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The purpose of this study is to investigate the economic value of fish (Nile Tilapia) in Lake Hawassa and
determine the factors affecting the households’ willingness to pay for a quality improved fish product.
The survey was conducted through face-to-face interview of 467 households consuming fish caught
from the lake. The respondents were aware on the poor quality of the fish due to domestic and
industrial effluents discharged into the lake. The consumers stated their preferences on quality
improved fish product with the mean value of Birr 57.76 per kilogram, which was equivalent to USD3.20
per kilogram during the survey period. The analysis on the determinants of willingness to participate in
the fish quality improvement program shows that education, annual income, frequency of fish
consumption, marital status and multiple use of the lake influence the participation on the quality
improvement program positively while family-size, residential-land and employee negatively influence
the participation on the quality improvement program. The valuation of quality improved fish product
shows that households who are aware of the poor quality of the lake, residential-land owners and those
who earn high annual income are more likely to attach higher monetary value for the quality improved
fish product. Therefore, identification of such variables and their relative importance in the valuation
helps to obtain households who are willing to pay maximum level for the fish quality improvement.
Key words: Contingent valuation, fish, Heckman model, Lake Hawassa, willingness to pay.
INTRODUCTION
Fish provide vital and unique nutritional benefits such as
protein, vitamins, minerals and micro-nutrients. High per
capita consumption of fish has a significant impact on
food and nutrition security especially in the lake districts.
World per capita fish consumption increased from an
average of 14.4 kg in the 1990s to 20.1 kg in 2014 (FAO,
2016). However, the distribution of the increase in fish
consumption has been unequal among countries and
within countries. For example, the per capita fish
consumption in East Africa is below 1 kg. The level of fish

consumption in Ethiopia varies among various income
classes ranging from 22 g to 1.7 kg, with the average
annual per capita consumption of 476 g (FAO, 2011).
Since fish has not been integrated into the diet of most of
the population, the demand for fish is small. The other
factor for low per capita consumption of fish in Ethiopia is
limited supply of the product.
The fish productions in major Ethiopian lakes are below
the maximum sustainable yields except Lake Hawassa
where 140% of its maximum sustainable yield is caught
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from Lake Hawassa (Assefa, 2014). The annual per
capita consumption of fish from Lake Hawassa is 1.56 kg.
Among the major species of fish in Lake Hawassa,
Tilapia (Oreochromis niloticus) accounts for more than 90
percent of the landed fish biomass in the lake. About 73%
of fish caught from Lake Hawassa is sold in nearby
market (FAO, 2011). The factors which trigger demand
for fish in Hawassa district include the relatively low price
of fish or the increasing prices of its substitutes and
religious influences. For example, Coptic Orthodox
Christians tend to resort to fish during lent when they
abstain from meat and dairy products (FAO, 2016).
The domestic sewages, silts or sediments and
industrial effluents have posed pressure on the aquatic
lives of Lake Hawassa creating unfavorable environment
due to some toxic substances in the effluents.
Gebremariam and Desta (2002) observed that the
effluents from the nearby factories were acutely toxic to
fish, with a higher mortality rate within small wastewater
solution within 24 h. The discharges of untreated
effluents affect water transparency and gas solubility,
which in turn cause damage to the aquatic biota.
According to Birenesh (2007), the effluents discharged
into the lake contain heavy metals like Mercury (Hg),
Cromium (Cr), Lead (Pb), Cupper (Cu) and other metals.
Various combinations of metals and also metals with
other substances in domestic and industrial waste waters
present a real and potential hazard for aquatic
ecosystems. Semenovich (2001) states that the heavy
metals have a high degree of accumulation through the
food chain and can intensify the toxic effects on humans
eating fish products. Whether the resource users are
aware of the poor quality of the lake and willing to pay for
the improvement of fish quality are not well understood.
The valuation of the benefits of the lake from the
perception of users is a critical input for implementation of
fish quality improvement program. Therefore, are the
beneficiaries willing to pay for the improvement of fish
quality? If yes, what are the determinants of their
willingness to pay for the quality improved fish products?
The objective of this study is to analyze the economic
value of fish product and determine the factors that affect
the consumers‟ willingness to pay for quality improved
fish product with the hypothesis that consumers prefer
clean water, which is not in need of purification, to treated
water after polluted.
Unfortunately, integrated information about economic
values of the water-resources which is important for its
conservation has been limited in the region. Those who
would estimate the benefit of controlling water pollution
face a dilemma because the studies that have valued
local water bodies such as lakes are of limited use in
determining water quality policy changes due to
unreliable data. Unreliable results on the economic value
of the water bodies due to lack of quality and sufficient
data needed for research have, therefore, contributed
little value to the management of local water resources.

This study differs from previous studies on Lake
Hawassa in quantifying the water-resource use in terms
of fish value in monetary terms so as to reduce its
degradation more effectively. Hence, it contributes to
sustainable resource use providing the necessary
economic information of the lake as a source of fish
products to develop socially acceptable, environmentally
sound and financially feasible water resource
management. This study is limited to the use value of the
lake as fish product. The other use values of the lake
such as recreational value, irrigation water, and the nonuse value such as the existence value and bequest value
of the lake have not been considered in this study.

