Journal of Cleaner Production 274 (2020) 123176

Journal of Cleaner Production

journal homepage: www.elsevier.com/locate/jclepro

Journal of

. . ) . =
Contents lists available at ScienceDirect | | Cleaner
tion

Improvisation of indigenous environmental benefit transfer and )
valuation for cleaner environment: Choice experiment across o

northwest China

Sufyan Ullah Khan ® P, Sikandar Hayat ¢, Xianli Xia ®, Guobin Liu ", Minjuan Zhao >

*

2 Institute of Soil and Water Conservation, Northwest A&F University, Yangling, 712100, Shaanxi, China
b College of Economics and Management, Northwest A&F University, Yangling, 712100, Shaanxi, China
€ College of Natural Resources and Environment, Northwest A&F University, Yangling, 712100, Shaanxi, China

ARTICLE INFO

ABSTRACT

Article history:

Received 4 March 2020
Received in revised form

7 May 2020

Accepted 1 July 2020
Available online 17 July 2020

Handling editor. Prof. Jiri Jaromir Klemes

Keywords:

Ecosystem services

Benefit transfer

Choice experiment

Random parameter logit
Transfer error

Wei river basin northwest-China

Valuation of environmental goods and services offers valuable information for environmental manage-
ment, where there exists heterogeneity in household’s taste and preferences. The current study evalu-
ated the willingness to pay for ecosystem services with regard to assess benefit transfer among sub-
basins of Wei River. In order to achieve an improved environmental status in Wei River basin, a
choice experiment survey was conducted with the perception regarding valuation of ecosystem services
in the upper, middle and lower basin. A total of 900 households sampled respondents were interviewed
in the entire river basin. Seven ecological attributes were selected in an arrangement with improvements
in ecological conditions in choice a set. Welfare estimates were measured through conditional logit (CL)
and random parameter logit (RPL) models. Outcomes of our study validated the diversity in the public
preferences regarding valuation of selected ecological attributes in all three basins. Like, water quality
level was relatively highly valued (i.e. 109.3 Yuan) by those who live in lower basin followed by in-
habitants of middle basin (81.57 Yuan). With the addition of heterogeneity in tastes and preferences,
relatively lower transfer errors were estimated in RPL model as compared to CL model. While trans-
ferring benefits from lower to upper basin, the estimated transfer errors were 35.37% and 7.06% of
transfer errors were estimated from upper to middle basin and 19.30% were estimated from middle to
lower basin in RPL model. While for the same conditions, the estimated transfer errors in CL model were
44.49%, 9.49% and 29.37% respectively. In the light of current outcomes, there are sufficient evidences to
claim for transferability of benefits between upper, middle and lower basins. The conclusive empirical
outcomes of the current study thus help in proper management of ecosystem services and allow for
benefit transfer from one basin to the other basins of Wei River.

© 2020 Elsevier Ltd. All rights reserved.

1. Introduction

2015). The degradation of ecosystem services has been converted to
a global issue with the current economic growth and extreme hu-

Current progresses in population, heterogeneity in public tastes
and preferences, growing scarcity of natural resources, diminishing
environmental conditions, and various other pressures argue that
worldwide policy making personnel are facing complex challenges
of management of deteriorated natural resources (Richardson et al.,
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man commotion, and China is not the only country suffering of
severe ecological and environmental disasters (Shi et al., 2016).
Wetland ecosystem services offer food provisions i.e. rice, fresh
water, fish and fiber as well as regulating services effect climatic
changes, hydrological managements, decrease environmental
pollution and disasters. The biodiversity and economic value of
wetland ecosystem services be more important than many terres-
trial ecosystems. For instance, inland wetlands had a total economic
value nearly five times greater than tropical forests; the most
valuable terrestrial habitat (Gardner et al., 2015). Whereas, most of
human developments (e.g. from raw goods to food production) are
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supported by terrestrial ecosystems. Thirty percent of the global
surface is made up of forests, which mainly contribute in the pro-
vision of oxygen, provide roof for numerous land species and
constitute significant carbon stock (Gigliotti, 2018). Aquatic eco-
systems are the essential elements of global environment. As crit-
ical contributors to biodiversity and ecological productivity, they
also offer habitation for economically important fisheries, drinking
water, irrigation and recreational sites. However, aquatic ecosys-
tems are directly or indirectly, threatened gradually by social ac-
tivities. Aquatic ecosystems are predicted to rapidly start suffering
with additional pressure of global climate change in addition to the
challenges set by land-use change, environmental contamination
and water diversion (Poff and Brinson, 2002).

Various environmental problems have been arisen in Wei River
basin with the current economic development that comprise;
growing scarcity in water resources, water contamination, local
ecological environment degradation mainly affected by the sedi-
mentation in middle and down streams, which ultimately
restrained the socio-economic development of the area (Millington
et al.,, 2006). Valuation of environmental amenities is always
important for policy makers, which face time and financial con-
straints. When monetary assets are scarce to measure environ-
mental valuation, benefit transfer could be an alternate method for
approximation of required environmental values at minimum cost.
It can be ruminate as the second best approximation of the values
that have been measured from a primary study while, such values
has to pre-test before using them in a policy making decisions. The
payments for environmental goods and services measured through
benefit transfer as of one or many sites are used in forecasting the
values of a similarly related goods and services at other site
(Colombo et al., 2005). Benefit transfer is the only way to deliver
practical economic information, for instance benefit cost estima-
tion in the absence of primary studies, which could be costly or
infeasible. The monetary assessment of numerous environmental
amenities in policymaking process would be unrecognized in the
absence of benefit transfer. Apart of its various uses, benefit transfer
is virtually essential and could be argued nearly universal element
of extensive benefit-cost analysis (Johnston and Wainger, 2015).

The current study employed spatial choice experiment proced-
ure to calculate the monetary values of the degraded ecosystem
services by testing the willingness to pay of the sampled re-
spondents for the restoration of ecosystem services (Follain and
Jimenez, 1985; Khan et al., 2019b; Nicosia et al., 2014). For this
study, two statistical models that are frequently applied in choice
modeling, i.e. Random parameter logit (RPL) and Conditional logit
(CL) model were used. RPL model is established on limited
explanatory variables consistent with random utility theory with
the assurance of projected probability of selecting any alternative is
between 0 and 100%. While, CL model assesses merely a set of
coefficients taking the mean values of preferences of the levels of
attributes (Ziegel and Eric, 1991). Whereas, linear probability
models may yield probabilities of choice which are larger than 1 or
smaller than O for certain levels of attributes combinations (Hauber
et al., 2016). The RPL model also avoids the key limitations of
multinomial logit model. Significantly, it accommodates unob-
served heterogeneity in taste and preferences as well as repetitive
choices and is not limited to the independence of irrelevant alter-
natives (IIA) property. Moreover, these models are flexible and
practically computational that may estimate any random utility
model (Mcfadden and Train, 2000).

With the perception of local residents, the benefits from
ecosystem management in the Wei River basin has not yet been
explored (Shi et al., 2016), hence the assessment of welfare esti-
mates gained from improvements in ecosystem services of Wei
River basin is necessary (Carpenter et al., 2009; Kumar et al., 2019).

