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A B S T R A C T

Nature-based solutions for urban problems gaining popularity globally. The well-functioning ecosystem could
offer a nature-based solution to many urban problems including water, drainage and flooding problems. There-
fore, conservation and restoration of urban blue ecosystem components such as pond scape are crucial. This
research taking Khulna city of Bangladesh as a case has examined the low-income fringe community's willingness
to pay (WTP) for conservation and restoration of pond scape/blue ecosystem service (BES) in their locality from
where they benefit. The various types of ecosystem services enjoyed by the local community were identified. To
assess the community's WTP for conservation and restoration of pond scape, the payment card approach of the
Contingent Valuation Method (CVM) was used. Three environmental attributes were considered to assess the
existing condition of the blue ecosystem services in the study area. Findings show that 54% of respondents are not
satisfied with the existing conditions of the ecosystem services resulting from the pond scape. Respondent's WTP
for eleven types of service facilities was calculated. Results show that only 65.20% are eager to pay an amount of
38 Tk to 138 Tk per month for different service facilities. It means about one-third of the community people want
to be free riders. The influences of different attributes of the respondents on their WTP were also analyzed.
Education, income, and house-ownership appear to have a positive significant influence on WTP for conservation
and restoration of pond scape in the study area. In line with the findings if policy measures are taken without
further delay it would help conserve the remaining pond scape.
1. Introduction

Globally the pace of urbanization is unprecedented and more than
two-thirds of the population would be living in the urban areas before the
middle of this century (Adams et al., 2016; Panday 2017; Allam 2020;
Kirikkaleli and Sowah 2020). The counties in the developing global south
have been experiencing an even faster rate of urbanization (Panday
2017; Allam 2020). Unmanaged urbanization in some parts of the globe
causes deteriorated environmental quality that ranges from air pollution,
water pollution, soil degradation, loss of biodiversity etc (Adams et al.,
2016; Caro-Borrero and Carmona-Jim�enez 2019). Some of these have
severe consequences for public health and wellbeing and ecosystem
functioning (Breuste et al., 2017; Kabisch 2019; Kirikkaleli and Sowah
2020). A well-functioning ecosystem provides various services (Chien,
2022; Jaung et al., 2022). In urban areas, ecosystem services components
are broadly divided into two parts; the green ecosystem components and
the blue ecosystem components (Caro-Borrero and Carmona-Jim�enez
2019; Hagemann et al., 2020; Mukherjee and Shaw 2021; Sang et al.,
que.kuet13@gmail.com (Md.N.
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2021). The green components include all sorts of green infrastructures
and the blue components include all sorts of natural water structur-
es/systems (Caro-Borrero and Carmona-Jim�enez 2019; Kazmierczak and
Carter 2010).). The use of provisioning ecosystem services in the form of
water, food, fibre, medicine, building materials, biomass fuel is
centuries-old practice (Haase 2017; Kabisch 2019). The use of regulatory
services of the ecosystem as part of the nature-based solution is gaining
popularity [over engineered solution] to address many of the problems
urban community encounters (Mukherjee and Shaw 2021). Particularly
the use of water-related ecosystems which is often termed as the blue
ecosystem to control/regulate climatic problems (e.g. temperature, hu-
midity, precipitation) (Amini et al., 2019), water pollution, soil degra-
dation (erosion and pollution) Uy and Tapnio (2021); flooding and
drainage problem (Tong and Nguyen 2021) have recently been popu-
larized as part of the nature-based solution (NBS) (Oertli and Parris,
2019; Haase 2017; Costanza et al., 1997).

The International Union for Conservation of Nature (IUCN) defines
nature-based solutions as actions to protect, sustainably manage, and
Haque).
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restore natural or modified ecosystems that address societal challenges
effectively and adaptively, simultaneously providing human well-being
and biodiversity benefits. More generally, the nature-based solution is
a term that can be used to describe an alternative and non-traditional
approaches to environmental issues, like flooding, water scarcity, or
soil erosion, by harnessing natural capital (Haase 2017; Chen et al.,
2022). They also provide a wide range of other important benefits, such
as cleaner air and water, economic benefits, and increased biodiversity
(Amini et al., 2019; Hagemann et al., 2020; Sang et al., 2021).
Nature-based solutions span a wide range of practices, and people
sometimes disagree about exactly what counts as a nature-based solution.
Broadly, nature-based solutions fall into four categories: forestry prac-
tices, wetland-related practices, restorative agriculture, and ocean-based
practices (Haase 2017; Ferrari et al., 2019; Bhatt et al., 2020; Kumar and
Singh 2020). Wetland-related practices focus on conserving and restoring
multifunctional wetlands that provide blue ecosystem services. There-
fore, in an urban area, the availability and quality of wetland-related
nature-based solutions largely depend on the well-functioning blue
ecosystem and its components (Haase et al., 2014). In an urban area, blue
ecosystem components are primarily rivers, lakes, canals, swamps, bogs,
ponds, ditch, and natural drainage. These are important components of a
healthy living environment.

Due to population pressure and shortage of buildable land, most cities
in developing counties that experience massive land use transformation
fail to conserve blue ecosystem components, especially ponds. The
resulting effects are filing of low-lying water retention bodies, and ponds
(Panday 2017; Adams et al., 2016; Allam 2020). This ultimately causes
networks of problems including high surface runoff, heavy flooding,
water pollution, soil degradation, temperature rise, loss of aquatic
habitat and biodiversity. Bangladesh a densely populated and fast ur-
banizing country is no exception to these problems most of which have
been resulting from poor management of blue ecosystem services
particularly urban ponds Haase (2015) (Niemczynowicz, 2009). Histor-
ically hundreds of thousands of pounds were an integral part of the urban
ecosystem in many parts of the world including Bangladesh (Panday
2017; Almenar et al., 2018). Unlike other blue ecosystem components,
the ponds had been present throughout the city as ponds were artificially
constructed (Saroar et al., 2019). In cities, ponds were used for multiple
purposes, including the source of drinking and bathing water, recreation,
washing, water retention for irrigation, and other purposes (fishing)
(Flowra et al., 2012). Ponds are also used for the beautification of urban
landscapes and microclimate control. Therefore ponds have been a very
crucial blue ecosystem component in the urban landscape (Saroar et al.,
2019). However, over the decades, the urban ponds and water ecosys-
tems’ condition in the cities of Bangladesh has increasingly deteriorated
(Flowra et al., 2012; Akhtar et al., 2017). In the last 50 years, more than
4000 ponds have been filled only in the major cities of Bangladesh
because of uncontrolled landfilling for rapid urban expansion (Akhtar
et al., 2017). In Khulna metropolitan city alone more than 1000 ponds of
varying sizes have been filled to expand urban build-up area. In Khulna
city broadly two types of pressures are observed to degrade the pond
landscape. First, the discharge of wastes from factories, industries,
households, and other sources such as slaughterhouses, and urban agri-
culture cause massive degradation and consequent loss of impotence of
pond ecosystem. Second, the rapid increase in urban built-up areas
causes massive filling of water bodies including private ponds (Mahmud
et al., 2020; .Fattah et al., 2021a).