LITERATURE REVIEW
Fish production and valuation of fish product
Aquatic animals are sources of protein, minerals such as
calcium, iron and phosphorous as well as trace elements
and vitamins. Fish, the most important aquatic animals,
are main source of protein, especially in the developing
world. One billion people rely on fish as their primary
protein source, and several hundred million people
depend on fish as their main source of income (IFPRI,
2009). Globally, fish represents about 16.6% of animal
protein supply and 6.5% of all protein for human
consumption (FAO, 2012). In low-income food deficit
countries fish account for 20% of animal-derived protein
as compared to 13% in the industrialized countries
(Delgado et al., 2003).
Fish is usually low in saturated fats, carbohydrates and
cholesterol, and provides not only high-value protein but
also a wide range of essential micronutrients, including
various vitamins and minerals (FAO, 2012). Thus, even in
small quantities, provision of fish can be effective in
addressing food and nutritional security among the poor
and vulnerable populations around the globe. While the
global human population continues to increase rapidly,
the world‟s fishing areas have reached their maximal
potential for capture fisheries production (FAO, 2014). As
a result demand for fish is much greater than the capture
fishery can supply. The high demand and good price has
therefore led to overfishing, which is environmentally
damaging and economically inefficient (Peter, 2006). In
Ethiopia, Nile perch and Tilapia show signs of overfishing in Lake Hawassa and Lake Chamo, and Tilapia in
Lake Ziway are probably at full exploitation (Assefa,
2014).
In the analysis of consumer preference and willingness
to pay for fish farmed in treated waste water, Solomie et
al. (2015) confirm that consumers with children are less
likely to pay for fresh Tilapia farmed in treated waste
water. This reflects that consumers prefer clean water,
which is not in need of purification or other treatment, to
water that has been polluted but treated to clean.
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According to Solomie et al. (2015), bid negatively
influence the households‟ willingness to pay for fish
farmed in treated water. The negative sign for bid implies
that the higher the amount requested to pay, the lower
the probability a consumer would be willing to pay for the
fish farmed in treated waste water. In addition,
consumers with higher level of education are less likely to
be willing to pay for fresh Tilapia farmed in treated waste
water. Education increases consumers‟ consciousness
towards food safety, which implies that postharvest
processing of fish might be perceived as safer and thus
increases the likelihood of consumers‟ willingness to pay
for smoked fish.
The analysis of the factors that determine consumers‟
willingness to pay for a given quantity of safely prepared
fish reflects a significant association between consumers‟
attitude and acceptance of food safety measures. The
food safety measures include source of production labels
and hygienically displaying unit for fish and other food
stuff sold in the area (Ehirim et al., 2007). Household
income and size of household are positively related with
the changes in probability that a consumer will pay for
safety than not having it at all. The economic implication
of positive and significant influence of income is that
consumers are ready to pay more for safety as this could
offer a cheaper health care and health security than
controlling the health problems due to unsafe food
consumption.

Contingent valuation method (CVM)
Economic values are usually distinguished as use and
non-use values. Use value is further classified into direct
and indirect use values (Turner et al., 1994a). Direct use
values of water resources can be extracted, consumed or
directly enjoyed. It is therefore known as extractive or
consumptive use value (Hawkins, 2003). Direct use
values of water resources include the consumption of fish
for food, water for drinking, cooking and washing,
irrigation, recreation and tourism. Indirect use of water
resource services includes energy production and
nutrient recycling (Schuyt and Brander, 2004). Non-use
values are often intangible and include the value of
leaving opportunities for future generations (bequest
value) and the value from knowing that the resources
exist, which is known as existence value (Chandler and
Suyanto, 2005).
For water resource goods and services that are traded
in the market place and whose prices are not distorted,
market prices can be used as indicators for economic
values. Often, however, most of goods and services do
not have a market price and shadow pricing techniques
can be applied to determine their economic values
(Schuyt and Brander, 2004). Among several shadow
valuation methods that economic theory distinguishes, a
well-known method is contingent valuation, which directly
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obtains consumers‟ willingness to pay for a change in the
level of environmental good, based on a hypothetical
market.
Contingent valuation is the most widely accepted stated
preference method used for estimating total economic
value, including all types of non-use values (Hajkowicz
and Okotai, 2006). The purpose of the contingent
valuation method is to elicit individuals' preferences, in
monetary terms, for changes in the quantity or quality of
nonmarket environmental resources, which have the
characteristics of non-excludability and non-divisibility
(Perman et al., 2003; Birol et al., 2006). In conducting the
contingent valuation surveys acknowledgement of all
stakeholders, careful survey design and administration,
and post survey debriefings (particularly for examining
the reasoning behind irrational responses) help improve
the process of valuation of environmental resources
(Duberstein and de Steiguer, 2004).
To conduct a CV survey, special attention needs to be
paid to the design and implementation of the survey.
Focus groups, consultations with relevant experts, and
pretesting of the survey are important pre-requisites.
Decisions need to be taken regarding how to conduct the
interviews; what the most appropriate payment bid
vehicle is e.g., an increase in annual taxes, a single-oneoff payment, a contribution to a conservation fund, among
others as well as the willingness to pay (WTP) elicitation
format. The survey may be conducted through face-toface interviews, telephone or mail surveys. In developing
countries, face-to-face interviews are considered the
most appropriate because of high rates of illiteracy and
defective telephone networks. Fortunately, personal
interview is the best approach for reducing sampling bias
(McClelland et al., 1993; Turner et al., 2004b; Birol et al.,
2006).
The advantage of using Contingent valuation technique
over Travel Cost Method (TCM) in valuation of water
resources is its ability to capture both use and non-use
values. Perman et al. (2003) explains the advantages of
CVM over TCM as its ability to deal with both use and
non-use values and, in principle, its answers go directly
to the theoretically correct monetary measures of utility
changes. This technique is enormously flexible in that it
can be used to estimate the economic value of virtually
anything. For example, using other valuation methods
like hedonic pricing and travel cost method will
underestimate the benefits people obtain from improved
water resources as they measure only use values. In
practice, getting more information close to reality through
revealed preferences derived from observed behavior is
a difficult task in non-market resources.
In the valuation of improved water quality for recreation
in East Lake, Yaping (1998) applies both contingent
valuation and travel cost methods. The multivariate
analysis of travel cost method reveals income and
education are insignificant factors affecting demand.
Furthermore, travel cost method shows that income is
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inversely related to demand for East Lake, which implies
that the lake is inferior good. However, the East Lake is
still regarded as a luxury good (Yaping, 1998). Whereas,
the contingent valuation method of the same lake shows
that education and income are significant at 1% level.
The comparison of the values from TCM and CVM shows
that the net addition of consumer surplus due to quality
improvement with TCM is RMB¥18.09/m2 at swimming
level while the total WTP in the recreational area with
CVM is RMB¥21.41/m2 if water becomes clean enough
for swimming (Yaping, 1998). This finding reflects that
CVM value is higher than that from TCM.
Despite the strengths of this technique over others
regarding its ability to estimate both values (use and nonuse) and evaluate irreversible changes, contingent
valuation method is criticized for its limitations in
addressing full services and functions of the
environmental resources. The valuation of environmental
resources benefits is imperfect and in need of
improvement. For instance, CVM is criticized for its lack
of validity and reliability (Mathews, 1999; Birol et al.,
2006). As this technique is survey-based and all relevant
stakeholders are not included in valuing resource for
reaching effective resource management, outcomes of
contingent valuation may, however, be less accurate
(Duberstein and de Steiguer, 2004).
Since the contingent survey instrument is of a
hypothetical market, the data is criticized for its bias,
some of which are hypothetical bias and strategic bias
(Birol et al., 2006; Krantzberg and de Boer, 2006).
Hypothetical bias is caused by the hypothetical market
nature of the contingent valuation. Hypothetical bias is
created when respondents are not capable of knowing
the environmental resource values without participating in
a market in the first place in spite of their well preparation
to reveal their true values (Turner et al., 2004b).
Strategic bias means that people purposively state a
higher or a lower price than what they are willing to pay;
in this way the resource will be either underestimated or
overestimated and someone else will bear the over- or
underestimated cost (Bulov and Lundgen, 2007). For
instance, respondents may deliberately understate their
WTP when they believe that the actual fees they will pay
for provision of the environmental resources will be
influenced by their response to the CV question.
Conversely, realizing that payments expressed in a CV
exercise are purely hypothetical, respondents may
overstate their true WTP hoping that this may increase
the likelihood of a policy being accepted (Birol et al.,
2006).
In the social sciences, bias in the estimated effects
from any given study is very difficult to rule out, no matter
how intuitively appealing the methodology. There is,
unfortunately, no statistical silver bullet. Sometimes the
Heckman Model as an approach is applied to
observational data for the purpose of estimating an
unbiased causal effect (Briggs, 2004).

