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Abstract 

Several discrete choice experiment studies have investigated issues in the design of incentive 

programs to enhance the provision of ecosystem services. In these studies, ownership of land 

is usually private, and landowners make decisions independently of each other. However, the 

assumption of independence may be invalid when decision making involves a spatial setting 

and social networks. This study presents a new approach that accounts for social cooperation 

and preference interdependence across farmers in a land management context with mixed 

ownership. We formulate an econometric model of implicit choice set formation that accounts 

for (1) farmers’ expectations regarding mutual positive benefits from cooperation in an 

integrated land management system, and (2) the potential interdependence of preferences 

across farmers within the same socio-spatial group. We show that cooperation expectations 

matter for the decision of whether to engage in cooperative management and also for welfare 

estimates. Our model can identify sources of heterogeneities arising from cooperation 

expectations in ways that would not be possible using a reduced-form choice model. The 

assumption of independence should be checked routinely in similar settings to avoid potential 

endogeneity problems in discrete choice models when dealing with data that have a social-

spatial dimension.  
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1. Introduction 

In recent years, several discrete choice experiments (DCEs) studies have investigated issues in 

the design of incentive programs to encourage land owners to enhance the provision of 

ecosystem services from their land (Broch and Vedel 2012, Broch et al. 2013, Christensen et 

al. 2011, Tesfaye and Brouwer 2012, Kaczan et al. 2013, Krishna et al. 2013, Greiner et al. 

2014, Lienhoop and Brouwer 2015, Vedel et al. 2015, Banerjee 2017). These studies and 

experiments all assume that land owners have exclusive property rights over their land. Thus, 

land owners are either asked to voluntarily adopt a specified type of land management 

technology or to give up some of their property rights in return for different forms of incentives 

– typically conditional payments. 

Even in countries where common property ownership of land exists and where ecosystem 

service provision may depend in part on these lands, researchers often exclusively focus on the 

segment of land owned or controlled by private agents in their studies of the provision of 

ecosystem services (e.g., Tesfaye and Brouwer (2012)). This may be because the scenario of 

private ownership has the best fit to the investigated policy instrument and to economic theory. 

However, in mixed land ownership systems (with both private and common land), ignoring the 

proportion of land under common ownership may reduce the relevance of policy designs 

(Pelosi et al. 2010, Ostrom and Cox 2010, Epanchin-Niell and Wilen 2015).  

Management of common lands requires cooperation, and land owners are likely to take into 

account their beliefs about expected benefits of cooperation when making decisions. Several 

studies have documented the importance of conditional cooperation behavior, e.g., the 

tendency of individuals to cooperate if they believe that other individuals will cooperate or the 

creation of incentives to minimize socially unacceptable behavior, using laboratory 

experiments and field studies (Rustagi et al. 2010, Ostrom 1990, Ostrom et al. 1999, Vollan 
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and Ostrom 2010, Richards et al. 2014, Cavalcanti et al. 2013). Strong cooperation patterns 

and mutual trust among land owners are observed in social networks (Karlan et al. 2009, 

Videras et al. 2012, Cavalcanti et al. 2013, Neilson and Wichmann 2014). Consequently, land 

owners can engage in the management of the common land with others when cooperation leads 

to positive outcomes. However, if farmers’ expectations with respect to cooperation outcomes 

are negative, they may decline to participate in a cooperative land management agreement. 

DCE studies of land owners’ decision making in such settings need to account for the role that 

expectations regarding cooperation outcomes may have in defining what decision alternatives 

land owners consider relevant/feasible alternatives (i.e., choice set formation). This is 

important because misspecification of choice sets will lead to misleading conclusions about 

model parameters and, therefore, welfare estimates (Li et al. 2015, Swait and Ben-Akiva 1987, 

Thiene et al. 2017).  

In this study we investigate the effectiveness and welfare impacts of incentives for farmers in 

the Ethiopian highlands to undertake measures on private and/or common lands to reduce on-

farm and off-farm impacts of soil erosion threatening the Blue Nile river system. To handle the 

common lands decision aspect, we develop an econometric model of implicit choice set 

formation that accounts for land owners’ expectations regarding cooperation outcomes, and 

further account for the potential interdependence of preferences across land owners. In many 

survey data analyses, it is almost universally assumed that data and choices of randomly 

selected individuals in the population of interest are independent across individuals. The 

assumption of independence is very helpful for econometric model development and makes 

estimation less fraught. However, in a case like ours, the choices of individuals may not be 

independent for a number of reasons, including unobserved spatial and social network effects 

(Sidharthan and Bhat 2012, Brady and Irwin 2011, Walker et al. 2011, Klaiber and Phaneuf 

2010, Bhat 2000, Tobler 1979, McFadden 2010, Ben-Akiva et al. 2012, Manski 1993a, Manski 
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1993b). Thus, unobserved contextual factors may influence the preferences (hence decisions) 

of any individual and be correlated with the decisions of other individuals in the same social 

and spatial proximity1, creating an endogeneity issue. To avoid such potential endogeneity in 

preferences, we introduce unobserved heterogeneity between spatial and/or social groups’ 

expectations with regard to the mutual benefits of cooperation and use that as an instrument in 

a hybrid choice model.  

We demonstrate the importance for modeling and for policy analysis of accounting for 

interdependence of choices across individuals in a context where social-spatial interactions 

affect individuals in unobserved ways. Thus, our study contributes to the literature discussing 

the importance of accounting for spatial or social interaction among decision makers for 

accurate predictions of outcomes in discrete choice settings (Ben-Akiva et al. 2012, McFadden 

2010, Manski 1993a, Manski 1993b, Richards et al. 2014, Brock and Durlauf 2001).      

The article is organized as follows. First, we present the case study, providing context for the 

development of our theoretical model framework, which we develop in sequence. This includes 

the econometric model specification and model identification issues. Third, we report and 

discuss empirical findings. Finally, we summarize findings and make recommendations for 

practice. 

2. Case study  

The case study region is situated in the Ethiopian highlands of the Upper Blue Nile Basin. Soil 

erosion threatens the livelihoods of millions of farmers in the Ethiopian highlands and damages 

the water infrastructure across the Blue Nile River System (Awulachew et al., 2008; Steenhuis 

et al., 2009). However, farmers’ voluntary adoption rate of soil conservation technologies is 

 
1 Social-spatial proximity is represented as a local area within which individuals belong to a social network, and 

live and work in the same local area. Therefore, individuals share common landscape characteristics and social 

network. 
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very low for a number of reasons, e.g., poor incentive mechanisms for soil conservation, 

absence or inadequacy of credit facilities enabling investment in conservation infrastructures 

with high initial investment cost, and lack of adequate agricultural extension services providing 

management support (see Tesfaye and Brouwer, 2012). Moreover, policy and research 

directions mainly focus on the management of private land and ignore the proportion of land 

under common pool governance (Awulachew et al., 2008, Kassahun and Jacobsen, 2015).  

Thus, our DCE data collection instrument was designed to address measures and incentives for 

undertaking both private and common land management initiatives to reduce on-farm and off-

farm impacts of soil erosion. The resulting dataset was reported in a related study by Kassahun 

and Jacobsen (2015),  who analyzed the choice data using a structured latent class approach2. 

However, their analysis did not address the potential screening processes of alternatives as well 

as potential endogeneity issues arising due to interdependence of choices across the responding 

farmers sharing both spatial and social networks.  

2.1. Survey and sampling design  

The survey and sampling design accounts for both spatial and social heterogeneity. The Choke 

Mountain region is considered both an erosion hotspot (Awulachew et al. 2008) and the water 

tower of the Blue Nile Basin (Teferi et al. 2010). Four of the most active erosion hot-spot sub-

watersheds (sub-districts) in the Choke Mountain systems were selected for inclusion in this 

study (Figure 1).  

 
2 See Kassahun and Jacobsen (2015) model specification in Appendix A. 
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Figure 1. Blue Nile Basin and erosion hot spot area (source: Kassahun and Jacobsen 

(2015)). 

The four sub-watersheds were identified from Denbecha (Gelila1 and Gelila2), Machakel and 

Senan districts, from which 90 farmer development groups (FDGs) were randomly selected. 

The FDGs were established in 2008 by the regional government based on spatial proximity. 

For details on how the FDGs were established and function in the government and political 

system see Emmenegger et al. (2011). The selected FDGs accounted for half of the total FDGs 

in the area. Every farmer is a member of only one FDG, and she or he represents their household 

(i.e., one farmer per household). After the FDGs were identified, four or five individuals were 

randomly selected from different households in each FDG based on membership size (which 

ranged from 20 to 30 households per FDG). In total, 400 individuals were interviewed for the 

study. 