Degradation and disappearance of pond ecosystems in Bangladesh in
general and Khulna city, in particular, are attributed to two factors. The
first one is related to policy failure and the second one is related to lack of
community participation in pond conservation and restoration. Regula-
tory instruments in Bangladesh keep provision for controlling of
discharge of waste to water bodies including ponds. However, due to
poor enforcement of regulatory regimes and monitoring the degradation
of the pond environment is rampant (Marufuzzaman et al., 2019;
Morshed et al., 2021). Moreover, as most of these policies emphasize
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regulation and laws for environmental protection and pay less attention
to the importance of public participation, therefore degradation of pond
scape became unavoidable. Another impotent issue is the lack of policy
incentives for the conservation and restoration of private ponds. Due to
the lack of such market-based policy instruments (such as payment for
ecosystem services- PES), the pond owners find it profitable to fill the
pond for real-estate business. Therefore, it is urgent to develop a
framework to conserve the remaining ponds and restore the degraded
ones wherever possible to maintain a healthy urban environment in
Khulna city (Haquet et al., 2020).

In this connection, scholarships at the global level are emerging,
particularly addressing the private sector's willingness to participate in
ecosystem-based adaptation and nature-based solutions to climate
change (Costanza et al., 2017; Daniel et al., 2012; TEEB, 2010; Haase,
2015; Oertli and Parris, 2019; Swartz et al., 2019; Chaichana et al., 2011;
Khan et al., 2020b). Ali et al. (2020), for example, ranked different
ecosystem services in the Heihe River Basin, China based on the stake-
holder's WTP; Khan et al. (2020a) evaluated the WTP for improved
ecosystem services on a regional scale. Similarly, Almenar et al. (2018),
Baskent (2020), and Maes et al. (2013) used almost similar conceptual
frameworks for non-spatial analysis of ES in varied contexts. Kohyama t
al. (2005) and Nedkov et al. (2015) although used spatial analysis to map
out the ecosystem services they did it for wetlands' ecosystem services for
the welfare of wildlife. Previous studies, in general, used the Contingent
Valuation Method (CVM) for the valuation of ecosystem services. CVM is
a review-based monetary appraisal method for the assessment of
non-market goods/services (Jeong et al., 2017). The contingent valua-
tion strategy follows the most extreme measure of cash that individuals
are eager to spend on improving the nature of any ecosystem service-
s/component (Chung and Chiou, 2017). The approach asks individuals to
reveal their WTP to get any ES, or willingness to acknowledge (WTA) to
surrender a service from the ecosystem. Obeng et al. (2018); Bamwesigye
et al. (2020); Githiru and Njambuya (2019) showed that most of the free
riders don't show any willingness to pay for the conservation of
ecosystem services. The WTP has been employed in several studies in
Bangladesh as well. For example, Gunatilake and Tachiri (2014) identi-
fied WTP for an improved water supply system; (Fattah et al., 2022)
calculated WTP for sustainable solid-waste collection and management
system; Ahmed et al. (2016) assessed WTP for health insurance; Afroz
et al. (2009) works with community WTP for an improved waste man-
agement system; Ahsan et al. (2021) and Islam et al. (2019) work with
WTP for safe drinking water; and more recently Kabir et al. (2021) used
WTP framework for COVID vaccination. However, there is no prior study
in Bangladesh that has holistically used the WTP framework for the
assessment of blue ecosystem services (BES) in the Khulna context in a
participatory way. A participatory approach must look at the willingness
of the local community to conserve and restore the pond scape in their
locality. Earlier experience shows that externally driven donor-funded
conservation projects lack sustainability after the project fund is over
(Oertli and Parris, 2019; Swartz et al., 2019; Chaichana et al., 2011).
Therefore, there is a need for research that would explore how the
community values the conservation and restoration of ponds and under
what circumstance/policy context the community could be a vehicle of a
locally driven initiative to conserve and restore local ponds for healthy
living.

This study fills these gaps in knowledge and practices and expects to
contribute to the policy process in three ways. First, it has employed a
spatial analysis tool for quick visualization of the current status of
available blue ecosystem services (BES); second, it has identified how
community value the blue ecosystem services and their willingness to pay
for sustained provision of those services by conservation and restoration
of pond scape; third, it has modelled the drivers of community's WTP for
conservation and restoration of BES. Finally, this study findings would
improve our understanding of the factors that potentially determine local
urban community's engagement in blue ecosystem service provision.
Such findings would inform the policy process aimed at designing a
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framework for community-based conservation and restoration of urban
pond scape within the broader land use planning framework of a city.

2. Materials and methods

2.1. Study area

Khulna is one of the four major cities in Bangladesh that has more
than one million population. Locating on the Bank of Bhairab-Rupsha
River, Khulna City (officially known as Khulna City Corporation- KCC)
has been developed as the main center of trade, commerce, industry,
administration, health and education in the southwest region for half a
century (Haque et al., 2020). This city offers all kinds of urban amenities
and services and has a well-developed transportation network, therefore,
the city experiences a huge influx of people from nearby cities and re-
gions (Haque et al., 2020). A significant proportion of new migrants find
their destiny in the fringe areas of the city. Therefore, in the urban fringe
areas of Khulna city huge land use transformations have been taking
place for the last couple of decades. A common pattern of such land use
transformation is landfilling of low lying pockets and ponds to accom-
modate the new migrants (Haque et al., 2020). About 1.5 million people
live in Khulna city within an estimated area of 45.65 sq km (Morshed
et al., 2021). About 0.2 million (200 thousand) poor people live in
low-income settlements mostly located in the urban fringe developed on
low lands.