METHODOLOGY
Description of the study area
Lake Hawassa is located at 6°33‟ – 7°33‟N and 38°22‟ – 39°29‟E in
the southern Ethiopia. The surface area of the lake on average is
93.5 km2 with maximum depth of 32.2 m and the average depth of
13.6 m. The seasonal variation of the lake water level ranges from
0.09 to 1.57 m with an average of 0.66 m (Halcrow Group Limited
and Generation Integrated Rural Development, 2009). Unlike other
closed lakes with alkaline characteristics, Lake Hawassa is one of
the few fresh closed lakes with its electrical conductivity of 802
μS/cm, and pH=8.6 (Tenalem et al., 2007). The freshness of the
lake water could be justified as water from Lake Hawassa
catchment can flow to lakes of lower altitude (Yemane, 2004).

Survey design and development
A contingent valuation survey instrument was designed as the
scenario informs the change in the resource under valuation. It
explains clearly how that change would come about; how it would
be paid for; and the larger context that is relevant for considering
the change. The question was phrased using the payment vehicle
of price increment per kilogram for quality improved Nile tilapia
(Oreochromis niloticus). Such payment form was assumed to
empower the respondents to decide freely on the resource
management. It was also assumed that the society might not
accept other payment forms particularly „tax‟ relating it with the
actual tax increment without resource improvement. With the aim of
contingent valuation survey to display the attitudes and perceptions
of a study population, the design was made to ensure the values
expressed by the respondents would be those held for the fish
quality improvement.
According to Whittington (2002), the job of training enumerators
on the administration of contingent valuation surveys includes two
related but distinct tasks. The first is to ensure that the enumerators
understand the objectives of the survey and the subject matter
contained in the CV scenario. The second is to provide
enumerators with the skills to conduct a high-quality in-person
interview. Following this advice, the enumerators were carefully
instructed about the objectives of the survey and the concept of CV
scenario like the contextual concept of the survey, the resource
condition and the need for management, the content of the survey
and how to measure the respondents‟ annual income and others
especially for those who would be interviewed in the rural areas,
and other relevant concepts of the survey instrument. The
questionnaires were administered using a face-to-face interview
technique.
Based on stratified random sampling technique, 467 respondents
were selected from fish consumers combining the formula: n >
104+m, where n = sample size, and m = the parameters that are
expected to affect the willingness to pay for water quality
improvement, and the advice that for regression equations using six
or more predictors, an absolute minimum of 10 participants per
predictor variable is appropriate. However, if the circumstances
allow, a researcher would have better power to detect a small effect
size with approximately 30 participants per variable (Van Voorhis
and Morgan, 2007). To make the sample representative of the
whole population, the sample size obtained using the above
formula was critically examined in line with the proportionality of the
sample to total population. The questionnaire was designed to
consist three sections. The first section was about the respondents‟
knowledge, attitudes, and perception about the resource and its
environmental problems, which provide an explanation of the
environmental issue of interest together with information on the
change in quality. The second section was about the contingent
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valuation scenario created for the resource improvement program
and the respondents‟ willingness to pay in support of the proposed
improvement. The third section was about the respondents‟ socioeconomic characteristics like information on the respondents‟
educational level, income, and other socio-economic and
demographic characteristics, which enable analysis and verification
of the validity of responses on willingness to pay given by
respondents.
According to Bateman et al. (2002), protests are non-responses
in which the genuine WTP are not provided. That means
respondents either responded with a zero value or with an
unrealistically high value instead. These responses do not
represent the households‟ honest value of the nonmarket good as
they are protesting to an aspect of the hypothetical scenario, such
as mistrust for the institution that manages the funds, or the belief
that protection of resource is a government responsibility. Hence,
such respondents could also be termed as scenario rejecters. To
critically examine whether the responses of the respondents who
preferred to remain neutral in the proposed improvement program
were protests or genuine responses, the CV survey instrument was
designed to state why the respondents would not participate in the
proposed program.

