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GENERAL & APPLIED ECONOMICS | RESEARCH ARTICLE

Farmers’ willingness to pay for rehabilitation of 
degraded natural resources under watershed 
development: The case of Belesa districts, 
Amhara region of Ethiopia
Yasin Ahmed1*, Erimase Tesfye2 and Mohammed Ahmed Yasin3

Abstract:  This study aims to analyze farmers’ willingness to contribute labor for the 
ongoing natural resource rehabilitation interventions in watershed development in 
East and West Belesa Districts, Amhara region. The aim of the study to assesses 
farmers’ intervention in natural resource rehabilitation activities and examines the 
mean willingness to pay family labor required for public watershed development 
activities from the two districts; a total of 501 households were selected by using 
a multistage sampling technique. The collected data were analyzed using 
a descriptive and econometrics model. In the econometric part, the mixed logit 
model is used to analyze the mean willingness to contribute to family labor. The 
descriptive result showed that farmers have to improve the watershed ecosystem 
service through soil and water conservation, area enclosure, forestation, and 
reforestation natural resource management intervention methods. The mean will-
ingness to pay contribution results from the mixed logit, revealing that the sampled 
households are willing to contribute for livestock fodder availability 0.79 labors per 
month means Farmer’s Contribute 8 daily labors per months for watershed man-
agement activity for stabilizing spring water flow 0.80 labors per month, for reduced 
soil erosion 0.14 labors per month, and increase crop productivity 0.09 labors per 
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month, respectively. The results important for policymakers and extension workers 
not to expect all farmers’ have homogeneous daily labor contribute to public 
watershed development activity.

Subjects: Environmental Sciences; Forestry; Agriculture and Food  

Keywords: willingness to pay in labor time; watershed ecosystem services; mixed logit

1. Introduction
The majority of African smallholder indigenous farming communities are heavily dependent on 
natural resources for their livelihoods like land, water, and forests. Harvested natural sources are 
estimated to provide more than a quarter of African rural household incomes (CBD, 2014). Low 
understanding of natural resources’ economic value has led to increasing unsustainable utilization 
of resources, resulting in environmental degradation and resource scarcity that threaten world-
wide economic growth particularly in the agriculture sector (Najam et al., 2007).

Agriculture remains the backbone of the African economy more than other continents. The 
sector can primarily be affected by the degradation of natural resources, particularly true for sub- 
Saharan Africa, wherein agriculture is the primary contributor for more than one-third of the 
regional gross national product (GNP) and employing more than two-thirds of the labor force 
(Henao & Baanante, 2006). As a result, one of the essential policy issues of governments in those 
countries these days is to attain sustainable improvement that fulfills both economic and ecolo-
gical targets (Girmay T., 2006). Sound policies and strategies are key contributors to the joint 
dreams of extended agricultural production, food security, economic improvement, and environ-
mental protection. However, these policies cannot be successful if the local communities’ partici-
pation and preferences have given little emphasis.

Like most African countries, agriculture is the mainstay of the total GDP of Ethiopia. It generates 
approximately 41% of annual GDP and 80% of export earnings (MoEF, 2014). Given the significance 
contribution of agriculture in Ethiopia, the pressure has led to the expansion of agricultural 
activities, unsustainable consumption of fuel wood, and deforestation, alarming the problem of 
natural resource degradation, which creates famine and drought to stay as primary challenges of 
Ethiopian smallholder farmers (Lulseged et al., 2017).

Ethiopia is home to Africa’s largest livestock population and is the world’s 10th largest livestock 
production (MacDonald & Simon, 2011). The livestock sector makes up approximately 10% of the 
country’s foreign currency earnings (Lancaster, 2008). However, frequent and extensive droughts 
caused by deforestation within the country have a widespread effect on livestock because 
decreased rainfall shrinks available water resources and decreases the productivity of grassland 
and rangeland. In recent years, the principal causes of livestock deaths in Ethiopia have shortages 
of water and fodder during drought (IFAD, 2013). Therefore, sustainable natural resource manage-
ment of watersheds in Ethiopia is crucial to sustaining livestock productivity so as to lessen the loss 
of ecological services and minimize habitat fragmentation within the biosphere (Dagninet et al., 
2017).

Historically, Ethiopia has designed several important policies and strategies though it was not an 
end in itself. The top-down and rigid natural resource rehabilitation planning approach has ignored 
the local community preference and participation in which it mainly focuses on technical and 
physical work alone. Without given attention of socio-economic factors and lack of proper integra-
tion of introduced practices with indigenous knowledge has created less sense of ownership and 
responsibility for rehabilitated assets (Simeneh.D, 2015). This shows low understanding by policy-
makers and planners for farmers’ preference and participation in the watershed ecological service, 
leading to unsustainable development and reducing the potential for success. Currently, the United 
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Nations conference on Combat Desertification (United Nations Convention to Combat 
Desertification (UNCCD, 2015) report released the necessity to integrate both scientific and local 
knowledge in the recent special mission. This may be made possible if the local communities are 
allowed to participate in the designing of natural resource conservation programs.