If the current degraded condition of ecosystem services will not be
assessed, it could let the fiscal system to cause the over-exploitation
of ecosystem services (Organization, 2005; Shi et al., 2016). Esti-
mation of benefits can be helpful in cost-benefit analysis and can be
beneficial for the governance projects in Weihe river basin.

Specifically, in the current study, we intended to assess the re-
lations between people’s preferences and attitude towards valua-
tion of ecosystem services for their restoration. Moreover, we are
also testing for transferring of values from upper to middle and
lower basin, from middle to upper and lower basin, and from lower
to upper and middle basin, which specified that benefit transfer
could be considered as a consistent substitute for valuation of im-
provements in river quality and quantity, particularly under geo-
spatial modifications (Andreopoulos and Damigos, 2017). In recent
era, benefit transfer has however been applied repeatedly for the
valuation of ecosystem services, but to best of our knowledge, only
few researchers have applied primary collected data using choice
experiment technique for benefit transfer from a study site to
policy site, and its use in benefit transfer estimation is still very
scarce (Colombo et al., 2005).

Most of the researchers (Desvousges et al., 1992; Muthke and
Holm-Mueller, 2004b; Ready et al., 2004; Rozan, 2004; Shrestha
and Loomis, 2003) used contingent valuation technique for
benefit transfer. However Morrison et al. (2002) described that
relatively choice experiment approach is more suitable for benefit
transfer. Choice experiment has advantage because while trans-
ferring value estimates, it permits for heterogeneity in de-
velopments in environmental quality and socio-economics
characteristics. Local inhabitants are provided with a plenty of
benefits from river basin (Aregay et al., 2016), but to limit our
research for ecosystem benefits, we sensibly select seven most
important attributes which are supposed to have significant im-
pacts on ecological and socio-economic improvements in the
selected sampled areas. These attributes are forest cover ratio,
water quality level, water quantity per capita, the mount of
controlled soil and water erosion area, water loss and soil erosion
intensity, natural landscape and visiting eco-tourism & parks
respectively.

The monetary valuation and benefit transfer of ecosystem ser-
vices in Wei River basin could provide significant estimates
regarding improvements in the current degraded ecosystems and
could be applied on other regional inland river ecosystem services
with the aim of providing ecosystems benefit transfer values for
regional transfer purposes. In broader sense, this study can be
served as a reference for transferring benefits of ecosystem services
from single sub-basin to the other sub-basins of the same river and
could contribute within the broader environmental valuation
literature. One of the aim of current study is also to enable broader
dissemination of information regarding value transfer to both re-
searchers and practitioners worldwide. Because many researchers
(Muthke and Holm-Mueller, 2004a) use the existing valuation
studies (specifically mean willingness to pay of the available
studies) for national and international benefit transfer.

In the past, Tait et al. (2012) objectified residents’ willingness to
pay for river and stream conservation programs in Canterbury, New
Zealand. Similarly, Khan et al. (2019b) reported that in Heihe River
basin, people were more inclined towards spending on water
quality improvements than recreational purposes. Based on these
studies, it is evident that to efficiently identify the households’
willingness to pay for ecosystem services and benefit transfer
across sub-basins of Wei River, the results of current study could be
of value and helpful in indicating public actions. Additionally,
findings of such survey can help to: (1) develop strategic planning
by the local governing bodies to improve the water quality level of
this region based on their willingness to pay and preferences for
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other ecosystem services (2) induce environmental awareness and
(3) indicate the level of satisfaction with the current conditions of
ecosystem services.

The remaining of the article is arranged as, the next portion
discusses methods and materials used in this study particularly the
methodological approaches used for the welfare estimation, choice
experiment approach, data collection and study area description,
followed by results and their discussion. At the end, the conclusion
derived on the bases of results and their policy recommendations
are presented.

2. Methodology
2.1. Study area description

Wei River is the main and largest stream of the yellow river
basin (Fig. 1), which originates from the Peak of Niaoshu Mountain
located in Weiyuan county of Gansu region of China. The Wei River
flows from west to east passing through Gansu, Ningxia and
Shaanxi regions and at Tongguan county in Shaanxi region it con-
nect with Yellow river. Wei River covers 135,000 Km? of area, out of
which, 67,100 Km? is in Shaanxi region i.e. 49.7%. The length of Wei
River is 818 Km and out of total length 502 Km (61.4%) is in Shaanxi
region. In Shaanxi region self-generated annual average volume of
water resources ranges to 6.9 billion m>. It is considered as
maternal river in Shaanxi region, which flows from west to east
through the cities of Baoji, Yangling, Xianyang, Xian and Weinan.
The Population in the river basin is about 22.04 million i.e. 61% of
the total population in Shaanxi region with a cultivated land of 1.6
million hectares that is 56% of the total area of Shaanxi region and
cover of 0.95 million hectares (72%) of the irrigated area. The sig-
nificant importance of the basin for scientific research, educational
base, local industries as well as national defense basis for the gross
domestic product aggregates to about 134.5 billion Yuan. In fact, the
Shaanxi region particularly the basin area contribute a vital stra-
tegic role in the China Western Development Program (Aregay and
Minjuan, 2012; Li et al., 2013).

The development in socio-economic conditions of the in-
habitants of Wei River basin, the entire basin still facing the prob-
lems of severe shortage of water quantity, sedimentation in lower
basin river course and severe water pollution due to industriali-
zation. The water available per capita per annum is just 317 m° i.e.
only 13% of the national level. Due to shortage in quantity of water,
there is gradual decline in the irrigation area, which has ultimate
diverse impact on ecosystems. Soil erosion is getting worse after
the completion of Sanmenxia reservoir and its unsuitable exploi-
tation. Due to key challenges to flood control, the local ecosystems
are seriously getting worse with the passage of time. 78% of the
water in central watercourse of Wei River is categorized as beating
grade V, which indicates that the water in current condition is
nearly out of use and a severe challenge for contaminated and
wastewater management (Aregay and Minjuan, 2012; Millington
et al.,, 2006; Zhao et al., 2016).

2.2. Choice experiment

Ecosystem services can be categorized into four different types,
habitat service, regulating service, information service, and pro-
duction service (Assessment, 2005; Costanza et al., 1997; de Groot
etal., 2000; Mace, 2008). The results of two pilot surveys, meetings
with hydrological and ecological experts and local authorities and
available literature review of the current conditions of ecosystem
services enable us to select an aggregate of seven most important
ecological attributes. Keeping in view four type of ecosystem ser-
vices (Assessment, 2005), a choice experiment in the study area

was sensibly planned by including appropriate ecological attri-
butes. Amongst all, percentage of forest cover ratio falls under the
category of habitat service, water quality level! and water quantity
per capita were selected from the category of production services.
While, soil and water erosion area and water & soil erosion in-
tensity were selected from regulating services. Similarly, Natural
landscape and percentage of visiting eco-tourism and parks were
selected from the information services.

These particular attributes are presented in the first column of
the choice set while the rows categorize their corresponding levels
(see Table 1). The existing conditions of ecosystem services i.e.
status quo is presented in the second column of the choice set with
zero willingness to pay while the alternative policy programs
illustrating the improvements in the ecosystem services with
voluntary willingness to pay are presented in third and fourth
column of the choice set. Alternative policy programs consist of
different levels of ecological attributes that help in the assessment
of utility parameters (Poder et al., 2016). The choice task allow
every individual to select the most favored alternative that provides
maximum utility.