The main reason for employing stratified sampling was that prior to the study we did not know 

the degree of preference homogeneity within a given area (i.e., the social-spatial proximity). If 

there was evidence for high preference homogeneity within a given social-spatial proximity, 



7 

 

the sample size from a FDG could be reduced and instead the geographical coverage of the 

sample could be expanded (Kassahun and Jacobsen 2015). 

2.2. Designing the DCE  

An important point in designing a DCE in a developing country context is how to fully engage 

with respondents and secure their attention while defining and explaining attributes and 

attribute levels. If there are misunderstandings or respondents experience fatigue, the reliability 

of the study is questionable. A successful application of DCEs requires a substantial effort from 

development to implementation of survey instruments (Bennett and Birol 2010, Kassahun 

2014). For example, the book chapters in Bennett and Birol (2010) showed successful 

application of DCEs for a wide range of goods and services across developing countries and 

provided working guidelines drawn from field experiences. Most importantly, focus group 

discussion and pre-testing before the actual survey implementation is critical. Many of the 

potential issues of SP methods can be minimized before and during the process of data 

collection, following these guidelines. 

During the first survey pre-test we noticed that respondents lost interest when attributes and 

attribute levels were explained to them. In the second pre-test, to adjust for this behavior, we 

asked a general question related to the attribute of interest and let respondents first explain their 

thoughts about the attribute. Thus engaged, we then provided a detailed explanation of the 

attributes of the DCE supported with pictures. This approach worked very well. The pre-tests 

and the final DCE survey were administered face to face by well-trained and experienced 

enumerators in household interview techniques in rural (Kassahun 2014). During the interview 

period most of the enumerators were employed by the Regional Central Statistical Agency of 

Ethiopia (CSA). We believe the face-to-face technique may reduce possible fatigue problems, 

compared to filling out surveys on your own. 
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Once we had identified prior information about attributes, attribute labels and parameters from 

our two pre-tests, focus group discussions and literature, we sought a fractional factorial design 

optimized for D-efficiency of a multinomial logit model for use in the survey.  Accordingly, 

we generated 36 choice tasks and separated them into 4 blocks, each farmer receiving 9 choice 

tasks, each of which contained two policy alternatives and one status quo option3. We presented 

a single choice task at a time and instructed farmers to disregard prior tasks when they 

responded to a given choice task. About 75% of the interviews were conducted on the farms 

during the annual conservation program campaign of the government from mid-January to 

March 2013.  

Each choice alternative was described by eight attributes, including three attributes related to 

the choice of on-farm soil conservation structures on private land: Soil Bund with grass strip, 

Fanya Juu4 with grass strip, and Stone Bund (Table 1). The effectiveness of these on-farm 

conservation structures differs by topography. Depending on the topography on the farm, 

farmers may prefer one or more of the on-farm soil conservation measures. The DCE design 

allows for all possible combinations of on-farm soil conservation measures as well as the 

“none-of-them” options to appear in any given policy alternative. Thus, the three on-farm 

conservation attributes and the none-option are treated independently in the DCE design (see 

Table 1). However, in the choice card, they were categorized under the name of “on-farm 

conservation” (Figure 2).  Categorization is one of the strategies reducing choice complexity 

in a decision process (Swait and Adamowicz 2014, Swait et al. 2014).  

 
3 The status quo alternative represents the actual practices (dominant practices) for each attribute in the 

watershed during the study period. 

4 Fanya Juu is a middle intensity conservation structure practiced in the area. Terraces are made by digging 

ditches and trenches along the contour and throwing the soil uphill to form an embankment. 
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Table 1. Attributes and attribute levels used in the choice experiment copied from  

Kassahun and Jacobsen (2015). 

Attributes Attribute Levels  Status quo 

Soil bund with grass strip = 1 0,1 0 

Fanya Juu with grass strip = 1 0,1 0 

Stone bund = 1 0,1 0 

Livestock production system  

 

 

Free grazing =0,  

Cut and carry option with semi-

privatization = 1 

0 

Labor contribution  12, 24, 36, 48, 60, 72 (days/year) 48 

Timing of labor contribution 

 

 

One time continuous = 0,  

Equally distributed between the 12 

Months = 1 

0 

Additional Extension service  0, 2, 4, 6, 8, 12 (days/year) 0 

Loan subsidy per year  

Monetary compensation from 

credit Facility for implementing 

appropriate Watershed 

management strategies: 

(x/y/z)* 

 

 

0/0/0,  

1200/25/77,  

2400/50/154,  

3600/75/232, 

4800/100/309, 

6000/125/386 

 

0/0/0 

 

(x/y/z)* - x Ethiopian birr (ETB) interest free loan paid back by y birr per month over the period 

of 4 years corresponding to a present value of z ETB/year monetary compensation. z is the 

level shown in the model estimates. The current commercial Bank of Ethiopia interest rate for 

agricultural funds, 9.5%, is used for the conversion. 
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Figure 2. Example of choice card copied from Kassahun and Jacobsen (2015). A fractional 

factorial design is used to generate 36 choice cards. The design is optimized for D-efficiency 

using priors obtained from our pilot study for a multinomial logit model. Each respondent saw 

nine choice cards.    

The fourth attribute, of particular interest here, was livestock production systems on common 

land. Free grazing contributes about 66% of the soil erosion in the Upper Blue Nile Basin 

(Awulachew et al. 2008). Thus, any meaningful reduction in soil erosion should target a 

reduction of the amount of land under free grazing. Accordingly, the livestock production 

system on common land could take two levels in our design, “free grazing” or “cut and carry”. 

A mix of common and private land use governance systems has been found to constitute an 

effective resource management system in some cases (Trawick 2001, Ostrom and Cox 2010, 
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Ostrom 1990, Cox and Ross 2011). However, a mixed land management system requires 

shared ownership and rules that bind each resource user’s access to and use of the common 

pool resources (Ostrom et al. 1999).  Thus, the “cut and carry” livestock management option 

was presented under the following description:  

“In this system, animal movement is restricted. The available communal grazing land is 

divided equally and each plot of land is given to 5 households, who organize themselves 

according to their own interests, for communal management and the development of 

livestock feed. Communal grazing lands will be managed together to produce high 

quality animal feed. Technical expert support will be provided by the district agricultural 

office.”5  

The number of farmers for managing the “cut and carry” system was determined based on the 

information from our focus group discussions. In the four sub-watersheds, between 4.4 and 8.2 

ha of grazing land per five households was available (Kassahun and Jacobsen 2015). 

Nevertheless, we did not inform respondents how much land would be available to them under 

the cut and carry livestock management system, because of the difficulty of obtaining accurate 

 
5 We adjusted the definition of the cut and carry livestock management option in the second pre-test following 

the discovery of concerns over free-rider and trust issues in our focus group discussion and first pre-test of the 

survey. In the first pre-test cut and carry livestock management option was defined as:  

“In cut and carry livestock management system, animal movement is restricted. Communal grazing 

lands will be managed together to produce high-quality animal feed. Technical expert support will be 

provided by the district agricultural office.”  

The first pre-test led to strong rejection of the alternatives that contained the attributes of cut and carry livestock 

management system. The overly generic description of the mechanism caused focus groups members and pre-

test respondent to raise concerns that the unspecified group size and mechanism behind ‘managed together’ 

could imply options for free-riding and did not inspire trust.  
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figures for each spatial unit. Thus, they formed their own ideas on this aspect. This contributes 

to unobserved heterogeneity to be captured in the modeling approach using individual specific 

constants. 

The fifth and sixth attributes were related to the households’ labor contributions towards the 

watershed management works, specifically the number of days and the timing of those days. 

Currently, every year from January to March inclusive (but excluding weekends and religious 

holidays), farmers are required to contribute 48 days of labor to that end. Our experiment was 

designed to elicit willingness to contribute more or less than currently required, under the 

selected possible new management alternatives, as well as the preferred timing of this labor 

contribution. In the focus group discussion, farmers showed a dislike for the possibility of 

providing further labor contributions beyond the agricultural harvest season.  

Implementing specific watershed management activities requires knowledge, and therefore, an 

additional extension service was included to address this issue as the seventh attribute. 

Currently, there are different types of agricultural extension services offered to farmers. 

However, the current extension services are not targeted enough to be able to support the 

implementation of the planned watershed management activities in this study (for example, 

there is no cut and carry livestock management system extension service).  