Recently, to overcome the problems of natural resource degradation, the government of Ethiopia 
has considerably achieved several rehabilitation programs supported by way of the world food 
program’s food-for-work scheme to also prevent soil erosion and other forms of environmental 
degradation. Soil and water conservation practices and the establishment of area enclosures have 
been the primary techniques promoted to manipulate land degradation and repair the natural flora 
and fauna (Fikru, 2009). Similarly, to put in force a 30-day countrywide SWC-based watershed 
management program on each communal land and farmland in long-age non-consultation of the 
affected population during the designing phase and the lack of more integral approach may lead to 
unsustainable development intervention, resulting in wastage of resource for maintenance and 
reduce the potential for success (BDNRMD, 2018). Several studies have shown farmers’ willingness 
to pay for the rehabilitation of degraded natural resources under watershed development in Ethiopia 
as well as other countries. There is some empirical evidence worldwide regarding ecosystem valua-
tion, for example, (Bamlaku, 2016); (Yibeltal, 2015); (Birara, 2015); (Buhari et al., 2016) and 
(Abdrohman, 2014). However, the above researchers’ works focused on valuing willingness to pay 
rehabilitation degraded watershed using contingent valuation methods and this model did not show 
different ecosystem attributes. Therefore, the study of farmers’ willingness to pay for the rehabilita-
tion of degraded natural resources under watershed development takes paramount importance in 
understanding the intention of the local community to ascertain the path of sustainable watershed 
development in Ethiopia. Besides, there is inadequate empirical evidence regarding farmers’ will-
ingness to participate in natural resource rehabilitation by using the choice experimental model. 
Therefore, this study initiated toward narrowing this gap of knowledge.

2. Review-related literature
In investigating for willingness to participate in natural resource rehabilitation under watershed 
development through a choice, the model valuation approach in past studies used different 
econometrics models such as conditional logit model, mixed logit model, and random parameter 
logit model. For example, Abdulkarim et al., (2017) used a choice experimental model to examine 
households’ preferences and willingness to pay for watershed service attributes in north slang 
swamp forest, Malaysia. A multinomial logit (MNL) model was developed to derive the marginal 
value and mean willingness to pay (WTP) of the respondents on the non-market values of the 
forest reserve and the results indicate that the inclusion of socioeconomic indicators such as 
income, education, gender, and age as attribute interactions into the model has a positive influ-
ence. The Watershed ecosystem of the sociodemographic attributes has been proved from the log- 
likelihood ratio of the model with the interaction has improved compared to the basic model. The 
mean willingness to pay (WTP) of the respondents on four different forest watershed attributes 
showed that improvement in water quantity is the most preferred watershed attribute.

Teshome .K. (2016) used the choice model the valuing alternative resource management practices 
to improve eco-system services in the midland and lowland communities in Bale Eco-Region. Due to 
the presence of agro-ecological difference different attributes for classifying sample household mid-
land and lowland were used; in addition, they used the mixed logit model. The model results show 
that for midland household reforestation attributes like payment level, biodiversity soil erosion, 
carbon storage, and non-timber production except biodiversity all other reforestation characteristics 
in the choice experiment are positively and significantly related to the probability of choosing an 
option.

For lowland household area enclosure attributes like payment level, biodiversity soil erosion, 
livestock feed, and water point except for the payment level, all other area enclosure character-
istics in the choice experiment are positively and significantly related to the probability of choosing 
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an option used for midland household soil and water intervention attributes like payment level, soil 
erosion, run-off sediments, and water flow and the soil and water conservation attributes like 
payment level, soil erosion, and water flow are positive and significant but run-off and sediments 
are negative and significant. The same soil and water conservation attributes ask for lowland, and 
the findings show that except for the payment level all attributes are positive and significant. The 
finding indicates different preferences of household for the ecosystem service in lowland midland 
households. The lowland community more prefers livestock fodder availability and the midland 
community prefers water flow stability. In addition to the willingness to pay reforestation program, 
the respondents are willing to pay 34.45, 32.62, and 31.59 ETB per year for improvement on soil 
erosion, CO2 storage, and non-timber forest product, respectively. For area enclosure intervention, 
the respondents are willing to pay 24.2, 16.60, 280, and 129 ETB per year to reduce soil erosion to 
improve biodiversity enrichment livestock feed availability and with watering pointsy.

Yang et al. (2015) used the choice model to examine Exploring Heterogeneous Preference for 
Farmland non-market Values in Wuhan, Central China. They used conditional logit model used to 
analyze the respondent’s willingness to pay for improvement in the public good, accounting for 
systematic heterogeneity in public preference. Accordingly, 219 individuals were surveyed using 
face-to-face interview. Three nonmonetary attributes and one cost attribute were identified with 
their respective levels for choice experimental designation. These attributes were landscape facility 
fertility and monetary attributes. The landscape attribute considered the service value of cultivated 
land with two levels. Its levels were current landscape and better amenity.

The watershed focused on whether government undertook some improvements, such as land 
field facilities like road and water irrigation systems. It was an attribute with two levels: current 
fertility and better fertility level. The monetary attribute considered monthly payment on each 
household and had four levels. Its levels were 0, 1.56, 3.12, and 7.81 each in US$.