In the current study, the respondents were specified to choose
the options between two policy and a status quo program. The
ecological attributes along with their diverse parallel levels are
presented in Table 1. The existence of status quo (existing condi-
tions) is essential due to the fact to retrieve from unbiased and
unreliable welfare estimates in accordance to the demand theory
(Khan et al., 2019c). The addition of status quo to the choice set
approves the appropriate investigation of welfare estimates;
however, the consistent selection of status quo will still allow for
relative desirability of the ecological attributes. Which permits the
respondents to choose the alternative restoration plans with im-
provements in current ecosystem services rather to choose status
quo condition with an inspiration to do trade-offs and don’t let the
respondents to proceed with an casual choice (Brazell et al., 2006).
The experimental designs were created by using Bayesian D-effi-
cient approach with earlier indications concerning parameters (Yao
et al., 2015). A total of 512 choice sets were designed which consists
of a status quo and two alternative policy programs. After clearance
for unpredictable choice sets, finally 450 choice sets were clustered
into booklets, each having three choice tasks. Different question-
naire versions consist rotational order of ecological attributes. The
ecological attributes and their corresponding levels were arranged
as; the alternative policy programs were placed side to side in the
choice set.

2.3. Sample description

The current segment determines the sampling procedure of the
household’s data collection concerning improvements of the
ecosystem services of the Wei River basin. The selection of re-
spondents was carried out in three phases. Initially, the whole Wei
River basin was divided into three sub-basins i.e. upper, middle and
lower basin, where ecological conditions are different from each
other. In the next phase, 5 counties were selected randomly,

! The “Ministry of Water Resources of the People’s Republic of China” with
professional measuring tools measures the water quality levels. According to
different test results, water quality is divided into different levels/grades as: grade-
2, grade-3, grade-4 and grade-5. Where grade-2 indicates that the water is clean
and could be used for drinking purposes after conventional purification treatment.
Grade-3 represents that water quality applicable to centralized drinking water,
general fish reserves and swimming areas. Grade-4 refers to industrial water and
agricultural water, which is not suitable for drinking, swimming and fishing. Grade-
5 water denotes that the water quality is seriously polluted and is not suitable for
irrigation. http://www.mwr.gov.cn/,
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Table 1

An example of choice set.
Attributes Status quo Policy 1 Policy 2
Forest cover ratio 30% 33% 35%
Water quality level 4.5 35 3
Water quantity per capita (proportions of the national average) 15% 17% 19%
The mount of controlled soil and water erosion area 80% 90% 88%
Water loss and soil erosion intensity Moderate (=3) Mild (=2) Lighter (=1)
Natural landscape 20% 30% 25%
visiting eco-tourism & park 25% 25% 35%
WTP of household per year (Yuan) 0 100 150
Select most preferred choice ] O O

representing each basin individually. In the third phase, re-
spondents were categorized into urban and rural households. Baoji
city and adjacent rural areas are located in the upper basin, Xia-
nyang city, Xian city, adjacent rural areas in middle basin while
Huayin city, Weinan city, and adjacent rural areas are located in
lower basin of Wei River. The corresponding rural areas were
selected to mirror the existing demographic characteristics of the
selected cities. Additionally, for the selection of adjacent rural areas,
an application of stratified random sampling technique was carried
out. Subsequently, from each county 4—9 townships were selected
randomly and 3 villages were selected from each randomly selected
township. Following this procedure, 12—14 households were
randomly selected by application of proportional allocation pro-
cedure from each village or community.

2.4. Data screening

With the conduction of follow up queries, the uncertain re-
sponses data with no willingness to pay were removed before
evaluating the welfare estimation. Subsequently, 89 disputed
samples (9.8%) were omitted from a total of 900 sample size and
considering 811 samples accurate for the welfare estimation. The
disputed responses, choice task simplifications and attribute non-
attendance responses were omitted from the data. For recog-
nizing the protest and choice-task simplification responses, the
households were queried for ranking the environmental problems
presented at the preliminary section of the survey design. The re-
sponses were reflected as protest responses if the respondent
ranked the environmental issues with highest importance but still
choosing the status-quo alternative in all three choice tasks.
Whereas, attribute non-attendance is the condition when infor-
mation on one or more than one attributes were ignored in the
process of taking a choice decision (Lagarde, 2013).

Data screening is essential for many reasons; the foremost is
that ignoring attribute leads that respondents have a non-
compensatory attitude, if any of the attributes is ignored,
improvement in that particular attribute will be unsuccessful to
compensate respondents for a decrease in utility through another
attribute level. Subsequently, there is a defilement of the continuity
maxim, which indicates that preferences would not be signified by
conventional utility functions (Lancsar and Louviere, 2006). The
other reason for data screening is that the omitted respondents
were not the representative of broader population that could result
in over-estimation or biased coefficients and could lead to biased
welfare estimates and policy outcomes (Lagarde, 2013).

A comparatively low share of genuine zero willingness to pay
responses were confronted in upper, middle and lower basin (Khan
etal., 2019b). Out of which 230 were interviewed from upper basin,
220 from middle basin, 361 from lower basin were interviewed. A
CL and RPL models were then estimated with the help of Econo-
metric software Stata 20.0. Ecological attributes were allocated

with random normal distribution whereas; payment and status quo
attributes were assigned a non-random distribution (Khan et al.,
2019a).

2.5. Model specification

For the measurement of public attitude and preferences towards
progresses in ecosystem services, a choice experiment technique is
used. In this technique, respondents are presented with an imagi-
nary choice task and let them match and choose among the relative
payments for the improvements in ecological conditions (Greene
and Hensher, 2007; Scarpa et al., 2007). Usually, the respondents
select providing maximum utility alternatives in every choice set
which can be describe in a function as;

MaxU (x1, Xo, ...... Xy )subject to P(xq, Xo, ...... X)) +d=y (1)

Thexy,i=1......... ..., kdenotes the alternatives designated by
the attributes that are chosen by the respondents based on their
preferences. P(xq, X3, ...... Xy) indicates the payment incurred by

the respondents for the betterments in ecosystem services with
normal goods d that should not beyond the purchasing power of
respondents (Ledoux and Turner, 2002). Utility maximization
concept is associated with econometric model in the framework of
random utility model (RUM). In RUM the utility obtained by
respondent n from j alternative is given as;

Upj=Vij + enj = GASG + > Bk Xnjk + > Ynk Xnjic Cn
K K
+ Hpj ASan Cn €nj (2)

where V;; indicates the deterministic element of the utility and &;
denotes the latent elements. The coefficients of ASG; i.e. o; denotes
the utility that capture the average effect of the components that
are not taken into account (unobserved variables) in relation to the
respondent’s preferences for the selected ecosystem services
improvements.

An assessment of the models with choice data observe the in-
fluence of selected ecosystem services X, on the specific alter-
native. 8, are the coefficients that are understood contrarily in
different econometric models, as in RPL model it demonstrates the
aggregate taste of individual 6, and deviance from mean taste
stdey, while in CL model it demonstrates taste of average respon-
dent for X, ecosystem services.