Finally, in the eighth attribute farmers were informed that to facilitate the implementation 

process of the watershed management plan a subsidized credit facility would be available for 

them up to a maximum of 6,000 birr at zero interest rate. The money would be gradually paid 

back at the end of each month over 4 years. Farmers were informed that “the contract will be 

renewed every 4 years upon satisfactory implementation of the integrated watershed 

management plan. The Keble (sub-district) agricultural development agent and Keble 

administration monitor the implementation of the plan”. On the choice card, respondents saw 
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the amount of credit and the pay back amount per month (Figure 2). In this study, the present 

value of the monetary compensation (subsidy) is calculated using a 9.5% loan (corresponding 

to the interest rate of the commercial Bank of Ethiopia). We then use the present value to 

estimate models and calculate the willingness to accept (WTA) value of different measures.  

Note that using credit and labor as payment vehicles simultaneously is not a new idea, including 

using them in combination. The access to credit is one of the most limiting factors for adoption 

of conservation technologies in developing countries. Previously Tesfaye and Brouwer (2012) 

used credit as a payment vehicle to incentivize the adoption of soil conservation. They 

considered land productivity gain as a reward to farmers. In our study, in addition to the direct 

benefits to farmers of land productivity gains, farmers also provide ecosystem services for 

downstream users. The cost of credit is fully subsidized in the DCE design, reflecting a WTA 

measure. In return, farmers may agree to provide additional labor to implement different types 

of watershed management activities, which reflects a willingness to pay (WTP) for the change. 

It is also possible to reduce the labor offer from the current requirement, reflecting a willingness 

to accept (WTA) interpretation. Note that from the farmers’ perspective, if the benefit of 

implementing any type of watershed management activity is high, we expect farmers to require 

less subsidy to implement the watershed management activities. However, care must be taken 

whenever non-monetary payments vehicles are used to elicit value6.   

2.3. Expected cooperation measurement indicator  

Following the DCE portion our survey includes various follow-up items including questions 

related to expectations about common land cooperation, socioeconomics and spatial aspects. 

To obtain a measure of expectations regarding cooperation outcomes under the “cut and carry” 

livestock management system, respondents are asked to state their agreement/disagreement on 

 
6 See details in the caveat section of using non-monetary payment vehicles.  
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the following statement: “We can benefit more from livestock production when we avoid free 

grazing and substitute with group participatory grass (forage) development and management”. 

Figure 3 displays the distribution of respondents’ responses7.   

 

Figure 3. Attitudinal questions for the benefit of cut and carry livestock management 

system under cut and carry livestock management system with group participation 

(N=400) 

About 66% of the 400 respondents completely agree with the statement, which means they 

state an expectation of enjoying benefits from cooperation. At the other extreme, 6% 

completely disagree.  

2.4. Sampled individual characteristics       

Descriptive statistics of respondent characteristics and spatial information for the four sub-

watersheds are presented in Table 2. About 2% (nine individuals) of the respondents did not 

have any opinions, and these same individuals consistently chose the status quo alternative for 

 
7 In the first pre-test, most people selected “completely disagree” for the follow-up statement. However, 

following the adjustment of the definition of the cut and carry livestock management system (see section 2.2), 

we got an opposite response both in the second pre-test and the final survey. 

0 10 20 30 40 50 60 70

Completely agree

Mostly agree

Mostly disagree

Completely disagree

Don’t know

We can benefit more from livestock production when we avoid free grazing and 
substitute with group participatory grass (forage) development and management 

(Percentage)
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all nine choice sets presented to them, and provided inconsistent answers for several other 

questions in the questionnaire.  They were therefore removed from the data before final 

analysis.    

Table 2. Descriptive statistics N=391 

  Mean (Std. Dev) 
 Yetsed Debrekelem  Gelila1  Gelila2  Total Sample  

Age 45.02 43.52 41.27 41.45 42.80 
 (11.84) (12.09) (10.41) (10.71) (11.35) 

Illiterate* 0.38 0.49 0.45 0.63 0.49 

Read and write* 0.47 0.33 0.47 0.13 0.35 

Elementary* 0.13 0.15 0.07 0.21 0.14 

High School and Above*  0.02 0.02 0.01 0.02 0.02 

Dependency ratio  0.54 0.67 0.57 0.53 0.58 

Off-farm business*  0.44 0.68 0.21 0.07 0.35 

Highly steep plot of land 0.94 0.89 0.41 1.70 0.98 

 (0.97) (0.84) (0.66) (1.06) (1.00) 

Labor cost  31.61 30.47 0.74 17.54 20.06 
 (3.89) (7.30) (4.19) (14.97) (15.26) 

Extra land use in Kada8 -0.72 -1.47 -2.10 -1.08 -1.35 

  (1.11) (1.19) (2.18) (0.75) (1.50) 

*0-1 Dummy variables  

There are substantial differences across the four sub-watersheds in some variables, especially 

in terms of illiteracy proportions. Interesting variables are engagement in off-farm business, 

labor cost, and extra land use. In the Yetsed and Debrekelem regions a substantial proportion 

of individuals are engaged in off-farm activities. Similarly, in these two sub-watersheds, the 

average daily cost of labor is higher than in Gelila1 and Gelila2. In fact, the average reported 

labor cost is nearly zero in Gelila1, which is a somewhat surprising finding. People use less 

land for cultivation in Gelila1, which is explained by extra land use. Extra land use is defined 

as the difference between what the farmer cultivate minus the total land use right under his 

name. Farmers may cultivate more land by renting from others. The negative sign in extra land 

use shows that on average farmers use less land for cultivation than they own (Table 2).                      

 
8 1 kada is equal to 0.25 hectare. Extra land use is defined as the difference between what the farmer cultivate 

minus the total land use right under his/her name.  
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3. Theoretical modeling framework 

In this section, we first develop a theoretical framework that allows us to incorporate the 

farmer’s expectations about the cooperation process into a utility function specification. By 

doing so we will show the role of these expectations in the way respondents’ eliminate 

infeasible alternatives from the set of alternatives they consider (i.e., termed “choice set 

formation” by (Manski 1977, Swait 1984). Second, we discuss welfare measurement 

distortions resulting from farmers’ doubts about cooperation outcomes. Finally, we will discuss 

approaches to measuring expectations. For details on measuring expectations in economic 

analysis see (Hurd 2009, Manski 2004, Delavande et al. 2011).  

3.1. Expectations of cooperation as a factor in screening of alternatives  

Expectations can be formed in various contexts. In most economic activities, rational economic 

agents’ expectations about the future are reflected in current decisions, and correct 

representation of such expectations is important for designing and evaluating policy 

alternatives (Delavande et al. 2011, Wang 2014, Kassahun et al. 2016, Manski 2004, Bellemare 

2009, Ostrom 2000). Expectations may be influenced by personal experience, social-norms, 

interactions with family members or friends, observation of others and receiving new 

information from different sources.  

Whether agents’ expectations are correct or incorrect, they affect current decision making. For 

example, Kassahun et al. (2016) show that farmers who decline to pay for reliable access to 

irrigation water have a lower perceived expectation of future irrigation productivity than stated 

by domain experts. Similarly, expectations about premature death affect the decision of 

smokers (Wang 2014); and expectations about institutional trust determines citizen’s WTP for 

the provision of public goods (Oh and Hong 2012). 
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In the context of policy evolution about integrated land management involving common land, 

farmer’s expectations regarding cooperation patterns and the benefit of cooperation play a 

significant role. Here, we are dealing with two main types of expectations. The first is about 

the trust in others that affects the expectation that those others will cooperate. The second is 

the expectation regarding the benefits resulting from the cooperation. By construction, 

following Ostrom (2000) for the steps for the development of successful trust and reciprocity, 

the first type can be integrated into a DCE design, for example in the way we have used it in 

our definition of the cut and carry livestock management option in this study9. Here, given trust 

that others will cooperate, the focus of the cooperation is on its expected benefits. The expected 

benefit of cooperation can be direct or indirect: a direct benefit if the cooperation leads to a 

direct financial gain/productivity improvement to the farmer, and an indirect benefit if the 

cooperation leads to a utility gain from reduction in negative externalities (i.e. the farmer holds 

some form of social preferences and derives utility from contributing to this).  Nevertheless, in 

this article we do not distinguish between the two sources of expected benefits. Thus, farmers 

are assumed to add up all types of benefits and costs to come up with a decision when 

evaluating land management alternatives.  