For the choice experimental analysis two multinomial logit models were used, basic MNL model 
and extended MNL, i.e., multinomial logit model with attributes four socio-economic variables 
(education urban young income) and one knowledge variable were used as interaction variables 
with ASC in its indirect utility function. The results from both basic MNL model and extended MNL 
showed that the coefficients of all attributes and all socio-economic and knowledge variables as 
interaction with ASC were significant at 1% with priori expected signs. The coefficient with educa-
tion young urban and income were positive and has implication of positive influence on improved 
cultivated land protection programs.

Vaiknoras et al. (2014) who conduct a study on Farmer Preferences for Attributes of 
Conservation Agriculture in Eastern Uganda used mixed logit model output indicate significant 
preference heterogeneity among respondents both randomly and systematically random taste 
variation exists in the region for total erosion decrease additional yield price, and ASC. The 
willingness to pay is calculated using both conditional and mixed logit models. The conditional 
logit to estimate WTP for total erosion decrease is the largest at Ush 127,968 or approximately 
$49. This was followed by additional yield at Ush 55,636 ($21), half erosion decrease at 24,617 
($9.50), and finally labor decrease at Ush 11,408 ($4.50) and the mixed logit results to estimate 
WTP for total erosion decrease is the largest, 139,325 Ush, additional yield at 55,584 Ush, half 
erosion decrease at 25,609 Ush, labor decrease at 8,119 Ush, respectively. These results show that 
the mean willingness to pay estimate is very similar between the two models.

Berhanu (2012) examined the valuation of the Choke Mountain Range Wetland Ecosystem, East 
Gojjam, and Amhara Region, Ethiopia. They used the choice model with multinomial logit and 
random parameter logit models. The estimated result of the random parameter logit model 
revealed that the sign and significance of the level of the coefficients is similar to the result of 
multinomial logit models. However, there is a slight improvement in the magnitudes of coefficients 
for the attributes of biodiversity and recreational facilities. The inclusion of socioeconomic 
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indicators such age, family size, sex of household, educational level income, and distance from 
wetland interact with wetland attributes and the results show that age of households, family size, 
educational level, and income were significant and positively affect the wetland improvement 
senior, while sex and distance from watershed negatively affect the wetland improvement senior. 
However, the mean willing to pay for improvement of water availability and recreational facilitate 
birr 155, birr and 36 annually. Moreover, the explanatory power of the random parameter logit 
model is better than that of the multinomial logit model.

Yibrie, A. (2011) examined the valuing of the economic benefits of ecotourism in semeian 
mountain, Ethiopia. They used the choice model with multinomial and random parameter logit 
models for the estimation of marginal willingness to pay. The results from the multinomial logit 
model indicate that there is no difference between the basic model and the extended model with 
regard to the coefficients of the attributes in their sign and magnitudes. The difference between 
the MNL model and the RPL model with respect to the magnitude and the sign of the coefficients 
of the attributes is small. All the attributes are significant in the RPL as in the MNL model. As 
compared to the previous models, the overall explanatory power of this model which is given by 
pseudo R2 is better. The pseudo R2 in this case is 0.3361 and 0.262, which are better than the 
respective values for the MNL model for foreign and local respondents, respectively.

In summary, the reviewed material on valuation techniques indicated that despite some of the 
limitations of CM, it is the widely applied method for valuation of non-marketed environmental 
goods and services. In addition, the reviews on the preference of ecosystem service in natural 
resource conservation indicated that the effect of agroecological, demographic, and socio eco-
nomic factors were different in different areas. This indicates that in order to identify the factor 
cause preference of ecosystem service in different areas location and resource-specific research 
should be conducted. Besides, the review shows that the mixed logit choice model is more 
appropriate than the conditional logit model.

3. Materials and methods

3.1. Description of the study area
The study was conducted in West Belesa and East Belesa districts in North Gondar Zone of Amhara 
National Regional State, Ethiopia.

Farmers’ willingness to pay 
for rehabilitation of 

degraded natural resources 
under watershed

Watershed Ecosystem service Attributes that give 
motivate to farmers contribute labor 

Livestock fodder Availability 
Improve soil moisture and fertility  
Spring water flow  
Reduce soil Erosion  
Increase crop productivity 

Interventions on natural resource 
management 

Soil and water 
conservation 
Reforestation 
Area Enclosure 

Figure 1. Conceptual frame-
work for farmers’ willingness to 
pay for rehabilitation of 
degraded natural resources 
under watershed development. 
Source: Modified from Teshome 
(2016).
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The West Belesa district is located at about 706 km North of Addis Ababa and about 82 km 
of Gondar town. It is bordered on the south with Libo Kemkem, on the west with Gondar Zuria, 
on the eastbyEast Belesa, and on the North with Wogera district. The district is found in the 
Tekeze lowland sorghum and goat livelihood zone. Its agro-ecology is predominantly Kolla, 
covering 59.8 %, followed by Woina Dega 38.7% and Dega 1.5%. The topography is mainly 
characterized by plateau with a share of 50%, mountains 40%, and hills 10% of the total land 
of the district. Its altitude ranges from 1100 to 2350 m above the sea level, while the annual 
temperature ranges between 130°C and 350°C. The mean annual rainfall ranges from 800 to 
1200 mm based on CSA (2013).