Former modeling techniques treated parameters as fixed across
observations (i.e. impact of individual independent variable re-
mains constant for every observation), but unobserved variables
may put forward that the estimated parameters may differ from
one observation to the other. Therefore, the random parameters
models account for the impacts of such unobserved heterogeneity.
CL model perceives equal proportional substitutions between al-
ternatives and suppose that the tastes and preferences of individual
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are dependent on visible features, whereas RPL model assume that
unobserved variables may also effect the utility. Thus RPL models
has an advantage over CL models in permission for substitution,
heterogeneity in preferences, correlation among unobserved vari-
ables (Train, 2009). The RPL model also avoids the key limitations of
multinomial logit model. Significantly, it accommodates unob-
served heterogeneity in taste and preferences as well as repetitive
choices and is not limited to the independence of irrelevant alter-
natives (IIA) property. Moreover, these models are flexible and
practically computational that may estimate any random utility
model (Mcfadden and Train, 2000).

2.5.1. Estimation of marginal willingness to pay in CL and RPL
model

In addition to the random approach, heterogeneity could be
consider systematically as the interactions of individual-explicit
features G, with ecological attributes X or with alternative
specific constant ASCyj, v, as well as p,; being related constants
(Martin-Ortega et al., 2012).

The calculated §, are applied to estimate marginal willingness to
pay for each attribute. For CL model linear in utility the marginal
willingness to pay can be estimated as;

MWTP o= — Bi/Bp (3)

which describes the negative ratio of k i.e. coefficient of ecological
attribute and p i.e. coefficient of monetary parameter with other
factors keeping constant. For RPL model, marginal willingness to
pay can be estimated as:

MWTPy gp = — (Bistdey * rnay) /6, (4)

where stde, demonstrates the estimated standard deviation of
coefficient §; whereas rna, demonstrates draw from a random
distribution (Da Costa and Hernandez, 2019; Hensher et al., 2005).
While in estimation of benefit transfer for ecosystem services
through sites and population by applying various data set either the
equivalence of parameters in the utility function () or the related
welfare measures (MWTP, ;,0401) Can be tested.

2.5.2. Transfer error

The parameter equality test is linked with value function
transfer but it does not comply with our study. However, different
techniques can be used to investigate benefit transfer in a certain
policy site, like meta-regression technique, benefit function trans-
fer technique, transfers of unit value and many more (Jiang, 2017).

We estimated the equality of willingness to pay for different
ecological attributes and scenarios (i) between different basins and
their residents with the comparison of 95% confidence interval (CI)
overlapping and measure the precision of value transfer (Brouwer
and Bateman, 2005) by assessing the marginal willingness to pay
for policy and study sites and by calculating the transfer error:

|WTPs — WTP,|

Transfer error;(TE;) = WP
p

*100 (5)

Study site is represented by S and P represents the policy site,
the benefits are supposed to be transfer from S to P. The values of
transfer errors can be influenced by the individual’s random pref-
erence heterogeneity, accuracy, theoretical and non-theoretical
(Brouwer et al.,, 2015; Khan et al., 2019b). Moreover, S may also
describe the pooled model if they are used to be in transferability
test.

3. Results and discussion
3.1. Socio-economic characteristics

Fig. 2 depicts the various socio-demographic properties of all
sampled respondents in the upper, middle and lower basin of Wei
River. Out of the total sampled respondents in the upper basin,
36.29% and 63.71% were female and male respectively, whereas, in
middle and in lower basin, they were 53.18% and 46.82% and 36.95%
and 62.04% respectively. While for education, the lowest level was
considered junior school education and lowest number of sampled
respondents in all three sub-basins had junior school education, i.e.
6.2% in upper basin, 10% in middle and 11.36% in lower basin. On the
other hand, highest number of sampled respondents had primary-
class education. For instance, 34.03% of the total respondents in
upper, 33.64% in middle and 38.23% in lower basin had primary
education. Finally, bachelor and above level was defined as highest
level of education in the sampled respondents. The results from the
socio-economic analysis described that relatively less number of
sampled respondents in all three sub-basins of Wei River had
bachelor and above level of education i.e. 14.71%, 14.55 and 16.07%
in upper, middle and lower basin respectively.

Fig. 3 describes the age and living age of sampled respondents in
the study area. The research experienced that the data collected
through choice experiment from the sampled respondents had an
average age between 21 and 60 years in all three sub-basins. While
comparatively low number of sampled respondents had an average
age 18—20 years and 60—80 years. Maximum of the sampled re-
spondents had number of living or residency years between 21 and
40 years; for instance, 37.39% in upper, 39.09% in middle and 49.03%
in lower basin had 21-40 living years. While lowest number of
respondents had an average living years i.e. 61-80 years. The upper
basin contributed 10.08% of the total sampled respondents in
61—80 years of living, which was 8.18% in middle and 7.48% in lower
basin.

Fig. 4 portrays that household size of the respondents and their
average annual income (in million Yuan). Due to one child policy in
China, relatively large number of the sampled respondents had an
average 3—4 household size. In upper basin 54.2% of the re-
spondents, 54.55% in middle basin and 54.85% in lower basin had
an average 3—4 household size followed by 5—6 number of
households in a family. While lowest number of respondents had
nine and above numbers of family members in all three sub-basins.
The figures of average annual income of the sampled respondents
declared that the range of the majority of sampled respondents lies
under the average annual income 0—0.05 million Yuan, i.e. 63.87%
in upper basin, 57.27% in middle basin and 63.99% in lower basin.
While lowest number of sampled individuals had an average yearly
income above 0.15 million Yuan for instance, 5.88% in upper basin,
6.38% in middle basin and 3.05% of the respondents in lower basin
had an average annual income greater than 0.15 million Yuan.

3.2. Welfare estimation

Respondent choices were analyzed with the application of CL
and RPL models. Both models were estimated individually for
respective basin with the expectation of variations in the estimates
of marginal willingness to pay because parameters and variances of
both models vary between upper, middle and lower basin. The
estimated models (i.e. CL and RPL) are described in Tables 2 and 3
respectively, and account for the panel structure of the collected
data (each respondent were asked to choose among two alternative
and a status-quo program), and latent and perceived preference
heterogeneity. Latent heterogeneity is selected through the inser-
tion of random factors in choice attributes and estimated models
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Fig. 2. Percentages share of Gender and education of the households in upper, middle and lower basin.

were assessed with a classification of 1000 Halton replications
(Bhat, 2001).