Let w1 through w4 represent the four erosion hot spot areas (sub-watersheds)10, each of which 

can be decomposed into 25 smaller geographical units, g, based on FDG. As noted earlier in 

 
9 Ostrom (2000) stated that “If a group of users can determine its own membership-including those who agree 

to use the resource according to their agreed-upon rules and excluding whose who do not agree to these rules-

the group has made an important first step toward the development of greater trust and reciprocity.” Likewise, 

Cavalcanti et al. (2013) noted that cooperation within a friendship-based social network relies on strong 

incentives to minimize socially unacceptable behavior such as free-riding, as strong friendships create an 

incentive not to cheat each other for fear of losing friendships and trust necessary for future collaboration.   

10 A watershed is an area or ridge of land that separates waters flowing to different rivers, basins, or seas. 
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the case study, each g represents a group of farmers who live on and own private agricultural 

land and have common land use rights within the boundary of each g for livestock production 

in a free grazing system. The society faces two environmental problems from soil erosion from 

both private and common land: 1) on-site reduced soil productivity and 2) off-site impact such 

as irrigation or hydro reservoir sedimentation (negative externalities).  

The utility ( , )n w g jU
 for an integrated land management alternative j can be specified assuming 

that farmers within each g collaborate on common land management (Kassahun and Jacobsen 

2015), thus:  

    

( , ) 1, ( , ) 1 1, ( , ) 2 2, ( , ) 3 3, ( , )

1 1, ( , ) 2 2, ( , ) 1 1, ( , ) 2 2, ( , )

( , )

n w g j n w g j n w g j n w g j n w g j

n w g j n w g j n w g j n w g j

j n w g j

U x q q q

l L l L k k

   

 

 

= + + + +

+ + + +

+

                                 (1)                                        

 

where n is an individual, w is a residential sub-watershed, g is a social-spatial group,   is a 

constant/average effect for the common land management option j, defined by 
1, ( , )n w g jx  being 

1 for cut and carry livestock management system, otherwise 0. Parameters 1 , 2 and 3 are 

the impacts for private land management options for Soil Bund with grass strip, 1, ( , )n w g jq , Fanya 

Juu with grass strip, 2, ( , )n w g jq , and Stone bund, 3, ( , )n w g jq  respectively (Table 1). Parameter 1l  is 

the effect of labor contribution in days, 1, ( , )n w g jL , while 2l  is a parameter of timing of labor 

contribution, 2, ( , )n w g jL =1 for labor contribution equally distributed between the 12 Months, 

otherwise 0. 1 is a parameter associated with additional extension services in days per year, 

1, ( , )n w g jk , and 2 is a parameter for credit subsidy in Ethiopian Birr per year, 2, ( , )n w g jk .    is the 

alternative-specific constant. Finally,  
jgwn ),(  is an unobserved stochastic component with zero 

mean which is independently and identically distributed (iid) over alternatives and economic 

agents.   
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The utility specification in Equation 1 is based on the restrictive and probably unrealistic 

assumption that individual farmers have equal expectations about the benefits of cooperation. 

In reality, individual farmers may differ in their expectations regarding mutual benefits of 

cooperation based on their own experience working, living and interacting with other farmers 

within the social and spatial group g. Consequently, if a farmer uses this subjective expectation 

about mutual benefits of cooperation in evaluating land management policy alternatives, using 

Equation 1 results in misrepresentation of the decision process.   

Therefore, the utility function should be changed to reflect differences in expectations 

regarding mutual benefits from cooperation among farmers. Unfortunately, these expectations 

are usually unobservable by the researcher. Let these unobserved expectations about 

cooperation benefit be denoted by a latent variable
),( gwnz . The distribution of 

),( gwnz  in the 

population may extend from negative infinity (expecting no cooperation at all) to positive 

infinity (full cooperation expectation), i.e. ( )− , .  For the sake of simplicity and 

convenience let the distribution of 
),( gwnz  be transformed to a scale varying between 0 and 1 

using a logistic transformation (Equation 2), like so:  

( )( )),(

),(
exp1

1

gwn

gwn
z−+

=                                                                                                    (2) 

where 
),( gwn is an expected cooperation index and   is a scale parameter.  The limits of the 

index are interpretable: 0),( =gwn  corresponds to no expected cooperation and  1),( =gwn   to 

full expected cooperation. If   is associated with the highest benefits under full expected 

cooperation in common land management, doubt concerning expected cooperation, 1),( gwn , 

may reduce the overall benefit of communal land management and lead to the overall rejection 

of the integrated land management options as 
),( gwn  approaches zero. The logarithmic form is 
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the most convenient functional form for introducing a penalty (discount factor) in the utility 

function (Martínez et al. 2009). Accordingly, the parameter associated with common land 

management becomes an individual-specific parameter adjusting the impact of expected 

cooperation benefit:  

( )( )),(log gwnn  +=                                                                                                            (3) 

where  n  is the individual-specific parameter for common land management and  is a 

discount factor, which is greater than or equal to zero, to be estimated, and 0),( gwn . The 

attractiveness of the logarithm form is that when 
),( gwn  approaches zero, ( )( , )log n w g  goes to 

minus infinity, effectively making utility go to minus infinity. Note that from a policy 

perspective the individual farmer’s doubts or skepticism about expected cooperation leads to 

reduced expected utility from engaging in integrated land management (Equation 3).  

Substituting   (Equation 1) with Equation 3 gives us the expected cooperation adjusted utility 

function, for convenience we have removed all subscripts, ( , ) ,n w g j  from the variables.  

( , ) 1 1 1 2 2 3 3 1 1 2 2 1 1 2 2

( , )

n w g j n

j n w g j

U x q q q l L l L k k     

 

= + + + + + + + +

+
                              (4) 

We further elaborate on the modelling framework by hypothesizing that spatial and social 

factors are more alike within the same geographical area, and consequently, the choices of 

individuals within the boundary are more likely to be correlated. Following Bhat (2000) on 

multistage spatial clustering of observations in discrete choice modeling, we adjust Equation 

(4) to account for two-stage spatial  correlation. The first stage accounts for agents who share 

watershed or political administrative unit, and the second stage for agents who share joint 

common land and have lived within the boundary of g for many years.     
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( , ) 1 1, 1 2, 2 3, 3 1 1 2 2 1 1 2 2

( , )

,n w g j n n n n n

j w g n w g j

U x q q q l L l L k k

w

     

   

= + + + + + + + +

+ + +
                    (5) 

where   is a vector of parameters to be estimated associated with watersheds ww ,   and 
g  

are group-specific “g” random disturbance terms normally distributed with mean 0 and 

variance 2

 .  The introduction of 
g  controls for possible unobserved spatial and social factors 

common among individuals who share joint common land within the same geographical area 

in a close social network. Furthermore, considering the variation in topography and labor 

availability, at this stage it is also rational to assume an individual specific parameter for private 

land management options ( 1, 2, 3,; ;n n n   ) and timing of labor contribution, 1,nl . 

3.2. Welfare measurement  

Given the utility specification in Equation (5), we derive the compensating variation (CV) 

measures of welfare change both in terms of money and labor contribution. Eom and Larson 

(2006) have provided the theoretical framework of welfare measurement for a change in 

environmental quality using monetary and labor contributions in areas where there is a scarcity 

of money and labor (for an application example see Gibson et al. (2016) and Rai and 

Scarborough (2013). In our case, since the change in livestock management system from free 

grazing to cut and carry livestock manage system is a key policy interest and dependent on the 

level of farmers’ expected cooperation, the ultimate welfare impact of the change in land 

management practice is individual specific. Let 0

nju  be the utility for an alternative j under free 

grazing livestock management system 
1

0x , and 1

nju be the utility of alternative j under cut and 

carry livestock management system 
1

1x . The CV measure of welfare is given by equating 0

nju  

and 1

nju .  

0 1

nj nju u=                                                                                                                                   (6a) 
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( )
1

0 1

2 2 2 2 1 2 2 2 2

M

n nx l L k A x l L k CV A   + + + = + + + +                                         (6b) 

where A is the utility of all other attribute which is the same before and after the change in 

livestock management system. By rearranging equation 6b, we obtain the monetary measure 

of welfare, 
MCV : 

  
( )( )

1

0 1 1
( , )1 1

2 2 2

log n w gn nM n
x x x

CV
    

  

+−
= = − = −                                                        (6c) 

If the change from free grazing to cut and carry livestock system leads to a negative welfare 

change, i.e., ( )( , )log 0n w g  +  , 
MCV  can be interpreted as willingness to accept (WTA), 

which is equivalent to the amount of compensation needed to make the person indifferent 

between 0

nju  and 1

nju  (Equation 6a) .   If 0  and ( )( , )log n w g   ,  
MCV  is interpreted as 

willingness to pay (WTP).   