It is largely covered with small vegetation of bushes and shrubs. The economy of the district is 
mixed farming largely participated in crop production followed by livestock rearing which has 
a special importance among wealthier farmers. This woreda has a total population of 142,791 of 
whom 72,829 are men and 69,962 women and 7666 or 5.4% are urban inhabitants. The majority of 
the population practiced Ethiopian Orthodox Christianity, with 97% reporting it as their religion, 
while 2.9% of the population were Muslim.

East Belesa is one of the woredas in the central Gondar zone. It is named after the former province 
of Belessa; it is bordered on the south by Debub Gondar Zone, on the west by West Belessa, on the 
northwest by the Wegere, on the north by Jan Amora, and on the East by Wag Hemra Zone. Towns in 
East Belessa include Gohala and Hamusit. The district is situated at an altitude ranging from 1496 to 
2000 m above the sea level. About 90% of the district is desert (kola), with a minimal annual rainfall 
leading to frequent drought and famine. In spite of the climatic condition the people depend on 
agriculture and cultivate cereals like teff beans, sorghum, and wheat. Based on CSA, (2013), the 
woreda has a total population of 97,838, of whom 50,587 are men and 47,251 women and 13,057 or 

Figure 2. Interventions on nat-
ural resource management. 
Source: Computed from own 
survey data, (2019).
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13.4% are urban inhabitants. The majority of the inhabitants practiced Ethiopian Orthodox 
Christianity, with 98% reporting it as their religion, while 2% of the population said they were Muslim.

3.2. Data type, sample size, and sampling procedure
The study used primary data collected through focus group discussion (FGD) and individual inter-
views. Four FGDs were used in the four CARE intervention kebeles by involving 8–12 farmers of 
different ages, gender, and social groups. Through the FGD, using a checklist, participants dis-
cussed major watershed development structures and their drawbacks and benefits, their prefer-
ences and concerns regarding the ongoing watershed activity majors challenges encountered, and 
the type of agricultural technologies they would like to adopt on their farmyards. On the other 
hand, the primary data obtained through the choice experimental scenario and the demographical 
and socioeconomic characteristics of the sample households.

In this study, both qualitative and quantitative data were collected from primary and secondary 
sources. The main primary data were obtained from choice experiment scenario and it includes 
information on the demographical and socioeconomic characteristics of the households. The data 
that were collected from choice experimental scenario were quantitative, whereas qualitative data 
were collected from focus group discussion and key informant interviews.

The required sample size was calculated using the formula (Yemane, 1967) cited in Israel (1992), 
and the formula is given as follows:

n ¼ N=1þ N eð Þ2, 
where, “n” is the sample size required, “N” is the total number of households with in project 
interventions’ kebeles from the two districts, and “e” is the level of sampling precision, which is 
assumed to be 5% in this study. The total population of the project interventions’ kebeles from the 
two districts is 43,715. Therefore, using the above formula, the sample size required from the 
district is calculated as follows:-  

n ¼
43;715

1þ 43;715 0:05ð Þ2
¼ 396 but use 501 

To gain a higher efficiency in our estimates, we decided to push the sample size from 396 to 501 
households for the study.

A multistage sampling technique was used to select the sample respondents. The sampling 
technique involves three stages. In the first stage, two districts were selected by using purposive 
sampling from project interventions woredas. In the second stage, 20 kebeles (10 from West 
Belesa and 10 from East Belesa district) were obtained from project intervention kebele’s and 
then four sample kebeles (two from West Belesa and two from East Belesa district) were selected 
purposefully. The reason for the selection of these kebeles is based on their watershed accessibility 

Table 1. Number of sample households from East and West Belesa

East Belesa West Belesa Total

Chamakorach 127 Dikuana 132

46% 58.4

Dengora 148 Kalay 94

54% 41.6

Total 275 226 501

54.9% 45.1% 100
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and long year’s watershed intervention area. In the third stage, the numbers of all farm house-
holds from each selected sample kebele’s were listed. Finally, a total of 501-sample farm house-
holds of the study were selected using a simple random sampling technique from the four-sample 
kebele’s in a proportional-to-size of each kebele’s (Table 1).

3.3. Methods of data analysis
First, using descriptive statistics, the socioeconomic and demographic characteristics of the house-
holds were analyzed. The descriptive analysis is essential in providing better understanding of 
salient features of sample units. The statistics were mean, minimum and maximum values, 
frequencies, percentages, and graph for continuous and categorical variables.

3.4. Econometric analysis: choice experiment model specification

3.4.1. Random utility theory
This study was used choice experimental model to determine farmers’ valuations to improve grazing 
for livestock, increase soil moisture and fertility, stabilize water flow, control erosion, and increase 
productivity. Discrete choice modeling is theoretically based upon random utility theory (McFadden, 
1974) and on Lancaster’s theory of characteristics (Lancaster, 1966). According to Lancaster, it is not 
goods themselves but the attributes or characteristics of goods that provide people with utility.