The results presented in Table 2 demonstrate that all particular
ecological attributes in upper, middle and lower basin have ex-
pected signs and statistically significant at different levels of sig-
nificance (1%, 5% and 10%), as well as with a comparatively higher
pseudo R? values for such type of cross-sectional data. The amount
of water per capita in upper and lower basin while, water and soil

erosion intensity in middle basin are however, non-significant. The
ASC is related to the opt-out alternative in the estimated models
and negative and significant coefficients in all three basins, though
reveal strong preferences other than status quo for the restoration
of ecosystem services (Brouwer et al., 2016). As expected, the highly
significant and negative coefficients of payment (monetary attri-
butes), denotes that respondents averse to increase in price and will
be willing to pay comparatively lesser, agreed by King et al. (2016).
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Table 2

Estimated results of ecological indicators (CL model).
Choice Pooled data Upper basin Middle basin Lower basin

Coef. SE Coef. SE Coef. SE Coef. SE

Pay —0.007*%** 0.001 —0.007*%** 0.002 —0.011%** 0.002 —0.005%%** 0.001
ASC —0.846%** 0.208 —1.005%* 0.418 —0.764** 0.399 —0.964*%** 0.305
Forest cover ratio 0.069%* 0.016 0.069%** 0.032 0.147#%* 0.033 0.052%* 0.024
Water quality level 0.714%xx* 0.097 0.619%*x* 0.192 0.938%#xx* 0.186 0.669%** 0.141
Water quantity per capita 0.064%** 0.019 0.049 0.037 0.145%** 0.039 0.037 0.028
Soil & water erosion area 0.027%3* 0.007 0.031%** 0.014 0.044* 0.014 0.020%** 0.010
Water loss & soil erosion intensity 0.155%x* 0.033 0.181 %% 0.065 0.080 0.065 0.184xx* 0.047
Natural landscape 0.0271%*x* 0.004 0.0271%*x* 0.009 0.032%** 0.009 0.027%*x* 0.007
Eco-tourism & parks 0.027%*x* 0.006 0.030%*x* 0.013 0.040%** 0.013 0.027%*x* 0.009
Summary statistics
Number of Obs 7299 2070 1980 3249
LR chi2(8) 110.58 54.36 64.67 56.93
Prob > chi2 0.0000 0.0000 0.0000 0.0000
Pseudo R2 0.0207 0.0359 0.0446 0.0239
Log likelihood -2617.6 -730.9 -692.7 -1161.3

wxk #x and * shows significance level at 1%, 5% and 10%.

The results in Table 3 demonstrate the outcomes obtained with
the application of RPL model. The ecological attributes with ex-
pected signs and statistically significant coefficients argue that the
respondents of the upper, middle and lower basin are willing to pay
for the renovation of the river ecosystem services which

corroborates to the findings of Bhat (2001). While coefficients of
water and soil erosion intensity are however non-significant in
middle basin. The coefficients of ASC in all basins are bound by
significant preference heterogeneity as could be understood from
the statistically significant standard deviations agreeing to previous
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Estimated results of ecological indicators (RPL model).

Choice Pooled data Upper basin Middle basin Lower basin

Coef. SE Coef. SE Coef. SE Coef. SE
Mean
Pay —0.025%%** 0.002 —0.038*** 0.010 —0.040%** 0.008 —0.018*x** 0.003
ASC —5.028** 0.644 —11.797%**x* 3433 —4.593*** 1.592 —4.831%** 1.033
Forest cover ratio 0.244%x* 0.046 0.478%** 0.163 0.559%** 0.143 0.136%** 0.063
Water quality level 2.156%** 0.291 2.684*xx* 0.969 3.299%*x* 0.789 2.003%*** 0415
Water quantity per capita 0.317%%* 0.057 0.506%* 0.218 0.550%* 0.144 0.218*x* 0.076
Soil & water erosion area 0.175%x%* 0.020 0.136%** 0.052 0.165%x** 0.053 0.069%*** 0.028
Water loss & soil erosion intensity 0.595%x** 0.090 0.816** 0.333 0.334 0.211 0.659*** 0.135
Natural landscape 0.088*x* 0.012 0.102%** 0.051 0.149%x* 0.037 0.076%** 0.017
Eco-tourism & parks 0.0773%x* 0.019 0.138** 0.068 0.136%** 0.046 0.085%** 0.027
SD
Forest cover ratio 0.550%** 0.083 —0.675* 0.365 —0.528*** 0.162 —0.533*** 0.112
Water quality level —3.258 0.291 4,639%** 1.053 —2.838%xx 0.559 3.020%*x* 0.382
Water quantity per capita 0.557%x* 0.080 0.987%** 0.219 0.929%* 0.201 0.564%** 0.101
Soil & water erosion area 0.208%* 0.037 0.475%*%* 0.169 0.426%* 0.122 0.218%** 0.049
Water loss & soil erosion intensity —1.004%** 0.179 1.587%%** 0.569 —1.448%* 0.384 —0.838** 0.329
Natural landscape 0.100%** 0.030 0.227 %% 0.068 0.035 0.047 0.095*** 0.027
Eco-tourism & parks 0.232%%x* 0.030 0.183%** 0.089 0.196%** 0.088 0.177%*** 0.049
Summary statistics
Number of obs 7299 2070 1980 3249
LR chi2(7) 826.51 293.98 232.02 309.83
Log likelihood —2204.3797 —583.876 -576.73 —1006.4
Prob > chi2 0.0000 0.0000 0.0000 0.0000

w0k ok and * shows significance level at 1%, 5% and 10%.

reports (Khan et al., 2019b, 2019¢; Martin-Ortega et al., 2012).
Significant standard deviation values of mean also approves the
presence of preference heterogeneity for all ecological random
parameters in three basins. The negative and significant coefficient
for payment (monetary attribute) in all three basin approve our
expectations, i.e. as the price increases, the corresponding will-
ingness to pay of the respondents will decrease. Similar findings
were also reported by King et al. (2016). Payment has the predicted
negative sign according to the economic theory, representing that
higher prices reduces the utility as well as the possibility of alter-
native policy program selection (Guofang and Suzuki, 2008; Perni
and Martinez-Paz, 2017).

3.3. Willingness to pay estimation

The assessment of ecosystem services is the foundation for
policy makers in making decisions regarding environmental man-
agement. The consistency and validity of choice experiment
approach for the evaluation of public goods and services by
obtaining household’s willingness to pay will be core issue for re-
searchers (Deng et al., 2016). Since last few decades, the water
sources and their services faced severe damage due to growing rate
of urbanization and speedy economic development in China (Li
et al.,, 2014).

The estimates of willingness to pay for ecosystem services are
measured by the application of Krinsky-Robb (Krinsky and Robb,
1990) method with 1000 Halton replications. Figs. 5 and 6 display
the mean willingness to pay while Figs. 7 and 8 display the upper
and lower limits of 95% confidence interval (CI). Figs. 7 and 8 also
display the overlapping of indicators at 95% CI, which indicates the
heterogeneous willingness to pay for the restoration of ecosystem
services. The willingness to pay for ecosystem services calculated
from CL model demonstrates that the highest willingness to pay
was detected for Water quality level in all basins as well as in
pooled data. As the water flows from upper basin towards middle
basin and then towards lower basin the corresponding willingness
to pay increases for its better quality. For instance, in upper basin
the estimated willingness to pay for Water quality level is 83.25