Although landfilling is rampant throughout the city fringes, there are
still some ponds scape remaining in the southeast part of the city covering
KCC wards- (administrative unit) 29, 30 and 31. The total area covers
roughly less than 10 sq km. This part of the city fringe possesses peri-
urban characters. The community residents do not have access to the
piped water supply system and sewerage system. They use pond water
and tubewell water for drinking, bathing and other household use. Urban
agriculture and artisanal fishing in community water bodies and ponds
are still observed. As land use transformation is rapid, if conservation and
restoration initiatives are not taken the remaining pond scape will
disappear soon. For this study, this part of the city is selected as the study
unit (Figure 1). The study area is a linear-shaped area developed on the
west bank of the Rupsha River. This low-income, relatively low-density
Figure 1. Study area map sho

3

urban fringe is well-known for housing the climate migrants that origi-
nate from the southwest coastal tract of Bangladesh. This fringe settle-
ment is only 2–4 km away from the main city centre where all kinds of
trading and commercial activities take place. Moreover, the fish pro-
cessing factories and the water vessel landing station for the offloading of
fish, timber, salt, building materials are located just 2–3 km away from
this area. The residents of this fringe area are engaged in diverse port-
folios of income; most notable occupations are peri-urban agriculture,
rickshaw pulling (diver of three-wheeler), wage labor in the water vessel
landing station, local kitchen market, fish processing factories

2.2. Socio-economic survey and data collection

This study heavily draws on a mixed method of research; it has used
both quantitative and qualitative research protocols. Apart from these,
literature concerning the ecosystem services in varied contexts is
reviewed to have a solid basis for positing findings of this research from a
comparative perspective. Initially, during February–March 2020 recon-
naissance survey was done in the study area to familiarize with the site
and for environmental scanning of pond scapes. To examine how the
local community appraises the ecosystem services received from blue
ecosystem components especially pond scape a questionnaire survey was
conducted using a semi-structured questionnaire. The questionnaire was
divided into three sections. In the first section, the sociodemographic
data including age, sex, household size, occupation, income, resource
ownership, and education of the respondents were collected. The second
section was designed to collect information about the community resi-
dents' knowledge/perceptions, use of BEs and their level of satisfaction
about the use of BEs. The third section contains information on com-
munity residents’ willingness to pay for the ecosystem services they
receive from the pond scape. The contingent valuation method (CVM)
was employed to obtain this information. A hypothetical scenario of
conserved and restored pond scape was narrated/presented to the re-
spondents. Eleven service facilities identified from the literature review
earlier were included in the questionnaire and the respondents were
asked to rank the services that they thought would be more important for
the community if the conservation scenario is implemented. After that,
the respondents were asked if they are willing to pay for any services. If
wing the locations of BES.
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the respondents replied “Yes” for any service, a payment card was given
to them and asked them to mark the preferred amount that they would
like to pay.

This research was conducted as part of a Master Thesis having a
modest budget of 1000 US$. While a large sample could benefit the
research but due to homogeneity in respondents’ occupational, income
and educational profile, a 10% error margin was used in a 95% confi-
dence level to have an optimum sample size that could be administered
with amodest budget. To determine the sample, formula was used; which
offers 96 samples. A stratified random sampling technique was followed
for survey-based data collection. To substantiate the finding of the
household survey, three focus group discussion sessions were conducted.
This helps to triangulate our findings.

2.3. Methods of spatial analysis of available ecosystem services'from blue
ecosystem

For spatial analysis alongside GIS maps, the Landsat 8 OLI image was
used which was obtained from the USGS. Spatial analysis related pro-
cedures are presented below.

In the study area different blue ecosystem service benefits are enjoyed
by local residents and community which includes reduction of emitted
cabon, moisture rich soil for agriculture and simila uses, thermal comfort
due to low surface temperature resulted from colling of microclimate by
available water bodis etc. The spatial coverage (i.e. service coverage
area) of all these services need to be determined to accurately assess the
role and value of BES. The Service coverage area or catchment area of a
service is often recognized as the area having significant influence of that
particular services (Flisek and Lewandowicz 2019). To compute the
service coverage area of blue ecosystem services (BES), the data of each
of the BEE was collected from various sources. Using the GPS, the loca-
tion of each BES of the study area was collected and fed into ArcGIS.
Using the Thiessen Polygons Method (Widaningrum, 2015) in ArcGIS the
service area of each of the BE was calculated which is show in the result
section.

2.3.1. Determination of benefits of absorption of emitted carbon
The contribution of different land covers to anthropogenic carbon

emissions in the last 150 years was nearly 33% of overall emissions
(Houghton et al., 2012). Land cover type such as built-up area, agricul-
tural land emits carbon to the environment, while vegetation and
waterbody absorb carbon from the environment (Cui et al., 2018; Hon-
g-xin et al., 2012; Fattah et al., 2021b). The yearly carbon absorptions
capacity of the BEs was estimated using Eq. (1).

CAi¼
X

Ai� δw� ðMCO2
MC

Þ (1)

where CAi is the Carbon absorption by i BEs (ton/year); Ai is the area of i
BEs (acres), δw is the carbon absorption coefficient of waterbodies
(0.0459 kg C m�2a�1) and MCO2/MC ¼ 44/12 ¼ 3.6667 (Cui et al.,
2018). The area of each BE was measured from the spatial shapefile of
Khulna City Corporation, provided by Khulna Development Authority.

2.3.2. Determination of benefits of moisture rich soils
Moisture rich soil provides valuable condition for productivity and

production of plants, crops and other aquatic resources by ensuing
supply of soil nutrient. Soil moisture is high in areas close to water
bodies. To assess the soil moisture and the presence of water bodies, the
Normalized Difference Water Index (NDWI) is used. The NDWI is a
remote-sensing based index used to estimate the moisture and water
level. This study used the NDWI index to illustrate the spatial soil
moisture profile of the study area. It is calculated using the near-infrared
and the short-wave infrared reflectance in the GIS environment through
Eq. (2).
4

NDWI¼NIR� SWIR
NIRþ SWIR

(2)
NDWI values vary from �1 to þ1, with values close to �1 suggests
lack of water bodies to provide soil moisture and values close to þ1 in-
dicates the presence of dense water bodies (Gao, 1996). The NDWI was
calculated for the entire Khulna City for more accurate results and later
the result for the study area was extracted through the extraction tool in
GIS. As the data are derived from the satellite image then the cross-check
was done with the existing land cover and field survey to mark the exact
location of the waterbodies.