3.4.2. Random utility model estimation
Discrete choice models use random utility theory to estimate the probability that an alternative is 
chosen. This probability depends on the attributes of the alternative competing options and char-
acteristics of each individual. The utility an individual obtains from object j can be shown as follows: 

Uj ¼ Vjþ ei (1) 

Uj is the total latent, unobserved, utility obtained for the individual from object j and Vj is a vector of 
attributes that object j contains. These attributes can be observed and measured by the researcher, 
so they make up the systematic component of utility and ej is a random error component that 
contains unobserved factors that influence utility. It takes into account that different individuals have 
difference preference strengths for different attributes (Train, 2009). Logit models assume that ej is 
logistically distributed and is the independently and identically distributed (IId) extreme value. This 
means that the error term of each alternative is independent of the error terms of all other 
alternatives and that each error term is identically distributed.

Table 2. Model variables

Variable Name Definition/concept

Vj 1 if alternative choice otherwise 0

Grazing livestock fodder availability Improve grazing livestock fodder availability for 
5 months, 6 months, and 7 months

Increase soil moisture and 
for fertility cultivation

Improve soil moisture and fertility for cultivation by 
15% and 25%

Stabilize spring water flow Stabilize spring water flow for 6 months, 7 months, 
and 8 months

Reduce soil erosion Reduce soil erosion by 30% and 40%

Increase crop productivity Increase crop productivity by 15%, 25%, and 35%

Labor contribution Daily family labors contribution per months for 
watershed developments activity 
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Adamowicz et al., (1998) outline how choice experiments relate to utility theory. Utility theory 
predicts that each individual will maximize her utility. When applied to consumer choice, this 
prediction means that a consumer will choose object j when the utility he/she gets from j is higher 
than the utility he/she obtains from other choices. When compared to a different object choice, 
i this means that he/she will choose option j over i when 

Uj > Ui vj � i (2)  

Vjþ ej Vi þ ei "j �i (3) 

The probability of choosing object j is the following 

Prob j chosenð Þ ¼ prob ðVjþ ej Vi þ ei " j 2 CÞ (4) 

where C is the set of all possible alternatives

It is important to note that in random utility models, the overall level of utility is irrelevant (Train, 
2009).

3.5. Choice experiment (CE)
As cited in Teshome (2016), CM is a recent innovation in stated preference techniques. The method 
finds its origins with Lancaster (1966), who proposed the idea that a ‘good‘ can be treated as the 
combination of a group of characteristics. The first applications of CM were in the fields of 
marketing and transportation research. Since then, CM has been applied in several other disciplines 
including in environmental and health economics (Louviere & Woodworth, 1983).

The CM technique is based on two fundamental building blocks of the characteristics theory of 
value and random utility theory (Lancaster, 1966); Lancaster’s theory of derived utility assumes that 
consumers’ utilities are defined over a bundle of attributes or characteristics of a purchased good or 
service. Thus, a visit to a national park could imply the consumption of attributes such as fresh air 
exercise, education, appreciation of nature, and observation of wildlife. A consumer will derive utility 
from these attributes as well as disutility from other attributes such as congestion and physical 
exertion. In addition, within a consumer choice framework price can be considered another attribute. 

Table 3. An example of choice sets assuming that the following watershed attributes were 
your only choices, which one would you prefer plan

Attributes Profile-A Profile-B Opt-out -C Choice

Livestock grazing 
fodder availability

for 7 months for 6 months

Increase soil 
moisture for 
cultivation

by 15% by 25 %

Stabilize spring flow for 8 months for 6 months

Reduce soil erosion by 30% by 40%

Increase crop 
productivity

by 35% by 25%

Unpaid labor per 
month

8 day labor 7 days labor

I would prefer plan. 
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By requesting consumer preference for distinct hypothetical packages featuring different levels of 
each attribute, including price welfare measures and values can be (Adamowicz et al., 1998).

In a CM application, respondents presented with a series of choice sets, each of them containing 
usually two or more alternative options. Then, respondents are asked to choose their preferred 
option from each choice set. The options in the choice set are described using the attributes, which 
take on various levels. The combinations of attribute levels for each option in each choice are 
established using experimental design techniques. Similar to a CVM, before the choice sets are 
presented to respondents, there is a description of the study site, the research issues, the proposed 
policy changes, and the implication for the environmental attributes that are being modeled.

4. Elicitation stages in the choice experiment method
Choice experiment modeling involves seven stages in order to estimate the value of the environ-
mental resources or public goods and services. These are described below.

Stage one: Identification of attributes: In this stage attributes that are important for the 
valuation of the environmental resources are identified by using different mechanisms such as 
focus group interview from the literature or in consultation with environmental economists, 
ecologists, hydrologists, biologists, etc.

Stage two: Selection of the attribute level: the levels for the identified attributes including the 
level for the status quo are assigned in this stage with the help of experts, literature review, and 
survey. The levels of the attributes must satisfy the characteristics of reliability feasibility and they 
have to also elicit the range of respondent’s preference map.

