and degree of livelihood diversification, and complementarities between farm and 

off-farm income in the study area. However, further empirical research concerning this issue in different 

situations and context should be made before proposition of more widely applicable statements and 

policy recommendations. 
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APPENDICES 

Table 7: Hausman tests of IIA assumption (Perception) 

Ho: Odds(Outcome-J vs Outcome-K) are independent of other alternatives 

Omitted     chi2    df   P>chi2    evidence 

Not 

good/disfavor 
23.305 

16 
0.106 

for Ho 

Neutral/moderate 12.175 15 0.666 for Ho     

Good/favor -8.122 16 1.000 for Ho     

IIA assumption of H0 is accepted 
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Table 8: Test of multicollinearity (IV Variance inf lation factors (IVVIF)) 

Variable VIF 1/VIF 

expecc 2.34 0.426739 

ltfarmy 2.30 0.435549 

technology 2.22 0.449786 

expli 1.85 0.540622 

tluperadequ 1.80 0.555983 

age2 1.73 0.578112 

adultequi 1.56 0.639131 

training 1.51 0.663881 

callperc 1.38 0.726713 

eduHH 1.19 0.838325 

Mean VIF 1.79 
 

 

Table 9: IV heteroskedasticity test(s) 

Breusch-Pagan general test statistic for 

heteroskedasticity 

 

 

White's test for Ho: homoskedasticity against 

Ha: unrestricted heteroskedasticity 

Ho: Disturbance is homoskedastic  Ho: Constant variance 

Variables: fitted values of SDI     

 Chi-sq(13)  =  16.318  chi2(111)  = 125.26 

 P-value  = 0.2324  Prob > chi2 =  = 0.178 

Constant variance assumption of HO is 

accepted 
 

Constant variance assumption of HO is 

accepted 
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Table 10: Tests of endogeneity of: callperc (household perception regarding the species) 

Wu-Hausman F test 
 

 
Durbin-Wu-Hausman chi-sq test 

H0: Regressor is exogenous  Ho: Regressor is exogenous 

Variables: callperc     

 F(1,138)  =  3.11   Chi-sq(1) = 3.31   

 P-value  = 0.079  Prob > chi2 =  = 0.068 

Regressor exogeneity assumption of HO is 

rejected 
 

Regressor exogeneity assumption of HO is 

rejected 

 

 

Table 11: Model Specification and Over identification Test 

Hausman Specification Test  Test of over identifying restrictions 

H0: difference in coefficients not 

systematic 
H0: Instruments are uncorrelated with the error term / 

the instruments are valid/.  
Variables: fitted values of SDI 

     Chi2(10)     =        32.28 Amemiya-Lee-Newey minimum chi-sq statistic                                                                             

Chi-sq(3) =  4.68  

   Prob> chi2    =       0.0004  P-value    =  0.196 

Assumption of H0 is rejected since 

ivtobit model is superior to OLS and 

tobit.  

Valid instruments assumption of H0 is accepted 

 