2.3.3. Determination of benefits of thermal colling
The BES has tremendous potential to provide thermal cooling benefit

(comfort) in uban build up areas by regulating the local/micro-climate.
To assess the impacts of BEs on its neighboring area's surface tempera-
ture, this study calculated the land surface temperature (LST) of the study
area. In this regard, Landsat 8 OLI image of the study year (Path/Row:
137/44) was collected from USGS. The derivation of LST from Landsat 8
OLI images was derived by using Eqs. (2), (3), (4), (5), (6), and (7), which
is a widely accepted method and employed in earlier studis (Kafy et al.,
2021); (Gazi et al., 2020; Georgiana & Uriț;escu, 2019; Fattah et al.,
2021a). The LST was calculated for the entire Khulna City fromwhere the
result for the study site was extracted through the extraction tool in GIS.
Eqs. (3), (4), (5), (6), (7), and (8) have been used to determine the LST
values.

Lλ ¼ AL þ ML � QCAL (3)

where Lλ is the TOA Spectral Radiance (W/(cm2�sr�μm)).

ML is the Radiance multiplicative scaling factor for the band,
AL ¼ Radiance additive scaling factor for the band
QCAL is the quantized calibrated pixel value in DNs.

TOA spectral radiance (Lλ) values are converted into another variable
called At-Satellite Brightness Temperature (TB)

TB¼ K2

lnðK1=Lλþ 1Þ
(4)

where, TB ¼ At-Satellite Brightness Temperature, in Kelvin (K)

K1, K2 ¼ Thermal conversion constants for the band. Finally, the TOA
Brightness Temperature was converted to LST values.
ε ¼ Surface emissivity, calculated according to Eq. (5).

where, Pv is the vegetation proportion calculated following equation,
and Land-surface emissivity was calculated through Eq. (7)

Pv ¼ [(NDVI - NDVImin) / (NDVI -NDVImax)]2 (5)

ε¼0:986þ Pv � 0:004 (6)

Using Eq. (6) the LST was calculated in Kelvin unit and later con-
verted in 0C unit using Eq. (7).

LST ¼ [TB/ (1 þ (λ �TB/ α)) � ln ε] (7)

LSToC ¼ LSTk � 273:15 (8)

where, λ¼ the wavelength of emitted radiance, α¼ hc/k¼ 1.438� 10�2

mK.

2.4. Method of determination of residents’ willingness to pay (WTP) for
BES

For sustainable provision of benefits of ecosystem services, there is
need for community/residents’ ownership of BES in their locality.
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Literature shows that the is a direct link between ownership and
contribution to own (Haab and McConnell 2002). As the ecosystem
services benefits received by the community/residents are no-market
goods/services and most of the benefits are intangible in nature, the
Contingent Valuation Method (CVM) was employed to assess the WTP of
the residents/community for sustained provision of the benefits by
conserving BES.

The CVM was first used to assess the benefit of outdoor recreation in
the United States' backwoods of Maine (Haab and McConnell 2002). It is
a simple, and flexible non-market approach which is widely used for
assessing the environmental impact of non-market resources and cost
benefit analysis (Lopez-Feldman, 2010). Despite the fact that the
approach has been criticized for the reliability and validity of the
outcome, the CVM has been applied in many research filed such as
renewable energy (Botelho et al., 2016), wetlands conservation (Siew
et al., 2015), recreation (Henry et al., 2018), watersheds (Zhou and Li
2015), waste management (Afroz et al., 2009), water quality improve-
ment (Sehreen et al., 2019) and other nonmarket resources (Wang et al.,
2018; Fogarassy and Neubauer 2016). The use of CVM in the field of
environmental protection study has been increasing day by day.

The CVM is a survey-based strategy that contains a hypothetical
scenario in the survey's heart, creating a hypothetical market for a service
or good. Respondents are asked howmuch they would be ready to pay for
a change in the quantity or quality of the services or goods (Kristrom,
1990; ). A CVM is characterized by different parameters based on the
type and needs of the researches, such as period of payment (e.g., month,
year), payment vehicle (e.g., donation, tax) and format of the response
(e.g., dichotomous choice, open question) (Orlowski and Wicker, 2019).
We have employed the CVM method to calculate the residents' willing-
ness to pay (WTP) for ensuring sustained supply of different benefits
obtained from the blue ecosystems (BES) in their area/locality.

There are several layouts of CVM study such as “Dichotomous choice,
Open-ended, Iterative bidding, Multiple bounded dichotomous choices
and Payment cards” (Sehreen et al., 2019; Banna et al., 2016). In this
study we have employed the Payment Cards Method (PCM) of CVM due
to some difficulties and prejudices of other approaches. During field
survey, the respondents were explained the details of the PCM, service
facilities, BEs and decision rules by a payment card which was adopted
from Rowe et al. (1996). A list of payment amounts (per month) is dis-
played on the payment card, from which respondents selected the
amount that best represents their maximum WTP for the services. The
WTP for each of the services was calculated using Eq. (9).

WTP ¼ GWTP � Highest bid amount for each service (9)

Here, GWTP is the cumulative distribution for the random response.
Figure 2. Represents the methodologi
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WTP of the respondents relies upon different variables like pay,
family size, instruction level, separation, age, occupation, and so on. In
this way, here the needy variable is WTP and the autonomous factors are
the remainder of the components (equation 10). In any case, the issue
ought not be the equivalent to the entirety of the components that WTP
isn't similarly subject to all credits, some are emphatically where the vast
majority of them are contrarily related (Loomis et al., 1999).

The equation of

WTP¼B1ðXÞ þ B2ðYÞ þ B3ðZÞ þ B4ðMÞ þ B5ðNÞ þ B6ðGÞ þ C (10)

where B is constant and X, Y……G are the parameters.
Since people essentially react with a "yes" or "no" to a solitary dollar

sum, the probability of paying a given dollar sum is determined
measurably utilizing a subjective alternative model, for example, a logit
model (Hanemann, 1984).