Table 4. Summary statistics of explanatory variables

Variable Obs. Mean Std.Dev. Min Max

Age 500 42.77 13.677 20 86

Sex (1 =male) 500 .854 .353 0 1

Education 
(1 =literate)

500 .354 .479 0 1

Farm 
experience

500 32.996 17.721 2 59

Adult labor 500 3.156 1.4 0 12

Family size 500 4.762 1.812 1 10

TLU 500 2.878 2.076 0 12.04

Annual income 
(ETB1)

500 7812.868 5947.697 80 35,000

Cultivated land 500 .897 .639 0 5

Extension 
service (1 =yes)

500 .768 .423 0 1

Plot number 500 2.634 1.208 0 10

Marital status 
(1 =married)

500 .864 .343 0 1

ECP (1 = 
participant)

500 .964 .186 0 1

Source: Computed from own survey data, (2019). 
1ETB represents Ethiopian birr. 
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Stage three: Experimental design selection D-optimal designs are one form of design provided 
by a computer algorithm. These types of computer-aided designs are particularly useful when 
classical designs do not apply. Unlike standard classical designs such as factorials and fractional 
factorials D-optimal, design matrices are usually not orthogonal and effect estimates are corre-
lated. These types of designs are always an option, regardless of the type of model the experi-
menter wishes to fit (for example, first-order plus some interactions, full quadratic, cubic, etc.) or 
the objective specified for the experiment (for example, screening, response surface, etc.). 
D-optimal designs are straight optimizations based on a chosen optimality criterion and the 
model that will be fit. The optimality criterion used in generating D-optimal designs is one of 
maximizing |X’X|, the determinant of the information matrix X’X.

There are several design optimality criteria needed to do computer garnered design, such as 
D-optimality, A-optimality, and G-optimality. Among them, D-optimality is the most popular one 
and it is applied in this study. In general, modeling accuracy and goodness-of-fit can be statisti-
cally measured by a variance–covariance matrix V (b)

V (b) = δ2 (X′X)−1

where δ is the standard deviation, an accurate response surface model is obtained when 
minimizing. (X′X)−1 statistically, minimizing (X′X)−1 equivalent to maximize the determinant of (X′ 
X). This criterion is to generate a design matrix with a maximized |X’X| from a set of candidate 
samples which can be defined by the D-optimality. The initial “D” stands for “determinant.” By 
using D-optimal design, the generalized variance of a predefined model is minimized, which means 
the “optimality” of a specific D-optimal design is model dependent. Unlike conventional designs, 
D-optimal designs are straight optimization and their matrices are generally not orthogonal with 
the effect estimates correlated by variables.

The D-optimality criterion is applied, which is the most popular optimality criteria used to design 
DCEs. The D-optimal choice designs for two-level attributes of any choice set size stem from the 
work of which was extended to apply to attributes with any number of levels. The D-optimality 
criterion seeks to maximize the determinant of the information matrix in an equation or to 
minimize its inverse, which is the determinant of the variance–covariance matrix of the parameter 
estimators. The D-optimality criterion considers the covariance. The D-criterion value is

DB ¼ ò
R K½det I � 1 X;Bð Þð �1=kπ βð Þdb, 

where the exponent 1/k can ensure the independence of the dimension k of the parameter vector 
b. Minimizing this value results in the D-optimal design.

Stage four: Choice set determination: the options that are determined in the above experimen-
tal design step are used to form choice sets. These choice sets can be constructed individually in 
groups or in pairs.

Stage five: Development of questionnaire and data collection: the primary data will be collected 
by using questionnaire. In addition to these, the size of the sample should be determined by taking 
in to account small sample size bias and financial as well as time constraints.

Table 5. Estimation of mean willingness to labor contribution per month

LFA ISMFC SSWF RSE ICP

WTP −.79 .049 −.80 −.14 −.09

LL −1.5 −.054 −1.7 −.28 −.21

UL −.008 .15 .12 −.01 . 014
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Stage six: Estimation: The collected data were estimated by using different estimation techniques 
like ordinary least square (OLS) and maximum likelihood (ML). Multinomial logit and random para-
meter logit models are the two commonly used models in choice experiment, valuation analysis.

Stage seven: Interpretation and analysis of the results and policy analysis: this is the last step 
where the estimated results are interpreted and alternative policies are recommended 
accordingly.

4.1. Mixed logit model
Multinomial logit models and conditional logit models have been the standard techniques for discrete 
choice data analysis . However, the results of these models have limited applicability due to the 
restrictiveness of their independence of irrelevant alternatives (IIA) assumption. One alternative 
model the mixed logit model relaxes the IIA assumption by modeling preference heterogeneity and 
used to estimate random utility models (Train, 2009).The mixed logit model, also known as the random 
parameter logit model, has a more flexible functional form than other logit models. It allows for 
heterogeneous preferences or random taste variation. Variables can be specified as having either 
fixed or random coefficients. The random coefficients allow for preference heterogeneity. It also allows 
for unrestricted substitution patterns relaxing the IIA assumption and correlation between unobserved 
factors over time (Train, 2009). The mixed logit model also accounts for the panel nature of choice data 
because it includes an individual specific error term that is correlated across the choices made by 
a particular individual . The model relaxes the IIA assumption by modeling preference heterogeneity 
and can be used to estimate random utility models (Train, 2009). The mixed logit model was used to 
study consumer preferences for cattle traits, animal welfare attributes, genetically modified foods, and 
many other ecosystem service valuation (Teshome, 2016 ; Vaiknoras, 2014).

