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Abstract
India boasts a wealth of wetland ecosystems that support diverse and unique habitats and provide numerous ecological goods 
and services but are under tremendous stress. To ensure the sustainability of these ecosystems and the provision of various 
ecosystem services (ES), a systematic understanding of wetland ecosystem services (WES) and their economic value is 
highly important for guiding WES research and management. This systematic review provides an in-depth assessment of 
existing knowledge on WES and summarize key interdisciplinary approaches for measuring and valuing them. The review 
deals with the economic valuation approaches adopted in India for the WES and addresses the pressing need for reliable 
economic valuation methods that quantify trade-offs across various spatial–temporal scales and can assess the efficiency 
of alternative wetland management scenarios. By meticulously examining the available scientific literature related to WES 
and analyzing a diverse range of research papers that explicitly quantify these services, this paper seeks to identify gaps, 
advancements, management approaches, and future requirements in the field of WES valuation in India. It emphasizes the 
need for a pluralistic approach that includes a wider range of social perspectives and valuation techniques to better understand 
the relationship between ecosystem functioning and human well-being. After describing the specificity of knowledge gaps, 
we conclude with lessons for future research on wetland valuation in India.
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Introduction

Wetlands hold significant importance in the natural envi-
ronment as one of the most productive, diverse, and eco-
logically sensitive ecosystems on Earth (Xu et al. 2020), 
with significant value owing to their biological, ecological, 
social, cultural, and economic roles (Janse et al. 2019). They 
provide numerous socio-economic and ecosystem services 
(Ramsar Convention on Wetlands 2018) including water 
purification (Hammer and Bastian 2020), wildlife habitat, 

maintenance and conservation of biodiversity (Mitsch and 
Gosselink 2007; Whitehouse et al. 2008), fisheries and rec-
reation (Keddy 2010; Junk et al., 2011), water supply (Lemly 
1994), flood control (Penatti et al. 2015), carbon sequestra-
tion (Mitsch et al. 2013), nutrient removal (Fisher and Acre-
man 2004), and environmental restoration (Fink and Mitsch 
2007). Wetlands serve as a means of livelihood for rural 
populations (Lamsal et al. 2015) particularly in developing 
countries and are highly valued by many cultures (Gher-
mandi et al. 2010). Owing to the high potential of wetlands 
for agricultural productivity, fisheries, and water supply, 
many of the wetlands of world have been historically relied 
upon by human civilizations. Wetlands also offer secondary 
human land use services such as recreation, tourism, and 
education, which are important for community well-being 
and livelihoods (Guo et al. 2017). In spite of the ecosystem 
functions and sustenance of human livelihoods, wetlands 
across the world are mismanaged and tend to be polluted, 
degraded at an unprecedented pace by diversion to alternate 
uses like agriculture, and residential housing development. 
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Due to lack of understanding of the importance of wetlands 
in ecological and social health, 64 percent of the world’s 
wetlands have been lost since 1900 (Davidson 2014). After 
analyzing 189 wetland changes studies, Davidson (2014) 
concluded that the global wetland long-term depletion rate 
is around 54–55%. Thus, support for wetland conservation 
and sustainable management is an top global priority in 
order to meet three high-priority 2030 Agenda targets of 
the Global Sustainable Development Goals: 6.3 “Improve 
water quality,” 2.4 “Sustainable food production,” and 12.2 
“Sustainable resource management” (Jaramillo et al. 2019).

Wetland ecosystems currently cover the vast global 
area, roughly 7–10 million km2 comprising 5–8 percent of 
the total land area (William and James 2015). The global 
monetary values of WES are worth Int$47.4 trillion a year, 
accounting for 43.5 percent of the total amount of all natu-
ral biomes (Davidson et  al. 2019). Therefore, distilling 
current knowledge and synthesizing existing information 
in this field is extremely important. India, with its various 
topographies and climatological regimes, has all the wet-
land types delimited by the Ramsar convention definition 
(2006) in different geographical regions extending from 
Himalayas to Deccan plateau (Prasad et al. 2002) ranging 
from high altitude cold desert wetlands of Himalayas to 
hot wetlands of coastal zones. Wetlands in India are esti-
mated to cover 4.7% of the country’s total land area (SAC, 
2011), and 75 wetlands have been designated as Ramsar 
sites (wetlands of international importance). However, 
given their use, wetlands have become, and continue to be, 
India’s most vulnerable habitats due to large-scale land rec-
lamation operations, agricultural practices, excess nitrogen 
runoff, water and soil loss, siltation, and over-exploitation 
of biological resources and unwise use of water resources 
(Central Pollution Control Board (CPCB) 2008). Recogniz-
ing the significance of wetlands, the government of India 
recently emphasized on developing strategies for conserva-
tion and wise use of wetlands (Wetlands, Conservation and 
Management Rules 2017) and has passed and implemented 
multiple acts and policies that emphasize the need to create 
a regulatory framework for all wetlands in order to preserve 
their ecological character and eventually support their inte-
grated management. However, the legitimacy of wetland 
decisions depends on how science and values are combined 
and reflected in wetland management decisions. ES valua-
tion, a method of estimating ecosystem benefits to people 
that helps us to carry out a cost–benefit activity in favor 
of environmental investment, is one approach to integrate 
them. The monetary valuation of ecosystem services offers a 
promising approach to highlight the relevance of ecosystem 
services to society and the economy, to serve as an element 
in the development of cost-effective policy instruments for 
nature restoration and management, and to use in impact 
assessments in cost–benefit analysis. In addition, valuation 