The basic relationship (equation 11) is:

ProbabilityðYesÞ¼1� f1þ exp½B0�B1ð$XÞ�g � 1 (11)

Here, B's are coefficients to be determined utilizing logit measurable
methods; $X is the amount respondents agreed to pay.

The coefficients at any rate indicates the offer that the individual is
being agreed to pay. Extra coefficients are the factors which have in-
fluences on WTP such as respondent's age, education level, income,
knowledge, family size etc. Based on literature review, for this study, we
have hypothesized that respondent's age, household income, education
level, distance of residence from BEs, household ownership, family size
etc., are the possible determinants of residents' WTP. These determinants
variables are used in the regression model proposed by Hanemann
(1984).

Hanemann (1984) proposed the logistic regression Eq. (12) to
calculate the WTP.

MeanWTP¼ð1 =B1Þ � lnð1þ eBoÞ (12)

Here, B1 ¼ the coefficient gauges on the offer sum; Bo ¼ The assessed
consistent. The flow diagram showed the overall methodological
framework (see Figure 2)

3. Results and discussion

3.1. Respondents socio-demographic profile

The study was carried out in the Rupsha area of Khulna City and
considered the residence of the Rupsha area. Out of 96 respondents,
80.65% were male. About 62.5% of families belonged to 2–5 members,
cal flow diagram of this research.



Table 1. Synopsis of the Existing scenario of BEs.

BES No1 Catchment Area
Percentage

Carbon Absorption from
waterbody area (ton/year)

Ecosystem Service Type

BES-1 8% 9.26 Provisioning2

BES-2 7% 13.69 Regulating3

BES-3 16% 14.46 Provisioning2

BES-4 9% 9.74 Cultural1

BES-5 8% 11.14 Supporting4

BES-6 9% 13.16 Regulating3

BES-7 12% 12.30 Supporting4

BES-8 4% 12.33 Supporting4

BES-9 6% 7.87 Regulating3

BES-10 15% 12.67 Regulating3

BES-11 6% 13.05 Supporting4

1 Tourism, Recreation, Spirituality.
2 Food, Fresh Water.
3 Water Retention, Heat absorption, Climate regulation.
4 Maintenance of community, Shelter for species.
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with 20.8% of families having more than 5 members. Most of the re-
spondents were in the age group of 45–59. The educational profile was
also very interesting in that most people had only completed secondary
education. There was also a large number of illiterate people. The main
income source for most of the respondents was business, where 1% of the
respondents were found unemployed. People were so close to the river
that 1 km was calculated at 36.5%. 37.5% of respondents reported an
income level of less than BDT 5000 (US $1 ¼ 80 BDT), whereas 14.6% of
respondents earned more than BDT 20,000. Moreover, 75% had
ownership of a house and 25% were renting out their houses.

3.2. Existing conditions of ecosystem services

3.2.1. Spatial coverage of ecosystem services
Figure 3 and Table 1 represent the service area of each BE in the study

area that was calculated using the Thiessen Polygon Method in the GIS
environment. The catchment area analysis provides information on the
prevalence areas of each BES that provides knowledge about the quality
of the BEs and the dependency of the people of the community. The
analysis shows that some of the BEs cover moderately large areas and
most of them cover only small areas. Analysis shows that BE 3, 7, and 10
cover relatively large areas. Whereas BE-8 covers only 3% of the total
areas. This indicates that some of the BEs poorly serve the ecosystem
services to the community people. It can be added that the service area is
calculated based on the nearby location of the water bodies and the study
is designed as the same with considering other issues. So that, the served
area is not covered the whole study area and some portions are marked as
the unserved zone.

3.2.2. Characterization of the ecosystem services
Ponds or blue ecosystems are important for the sustainable ecological

integrity of urban areas. The urban blue ecosystems have considerable
ecological value. Figure 4 represents the existing blue ecosystems of the
study area. Out of 11 BEs, 8 are located in Ward 31 and most of them
provide supporting services like indirect help for biodiversity. Four BEs
provides supporting services i.e., helps to conserve biodiversity, four
were found providing regulating services by regulating the behavior of
human as well as urban environment, two provisioning services i.e.,
Figure 3. Spatial coverages (catchment areas) of
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supports the community by fish and serve as the purifier of water, air and
other toxic environmental elements and only one provides cultural ser-
vices by supporting the community bonding and enhancing the ability to
prevent the natural calamity. In ward no 28, two BEs are available to
serve as provisioning and regulating services. However, the rapid urban
development, excessive pressure, discharge of drain water and storm
water, waste dumping, etc. are polluting and destroying the urban blue
ecosystems and reducing their services.
3.3. Benefits from moisture rich soil of BES in the study area

The NDWI was used to illustrate the soil moisture profile of the study
area and presented in Figure 5B. The value of NDWI lies between -1.0 and
þ1.0. The positive values of NDWI values indicate the presence of water
bodies or the presence of moisture in the soil of any area. The NDWI value
range was found between -0.431 and þ0.521. The result of NDWI
different BES- water bodies in the study area.



Figure 4. Different ecosystem services are provided by different blue ecosystems of the study area.

Figure 5. (A) Land surface temperature and (B) NDWI map of the study area.
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indicates the poor soil moisture profile of the study area. Only 9% of the
total area's soils have relatively higher moisture, and most of these are
adjacent to the BEs. The excessive built-up area has resulted in the poor
soil moisture conditions of the study area, but the ponds of the study area
help to retain the moisture in the soil.

3.4. Benefits from land surface temperature regulations of BES

Waterbodies such as lakes, ponds, and wetlands have profound im-
pacts on cooling the surrounding climatic temperature as well as surface
temperature. Figure 5A represents the LST of the study area where LST
value range was found between 21 �C and 26 �C. Figure 5A shows that
the BEs are influencing the reduction of LST in the study area. This study
found the lowermost LST in the area with the highest NDWI values. The
7

lowest LST was measured 21.94 �C in the location of BE no 3 whereas the
other BEs showed LST less than 23.68 �C. High LST was observed in the
built-up areas, whereas BEs in the study areas was found to reduce the
LST in their catchment areas and also helping to lower the ambient
temperature. This spatial analysis of BEs helped to pinpoint the positive
impacts of BEs on the study area. Since the riverbank side has so many
industries, the high-temperature zone was found.