We assume a sample of N respondents with the choice of J alternative on T choice occasions. 
The utility of that individual n drive from choosing alternative J on t occasions given by 

Unjt ¼ βnXnjtþ njt (5) 

where βn= vector individual specific coefficient,

Xnjt = is a vector of observed attributes relating to individual n alternative J on t choice 
occasions and njt is a random term which is assumed to be distributed IID extreme value. The 
density β denoted as f β=θð Þ where θ are the parameters of the distributions. Conditional on 
knowing βn, the probability of respondent’s n choosing alternative i on choice occasion 
t given by 

Lniβn ¼
exp βnxjtð Þ

∑j i ¼ 1exp βnxjtð Þ
(6) 

which is the conditional logit formula (McFadden, 1974). The probability of observed sequence 
choice conditional on knowing βn is given by 

Snβn ¼
YT

t ¼ 1Lni n; tð Þtβn (7) 

where i n; tð Þ the alternative chosen by individual n on occasions t, the unconditional probability of 
the observed sequence of choice the conditional probability integrated over the distribution β; 

Pn θð Þ ¼ ò
S n βð Þf β=θð Þdβ (8) 

Ahmed et al., Cogent Economics & Finance (2022), 10: 2041261                                                                                                                                      
https://doi.org/10.1080/23322039.2022.2041261

Page 12 of 17



The unconditional probability thus averages products of logit formula evaluated at different 
values of β with the average given by density f.

4.2. Farmer utility function
This study examines the utility that farmers derive from different attributes of watershed outcomes. 
Without including interaction terms, the farmer utility function is (see Table 2 and 3 for definitions): 

Vj ¼
β1 Grazing livestock fodder availabilityð Þþ

β2 Increase soilmoisture and fertility for cultivationð Þþ

3 Stabilizewaterflowð Þ þ β4 Reducesoilerosionð Þþ

β5 Increase crop productivityð Þ þ β6ðLabor contributionÞ

The mean willingness to contribute/pay in labor time can be evaluated from the coefficients of 
the mixed logit model. The common method for estimating WTP is to divide the attribute coeffi-
cient by the labor contribution coefficient. For mixed logit model, when labor is specified as fixed 
and other variables as fixed or random with normal distributions, WTP can be calculated in this 
manner. The main reason using labor as a payment methods. According to Dagninet et al. (2017), 
the researchers used both cash and labor as a vehicle mechanism to determine for which 
contribution (cash or money) households are more willing and to examine their respective deter-
minant factors. However, their results indicated that most of the respondents were willing to 
contribute to labor. The contribution family daily labors for watershed management ecosystem 
services per month. We proposed 7, 8, and 9. 

WTP attributes ¼
β atributes

β labor payment 

4.3. Experimental design
After the important attributes and attribute levels were identified, the second step was the 
building of choice sets via experimental design. The grouping of different levels of attributes yields 
different alternative scenarios and then choice sets. In this study, six attributes are selected for 
watershed ecosystem services (grazing livestock feed availability, improving soil moisture avail-
ability, stabilizing water flow, reducing soil erosion, and increasing productivity and labor 
payment).

The numbers of watershed management scenarios that can get from for six attributes 4 with three 
levels and two with 2 levels were 256 (i.e. 43*22) it would be advantageous if all individuals could face 
possible attribute levels combinations according to their preferences. However, the main design issue 
is to maximize the efficiency of the survey to extract information from the respondents. Each answer 
to a choice set should provide additional information for the statistical model so that eventually the 
preferences for different levels of the attributes. A starting point is a full factorial design that contains 
all possible combinations of attribute levels that characterize the different alternative full factorial 
design is, in general, very large and not tractable in a choice experiment.

Thus, D-optimal design with 24 scenarios with 8 choice sets was created. For a meaningful study, it 
is usually not possible to administer such a large number of choice sets (Hanley et al., 2006). Hence, 
the choice sets are randomly assigned to three groups. Each respondent was given eight choice sets 
with three alternatives in each choice set, including the opt-out option. The survey started with 
a short introduction of the purpose and a description of the attributes, their levels, the choice tasks, 
and follow-up questions. Three statistical software packages were used in this study. The JMP 
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statistical software (SAS extension) was used to design the combined attribute level scenarios of the 
experiment in the full factorial design.

5. Results and discussion

5.1. Samples’ sociodemographics
Selected socioeconomic and demographic characteristics of respondent households are reported 
in Table 4. Based on the results, the average age of the respondent was 43 years between 
a minimum 20 and a maximum of 86 years. Most of the respondents were male and they are 
literate, at least they can read and write. The mean annual income of the household was about 
ETB 7812 with a standard deviation of ETB 5947. A greater proportion of the respondent partici-
pated in environmental conservation practices.