Empirical model specification
The Heckman‟s two step model was employed in the analysis of the
survey data. When the population of the study area is quite large
with no boundaries, sampling can only define the scope that is
selected by the researchers. It is possible to insert irrelevant
variables or not to include associated variables in the sample,
which may cause sample selection bias. Heckman‟s two-step model
explicitly resolves potential sample selection bias (Zhang et al.,
2014). The Heckman two-step model examines the two steps
leading to respondents‟ decisions in a single model while
distinguishing the influence of different factors between these two
steps. That means it investigates the factors influencing willingness
to pay along with payment level in a single model. It also prevents
the disturbance of respondents whose willingness to pay (WTP) is
zero. It is a two equation model: the regression model and the
selection model.
Selection equation
Participation = Ziγ + ui

(1)

Regression or observation equation
WTP = βXi + εi

(2)

From the first stage (Participation), Mill‟s inverse ratio was
constructed and then regressed by Ordinary Least Squares (OLS)
as:
WTP = βX + ρεuσε λi(-Ziγ)
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σε is the standard deviation of ε, and λ is the inverse Mills ratio
evaluated at -Ziγ.
The WTP equation was estimated by replacing γ with probit
estimates from the first stage, constructing the λ term, and including
it as an additional explanatory variable in linear regression
estimation of the WTP equation. The Inverse Mill‟s ratio [λi(-Ziγ)]
was calculated using the formula:
λi(-Ziγ) =

 ( Z i  )
1   ( Z i  )

(4)

Where, φ denotes the standard normal density function, and 
denotes the standard normal cumulative distribution function.
The Heckman model can help social work research by providing
researchers with methods of detecting and correcting sample
selection bias (Cuddeback et al., 2004). In other words, the
application of Heckman's sample selection model shows efficiency
and robustness of controlling for selection bias through a two-stage
process (Gou, 2009). This model allows using information from nonsupporting individuals to improve the estimates of the parameters in
the regression model. Hence, the Heckman selection model
provides consistent, asymptotically efficient estimates for all
parameters in the model.
Generally, the selection equation is estimated by maximum
likelihood as an independent probit model to determine whether to
participate and pay using information from the whole sample of
supporters and non-supporters. A vector of inverse Mills ratios
(estimated expected error) can be generated from the parameter
estimates. The WTP amount, y, is observed only when the selection
equation equals 1 (that is, individuals support the quality
improvement program) and is then regressed on the explanatory
variables, x, and the vector of inverse Mills ratios from the selection
equation by ordinary least squares. Therefore, the second stage
reruns the regression with the estimated expected error included as
an extra explanatory variable, removing the part of the error term
correlated with the explanatory variable and avoiding the bias.
To estimate the economic value of the lake and the factors that
determine the willingness to pay for fish consumption, the
frequency of fish consumption, number of years that households
consumed fish caught from the Lake Hawassa, awareness of the
households on the poor quality of the lake, gender, age, marital
status, family size, education, employment status, ownership of
permanent asset (land) in the watershed, duration of the
households in the watershed area, household‟s annual income,
type of uses that households benefit from the lake, residential
location, and distance from the resource were considered. Taking
into account the factors that significantly affect the households‟
willingness to pay for the quality improved fish product, the equation
for parametric mean WTP was derived as:
WTP = 𝛽𝑜 + 𝛽1 frequency of fish consumption + 𝛽2 poor quality + 𝛽3 age + 𝛽4 marital status + 𝛽5 emplyee +
𝛽6 business man + 𝛽7 residential land + 𝛽8 duration + 𝛽9income + 𝛽10 mills inverse

(5)

(3)

Since the correlation between two disturbance terms was different
from zero (ρεu ≠ 0), the OLS estimates were biased as it did not
account for estimation of γ, which is an additional term that
depends on the inverse Mill‟s ratio evaluated at Zγ. This omitted
variable, λ(zγ), was correlated with X (Wooldridge, 1999). Under the
assumption that the error terms were jointly normal, we had
WTP = βX + ρεuσε λi(-Ziγ)
Where, ρεu is the correlation between unobserved determinants of
propensity to support (u) and unobserved determinants of WTP (ε),

Description of explanatory variables and expected impacts
(1) Freqconfish: It stands for the frequency of fish consumption.
The sign for this variable is expected to be positive. The
assumption is that the respondents who use fish more frequently
express their willingness to pay for the quality improvement to keep
on using the improved fish product. In addition, these people
understand the change in quality and size of fish due to various
activities in the watershed, and hence reflect their participation in
the resource improvement program. Gempesaw et al. (1995) reflect
positive correlation between frequency and willingness to pay for
the resource improvement.
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(2) Fishconsdurn: It refers to how long the households have used
the fish caught from Lake Hawassa. The sign for this variable is
expected to be positive because those who used the fish for many
years would observe the trend of changes of fish products in terms
of size and quality, and hence reveal their willingness to participate
in the proposed improvement program, if other factors remain
constant.
(3) Poor-quality: This stands for the perception of poor quality of
the lake. It refers to the overall condition of the water resources in
the watershed, that is, whether its quality has got worse or not, the
small size and low quality of fish product. It is a dummy variable
taking 1 for those who perceive the quality of the resource has got
worsen; 0 otherwise. Generally the households who realized that
the resource has degraded could pay much attention to its
improvement, and they become more responsible to reduce its
deterioration. Thus, its sign is expected to be positive (Mallios and
Latinopoulos, 2001; Benson, 2006; Gupta and Mythili, 2007).
(4) Sex: This is a dummy variable taking 1 if the respondent is male
and 0 for female. In the rural side of the lake, males are more
dominant in decision making process since they have more access
to resource control compared to females, in which case the sign is
expected to be positive. This expectation is consistent with the
finding of Tiwari (1998). On the other hand, women are more
attentive than men to link between the environment and the things
they value. Birol et al. (2006) also state that females are more likely
to attach higher values to non-use values of wetlands. According to
these arguments, the sign for sex is expected to be negative. For
this study, the impact of sex on WTP is mixed, which is in line with
the findings of Brown and Taylor (2000).
(5) Age: This refers to the age of the respondents. It is continuous
variable. The sign of the coefficient on age variable is not possible
to predict a priori. The hypothesis is that young generations are
relatively more educated than older people, and they have better
understanding on the resource improvement (Imandoust and
Gadam, 2007). On the other hand, older people have indigenous
knowledge and they are more sensitive to the environmental
protection and natural resource management. In such a case, it is
positively related to determine the willingness to pay for the
resource management. This implies that as people get older, their
experience with the benefits and services increases so that they
support the improvement program, in which case the sign for age
would be positive (Holmes et al., 2004; Benson, 2006).
(6) Marital-status: This refers to marital status of the respondent. It
is a dummy variable taking 1 if the respondent is married; 0
otherwise, and it is expected to have positive sign. It is assumed
that married respondents could help each other in contributing for
the fish quality improvement program. It is also assumed that
married people would be more responsible to keep their
environment and natural resource in a sustainable way. This might
be because they would attach the bequest and existence values to
the resource in addition to their current benefits they derive from the
resource. This expectation is similar to the findings of Solomon
(2004).
(7) Family-size: This refers to family size of the respondents. It is a
continuous variable. The sign for family size is expected to be
negative. This is due to the fact that as the family size increases,
the welfare distribution in the family members would be reduced.
Therefore, their willingness to pay for the fish quality improvement
program could relatively be lower (Tiwari, 1998; Tang et al., 2013).
This implies that households with large family sizes allocate their
limited income to their relatively large number of family members
and hence face financial constraint to allocate for the fish quality
improvement program as compared to households with smaller