3.5. Benefits from absorption of emitted carbon by BES

The blue ecosystem is an important indicator of ecosystem dynamics
and is sensitive to climate change. Urban areas account for excessive
carbon emissions due to excessive built-up areas, industrialization,
vehicular activities, etc. Built-up areas emit carbon into the atmosphere,



Table 2. Priority ranking of services.

Services Percentage (%) Priority Ranking

Recreation 16.70% 1

Agriculture use 15.30% 2

Fishing 12.80% 3

Air quality 11.10% 4

Erosion control 10.00% 5

Domestic use 8.60% 6

Industrial use 6.40% 7

Disease control 6.40% 8

Boating 5.60% 9

Tourism 4.70% 10

Aquatic organisms 2.20% 11
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but ponds or water bodies absorb carbon and reduce net greenhouse
gases from the environment. There are a total of 10.2 acres of ponds in
the study area, which absorb 129.67 tons of carbon every year, while
464.11 acres of river area absorb 3505.36 tons/year of carbon. The
amount of carbon absorbed by each BE is presented in Table 1. The BE 2,
3, 6, and 11 absorb relatively higher amounts of carbon. Thus, the blue
ecosystems of the study area are helping to stabilize the mico-climate by
reducing carbon emissions from the environment and providing regu-
lating ecosystem services. Though other landscapes of the study area,
such as vegetation, absorb carbon from the environment, analysis shows
that the BEs absorbs a greater amount of carbon than other landscapes of
the study area. This signifies the need for the restoration and conserva-
tion of the urban blue ecosystems and an increase in the use of BEs.

The last column of the Table 1 showed that diversity prevails in
ecosystem service profiling in the candidate area. The selected BEs are
often used for prescribed purposes.

3.6. Respondents appraisal of the benefits of the BES

3.6.1. Satisfaction level
The role of rivers and ponds should be to supply many services to the

community. Urban ponds, especially those in the slum areas, are mostly
used for bathing, washing dishes, and cleaning. In this regard, clean
water is important. Water pollution and discharges of drain water into
the pond area decrease water quality. Out of the 96 respondents, 54%
were not satisfied with the water quality of the BEs in the study area
(Figure 6). The most interesting result was found when it was found that
40% of the respondents were indecisive about choosing an answer
because of a lack of consciousness. Only a few respondents expressed
little satisfaction with the river condition.

3.6.2. Priority rankings of services
From the prior literature, eleven types of services provided by urban

ponds have been identified and documented, using respondents' opinions
to document the responses to different services they are willing to pay
for. The respondents were asked to rank the significance of different BE
services in their area. Table 2 shows that recreation facilities were the
first choice of the local people (16.7%) because of the scenic beauty of the
riverside. The community people decided to pay for the improvement of
existing recreation facilities. Businessmen may find an extra benefit if a
huge number of people regularly visited the riverside. The second choice
was agricultural use (15.3%), as most of the respondents were illiterate.
Fishing (12.8%) was ranked in the third position as it may earn a live-
lihood. Private fish cultivation was motivated by the government and
organizations. Air quality was (11.1%) another top-ranked choice,
meaning that purifying the adjacent air may increase the movement of
visitors and therefore increase the income of those living there. For the
Figure 6. People's satisfaction level on the existing situation.
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lack of consciousness, people are not willingly paying for a large number
of aquatic organisms (2.2%). Parallelly, some respondents, basically the
educated, are willingly paying (if urgent) for the up-gradation of blue
ecosystem facilities on behalf of enjoying the expected facilities.

3.6.3. Respondents attitudes for the conservation
The impacts of urban ponds in all aspects signify the need for the

conservation of urban water systems. In this regard, this study docu-
mented respondents’ attitudes towards paying for conservation and
providing services in the blue ecosystems of the study area. A huge
variation has been found in the responses of the respondents. Table 3
shows that out of 96 respondents, 65.62% agreed to pay different
amounts for the services of the BEs, where 44 of them showed a will-
ingness to pay less than BDT 100 (1 USD¼ BDT 85). Only 2.1% of people
willingly pay between BDT 400 and 500, and the income of these two
respondents was more than BDT 20,000. This variation has been
observed because of the differences in income level. As most of the res-
idents of the Rupsha area are poor income class (slum people) they
showed less willingness to pay, as they earn less.

Table 3 shows that about 34.4% of the respondents refused to pay any
money for the improvement of services in the blue ecosystems. Figure 7
shows the opinions of these respondents regarding not being willing to
pay. Most of the people are low-income wage groups, so they didn't want
to pay for the services. Poverty is the main cause here. About 21% of
people denied paying money because they lived far from the BEs.
Moreover, they think that this is the responsibility of Khulna City Cor-
poration. Then the education level is the main reason because of the lack
of consciousness about the factor. As the concept of family planning is
related to any kind of decision-making, Family members who have large
families are not willingly paying for any services. Illiterate people are not
interested in investment as they are already deprived of basic needs;
extra benefits should not be needed by them. With the increase in edu-
cation level, people's perceptions may change, and the respondents who
completed higher secondary levels willingly invest the money. The
highest bid is chosen by the technically educated people, which is be-
tween BDT 400 and 500, because of their knowledge of the adverse ef-
fects of ecosystem disservices. Some informally educated people were
also surveyed and most of them were interested in BDT 200–300 as the
Table 3. Composition of people's view.

Amount (BDT) Respondents %

0 33 34.38

�100 44 45.83

101–200 12 12.50

201–300 3 3.13

301–400 2 2.08

401–500 2 2.08



Illiterate
18%

Lives far from 
BES
21%

Low Income
33%

Large family 
member

15%

Living in a rented house 13%

Figure 7. Reasons for no willingness to pay for any services.

Table 4. Response of Willingness to pay for recreational use.

Amount BDT Frequency

25 6

50 5

75 11

100 20

125 9

150 4

175 2

200 3

Total 60

Table 5. Bid amount for recreational use.