Given Equation 6a, the CV measure of welfare can be expressed in terms of labor contribution. 

( )0 1

1 2 2 2 2 1 2 2 2 2

W

n nx l L k A x l L CV k A   + + + = + + + +                                          (6d) 

By rearranging Equation 6d, we obtain the CV measure of labor contribution in Equation 6e . 

( )( )( , )

2

log n w gWCV
l

  +
= −                                                                                                 (6e) 

If ( )( , )log 0n w g  +  , 
WCV  is interpreted as willingness to contribute (WTC) labor. In this 

case,
WCV  is the number of days of labor contribution to make the person indifferent between  

0

nju  (free grazing livestock management system) and 1

nju (cut and carry livestock management 

system.  

However, if ( )( , )log 0n w g  +  , the person needs a compensation to implement the cut and 

carry livestock management system. Given Equation 6b and Equation 6d, we can calculate that 
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the monetary equivalent of labor contribution compensation. Note that the left sides of 

Equation 6b and Equation 6d are equal. Accordingly, we can write    

( ) ( )1 1

1 2 2 2 2 1 2 2 2 2

M W

n nx l L k CV A x l L CV k A   + + + + = + + + +   ,                     

and solving for 
MCV  gives Equation 6f.   

2

2

M Wl
CV CV


=                                                                                                                      (6f) 

where 2 2l   is the shadow price of labor. The shadow price provides flexibility for exchange 

of money and labor as a payment vehicle.   

Note that with full expected cooperation ( 1),( =gwn ) in Equation 6c or Equation 6e, there is no 

choice set screening process based on expectations of cooperation on common land 

management. Farmers evaluate common land management based on other criteria.  If there is 

skepticism about expected cooperation, the gain obtained from participating in the cut and carry 

livestock management system is reduced by a factor of ( )( , ) 2log n w g   . This has important 

policy implications: ceteris paribus, as the level of expected cooperation declines, the 

likelihood of an individual participating in an integrated land management type declines. 

Further, if implementing the integrated land management is a necessary condition, individual 

farmers may require a substantial subsidy or other incentives to offset the negative effects of 

high doubts about expected cooperation. This can be demonstrated using an example. Let 1=

, 2= , 2 0.002 = , and 2 0.014l = −  in Equation (6b). If the farmer expected full cooperation 

on common land management, he is willing to pay $500 or contribute 71.4 days of labor to be 

part of the integrated land management (Equation 6c).   In contrast, if the farmer has low 

expectations to mutual benefits from cooperation, his/her WTP will be lower than $500. For 
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all values 32.0n , the farmer requires a compensation to participate in the common land 

management scheme, and the compensation requirement grows exponentially as the farmer’s 

expectations to mutual benefits from cooperation approach zero (Figure 4). Likewise, when 

32.0n  a negative WTA means that the farmer will engage on his own in integrated land 

management and be willing to pay (carry a cost) up to his WTP, which is equivalent to the 

amount of his labor contribution to implement the management plan, given by Equation 6e or 

Equation 6f.   

  

Figure 4.  Example of the relationship between compensating variation and expected 

benefits from cooperation where 1 refers to full benefit, and 0 to no benefit  

 Measuring expectations  

To avoid potential measurement error, we treat farmers’ expectation of cooperation as a latent 

variable and the face value of subjective belief (Figure 3) is used as an indicator of such latent 
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expectations11. Accordingly, the latent expectations of cooperation, nz , and its indicator 

function are defined in Equation (7) and Equation (8), respectively.     

( , ) ( , )

1

n w g n w g g nz d S


  


=

= + + +                                                                                              (7) 

where d is a constant to be estimated,   is a vector of parameters to be estimated, 
),( gwnS   is 

a vector of variables linked to individual characteristics and/or spatial characteristics,  
g  is 

already defined in  Equation (5), and n  is a random disturbance term iid over agents. Assuming 

that the indicator,
),( gwny , is categorical with an M point scale and n  is logistic distributed, the 

probability of observing Mmmy gnn ,,2,1,),( == can be modeled conditional on the 

distribution of the latent variable nz , as below: 
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                                                                     (8) 

 
11 In the literature there are two methods for measuring and eliciting subjective expectations: 1) non-

probabilistic and 2) probabilistic. The non-probabilistic way of measuring expectations usually uses a scale that 

measures the likelihood of a perceived event occurring, or alternatively economic agents are asked to state their 

strength of belief that an event will occur. However, this method of eliciting subjective expectations is prone to 

measurement error (Manski 2004). The other method for eliciting expectations is the probabilistic method: 

economic agents are directly asked to report their expectation in probabilistic form. The probabilistic method is 

considered advantageous for measuring directly the probabilities. Nevertheless, if agents are unable to express 

their expectation in probabilistic form, the same measurement error issues will arise.  
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where  is factor loading and   is a vector of threshold values (M-1 threshold values are 

identifiable, or equivalently M-2 threshold values are identified if a constant is estimated in 

either Equations 7 or 8).  

4. Empirical model specification, model identification and estimation  

In section 3 we developed the theoretical framework for an econometric model of implicit 

choice set formation that accounts for farmers’ expectations regarding cooperation in an 

integrated private and common land management system. The empirical model presented here 

includes the structural model that explains latent expectations of cooperation (Equation (7)), 

the measurement model for expectations of cooperation indicator (Equation (8)), the structural 

model that explains utility accounting for skepticism in expected cooperation, and 

measurement models that explain choice. To reiterate, the operative behavioral mechanism 

whereby skepticism arising from expectations of cooperation acts is through the 

screening/elimination of the common land management system alternatives. 

Structural and measurement model for expected cooperation  

The measurement model for expected cooperation indicator is defined in Equation (8). Here, 

we emphasize the structural model for expected cooperation.  We define the structural latent 

expectation of cooperation as a function of social and spatial variables in Equation (7). These 

social and spatial variables are listed in Table 2. Age is hypothesized to have a negative effect 

on expected cooperation for a joint “cut and carry” livestock management system, because the 

basis of the cooperation is an equal contribution of labor and benefits; since older individuals 

may not have the energy to contribute the required amount of labor even if they support the 

idea of cooperation, increased age will be expected to reduce cooperation. Furthermore, in the 

study area, there is also evidence that female-headed (widowed) and old farmers are renting 

out their land as an alternative way of making a livelihood (Kassahun and Jacobsen 2015), 
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which supports the hypothesis of a negative relationship between labor-intensive cooperation 

and an increase in age. Dependency ratio (the ratio of economically dependent households per 

economically active households12) is hypothesized to have a negative effect on cooperation, as 

extra labor is demanded to manage within-household subsistence. Engagement on off-farm 

activity may have either a positive or negative effect depending on the extent of the benefit 

between the off-farm business and cooperation for livestock production. Similarly, extra land 

use may have either positive or negative effects on expected cooperation depending on benefit 

differential.  

An increase in local labor cost is hypothesized to have a positive effect on social cooperation 

as an alternative means of acquiring labor. This is true in rural areas of developing countries, 

where most people do not supply labor to the market (Barrett et al. 2008).  Finally, the number 

of very steep plots of land is hypothesized to have a positive effect on expected cooperation for 

a joint “cut and carry” livestock management system, as the cost of crop production increases 

with the gradient of landscape for two main reasons. First, the impact of soil erosion is 

intensified on sloping land, which results in loss of soil nutrients and increases the need for 

artificial fertilizers (Pimentel 2006, Pimentel et al. 1995). Second, the amount of labor time 

required to prepare cropland increases with the slope of the landscape.  Furthermore, farmers 

with steeper land plots have probably suffered more from erosion problems in the past and 

therefore are more aware of the problem. Thus, we expect that having a steeper plot of land 

leads to positive cooperation for a joint “cut and carry” livestock management system. 