family sizes.
(8) Education: This stands for educational level of the respondent
in years of education. It is continuous variable. The idea with
education in determining the resource improvement program is that
more years of education would, generally, give them better
understanding on the values of the environmental resources.
Therefore, educational level attained by the respondents is
expected to have positive sign, indicating households with higher
level of literacy have better chances of maximizing their utility and
welfare from consuming and getting access to improved fish
products. In addition, when people are more educated, their
perception on non-marketed benefits of the environment and
natural resources increases, and hence their willingness to pay for
resource quality improvement plan becomes higher than those with
lower educational levels (Holmes et al., 2004; Benson, 2006).
(9) Employment-status: This is the variable referring to the
profession of the respondents. This includes farmer, employee
(both governmental and non-governmental institutions), and
businessman (self-employed and investors). In the estimation, the
variable „farmer‟ was taken as a reference category while others
were included as dummy variables as follows:
(i) Employee: This refers to the occupation type of the respondents
who work in governmental or non-governmental institutions. It is a
dummy variable taking 1 for workers and 0 otherwise. The sign for
employee is indeterminate. The hypothesis is that since the workers
are expected to get better understanding on the resource quality
improvement program including non-use value of the lake with
reference to farmers, they attach higher monetary value for fish
quality improvement program. In such a case, the sign is expected
to be positive for employee. On the other hand, the positive sign for
this variable can be explained with the ability to pay for the quality
improved resources (Hite et al., 2002). So, if farmers earn high
income as compared to employee, they would attach high monetary
value for quality improved fish product, in which case, the sign for
employee is expected to be negative.
(ii) Businessman: IT is a dummy variable taking a value of 1 for
the respondents who get income running their own business, and 0
otherwise. Its sign is expected to be positive. The assumption for
the variable to positively influence the resource improvement
program is that businessmen can obtain more income as compared
to other employment status. Since income has positive relationship
with willingness to pay for normal goods, individuals who are
engaged in such activities are expected to pay more money for the
proposed improvement (Gupta and Mythili, 2007).
(iii) Land type: this refers to land type of the respondents owned in
the watershed areas. This includes categories: agricultural land,
residential land type, and no land owned in the area. This variable
is represented with dummy variables, with the „agricultural land‟
type serving as a reference for fish consumers. The first dummy
variable taking 1 for agricultural land; 0 otherwise. Agricultural land
includes houses and farms in the rural areas. Agricultural
landowners, particularly riparian landowners benefit from the
resource irrigating their farms in addition to fish products. This
variable is expected to take positive sign in support of the
improvement program. This implies that since „agricultural land‟ is
reference variable, the positive sign for „agricultural-land‟ means the
negative signs for „no-land‟ and „residential-land‟ in the proposed
improvement program. The second dummy variable takes 1 for no
land; 0 otherwise. The sign of this variable is expected to be
negative reflecting the assumption that individuals with no
landownership would place lower value for the resource
management as compared to agricultural land owners. The general
assumption in land type is that respondents with fixed assets will
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support the resource improvement program because of their wideranges of benefits of the resources. Therefore, landowners are
expected to be more responsible for the improvement program.
However, for riparian restoration program, property owners along
the lake might show negative sign for the improvement program
associated with land use restrictions in riparian buffers (Holmes et
al., 2004; Angella et al., 2014). In such a case, the sign for
residential-land owners is expected to be negative.
(iv) Duration: this variable refers to the length of the respondents‟
stay in the watershed area. It is a dummy variable taking 1 for
longer than 10 years, and 0 otherwise. The sign of the coefficient
on variable „duration‟ is not possible to predict a priori because the
residents who stayed near the resource for longer period of time
can give much attention for fish product and recreational value of
the lake. This is because they have consumed fresh fish and visited
the lake frequently for relatively longer period of time with minimum
travel and other related costs to get into the fish market and
recreational site of the lake. In addition, the households who stayed
longer in the watershed areas can understand the trend of quality
changes brought about by various activities in the watershed areas
and therefore would be willing to participate in the restoration
program of the resource (Angella et al., 2014). This implies that
respondents who stayed longer period near by the lake resource
might be willing to pay more money for the quality improvement
program. In such a case, the sign for „duration‟ would become
positive. On the other hand, respondents who stayed longer in
some other areas where there is no such beautiful natural
resources that would have benefited them with fish products and
other aesthetic services but have recently come to Hawassa city,
which is endowed with its natural beauty, could give much attention
to the management program of lake Hawassa as these
respondents have practically experienced the impact of natural
resource loss in their lives. Hence, these respondents might be
willing to attach more monetary value to the resource management
program. In this case, the sign for „duration‟ would become
negative.
(v) Income: This variable refers to the annual income of the
households. The variable „income‟ indicates the respondents‟ ability
to pay. Economic theory reveals positive relationship between
quantity demand and income for normal goods. Since fish product
is normal good, it implies the positive relationship between income
and demand for fish and related environmental quality improvement
program. Therefore, the sign for this variable is expected to be
positive (Holmes et al., 2004; Benson, 2006; Gupta and Mythili,
2007; Zakaria et al., 2013).
(vi) Distance: It is the variable that measures distance of the lake
resource from homestead. It is a dummy variable taking 1 for the
households near to the resource site, 0 otherwise. Its sign is
expected to be positive (+). It is assumed that the households near
to the resource would be more willing to pay for its improvement
than those of the distant residents. This is because households who
are in relatively farther distance from the resource are assumed to
get less access to fish product as compared to the closer ones. This
implies that as the distance of the households from the resource
increases, they would be relatively less responsible for managing
the resource, other things kept constant. This expectation is similar
with the finding of Angella et al. (2014).
(vii) Use: This variable refers to the purpose that households
benefit from the lake resource. It is a dummy variable taking 1 for
the respondents who use the lake for multiple purposes; 0
otherwise. That means households with more access to use the
resource for recreation, fishing, irrigation, exploring, and other
purposes, are generally expected to pay high amount for the project
ensuring the sustainable use of resource. Therefore, the sign is
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expected to be positive (Benson, 2006; Gupta and Mythili, 2007).
(viii) Location: This stands for the residential area of the
respondents. This is a dummy variable taking 1 for urban; 0 for rural
area. Its sign is uncertain since the resource benefits both residents
in various forms. That means the residents of urban areas are
assumed to give higher value from the recreational benefits of the
lake to fish consumption while those in rural areas are assumed to
value the resource mainly in terms of irrigation and water supply for
livestock as compared to fish product.