Bid amount, (A) BDT GWTP (A) ¼ A/Highest bid Prob. ("Yes") ¼ 1- GWTP (A)

25 0.125 0.875

50 0.25 0.75

75 0.375 0.625

100 0.5 0.5

125 0.625 0.375

150 0.75 0.25

175 0.875 0.125

200 1 0
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monetary value of the services. According to Yoo and Kwak (2009),
Acquah (2011), and Shao et al. (2018), higher income and educated
people are more willing to pay for environmental protection.

Figure 8 shows the impacts of the distance of respondent's residence
from the BEs on their WTP. Findings show that all the respondents who
reside on the river bank agreed to pay for the services. Figure 8 shows
that respondent lives more than 3 km shows no willingness to pay, and
respondents lives within the 1 km from the BE showed more willingness
to expend for the services of BEs.

Afroz et al. (2009) employed the CVM method to calculate WTP for
the improvement of the waste management system of Dhaka City. A
study by Sehreen et al. (2019) reveals that 67.20% of the people of Dhaka
City are willing to pay BDT 0 to 1500 for water quality management
whereas most of them were agreed to pay less than BDT 200 which is
inconsistent with the findings of this study.
Pr
ob

ab
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tie
s

GWTP

0.312

0.6875

Figure 9. Probability of "Yes" answer and cumulative Distribution of WTP.
3.7. Respondents WTP for sustained provision of various ecosystem
services in the study area

We employed the CVM to calculate theWTP for all the selected eleven
service facilities. The offering approach of the CVMwas utilized to gather
data about the ability to pay for all the service facilities. As recreational
services ranked first in the priority ranking of the services (Table 2), the
authors illustrated the calculation process of WTP for recreational facil-
ities only. The following WTP in Table 4 has been documented for rec-
reational services, where 60 respondents out of 96 showed a willingness
to pay for recreational services.

In this method, the cumulative distribution for the random responses
i.e. - GWTP (A) have been calculated, where A denotes individual re-
sponses. The responses have been found between BDT 25 to 200. Hence,
the probability yes answer for each of these responses is represented in
Table 5.

Willingness to pay for Recreational use was calculated here by plot-
ting the yes answer and their corresponding GWTP (A). Here, the 50th
Figure 8. Influences of distance on WTP.

Table 6. Calculation of WTP for all the services.

Services Percentile Monthly WTP (BDT/
household)

Monthly total WTP of
Rupsha (BDT)

Domestic use 50% 113 1972415

Agriculture use 31% 138 2408790

Industrial use 70% 38 663290

Aquatic
organisms

50% 63 1099665

Erosion control 64% 63 1099665

Air quality 58% 63 1099665

Disease control 50% 88 1536040

Fishing 25% 113 1972415

Boating 50% 75 1309125

Recreational 31% 136 2373880

Tourism 60% 50 872750
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Table 7. Effects of each variable on WTP.

Variables Coefficient Std. Error Significance

(Constant) 1.262 1.441 0.383

Age 0.116 0.172 0.004

Education 0.425 0.120 0.001

Distance –0.296 0.151 0.002

Income 0.728 0.190 0.000

Family member –0.220 0.292 0.003

Ownership 0.879 0.378 0.002
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percentile indicates the responses of 20 people with BDT 100. Similarly,
the 12.5th percentile indicates the responses of 2 people with BDT 175.
However, 31.25th percentile has been considered here reasonable as it
has created equilibrium between both amounts of taka and responses.
Therefore, the following result (Figure 9) has been found, where GWTP
(A) is 0.6875.

GWTP has been plotted along the x-axis and Probabilities have been
plotted along the y-axis.

Thus, the WTP ¼ GWTP � Highest bid.
¼ 0.6875 � 200.
¼ 135.5 � 136.
Hence, the WTP for Recreation use calculated BDT 136. Table 6

represents the calculated WTP of the residence of Rupsha for other ser-
vice facilities. Table 6 shows that people are willing to spend a maximum
of BDT 138 (about $1.73) for agricultural use and a minimum of BDT 38
for industrial use. Most of the people of Rupsha are lower-income groups,
and a large percentage of the residence depend on ponds water for daily
purposes such as domestic use, cleaning, bathing, etc. The WTP of do-
mestic use was calculated BDT 113. Table 6 also represents the monthly
total WTP for all the 17455 households of the study area for each service
facility. The total WTP for different services is huge in comparison to the
need for the development of the services, which will be a good
Figure 10. Concept of monitoring t
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contribution to the budget for the management and development of
urban blue ecosystems as well as the urban environment.
3.8. Determinants of respondent's WTP for BES

A linear regression model was used to identify the effects of the re-
spondents' different sociodemographic status on their WTP. The re-
spondents’ WTP was considered as the dependent variable, and the
independent variables were age, education level, distance from house-
hold, income, family size, and household ownership. The findings are
shown through the Eq. (13) below:

The equation of WTP ¼ B1(AGE) þ B2 (EDU) þ B3 (DIS) þ B4(INC) þ B5

(NUM) þ B6 (HOU) þ C (13)

where, NUM ¼ Number of family members; EDU ¼ Education level; INC
¼ Monthly Income; HOU ¼ House ownership; DIS ¼ Distance of the
house from BEs, AGE¼ Individual age of respondents and B¼ Coefficient
and C¼ Constant. WTP is the dependent variable.

Hence the obtained regression model (Eq. (14)) of this study:

WTP ¼ 0.116(AGE) þ 0.425 (EDU) – 0.296(DIS)þ 0.728(INC) – 0.220
(NUM) þ 0.879 (HOU) þ 1.262 (14)

Table 7 represents the factors and their significances in the re-
spondents' WTP for BEs. The negative correlation between the distance of
houses from the BEs and WTP means that with the increase in distance
from the ponds, the payout level of the people decreases. As the ponds are
located far, they think that the improvement of the BEs will not help them
much, for why the showed unwillingness. The inverse correlation with
family members indicates that small families have a higher payout level.
The higher level of expenditure in large families is the main reason for
this. On the other hand, a strong positive correlation was found between
household ownership and WTP which suggests that temporary living
people are less willing to pay since they will not stay there forever.
Stakeholders Perception of BES 
such as: Satisfaction Level, 
Willingness to Pay (WTP),

Contingent Valuation Method,
Regression Analysis

he BES for society's well-being.
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Table 7 shows that WTP values for different services were influenced
significantly by income level and education, which is consistent with the
findings of the prior studies of Dhaka City on water pollution manage-
ment by Sehreen et al. (2019), waste management system by Barmon
et al. (2015) and Afroz et al. (2009). Similar findings are common for
other studies conducted on the attitudes of people towards the WTP for
environmental protection including Akhtar et al. (2017), Banna et al.
(2016), Bilgic (2010), Masud et al. (2015), Moffat et al. (2011), Shao
et al. (2018). People in the study area are mainly from lower income
groups, and they have to focus on their survival. Those who have a higher
income do not have to worry about survival, and they showmore concern
about environmental protection and luxurious services. This is incon-
sistent with the prior studies of Bangladesh (Afroz et al., 2009); (Fattah
et al., 2022)) and also for other countries (Acquah, 2011; Khoshbeen
et al., 2019; Afroz and Masud, 2011; Shao et al., 2018).