Structural and measurement model for utility     

 
12 Economically dependent households are individuals under the age of 12. Economically active household is a 

household member above the age of 12 to 65 years.  
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The utility specification accounting for expectations about cooperation is presented in Equation 

(5). The specification allows multistage spatial clustering of observations and correlations in a 

cross-sectional data context. Given that the empirical data consists of repeated choices from 

the DCE, by allowing the estimation of individual specific constant, n , the utility equation 

is adjusted to accommodate potential error correlation over choice tasks t:  

( , ) 1 1, 1 2, 2 3, 3 1 1 2, 2 1 1 2 2

( , )

2( , )

n w g jt n t n t n t n t t n t t t

n w g n w g jt

n

U x q q q l L l L k k

w



     

   

  

= + + + + + + + +

+ + +        (9) 

where    and 2

  are mean and variance of n .Let the systematic component utility in 

equation 9 represented by 
jtgwnV ),(

. Accordingly, equation (9) can be rewritten as:  

 ( , ) ( , ) ( , )n w g jt n w g jt g n w g jtU V  = + +                                                                                       (10) 

Assuming itgwn ),( is iid Gumbel over alternatives, task, people and space in Equation 10,  the 

measurement model for the choice indicator ( 
tgwinδ ),(
 ) for an alternative i  individual n  in the 

t ’th choice situation can be expressed as:  

 










=

=

otherwise

U
Cj

Uif

δ

ntgwj

tgwn

itgwn

tgwin

,0

max,1 ),(

),(

),(

),(                                                                   (11) 

where 
tgwnC ),(
 is the set of alternatives presented to individual n at choice task t. The 

unconditional choice probability of the sequence of T choices is given by integrating over the 

random variables:  

( )

( )( )

( )( )

( ) ( ) ( ) ( ) ( )

( ) ( , )

( ) ( , )

1

1 ( , ) ( ) 2 3 4 5

exp

exp

| ,

nt

n w n w g it g

T

n w n w g jt g

j Ct

n n w g g n

V

Vπ

f z S f f f f l dzd d d dl





      

=

 +

 +=                              (12) 
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where 
)(wn  is a vector of watershed scale parameters. ( )gnn Szf ,|1

, ( )2f  , ( )3f , ( )4f  and 

( )5f l are the density of expected cooperation,  ,  ,  and  l respectively, and  specified to 

be normal. Following Swait and Louviere (1993), when data for analysis comes from different 

regions, it is recommendable to allow for regional differences in scale. Thus, we estimate scale 

parameters for different watersheds.   

Identification and model estimation 

So far we have discussed the components of the land management choice model and the 

cooperation indicator model. These model components can be estimated sequentially. 

However, a number of authors have indicated that sequential model estimation might lead to 

lower statistical efficiency (Ben-Akiva et al. 1999, Hess and Beharry-Borg 2012). Therefore, 

in this article we implement full information model estimation. Accordingly, the unconditional 

probability of observing the joint sequence of choice (Equation (12)) and observed indicator of 

cooperation (Equation (8)) is given by:  

( )

( )( )

( )( )
( )

( ) ( ) ( ) ( ) ( )

( ) ( , ) ( )

( , ) ( , )

( ) ( , ) ( )

1

1 ( , ) ( ) 2 3 4 5

exp

|
exp,

| ,

nt

n w n w g it n g

T
n w g n w g

n w n w g jt n g

j Ct

n n w g g n

V

y z
Vπ y

f z S f f f f l dzd d d dl






      

=

 +

 +=                             (13) 

where ( )yπ ,  is the joint probability of choice and observed indicators of cooperation.  

Estimation of Equation (13) requires normalizing either the error variance of the latent variable 

model (Equation (7)) or one of the indicator parameter estimates,  in Equation (8). Vij and 

Walker (2014) suggested a third approach by constraining the coefficient of the latent variable 

in the utility equation. For a detailed discussion see Daly et al. (2012) and Vij and Walker 

(2014). We normalize  to unity. Accordingly, the log likelihood of the sample is specified as: 
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where 1,...,n N= is a respondent index. In Equation (2) and Equation (12), we have specified 

a scale parameter ( ) and a vector watershed scale parameters ( ) respectively. For 

identification purposes, we normalize the scale of one of the sub watersheds to unity to allow 

the estimation of three sub-watershed scale parameter and  . Finally, Equation (14) is 

estimated via a maximum simulated likelihood estimation procedure in the Python Biogeme 

Software (Bierlaire and Fetiarison 2009). From this point, we refer to our model as our 

proposed model, also termed the Social-spatial Group-Adjusted Implicit Choice Set Formation 

(SG-CSF) model.   

 

Comparing model fit and welfare measures across models 

One particular point we wish to explore is to compare whether policy conclusions depends on 

the model specification. Note that McFadden and Train (2000) showed that with mild variation 

in a specification, the mixed logit model can approximate the choice probability of any discrete 

choice model. Therefore, we compare the proposed model with the structural latent class model 

used by Kassahun and Jacobsen (2015) and a social-spatial group-adjusted mixed logit (SG-

MXL). The functional form of the SG-MXL is the same as our proposed model apart from the 

parameter associated with livestock management system, which is treated as a random 

parameter in SG-MXL.  Furthermore, SG-MXL does not require the estimation of the 

cooperation indicator model.  As the models are non-nested, we focus on the predictive power 

of models, and the Pearson’s chi-Squared ratio is used for assessment of model performance 

(Swait et al. 1994). The Pearson’s chi-Squared ratio is given by:  
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where P is the Pearson’s chi-Squared ratio, δ̂ is predicted probability for the alternative. C is 

the number of alternatives from all choice sets over all N respondents, and K is the number of 

parameters estimated in the model. The reason to adopt the Pearson’s chi-squared ratio as a 

basis for model comparison is that it is based upon the residuals, which contain information 

about the mis-prediction behaviour of a model. We believe this makes for a more solid basis 

for model selection than log likelihood-based measures.  

If we use prediction power as a base for models comparison, it is important to evaluate how 

our proposed model performs compared to other alternative models available for prediction 

and welfare estimates. Any difference accounted for between the SG-MXL and our proposed 

model is essentially due to the inclusion of choice set formation in the latter. Thus, we will 

provide a detailed account of the expected welfare estimates of the livestock management 

system between the two models by a simulation approach.  

5. Results and Discussion  

The results of the proposed model estimation of Equation (14) are presented in Table 3.  We 

used 3,000 Modified Latin Hypercube Sampling (MLHS) draws to estimate the model (Hess 

et al. 2006). Parameter estimates of the model are stable above 500 MLHS draws. Similarly, 

we used 3,000 MLHS draws to estimate the SG-MXL model (Appendix B for results). The 

value of Pearson’s chi-Squared ratio shows that both our proposed model and the SG-MXL are 

superior in terms of prediction power compared to the structural latent class model used in 

Kassahun and Jacobsen (2015) on the same dataset. Our proposed model and the SG-MXL 

model have comparable Pearson’s chi-Squared ratio values of 0.93 and 0.99, respectively, 
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compared to 2.49 for the latent class model. A discussion about welfare estimate comparison 

will follow after we report the findings of the proposed model in Table 3. 

The estimation results presented in Table 3 have three components.  Panel A presents the 

parameter estimates of the latent expectation of cooperation model, Panel B presents the 

measurement model parameters for the stated cooperation expectation indicator, and Panel C 

displays the parameter estimates of the choice model with an implicit penalty arising from 

expected cooperation.  

Table 3. Model Estimates ( proposed model) 

Panel A- The parameter estimates of the latent expectation of cooperation  

Name Value Robust Std err p-value 

d  4.920 0.71 0.00 

Age  -0.034 0.01 0.00 

Illiterate 0.000   
Read and write 0.638 0.24 0.01 

Elementary 0.997 0.34 0.00 

High school above 1.100 1.02 0.28 

Dependency ratio -0.297 0.24 0.22 

Off-farm business -0.195 0.25 0.43 

Labor cost  0.022 0.01 0.01 

Steep plot of land 0.275 0.13 0.03 

Extra land use 0.072 0.06 0.25 

g  1.900 0.23 0.00 

 

Panel B- The measurement model parameters for stated cooperation expectation indicator 

Name Value Robust Std err p-value 
   1   

1  0   

2  1.910 0.28 0.00 

3  3.050 0.34 0.00 
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Table 3. continued 

Panel C- the parameter estimates of the choice model with a constraint in expected 

cooperation  

Name Value Robust Std err p-value 

)1(n   1.000   

)2(n   0.828 0.15 0.00 

)3(n  0.499 0.08 0.00 

)4(n  0.391 0.07 0.00 

  10.300 1.69 0.00 

  6.900 1.19 0.00 

Soil bund with grass strip 0.794 0.13 0.00 

Stone bund 0.789 0.13 0.00 

Fanya Juu with grass strip 0.145 0.09 0.09 

Livestock production system  14.000 6.02 0.02 

discount factor multiplier, )ln(  3.500 0.24 0.00 

Scale for expected collaboration, )ln(  -1.580 0.46 0.00 

Labour contribution  -0.031 0.01 0.00 

Time preference of labour contribution 1.290 0.20 0.00 

Additional extension service per year 0.063 0.02 0.00 

Subsidy per year 0.004 0.00 0.00 

Standard deviation    
Soil bund with grass strip 0.445 0.22 0.04 

Stone bund 0.959 0.16 0.00 

Table 3. continued 
   

Time preference of labour contribution 1.160 0.22 0.00 

    