RESULTS AND DISCUSSION
Descriptive analysis of the respondents on fish
consumption
The respondents were found to fall in the age range of 18
to 87 with the majority of them were in between 18 and
35 years. From the total respondents, about 79% were
married and the family size was from 1 to 10 with the
average size of 4.6. The gender composition of the
respondents was 76.7% males and 23.3% females. The
respondents were found to participate in various
economic activities like farming, governmental and nongovernmental works and private businesses. The
educational background of the respondents shows that
about 55% had attained secondary or tertiary level, and
only 2.6% had no formal education. The majority of the
respondents earned annual income ranging from Birr 1
40,000 to Birr 80,000 (Table 1).
About 70% of total respondents had fixed assets like
agricultural, residential or commercial land in Hawassa
watershed. The majority of them had lived for more than
10 years in the watershed areas. Whereas the
respondents who had no permanent assets in the
watershed area revealed they stayed in the watershed
areas for short period of time. The respondents explained
that they had used the lake resource for various purposes
like fishing, exploring, wildlife watching, and related
benefits.
The households’ valuation for fish consumption
From the total respondents, nearly 78% revealed their
interests in participation for the resource improvement
program. These respondents stated their WTP from Birr
20 to Birr 100 per kilogram of fish caught from Lake
Hawassa. Birr 18 was equivalent to one USD during the
survey period. The majority of the respondents stated
their preferences to be Birr 50 for one kilogram of fish,
which is similar to the average value of fish calculated
from the respondents who voted in favor of the lake
quality improvement program. About 33 percent stated
the monetary value more than Birr 50 for one kilogram
while nearly 35% preferred to pay less than the average
1

1US$ = 18 Birr
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Table 1. Socio-economic characteristics of fish consumers.

Variable

Absolute figure
358
109

Percentage
76.7
23.3

Gender

Male
Female

Age

18 – 35
36 – 50
51 and above

283
164
20

60.5
35.2
4.3

Marital status

Married
Not married

370
97

79.2
20.8

Family size

1–5
6 – 10

325
142

69.6
30.4

Education level

No formal education
Elementary school
Secondary school
Higher level

12
199
165
91

2.6
42.6
35.3
19.5

Occupation

Employee (GOV/NGO2)
Self-employed
Farmer

145
137
185

31.0
29.4
39.6

Household annual income (Birr)

35,000 – 40,000
40,001 – 60,000
60,001 – 80,000
> 80,000

47
184
182
54

10.0
39.4
39
11.6

Source: Summary of own data.
2

GOV = Government; NGO = Non-Governmental Organization

value of the respondents voted in support of the
proposed program (Figure 1).
The majority of the respondents who stated the higher
value was found to be using the fish for more than ten
years and realized the current and previous size and
quality of fish in Lake Hawassa. They explained that the
size and quality of fish decreased as compared to the
previous years. These respondents stated that they use
the lake for many purposes like fish consumption, wildlife
watching and exploring. They were also found to
frequently use the fish caught from Lake Hawassa.
However, due to the low quality of the lake, they did not
use the lake for swimming purpose. These respondents
stated that the industrial and city sewages were the main
problems that put pressure on the living organisms
including the fish in the lake. Stating higher value for fish
can be their interest to see the lake clean and yield fish
free from any toxic substances. The respondents who
preferred to remain neutral in the improvement program
stated that they could not afford any contribution at the

time of survey period. These respondents were found to
earn low annual income but administer large family size.
Some of the respondents who preferred to remain neutral
reflected their doubt on the implementation of the
improvement program as stated in the scenario.

Econometric analysis of contingent valuation for the
improved fish product
The coefficient on inverse Mill‟s ratio, which was bias.
The Heckman two step estimates were therefore
implemented to correct the selection bias. According to
Heckman (1979), the sample selection model triggers
both a rich theoretical discussion on modeling selection
bias and the development of new statistical procedures
that address the problem of selection bias. The likelihood
ratio (LR) test indicated that the correlation was very
significant. Thus the two-step selection model was
appropriate for estimating the participation and valuation
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Figure 1. The monetary responses of the households for fish consumption.