4. Conceptual framework derived from current study to address
the inter-linked issues of BES

The theoretical structure for the valuation of non-,market ecosystem
services includes a cycle that starts with a stock of the scale, synthesis,
and design of environments to decide their impact on human prosperity
(Almenar et al., 2018). Figure 10 presents the proposed framework by the
author for the valuation of the blue ecosystem services of an area. The
system is explained around four stages (distinguishing proof and plan-
ning, sway evaluation, condition investigation, valuation) and three
ideas (character, administration, and worth). This structure advances the
mix of spatial investigation, non-spatial examination, and public support
for the valuation of blue environment administrations in any area. The
framework looks to enhance the preservation and regulation of BES by
providing (i) knowledge of the importance of BES in climate control (ii)
recognition of ecosystem cost; (iii) incorporation of different services
with ecosystem services and (iv) help in understanding the method of
valuation of BES and the importance of the BES to the professionals,
decision-makers and responsible authorities for the preservation of BES.

5. Conclusion

Cities around the world stepped up their efforts to ensure a sustain-
able urban environment. The government of Bangladesh paid more
attention to conserving the environmentally sensitive zones and com-
ponents including the ponds, especially urban ponds or blue ecosystems.
In this study, we have documented the existing conditions of the blue
ecosystems and their ecosystem and environmental services. We have
employed the CVM to calculate WTP for implementing eleven types of
service facilities in the blue ecosystems of south-east urban peripheri in
Khulna city of Bangladesh.

The results show that the eleven BEs of the study area provides four
types of ecosystem services to the community residences along with
absorbing 129.67 tons of carbon from the atmosphere each year and
lowering the surface temperature of the study area. But more than 50% of
the residents are not satisfied with the existing conditions of the BEs.
Hence, 65.62% of the residents have a positive WTP for the protection of
the BEs by providing different service facilities. Respondents are willing
to pay a maximum of BDT 138/month for agricultural services, while
BDT 136/month for recreational services and a minimum of BDT 38/
month for industrial use. The education level, family size, income, the
distance of residence from BEs, household ownership, and age are
significantly related to the respondents’ WTP, where the distance of
residence from BEs and family size inversely correlated with WTP. There
are slums, buildings, industries such as cottage, fish, wood, cement etc.,
in this small urban unit which is responsible for the substantial differ-
ences in the BEs and their accessibilities.

The participation of community people in activities related to envi-
ronmental protection with the government is essential for sustainable
urban management. There will have the possibility of the shortage of
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finances if we rely just on the government's budget for conservation/
restoration of BES in community scale. So we need to properly motivate
the majority of inhabitants to encourage to participate in conservation
and restoration of community scale BES in Khulna City through their
voluntary contribution. Thus, the following suggestions will be helpful.

The government should give more focus on the conservation, devel-
opment of urban blue ecosystems and the initiatives to increase the
number of ponds in urban areas needs to be taken and implemented.
Therefore, to enhance the people's awareness of the importance of blue
ecosystems, the government should propagate the significance of urban
blue ecosystems through radio, tv, social media, internet. In this way can
we improve the people's WTP and payout level of urban people for the
protection of urban ponds.

Second, it is more important to promote education and investment in
the education sector. The findings of this study showed that the higher
the respondents’ education levels, the higher is their WTP for conser-
vation/restoration. Consequently, wemust expand educational spending,
particularly among primary and secondary school students. The gov-
ernment should organize environmental protection courses and raise
environmental awareness. To establish a strong foundation for the future,
we should approach youngsters during their adolescence. We can invest
in higher education and ongoing re-education in the sustainability of
sensitive landscapes so that an increasing number of individuals will give
compensation for BEs and environmental protection.

Third, promotion of family planning. This study found the significant
negative impacts of family size on the WTP of the respondents. This is
because large families have higher monthly expenses, which makes them
reluctant to spend extra in other sectors. In this regard, mass education
will be more effective.

Fourth, the initiatives of increasing city economic levels and per
capita income are important. The empirical findings of this study reveal
that as household income level increases, the WTP rises as well. The
government must create enabling environment to increase residents' in-
come as much as possible; continually motivate to increase income
channels, and continuously improve residents' satisfaction levels so that
more people join the conservation of urban ponds and increase the us-
ability of urban blue ecosystems.

Considering only one or two types of analysis (spatial, non-spatial,
and stakeholder perception) is not a good approach for the valuation of
BES. The traditional framework cannot reflect properly, how different ES
are to be incorporated during the valuation of BES. However, the blue
ecosystem comprises various types of goods and services for humankind.
There are a couple of provisos to consider during the valuation of blue
biological systems for numerous environmental merchandise and ven-
tures. It is vital to consider all the ES types and services for the valuation
of BES. Setting up the useful connections between the blue biological
system and the human advantages is fundamental. That's because logistic
regression and multiple regression have been conducted. This study
highlighted the interest of most free riders, or poor class people in the
conservation of ecosystem services while many previous studies showed
free riders have less or no interest in paying. This study proposes a
framework considering the systematic methodology of the distinguishing
proof, planning, valuation, and appraisal of all services to assess the BEs
of any zone. Further studies should focus on large scale WTP evaluation
with a large sample size for BES. The proposed conceptual framework for
the valuation of BES will help the professionals, decision-makers, and
responsible authorities to consider spatial, non-spatial, and survey-based
analysis for the valuation of BES. This study demonstrated the signifi-
cance of BES and their valuation.
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