1w  -4.190 1.34 0.00 

2w  -4.170 1.36 0.00 

3w  and 4w  0.000   

Model Statistics     
No. of MLHS draws 3000 

Sample size 3519 

No. individuals  391 

No. of estimated parameters (K) 33 

Final log likelihood (FLL) -2460.11 

Pearson’s chi-Squared ratio 0.93 

1w 2w
3w  and 4w  are watersheds, coded as a dummy, in the order of Yetsed, Debrekelem,  

Gelila1 and Gelila2.  
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Parameter estimates of latent expectation of cooperation model 

As hypothesized, an increase in age has a negative effect on the expected cooperation for a 

joint “cut and carry” livestock management system. Farmers with a capacity to read and write 

or with elementary education have a more positive expectation regarding cooperation 

compared to illiterate individuals. However, there is no difference between illiterates and 

individuals with high school or above background.  As expected, an increase in local labor cost 

and having a larger proportion of steep agricultural land is positively associated with higher 

expectations of cooperation (Panel A). However, as we have noted earlier, there is no 

conclusive evidence regarding the importance of engagement in off-farm and extra land use 

activities for expectations regarding cooperation. Group social-spatial unobserved 

characteristic 
g , which is jointly specified with the choice model, is highly significant. This 

confirms that the choices of individual farmers are indeed not independent from choices of 

other farmers in their social-spatial group. This justifies the core of our social-spatial model 

components.  

Parameter estimates for the measurement model 

In the measurement model (an ordered logistic model) we describe how the cooperation 

expectations indicator is related to the underlying latent cooperation expectation; the factor 

loading is fixed to 1 (Panel B). This allows direct interpretation of the parameters of the latent 

variable model (Panel A) as determinants of the indicator model.  In addition, we are able to 

estimate two thresholds (Tau2 and Tau3), while holding Tau1 fixed to 0 to allow the estimation 

of the constant in the latent variable (cooperation benefit expectations) model (Panel A).  The 

thresholds are highly significant and increasing in magnitude, as expected. 

Parameter estimates of the choice model with constraint in expected cooperation 



35 

 

The parameter estimates of the choice model with expected cooperation constraints are 

presented in Table 3 (Panel C). All parameters associated with private and common land 

management are significant. The significant parameters associated with sub-watershed scales 

)(wn  demonstrate the importance of accounting for scale (error variance) heterogeneity across 

the four sub-watersheds. Scale variation might be due to several factors, which are not 

modelled explicitly here.  Parameters associated with individual specific constants, the mean 

  and standard deviation  , are highly significant. We note the positive and large relative 

magnitude of the mean estimate, implying that ceteris paribus farmers prefer policy-designed 

alternatives to the status quo alternative. However, farmers from 1w  (Yetsed) and 2w  

(Debrekelem) are less likely to prefer policy-designed alternatives compared to those from 3w

(Gelila1) and 4w (Gelila2).   

Of particular interest in the utility function are the parameters involving the choice of livestock 

production system and the cooperation constraint, because they relate directly to the 

management of common land. The livestock production system variable is coded as a dummy 

variable, where 1 represents a “cut and carry” livestock production system and 0 represents a 

free grazing system. Thus, the parameter reflects the preference for the collaborative option 

relative to the competitive one. The parameter of the “cut and carry” livestock production 

system is positive and significant at the 5% significance level. However, for individuals with 

doubts about cooperation levels, both the magnitude and the sign of “cut and carry” livestock 

production system parameter cannot be interpreted alone without adjusting for the cooperation 

constraint effect. The adjusted individual-specific parameters for “cut and carry” livestock 

management system are presented together with the total penalty associated with skepticism 

about expected cooperation in Figure 5.   
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Panel I                                                                      Panel II 

Figure 5. Density estimate for penalty associated with doubt in expected cooperation and 

cut and carry livestock system 

Figure 5 Panel I presents a density plot for the penalty associated with skepticism in expected 

cooperation for “cut and carry” livestock management system. With penalty values ranging 

between -16.91 and -8.40, the result shows that no farmer in the sample holds fully positive 

expectations regarding cooperation in the “cut and curry” livestock management system.  

Figure 5 Panel II presents the density of individual specific parameters for “cut and carry” 

livestock system adjusted for the associated utility penalty in Panel I (Equation (3)). The result 

reveals that about 9% percent of farmers (i.e. the region to the left of the vertical reference line 

in Panel II) have a negative preference for “cut and carry” livestock management system.   

The parameter estimates of the latent expected cooperation lead us to conclude that age has a 

pivotal role in explaining negative preferences (Figure 6, Panel I). In an economic context, this 

means that the welfare benefit of engaging in a collaborative livestock management scheme 

declines as the age of an individual farmer increases, so that eventually the welfare gain from 

engaging in the collaborative livestock management becomes negative (age above 65 years). 

In such circumstances, farmers need a substantial amount of compensation in order to allocate 

their scarce time for collaborative livestock management, as can be seen in the graphical 
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illustration of the calculated welfare estimate for “cut and carry” livestock system (Figure 6, 

Panel II)13. If we compare age groups 20 to 30 with 50 to 60, the willingness to contribute labor 

for cut and carry livestock system declines approximately by 68%.  

Similarly, the number of highly steep plots of land has a significant role in shaping expectations 

about social cooperation benefits. This is likely a result of production and physical labor 

requirements for crop production increasing with the gradient of landscape. This makes the 

alternative “cut and carry” livestock management system more attractive with regard to crop 

production on marginal lands. Figure 6 Panel III displays the relationship between utility 

penalty and the number of highly steep plots of land: as this number increases the utility penalty 

declines, and individuals are willing to allocate more labor time for collaborative “cut and 

carry” livestock management systems and need less subsidy (Figure 6 Panel IV). The 

willingness to contribute labor increases by 52% if the individual has a very steep plot of land 

compared to a person endowed with flat land.  Thus, initial policy implementation targeting 

areas dominated with steep plots of land has advantages for policy acceptance.    

In addition to the sensitivity of welfare impacts presented in Figure 6, the mean, the standard 

deviation, and the confidence interval welfare estimates for “cut and carry” livestock 

management system is provided in Table 4 for the sample population. On average, farmers are 

willing to contribute 56 days of labor and less subsidy (i.e., equivalent to 387 Ethiopian Birr)14. 

 
13 The willingness to contribute (WTC) labor and the willingness to accept (WTA) subsidy are calculated as the 

negative ratio of the cut and carry livestock management system parameters’ to the labor contribution and 

subsidized loan coefficient, respectively (Equation 6). Both subsidized loans and labor contributions are highly 

significant with the expected sign.  

 

14 1 ETB=0.06 USD 
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Nevertheless, the range of this estimate is considerable with some farmers willing to allocate 

from -96 to 180 days per year for livestock production system (Figure 7), while others need a 

substantial subsidy – up to 660 ETB – to engage in this system. The negative value in labor 

contribution reflects the farmers who are not willing to contribute labor, however if a subsidy 

of 660 ETB is provided farmers are willing to contribute 96 days of labor per year.    

      
Panel I                                                                     Panel II 

 
Panel III                                                               Panel IV 

Figure 6.  The effect of age on utility penalty and welfare holding other variables at their mean 

and dominant representative (group with highest share) for continuous and dummy variables 

respectively (Panel I and Panel II). Similarly, we apply the same rule to calculate utility penalty 

and welfare in response to the number of highly steep plots of land.  
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Figure 7. Willing to allocate labor days per year (left) and willingness to accept subsidy per 

year (right) for livestock production system  

 

Comparing welfare measures across models 

The welfare estimates for the two models (proposed SG-CSF and the base SG-MXL) are 

reported in Table 4. The standard deviations of the average welfare estimates are low for the 

proposed model (Panel A). We find a substantial difference in the average marginal welfare 

estimates for the “cut and carry” livestock management system across the two models, with the 

SG-MXL being 11% higher (more negative for WTA). For the other attributes the differences 

are insignificant .  Comparing the estimates with results from Kassahun & Jacobsen (2015) 

also show some difference in that the earlier study produces lower estimates15. This shows that 

accounting for heterogeneity originating from mutual expectations from cooperation and 

integrated land management matters for the estimates, but more importantly also for how to 

implement land-use policies.  