for the quality improved fish product.
The LR chi square that measures the overall
significance of the model with the null hypothesis that all
coefficients were zero was rejected at 1% significance
level to reflect that at least one of the coefficients was
different from zero. The pseudo R2 (0.6527) reveled
65.27% of the variation in the participation was explained
by the variables included in the model. The regression
result with the Mills‟ inverse ratio as additional explanatory
variable indicated that 48.73% of the variation in WTP
amount was explained by the variables incorporated in
the model. The result of adjusted R2 (46.05%), which had
only small variation from R2 (48.7%), revealed the
relevance of the explanatory variables included in the
regression.
The households who frequently consume fish, married
individuals, those who earn high annual income, the
households who use the lake for multiple purposes, and
households with more years of education were found to
participate in the lake quality improvement (Table 2).
Whereas, the households with large family size, and

those who were employed in governmental and nongovernmental organizations were less likely to participate
in the quality improvement as compared to the
households with small family size and farmers,
respectively. The households who have residential land
type were less likely to participate in the proposed
improvement as compared to those who have farmlands
under irrigation using the lake.
The valuation of improved fish product reveals the
households who realized the poor quality of the lake,
older households, households with residential land
(houses) in Hawassa city, and individuals with higher
annual income were found to attach higher monetary
value for quality improved fish per kilo gram. Whereas,
the households who frequently consume fish, married
individuals, employees and businessmen with reference
to farmers, and households who stayed longer in the
watershed areas were found to pay low amount for the
improved fish products per kilogram.
Freqconfish: It stands for frequency of fish consumption.
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Table 2. Heckman's two step estimates for fish consumption in Lake Hawassa.

Parameter
Freqconfish
Fishconsdurn
Poor-quality
Sex
Age
Marital-status
Family-size
Head
Education
Employee
Businessman
Residential-land
Noland
Duration
Income
Distance
Use
Location
Millsinverse
Constant
Sample size
Log likelihood
R2
Adjusted-R2
***

Participation model [coefficient (S.E)]
Heckman’s two-step (Probit)
1.2964*** (0.2593)
0.0239(0.0215)
-0.4587(0.2502)
-0.4926(0.3723)
0.0283(0.0184)
0.6244** (0.2838)
-0.3003*** (0.0788)
0.8768(0.3507)
0.2925*** (0.0489)
-0.7808** (0.3911)
0.0981(0.3309)
-1.2972** (0.6165)
-0.9170(0.6728)
0.2729(0.2302)
0.6417*** (0.1648)
0.1396(0.4209)
0.4894* (0.2974)
0.8800(0.5479)
–
-4.5572*** (0.9502)
467
-85.9999
0.6527
–
**

Valuation model [coefficient (S.E)]
Heckman’s two-step (OLS)
-0.1395* (0.0807)
-0.0014(0.0028)
0.2289*** (0.0397)
0.0137(0.0336)
0.0048* (0.0026)
-0.0882* (0.0530)
-0.0131(0.0184)
–
-0.0028(0.0172)
-0.1757*** (0.0648)
-0.1782*** (0.0382)
0.1871* (0.1100)
0.1506(0.1018)
-0.0613* (0.0590)
0.0683* (0.0458)
0.0803(0.0590)
-0.0321(0.0458)
-0.0113(0.0947)
3.8531* (2.2986)
3.5470*** (0.2570)
363
–
0.4873
0.4605

*

1% significance level, 5% significance level, 10% significance level with two tailed tests.

The positive sign and significant level for this variable
reveal the households who frequently consume fish
caught from Lake Hawassa are more likely to participate
in the lake quality improvement. It is found to be
significant at 1% of significance level. However, the
valuation of households who are willing to participate in
the lake quality improvement shows that households who
frequently consume fish attach less monetary value for
fish products per kilogram. The negative sign and
significant level for frequent fish consumption can be
explained by the fact that households who buy fish many
times from the fish market might face financial shortage
to attach higher value per kilogram.
Poor-quality: The households who realized the poor
quality of the lake likely attach higher monetary value for
the quality improvement of the lake in terms of increased
fish price per kilogram. It is found to be positive and
significant at 1% level. This can be explained by the fact
that the households who perceived the poor quality of the
lake are interested in restoring the lake quality and
decide the higher price for one kilogram of fish when the
proposed improvement comes to true. Understanding low