Yuan followed by 86.22 Yuan in middle basin and 140.6 Yuan in
lower basin. The Water quality level at high altitude and piedmont
areas observed to be good enough, however due to recent indus-
trialization in China and rapid population growth caused the Water
quality level to be declined (Ma et al., 2009; Mu et al., 2019). The
study of Shang et al. (2012) and Zhang (2012) also argued that most
attractive willingness to pay was noted for Water quality level in
different river ecosystem valuation studies across China. After
Water quality level, the most favored ecological attribute that was
highly valued by the households of the study area was Water and
Soil Erosion intensity. Willingness to pay for Water and Soil Erosion
intensity in the lower basin was relatively higher followed by upper
basin and then middle basin, and the corresponding willingness to
pay amount was 38.75 Yuan, 24.41 Yuan and 7.33 Yuan respectively.
Where Water quality level and Water and Soil Erosion intensity was
highly valued by the inhabitants of the study area, similarly Natural
landscape was the attribute that was poorly valued and the corre-
sponding willingness to pay in all three basins was the lowest i.e.
2.80 Yuan in upper basin, 2.96 Yuan in middle basin and 4.31 Yuan
in lower basin. Although the willingness to pay for Natural land-
scape was the lowest, but the significant coefficients for Natural
landscape proves that as long as the other ecological attributes
needs to be improved and restored, similarly Natural landscape is
also be worthy to improve but households of the study area rela-
tively pay lower amount for its restoration (Park and Song, 2018).
The estimated willingness to pay values from RPL model are
displayed in Fig. 6. The estimates of willingness to pay calculated
from RPL model are somehow different from that of calculated from
CL model. The reason for this disparity in willingness to pay esti-
mates is because of inclusion of preference heterogeneity into the
RPL model (Logar and Brouwer, 2018). Likewise, the highest will-
ingness to pay was estimated for Water quality level in all three
basins, i.e. 71.43 Yuan in upper basin, 81.57 Yuan in middle basin
and 109.3 Yuan in lower basin respectively. Similarly, 12.73 Yuan in
upper basin, 13.82 Yuan in middle basin and 7.42 Yuan amount of
willingness to pay in lower basin was estimated for forest cover
ratio and these results are in line with the findings of Cao et al.
(2020), Escobedo et al. (2011) and Nielsen et al. (2007). The
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Note: The acronyms used in Figs. 5—8 are defined as: FCR indicates Forest cover ratio, WQL indicates Water quality level, WPC indicates Water quantity per capita, SWA indicates
Soil & water erosion area, WSI indicates Water loss & soil erosion intensity, NL indicates Natural landscape and ETP indicates Eco-tourism & parks.

willingness to pay for amount of water per capita was estimated as
13.47 Yuan, 13.61 Yuan and 11.88 Yuan in upper, middle and lower
basin respectively. Likewise, estimates of willingness to pay for
Conditions for eco-tourism and parks was 3.66 Yuan, 3.35 Yuan and
4.64 Yuan in upper, middle and lower basin respectively. There was
diversity in the household’s taste and preferences in each basin,
which caused heterogeneity in the willingness to pay for respective
ecosystem services (Li et al., 2020). The approach and preference of
households towards these specific attributes play a dynamic role in
the validation of heterogeneity and fluctuation in their respective
willingness to pay values (Doran et al., 2015). Our estimated results
of willingness to pay are also justified by Wang et al. (2016),
Colombo et al. (2007) and Zhou et al. (2015) in their studies.

3.4. Feasibility of transfer errors for benefit transfer across basins

The ultimate code for benefit transfer from one site to the other
site (s) is the resemblance among the locations in the perspective of
social characteristics, populations and policies (Newbold et al.,
2018). For the purpose of resemblance in the localities, the scholars
usually consider demographic characteristics of the residents, at
the same time for transferring benefits the characteristics of bio-
physical site are also necessary (MEa, 2005; Reid et al., 2005).
Tables 4 and 5 display the resulting transfer errors. In the split-
sample of three basins value transfer technique, the mean trans-
fer error ranges from 9.49% to 44.49% in CL model (see Table 4),
while in RPL model mean transfer error ranges from 7.06% to 35.37%
(see Table 5). Usually benefit transfer are considered to be the
transfers of mean values estimated through CL and RPL models. For
instance, the outcomes in Table 4 demonstrates that mean transfer
error estimated through CL model from middle to upper basin were
11.50% and 44.49% from lower to upper basin. Similarly, transfer
errors from upper to middle basin were 9.49% and 34.81% from
lower to middle basin. Estimated transfer errors from upper to
lower basin were 29.16% and from middle to lower basin were
29.37%. The highest mean transfer error values (44.49%) were
estimated from lower to upper basin and 34.81% of transfer errors
were estimated from lower to middle basin. Whereas, the lowest
mean transfer errors values i.e. 9.49% were assessed from upper to
middle basin followed by 11.50% from middle to upper basin.

The results in Table 5 demonstrates the transfer errors calcu-
lated through RPL model. The results suggested that the mean
transfer errors from middle to upper basin were 8.11% and from
lower to upper basin were 35.37%. Similarly, from upper to middle
basin the mean transfer errors were 7.06% and from lower to
middle basin mean transfer errors were 17.58%. The estimated
mean transfer errors from upper to lower basin and from middle to
lower basin were 28.58% and 19.30% respectively. The highest value
of mean transfer error were estimated from lower to upper basin

i.e. 35.37% followed by 28.58% of transfer errors from upper to
lower basin. While lowest values (7.06%) for transfer errors were
assessed from upper to middle basin followed by 8.11% from middle
to upper basin.

The assessment of transfer errors argued that the heterogeneity
in mean transfer error values across basins are usually related to the
differences in sites and corresponding residents of the area. It is
apparent from the estimated results that the transfer errors esti-
mates for particular attribute or group of attributes are compara-
tively lesser in RPL model to that of calculated through CL model.
For example, the estimated transfer errors calculated through CL
model for Forest cover ratio from middle to upper basin were
40.41% whereas for the same sites and attribute the mean transfer
errors estimated through RPL model were 8.51%. Likewise, for
Water quality level the estimated transfer errors were 68.91% in CL
model while for the similar attribute and sites the estimated
transfer errors were 52.97% in RPL model.

The transfer errors for a combination of Forest cover ratio
(FCR) +Natural landscape (NL) from middle to upper basin were
32.36% in CL model, while for the same combination and site the
estimated transfer errors calculated through RPL model were
13.40%. Similarly, transfer errors for combination of Water quality
level (WQL) +Soil & water erosion area (SWA) from lower to upper
basin were 65.44% estimated through CL model while they were
50.59% in RPL model for the identical combination and sites. The
lesser mean transfer error in RPL model are because of reflection of
spatial preference heterogeneity in RPL model (Martin-Ortega et al.,
2012), since spatial preference heterogeneity is a significant
element in benefit transfer assessment (Heiss, 2016; King et al.,
2016). Which approves that consideration and addition of taste
heterogeneity make transfer errors to be reduced (Brouwer and
Bateman, 2005; Colombo et al., 2007; Martin-Ortega et al., 2012).
The study of Brouwer et al. (2015) also established that the models
(e.g. RPL models) that accounts for taste heterogeneity would result
in reduced transfer errors.