So far, we have focused exclusively on parameters involved in the choice of livestock 

production system and the implied sensitivity of welfare estimates. We now turn our focus to 

 
15 Kassahun & Jacobsen (2015) do not calculate sample average WTP, only WTP for each group. To compare 

their model with ours, we replicate their estimate and calculate average WTP. Statistically, the sample average 

value is lower for the “cut and carry” livestock management system in Kassahun & Jacobsen (2015).    
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the choice of on-farm conservation technologies. Of the three on-farm soil conservation 

technologies, we found preference heterogeneity on Soil Bund with Grass Strip (SBGS) and 

Stone Bund (SB)16.  These results are expected considering the wide variability in landscape, 

availability of stone for the construction of SB as well as the amount of labor required to 

implement these soil conservation technologies. We find no differences between the two 

models (Table 4).    

Table 4: Willingness to contribute labor and willingness to accept subsidy to implement 

conservation contracts 

Panel A:   proposed model   

Variable Mean Std. Dev. [95% Conf. Interval]  

Subsidy  in Ethiopian Birr (ETB*
 per annum) 

Cut and carry livestock system -387.25 324.15 -1022.59 248.09 

Soil bund with grass strip -177.70 7.81 -193.01 -162.40 

Stone bund -177.57 35.48 -247.11 -108.04 

Labor contribution in days of labor per annum 

Cut and carry livestock system 56.18 47.03 -35.99 148.36 

Soil bund with grass strip 25.78 1.13 23.56 28.00 

Stone bund 25.76 5.15 15.67 35.85 

Panel B: SG-MXL model  

Variable Mean Std. Dev. [95% Conf. Interval] 

Subsidy  in Ethiopian Birr (ETB*
 per annum) 

Cut and carry livestock system -432.99 528.07 -1468.01 -602.03 

Soil bund with grass strip -173.51 9.63 -192.39 -154.63 

Stone bund -172.51 33.02 -237.24 -107.79 

Labor contribution in days of labor per annum 

Cut and carry livestock system 66.77 81.44 -92.84 226.39 

Soil bund with grass strip 26.76 1.48 23.85 29.67 

Stone bund 26.60 5.09 16.62 36.59 

 
16 For all random parameters, we have assumed independent normal distributions.   
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Two of the additional attributes of interest in this study are time preference for labor 

contribution and additional extension services. The mean and the standard deviation estimates 

of the parameters for the timing of labor contributions are significant (Table 3, Panel C). The 

relatively larger magnitude of the standard deviation shows a high degree of preference 

heterogeneity. We can conclude that on average farmers prefer labor contributions that are 

uniformly distributed across the year compared to the status quo. As expected, additional 

extension service is valued positively as implementation of different conservation technologies 

requires knowledge (Kassahun and Jacobsen 2015).   

Some caveats 

The current study applies a stated preference experiment implemented with a face-to-face 

interviewer method. It is natural to reflect on the potential for possible hypothetical or 

interviewer pleaser biases to influence the results, and in particular the aspects of signaling 

expectation towards and willingness to get involved in cooperation on new modes of common 

land management, which was in focus during the time the study was implemented. It is 

impossible to obtain a measure of such biases, if present, in a study like the present. However, 

given the fact that we find considerable variation in willingness to cooperate and are able to 

make sense of much of this variation, we speculate that any biases have not eroded the ability 

for us to obtain relevant insights into the focal issue.   

We develop a measurement model including indicators of cooperation expectations to explain 

willingness to engage in land use systems that requires such cooperation. One may worry that 

respondents will signal to cooperate on the basis of other more general social preference 

aspects, sense of social norms or altruistic motivations. We note that we base this model on, 

among other things, questions specifically designed to have respondents relate to the possible 

presence or lack of mutual benefits from cooperation in common land management. Thus, 
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whether the benefits include other benefit components (like utility gains from complying with 

social norms) or not, we find that it is justified to consider their responses to choice alternatives 

to embed the effects of cooperation.  

Turning to our welfare estimates, we note that our welfare calculation is based on a subsidy on 

the interest rate (cancelling interest) corresponding to the rate of the commercial Bank of 

Ethiopia. This makes sense as the framing of the study is based on a contract between individual 

farmers and the government. However, care must be taken in dealing with interest rates for 

welfare calculation in the case of multiple credit providers with varied interest rates and 

different sets of collateral requirements to access credit services.  In this situation, farmers may 

have individual-specific interest rates depending on their wealth or access to credit. If the 

interest rate is farmer-specific, the assumption of the same interest rate for all farmers leads to 

welfare estimates being biased.  

Labor is an integral part of our conservation package and used as alternative instrument for 

welfare estimation. However, care must be taken when using a non-monetary unit such as labor 

for welfare estimation. This is because farmers may have different opportunity cost of labor 

time. Conversely, a significant proportion of farmers in developing countries do not supply 

labor to the market (Barrett et al. 2008). Thus, getting accurate value of labor opportunity cost 

for individual farmers requires a separate study. Nevertheless, the use of multiple payment 

vehicles is a way forward to get insight into the welfare implications of programs in developing 

countries (Kassahun and Jacobsen 2015, Schiappacasse et al. 2013).     

Conclusion  

In this article, we develop an econometric model of implicit choice set formation that accounts 

for farmers’ expectations regarding mutual benefits from cooperation in a mixed land 

management system, and account for the potential interdependence of preferences across 
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farmers in a social and spatial network. We show that both these effects are present and that 

omitting them may lead to wrong policy conclusions if relying on average estimates for 

livestock management system. The average welfare estimate for our model is 11% lower 

compared to the model that did not account for choice set formation arising from expectations 

about cooperation outcomes. Furthermore, the proposed model provides further insight by 

explaining the heterogeneity in the choice set. 

To demonstrate our proposed method, we use data obtained from a discrete choice experiment 

(DCE) survey conducted among farmers in erosion hot-spots of the Ethiopian highlands in the 

Upper Blue Nile Basin (Kassahun and Jacobsen 2015). The motivation behind the survey was 

that soil erosion generated from cultivated and grazing land is causing serious on- and off-site 

damage across the Blue Nile River System, and there is a need to counter upstream farmers’ 

currently low voluntary adoption rates of soil conservation technologies. The DCE survey was 

designed to address measures and incentives for common and private land management to 

reduce on-farm and off-farm impacts of soil erosion.  

The choice set component of our model provides in depth information regarding cooperation 

expectation that helps effective policy implementation. We found that as farmers’ expectations 

regarding positive cooperation outcomes increases so does their willingness to engage in 

systems requiring cooperation. The more difficult the farmer’s land is to manage as measured 

by the number of highly steep plots of land owned by the farmer, the greater their willingness 

to cooperate. The willingness to contribute labor increases by 52% if the individual has a very 

steep plot of land compared to a person endowed with flat land.  Farmers’ expectations 

regarding positive cooperation decrease as the age of the farmer increases. Policy design 

targeting young farmers (age group 20 to30) leads to a substantial welfare gain (about 68%) 

compared to targeting farmers between 50 and 60. This effect consequently creates a 
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substantial difference in the average marginal welfare estimate of “cut and carry” livestock 

management system on common lands compared to competing mis-specified models.  

The model provides insights into how to increase the engagement of the region’s farmers in 

the land management activity. Targeted additional extension services for the specific land 

management technology have a substantial effect on the engagement of economic agents in the 

conservation activity. Moreover, the engagement level of farmers can be substantially affected 

by the timing of labor contributions; equally distributed work commitments over the 12 months 

of the year is preferred compared to the current policy.   

Appendix A: Structural latent class model of Kassahun and Jacobson (2015) 

Kassahun and Jacobsen (2015) specified the structural latent class probability choice model 

with the product of the class membership probability and the conditional probability of choice.    
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where 
s is the parameter estimate associated with the observed characteristics of individual Zn. 

s is the parameter vector associated with explanatory variables X. Furthermore, using the 

person-specific latent class probability (posterior estimates), Kassahun and Jacobsen (2015) 

calculate average socio-spatial group specific class probability. That result showed 

homogeneous preference across spatial units, which calls for further investigation for the 

potential screening processes of alternatives, and potential issues of endogeneity and spatial 

effect due to the interdependence of choices across the responding farmers sharing both spatial 

and social networks. 
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