quality of the lake reflects significant effect on attaching
monetary value for fish product per kilogram. Obiero et al.
(2014) reflect that quality ensured fish provide balanced
and nutritious diets, and prevent disease occurrence,
which implies that households who perceived the poor
quality of the lake are willing to pay for the resource
quality improvement. In the study of consumers‟
willingness to pay for sustainable seafood made in
Europe, Zander and Feucht (2018) find a positive attitude
of participants toward sustainability in fisheries stating
that protection of endangered species, no pollution, and
absence of drugs and hormones in production and fishing
are the most important issues from the consumer
perspective. In the study of households‟ willingness to
pay for fish product in Vietnam, Danso et al. (2017) find
that households are willing to pay 65% (USD 1.42 per kg)
above the prevailing market price for certified fish, which
supports the notion of households‟ concern over the
safety of consuming wastewater-raised fish.
Age: age has positive relationship with high value
attachment for the improved fish per kilogram. It is
significant at 10% level though it has no effect on
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participation in the proposed improvement of the lake.
Households with older age might compare the current low
quality of the lake with the previous years of big size and
good quality of fish caught from the lake. These
households are therefore motivated to restore good
quality of the lake expressing their willingness to pay high
amount for quality improved fish product per kilogram.
This result is in agreement with that of Salim (2014) who
states age to positively influence the willingness to pay
for quality improved fish product. In the study of WTP for
fish farmed in treated waste water, Solomie et al. (2015)
find that older households are less likely to prefer fish
farmed in treated waste water. This supports the
hypothesis that households prefer clean water, which is
not in need of purification or other treatment, to water that
has been polluted but treated to clean. In the analysis of
factors affecting fish landing price around Lake Victoria,
Tanzania, Sambuo et al. (2019) reveal age significantly
influence the landing price of fish.
Marital-status: this factor is found to positively influence
the participation for the lake quality improvement. It is
significant at 5% level. The positive influence of marital
status on the consumer preferences for the quality
improved fish product is similar with the findings of Li et
al. (2000). However, married individuals are less likely to
pay high price for the improved fish per kilogram. This
can be related to the family size where married
individuals are responsible to administer their families.
Hence, they may experience financial limitation to buy the
fish at higher price. As a result, their monetary value for
improved fish per kilogram is relatively lower as
compared to unmarried respondents.
Family-size: households with large family size are less
likely to participate in the resource quality improvement
program as compared to households who administer
small family size. It is found to be significant at 1% level.
This finding is in agreement with that of Salim (2014) who
explains that family size negatively influence willingness
to pay for fish indicating that for every ten percent
increase in the family size, the WTP decreases by 1.7%
from the mean level, ceteris paribus.
Education: The sign for education is positive. It is
significant at 1% level. The positive sign and significant
level of education imply that educated households might
give much attention to non-use value besides the use
value of the lake. This finding is similar with that of
Polanco et al. (2008) and Salim (2014). Solomie et al.
(2015) find education to be negative and significant at
10% level for fish farmed in treated waste water. This
implies that educated people prefer fish farmed in clean
water, which is in need of other treatment. That means
households with more years of education are willing to
pay for the lake quality protection. Obiero et al. (2014)
explain that education enlightens consumers about the
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health and other benefits of fish consumption, hence
positively influences the preference of consumers.
Employee: This variable is negatively influencing the
participation in the resource quality improvement and the
valuation of improved fish products as compared to
farmer. Since farmers are benefited from the lake in
terms of irrigation, watering animals, household
consumption of the lake water after boiling, fish, and
other related benefits, farmers are more likely to
participate in the proposed improvement as compared to
employees. Employee is significant at 5% significance
level for participation and 1% significance level for the
valuation of the improved fish product per kilogram with
reference to farmer.
Businessman: This variable is found to negatively
influence the valuation for the improved fish products with
reference to farmer. It is significant at 1% implying that
businessmen are likely to pay 17.82 percent less than the
value that farmers pay for one kilogram of quality
improved fish product. This variable is, however,
insignificant in the participation of the lake quality
improvement program.
Residential-land: It is found to negatively influence the
participation for the lake quality improvement with
reference to farm land. However, the comparison of the
valuation among the respondents who were willing to
participate in the proposed improvement shows that
households who have residential land (house) in
Hawassa city are found to pay higher monetary amount
for the improved fish product per kilogram with reference
to households who owned farm land in the watershed.
This can be explained by the fact that households in
urban areas have more knowledge on nutritional value of
fish product and hence attach higher amount for one
kilogram of quality improved fish as compared to the
farmers.
Duration: The households who stayed for longer period
in the watershed are likely to pay small amount for the
improved fish product as compared to those who stayed
for less than ten years. The valuation for the improved
fish product shows that this variable is negative and
significant at 10 percent. This might be due to the fact
that the households who stayed for relatively short period
in Hawassa watershed probably had lived in other areas
with low natural resources before coming to Hawassa
watershed, and hence appreciated the beautiful nature of
the watershed (Lake Hawassa). As a result they attached
high amount for improved fish per kilogram. However,
this variable is found to be insignificant to influence the
participation for the lake quality improvement.
Income: The positive sign and significant effect on both
participation and valuation for the improved fish product
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are as expected. Households with higher annual income
are more likely to participate in the resource improvement
and also attach higher value for the quality improved fish
per kilogram. The participation result shows that this
variable is significant at 1% level while on the valuation
(WTP amount) it is significant at 10% level. This positive
and significant effect of income reflects the households‟
ability to pay higher monetary value for the proposed
improvement. In addition, it explains that fish product is
normal good where for normal goods willingness to pay
increases when the annual income of households
increases. So, the higher annual income the higher value
is attached for the improved fish product. This result is
similar with the findings of Ehirim et al. (2007), Polanco et
al. (2008), Salim (2014), Sharma et al. (2017) and Tohmo
(2017).
Use: The households who are benefited from the lake in
multiple uses like fish, recreations, irrigation and related
valuable benefits of the lake are likely participate in the

quality improvement program. It is found to be positive
and significant at 10% level. However, it has no influential
effect on determining the valuation for the improved fish
product.

Parametric willingness to pay estimates for fish
consumption
Unlike the non-parametric approach, the parametric WTP
estimate is based on the determinants that affect the
households‟ willingness to pay for the quality improved
fish product. This approach provides more economic
information
considering
the
socio-economic
characteristics in the calculation of mean willingness to
pay for the proposed improvement. Taking into account
the factors that significantly affect the households‟
willingness to pay for the quality improved fish product,
the equation for parametric mean WTP is written as:

WTP = 𝛽𝑜 +𝛽1 frequency of fish consumption + 𝛽2 poor quality + 𝛽3 age + 𝛽4 marital status + 𝛽5 emplyee +
𝛽6 businessman + 𝛽7 residential land + 𝛽8 duration + 𝛽9 income + 𝛽10 mills inverse

The parametric mean WTP is calculated to be Birr 57.76
per kilogram of fish caught from Lake Hawassa. This
mean value is greater than the market price of fish in the
status quo by 44.4%. As compared to non-parametric
mean WTP (Birr 50), the parametric approach yielded
relatively higher mean WTP. Since the parametric
approach considers the socio-economic characteristics of
respondents, which are common to the whole society of
the study area, the parametric mean WTP is preferred to
estimate the price of fish caught from quality improved
lake. The Heckman selection model employed in
parametric approach provides consistent, asymptotically
efficient estimates for all parameters in the model. This
model allows us to use information from non-participating
households to improve the estimates of the parameters in
the regression model. Mills inverse ratio was additional
explanatory variable generated from the selection model
that comprised information from non-participating
households. Hence, the price for fish caught from Lake
Hawassa is preferably estimated to be Birr 57.76 per kilo
gram, which is equivalent to USD3.20.

(6)

Birr 57.76 (USD3.20) per kilogram for the fish caught
from the quality improved lake.
The households who frequently consume the fish,
married individuals, educated households, those who
earn high annual income and the households who use
the lake for multiple purposes are more likely to
participate in the lake quality improvement. The factors
that determine households‟ willingness to attach high
value for the quality improved fish product per kilogram
are awareness of the poor quality of the fish caught from
the lake, the households‟ age, residential land type with
reference to agricultural land type and households‟
annual income. Whereas, the frequency of fish
consumption per year, marital status, the employment
status and duration in the watershed are the factors that
influence households‟ willingness to pay amount for the
quality improved fish product.
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