The adequate range for accepting transfer errors values was
discussed in earlier studies, for example in the study of Blamey et al.
(2002) argued that the adequate and suitable range of transfer er-
rors is 4%—191%. While Colombo and Hanley (2008) established the
acceptable range of transfer error from 15% to 95%. Rozan (2004)
and Hanley et al. (2007) found the mean transfer error values of
25% and 66% respectively in their studies. The estimates of transfer
errors for wetlands assessed through met analysis were measured
to be greater than 40% (Brouwer, 2009). Kristofersson and Navrud
(2005) stated that the suitable range for accepting transfer errors
regarding economic valuation of environmental quality assessment
could be smaller than 20%. Kaul et al. (2013) and VandenBerg et al.
(1995) found that the absolute benefit transfer errors extended
between 0 and 172% and 1-239% respectively. Similarly, Colombo
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Table 4

Estimated transfer errors of willingness to pay for attributes and scenarios and mean transfer error (CL model).
Attributes To Upper basin To Middle basin To Lower basin

From Middle From Lower From Upper From Lower From Upper From Middle

Forest cover ratio (FCR) 40.41% 17.47% 28.78% 16.34% 14.87% 19.53%
Water quality level (WQL) 3.56% 68.91% 3.44% 63.10% 40.80% 38.69%
Water quantity per capita (WPC) NA NA NA 41.36% NA 70.54%
Soil & water erosion area (SWA) 4.28% 2.83% 4.47% 1.51% 2.91% 1.49%
Water loss & soil erosion intensity (WSI) NA 58.74% NA NA 37.00% NA
Natural landscape (NL) 5.73% 53.87% 5.42% 45.53% 35.01% 31.28%
Eco-tourism & parks (ETP) 8.10% 41.76% 8.82% 54.26% 29.46% 35.17%
FCR + WQL 7.25% 63.76% 6.76% 52.69% 38.94% 34.51%
FCR + WPC NA NA NA 29.03% NA 40.90%
FCR + SWA 26.40% 11.10% 20.89% 12.10% 9.99% 13.77%
FCR + WSI NA 47.39% NA NA 32.15% NA
FCR + NL 32.36% 25.93% 24.45% 4.86% 20.59% 5.11%
FCR + ETP 25.73% 24.82% 20.46% 0.72% 19.88% 0.73%
WQL + WPC NA NA NA 49.07% NA 32.92%
WQL + SWA 3.18% 65.44% 3.08% 60.34% 39.56% 37.63%
WQL + WSI NA 66.61% NA NA 39.98% NA
WQL + NL 3.63% 68.42% 3.51% 62.52% 40.63% 38.47%
WQL + ETP 3.02% 67.66% 2.94% 62.74% 40.36% 38.55%
WPC + SWA NA NA NA 31.40% NA 45.77%
WPC + WSI NA NA NA NA NA NA
WPC + NL NA NA NA 25.60% NA 34.41%
WPC + ETP NA NA NA 20.67% NA 26.06%
SWA + WSI NA 49.64% NA NA 33.17% NA
SWA + NL 0.29% 19.76% 0.29% 20.11% 16.50% 16.74%
SWA + ETP 6.14% 18.89% 6.54% 26.67% 15.89% 21.06%
WSI + NL NA 58.23% NA NA 36.80% NA
WSI + ETP NA 56.34% NA NA 36.03% NA
NL + ETP 2.42% 46.73% 2.48% 50.37% 31.85% 33.50%
Mean Transfer error 11.50% 44.49% 9.49% 34.81% 29.16% 29.37%

Note: Where FCR indicates Forest cover ratio, WQL indicates Water quality level, WPC indicates Water quantity per capita, SWA indicates Soil & water erosion area, WSI
indicates Water loss & soil erosion intensity, NL indicates Natural landscape and ETP indicates Eco-tourism & parks.

Table 5

Estimated transfer errors of willingness to pay for attributes and scenarios and mean transfer error (RPL model).
Attributes To Upper basin To Middle basin To Lower basin

From Middle From Lower From Upper From Lower From Upper From Middle

Forest cover ratio (FCR) 8.51% 41.75% 7.84% 46.32% 71.68% 86.28%
Water quality level (WQL) 14.18% 52.97% 12.42% 33.97% 34.63% 25.36%
Water quantity per capita (WPC) 1.01% 11.81% 1.00% 12.69% 13.39% 14.54%
Soil & water erosion area (SWA) 12.30% 3.47% 10.96% 7.87% 3.35% 8.54%
Water loss & soil erosion intensity (WSI) NA 65.46% NA NA 39.56% NA
Natural landscape (NL) 36.41% 53.03% 26.69% 12.19% 34.65% 10.86%
Eco-tourism & parks (ETP) 8.51% 26.70% 9.31% 38.50% 21.08% 27.80%
FCR + WQL 13.32% 38.64% 11.76% 22.34% 27.87% 18.26%
FCR + WPC 4.65% 26.36% 4.44% 29.63% 35.79% 42.11%
FCR + SWA 9.35% 31.74% 8.55% 37.57% 46.49% 60.18%
FCR + WSI NA 25.85% NA NA 20.54% NA
FCR + NL 13.40% 25.13% 11.82% 33.97% 33.56% 51.45%
FCR + ETP 4.70% 26.46% 4.49% 29.76% 35.97% 42.37%
WQL + WPC 12.09% 42.69% 10.79% 27.30% 29.92% 21.45%
WQL + SWA 14.09% 50.59% 12.35% 31.98% 33.59% 24.23%
WQL + WSI NA 55.89% NA NA 35.85% NA
WQL + NL 15.00% 52.98% 13.04% 33.03% 34.63% 24.83%
WQL + ETP 13.08% 51.69% 11.56% 34.15% 34.08% 25.46%
WPC + SWA 3.40% 8.57% 3.29% 11.58% 9.38% 13.10%
WPC + WSI NA 35.89% NA NA 26.41% NA
WPC + NL 6.93% 0.96% 6.48% 7.38% 0.97% 7.97%
WPC + ETP 1.03% 3.58% 1.04% 2.58% 3.71% 2.64%
SWA + WSI NA 56.60% NA NA 36.14% NA
SWA + NL 22.62% 24.67% 18.45% 1.68% 19.79% 1.65%
SWA + ETP 1.84% 15.15% 1.80% 13.08% 13.16% 11.56%
WSI + NL NA 64.08% NA NA 39.05% NA
WSI + ETP NA 59.87% NA NA 37.45% NA
NL + ETP 10.58% 37.90% 9.57% 24.70% 27.48% 19.81%
Mean Transfer error 8.11% 35.37% 7.06% 17.58% 28.58% 19.30%

Note: Where FCR indicates Forest cover ratio, WQL indicates Water quality level, WPC indicates Water quantity per capita, SWA indicates Soil & water erosion area, WSI
indicates Water loss & soil erosion intensity, NL indicates Natural landscape and ETP indicates Eco-tourism & parks.
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et al. (2007) in his study regarding valuation of soil erosion using
choice experiment also found the mean transfer error values of 66%.
Hence, it can be concluded that the acceptable range of transfer
errors can be considerably different, depends significantly from
policy to policy and study to study as well the techniques used for
its measurement. Moreover, results of this study demonstrates that
slightly reduced mean transfer errors were found in RPL model to
that estimated through CL model and their ranges (i.e. 7.06—35.37%
in RPL model and 9.49—44.49% in CL) varies accordingly.

The welfare estimates i.e. Mean, standard deviation and stan-
dard error for each basin with combinations of selected ecological
attributes calculated from CL and RPL logit models are discussed in
Table 6. Due to availability and consumption of ES at various spatial
scales, the economic valuation of ecosystem services needs a
careful measurement that can specify how inhabitants could be
affected by specific course of services at numerous spatial scales
(Escobedo et al., 2011; Turner et al., 2000). What is more essential
for planning personnel and policy makers is that they should
encourage the benefit transfer in inter-basin and reassure for ac-
counting in income disparities while considering value transfers
(Andreopoulos and Damigos, 2017).