5.2. Interventions on natural resource management
Rehabilitation of degraded natural resources in Ethiopia has been implemented for a long period. In 
the study area, farmers have rehabilitated degraded watershed by using different intervention 
mechanisms like soil and water conservation planting tree and area enclosure. According to the 
finding of the survey results showed that the majority around 61.28% of respondents practices soil 
and water conservation measures on their land and communal land, respectively. This results in line 
with Bamlaku Ayenew et al. (2015); in their study Smallholder’s farmer’s willingness to pay for 
improved soil and water conservation in Abaro-Toga Watershed Ethiopia. Accordingly, 12.77% of 
the respondents practiced using reforestation measures on their own and communal land. In addi-
tion to this, around 6.59% of respondents use area enclosure measures on communal land only. 
Besides, this 2% of the respondents use forestation measures mostly to use communal land and the 
rest 17.2% of the respondents use more than one practice in both their land and communal land. 
From the focus group discussion, the area enclosure intervention mostly practices in West Belesa.

5.3. Estimation of mean willingness to labor contribution
The mixed logit model with interactions was found to be the best from the above explanations. 
Therefore, further analysis of econometrics involved only the MXL model with interactions. The 
average implicit labor contribution per month for the five attributes of the watershed ecosystem 
services are livestock fodder availability, increase soil moisture and fertility, stabilize spring water 
flow, reduce soil erosion, and increase crop productivity as shown in Table 4. Since labor contribution 
assumes a fixed parameter, this can be calculated using the install WTP command (SSC) in stata.

Own computed survey 2019.

The result indicates that respondents highly value stabilizing spring water flow and livestock fodder 
availability shown in the high mean willingness labor contribution per month for improving these 
attributes relative to the others (Table 5). The results give much sense pertinent to fact that the area is 
increasingly becoming vulnerable to drought and water scarcity from time to time. This result agrees 
with Abdulkarim et al. (2017) and Berhanu (2012). Besides, livestock fodder availability was found to be 
a highly valued watershed ecosystem services in Belesa as livestock rearing has become the major 
viable livelihood strategy to cope with the ever-changing climatic condition (Teshome, 2016).

To sum up, the model result shows that stabilized spring water flow and fodder availability are 
very important entry points in watershed development activities even as compared to the de facto 
watershed development objectives of enhancing crop productivity which is the usual primary goal 
of watershed development pursued by the government and nongovernment interventions. From 
the result, it was evident that local farmers less prefer interventions solely implemented to 
enhance soil moisture. This might be due to the absence of understanding by farmers on how 
moisture conservation is linked to their livelihood. Thus watershed development training would be 
effective in incorporating practical knowledge on how moisture conservation would enhance 
agricultural productivity both crop and livestock.
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6. Conclusion and police implication
Currently, natural resource degradation is a global environmental problem. In the study district, 
natural resource degradation is a severe environmental problem for sustaining their livelihood 
activity. This deterioration of resources is directly or indirectly related to climatic change, food 
security, and poverty in the study area. The finding results show that the around 61.28% of the 
respondents managing the natural resource by using soil and water conservation practices for 
own and common land. Around 12.7% of the respondents use reforestation interventions in 
common land and 6.59% of the respondents use area enclosures mostly in communal land. 
Around 2% of the respondents use forestation interventions. In addition to this, 17.37% of 
respondents use more than one natural resource management activity. The mixed logit model 
was also used to analyze the mean farmer’s willingness to labor contribution for improving 
different watershed attributes like livestock fodder availability, stabilize spring water flow, reduce 
soil erosion, and increase crop productivity. The mean willingness to labor contribution of farm-
ers per month for livestock grazing availability 0.79 labors per month, stabilizing spring water 
flow 0.80 labors per month, reduced soil erosion 0.14 labor per month, and increase crop 
productivity 0.09 labor per month, respectively. The mixed logit result indicates that the 
farmers have more interest to contribute family labor to improve stabilized spring water flow 
and livestock fodder availability are very important entry points in watershed development 
activities even as compared to the de facto watershed development objectives of enhancing 
crop productivity that is the usual primary goal of watershed development pursued by the 
government and nongovernment interventions. This finding indicates that for policymakers and 
other stockholders to get more labor contributions for watershed development endeavors the 
policymakers and extension workers should not expect all farmers to value these attributes of 
watershed improvement and to expect some farmers to be more willing to contribute to 
improving one watershed attribute benefit than others so, during interventions in watershed 
management activity take these things to consider in the account.

7. Areas for further research
The relation between improved agroecological status and ecosystem service willingness to 
accept (WTA) for improved ecosystem service production in the WTP study sites is essential. 
This study did not assess WTA and impact of pervious watershed intervention on change in 
ecological service improvement. It is recommended that these gaps are filled in future 
through assessment of sellers WTA for ecosystem services and impact of watershed inter-
ventions on change in ecological service improvement observed in this study. Further 
research is needed to understand the preference and willingness of farmers to participate 
in other watershed intervention areas for comparison and informed policy decision-making in 
future.
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