4. Conclusion, limitations and recommendations

In the current study, we came up with conclusive empirical
outcomes and achieved two main objectives. Primarily, the in-
habitants of Wei River basin demonstrates rather a strong potential
to pay for the restoration of river ecosystem services. Secondly,
there exists the transfer of benefits within the different basins of
Wei River. The welfare estimates in the context of environmental
improvements were positive but different significantly throughout
the upper, middle and lower basins. In terms of willingness to pay
for restoration, there exist a significant spatial preference hetero-
geneity among households of the Wei River basin. The inhabitants
cared more about improvements in the current water quality level
and were willing to pay quite greater amounts for its improvement.
For instance, 109.3 Yuan/annum was the mean willingness to pay

Table 6
Measurement of welfare estimates (CL and RPL).

for improvement in water quality level in lower, 81.57 Yuan/annum
in middle and 71.43 Yuan/annum in upper basin. The sequence of
ranking ecological attributes in terms of willingness to pay in upper
basin was water quality level followed by Water and Soil Erosion
intensity 21.73 Yuan/annum, amount of water per capita 13.47
Yuan/annum, and forest cover ratio (12.73 Yuan/annum). While in
middle basin after improvements in water quality level, the
ecological attributes in terms of willingness to pay were ranked as,
Forest cover ratio (13.82 Yuan/annum), amount of water per capita
(13.61 Yuan/annum) and Water and Soil Erosion intensity (8.26
Yuan/annum). Similarly, in lower basin following water quality
level the maximum willingness to pay was estimated for Water and
Soil Erosion intensity, i.e. 35.95 Yuan/annum followed by 11.88
Yuan/annum for amount of water per capita and 7.42 Yuan/annum
for improvements in forest cover ratio. A significant but lowest
valued ecological attribute was Natural landscape in all the three
basins of Wei River. Based on spatially explicit choice experiment,
there also exist heterogeneity in the estimated benefits in all three
basins. Relatively reduced mean transfer errors were estimated in
RPL model and varying between the ranges of 7.06%—35.07%, while
in CL model the estimated mean transfer errors were within the
limits of 9.49%—44.49%. Location specific characteristics i.e. greater
the resemblance between study and policy site and consideration
of taste heterogeneity in RPL model caused the smaller values of
mean transfer errors. The RPL model has proved more favored
model in the estimation of benefit transfer with the reason of
concerning taste heterogeneity and ultimately produces reduced
transfer errors. The results hence demonstrated the transfer of all
scenarios among all three basins.

To the end, it is worth to note couple of limitations of the current
study. The first limitation is that, as benefit transfer technique is
susceptible to the error subsequent from deficiency of correspon-
dence among study and policy sites. Since, it is based on the hy-
pothesis of having similar socio-economic features of the
beneficiaries, environmental quality and location, the absence of
correspondence has a negative impact on the benefit transfer val-
idity. Although, the current study mainly taken into account the

Attributes Conditional logit (CL) Model Random Parameter Logit (RPL) Model

Upper basin Middle basin Lower basin Upper basin Middle basin Lower basin

Mean SD SE Mean SD SE Mean SD SE Mean SD SE Mean SD SE Mean SD SE
FCR + WQL 92.5 523 302 992 51.8 299 1515 917 530 842 415 240 954 479 277 1167 720 416
FCR + WPC NA NA NA 26.4 422 243 187 758 438 262 337 194 274 392 226 193 576 332
FCR + SWA 135 442 255 171 383 221 15.0 66.6 384 164 31.1 179 179 358 207 112 509 294
FCR + WSI 337 363 21.0 NA NA NA 49.6 577 333 345 270 156 NA NA NA 43.4 441 255
FCR + NL 121 338 195 16.0 352 203 152 536 31.0 154 257 149 175 329 190 116 413 238
FCR + ETP 133 314 181 16.7 325 188 166 50.2 290 164 244 141 17.2 306 176 121 387 224
WQL + WPC  NA NA NA 99.6 515 297 1485 939 542 849 41.0 237 952 481 277 1212 689 398
WQL + SWA  87.5 559 323 903 450 260 1447 778 449 751 366 212 856 423 244 1130 587 339
WQL + WSI 107.7 411 23.7 NA NA NA 1794 638 368 932 302 174 NA NA NA 145.2 480 27.7
WQL + NL 86.1 377 218 892 400 231 1449 586 338 741 284 164 853 375 217 1134 446 258
WQL + ETP 87.3 345 199 899 361 209 1463 541 313 751 266 153 849 340 196 1139 416 240
WPC + SWA NA NA NA 17.4 6.6 3.8 12.0 2.6 1.5 17.1 7.0 4.0 17.7 6.8 39 15.6 58 33
WPC + WSI NA NA NA NA NA NA 46.6 190 11.0 352 9.1 52 NA NA NA 47.8 168 9.7
WPC + NL NA NA NA 16.3 5.7 33 12.2 168 9.7 16.2 9.0 52 173 5.6 32 16.0 152 88
WPC + ETP NA NA NA 17.1 49 2.8 135 150 8.6 17.1 8.4 4.8 17.0 5.0 29 16.5 138 8.0
SWA + WSI 28.7 143 82 NA NA NA 429 245 141 254 128 74 NA NA NA 39.7 228 132
SWA + NL 7.0 121 7.0 7.0 0.8 04 8.4 199 115 63 10.7 6.2 7.8 0.3 0.2 7.9 185 107
SWA + ETP 83 104 6.0 7.7 0.6 03 9.8 17.0 9.8 73 9.2 53 7.4 04 0.2 8.4 159 9.2
WSI + NL 27.2 153 88 NA NA NA 43.1 244 141 244 135 78 NA NA NA 40.1 225 130
WSI + ETP 284 121 7.0 NA NA NA 44.5 195 113 254 10.7 6.2 NA NA NA 40.6 182 105
NL + ETP 6.8 0.9 0.5 6.7 0.5 03 10.0 1.0 0.6 6.4 0.7 04 7.1 0.2 0.1 8.8 04 0.2

Note: Where FCR indicates Forest cover ratio, WQL indicates Water quality level, WPC indicates Water quantity per capita, SWA indicates Soil & water erosion area, WSI
indicates Water loss & soil erosion intensity, NL indicates Natural landscape and ETP indicates Eco-tourism & parks.
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economic aspect, while social, cultural, and natural science infor-
mation are also compulsory in the environmental valuation studies.
Consequently, potential contribution of low-income respondents
may not be captured as current study applied monetary value for
potential contribution. Hence, further research work is necessary
for the valuation of ecosystem services in terms of labors as some of
the respondents may not be willing to pay in monetary terms.

The recommendations based on the findings of the current study
formulated with regard to payment for the restoration of river
ecosystem services. Particularly, the payment for ecosystem services
would be marked as portion of area development program. It is
compulsory to expand communication between the administrative
authorities and inhabitants of Wei River basin to alleviate the cavity
between river restoration & development schemes and the public
preferences. The estimated outcomes of attributes corresponding
marginal willingness to pay could be consider as a significant indi-
cator and reference while formulating resolutions regarding resto-
ration and management of ecosystem programs. The outcomes also
recommend that allocation of funds and investments in restoration
programs would be substantial as derived from the household’s
significant willingness to pay for ecosystem services. The current
study claims that benefit transfer of river ecosystem services could
be considerately reflected as a substitute way to estimate non-
market benefits. However, for future perspective further valuation
analytical work in this regard is compulsory to enhance the precision
of benefit transfer in Wei River basin.
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