of ES has a wide range of potential applications at multiple 
spatial and temporal scales, including accounting for natural 
capital (Capriolo et al. 2020), evaluating specific policies 
(Peng et al. 2019), planning for land use (Bateman et al., 
2013), raising public awareness (Costanza et al. 1997a, b), 
and developing ES payment schemes. One main goal of eco-
system service valuation is to offer a thorough evaluation of 
the return on investment in conservation, mitigation, and/
or restoration initiatives. Valuation attempts have also been 
utilized to identify the external costs of activities that harm 
wetlands. Traditional benefit–cost analysis approaches do 
not account for external expenses. Recent collaborations 
between ecologists and economists have yielded a plethora 
of methods for analyzing wetland ecological and economic 
interactions and assessing their economic value. Scientists 
have created many ecosystem services frameworks (Nahlik 
et al. 2012) and valuation methodologies (de Groot et al. 
2002; United States Environmental Protection Agency (US 
EPA) 2009; TEEB 2010) over the last two decades, resulting 
in a surge in ecosystem services research and resulting in a 
surge in ecosystem services studies. However, methods to 
quantify and valuate ecosystem services always pose a great 
challenge to devise effective tools for integrating ecosystem 
service and their trade-offs into management.

In this article, we focus on India to present an analysis 
of wetland wealth in terms of the benefits they provide, as 
well as the primary multidisciplinary approaches to quan-
tify and evaluate them, which might serve as the foundation 
for important wetland management initiatives. This paper is 
structured in three parts. First, we thoroughly review WES, 
the basis for their valuation, and the methods that are used 
to place an economic value on wetlands. In order to uncover 
methodological gaps, the second step involves evaluating a 
variety of domestic case studies on the valuation of WES. 
Finally, we discuss methodological flaws and provide recom-
mendations to advance future WES research in India.

Wetland ecosystem services

“Ecosystem services” (ES) are the ecological characteristics, 
functions, or processes that directly or indirectly contribute to 
human wellbeing (Costanza et al. 1997a, b; Millennium Eco-
system Assessment 2005). The study of ecosystem services is 
a multidisciplinary endeavor that necessitates understanding 
both the ecological provisions of services and the socioeco-
nomic benefits derived from them. In the last few decades, 
economists and natural scientists have devised a plethora of 
classification schemes for ecosystem services (Costanza et al. 
1997a, b; Daily et al., 1997; Millennium Ecosystem Assess-
ment 2005), the most popular of which is the Millennium 
Ecosystem Assessment (MA). The Millennium Ecosystem 
Assessment classified ecosystem benefits into four broad 
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categories: provisioning services, regulating services, sup-
porting services, and cultural services (Fig. 1 and Table 1).

When assigning an economic value to ecosystem services, 
it is crucial to specify the goods or services being evaluated. 
Ecosystem economic value encompasses both use and non-
use values (Pearce and Warford 1993). Use values involve 
human “interaction” with the resource and can be either 
direct (e.g., water supply, food, and recreation) or indirect 
(e.g., nutrient retention, groundwater recharge, storm protec-
tion, and flood control) (Ramachandra et al. 2005). Non-use 
values pose greater challenges for quantification as they rely 
on subjective assessments that are not directly linked to pre-
sent or future utilization. In order to capture all the ecosystem 
services values, which includes both use and non-use values, 
economists have devised a comprehensive framework known 
as “total economic value” (TEV). This framework, introduced 
by Turner and Pearce in 1990, enables the distinction and 
categorization of these diverse values within the context of 
ecosystem assessments. Total economic value (TEV) is an 
all-inclusive framework that has become one of the most 
popular and widely recognized approaches for identifying 
and organizing various values associated with ecosystems 
and incorporating them into decision-making (Barbier et al. 
1997). It was created to address the undervaluation of ecosys-
tems’ “priceless” assets in traditional analysis, as they escape 
typical evaluation techniques and are taken for granted (Krätli 
2015). Non-use values, on the other hand, are more challeng-
ing to quantify because they entail people’s subjective assess-
ments that are unconnected to their own or others’ current 
or future uses. In order to capture all the ecosystem services 
values (use and non-use values), economists have established 
a framework for “total economic value” for distinguishing and 
grouping these values (Turner and Pearce 1990).

Total economic value (TEV) is an all-inclusive frame-
work that has become one of the most popular and widely 
recognized approaches for identifying and organizing vari-
ous values associated with ecosystems and incorporating 
them into decision-making (Barbier et al. 1997). It was cre-
ated to address the undervaluation of ecosystems’ “price-
less” assets in traditional analysis, as they escape typical 
evaluation techniques and are taken for granted (Krätli 
2015). TEV categorized ecosystem values into use and non-
use which are further divided into direct use value, indirect 
use value, option value, and existence value (Pearce and 
Pretty 1993) (Fig. 2). Use value is made up of three com-
ponents: direct use value (DUV), indirect use value (IUV), 
and option value (OV). Option values are any value that can 
be valued for the option of having it in the future. Non-use 
value, on the other hand, has been difficult to identify and 
quantify. Non-use value is further subdivided into existence 
value (XV), which measures a person’s willingness to pay 
for some moral, altruistic, or other reason unrelated to use 
or option value, and bequest value (BV), which measures a 
person’s willingness to pay to ensure continued existence of 
ecosystem resources for future generation.

TEV actually equates values with the environmental 
benefits provided by an ecosystem. Due to this advantage 
over the classical economical analysis, Barbier et al. (1997) 
pointed out that it is a most widely used framework in 
decision making process. TEV can also provide decision-
makers with vital information on the costs and benefits of 
alternative wetland use options that would otherwise not 
be taken into account in development decisions. It is also 
important to advise policy-making as it helps in determin-
ing the trade-offs between social goods and environmental 
quality (NRC, 2005).

Fig. 1   Categorization of wet-
land ecosystem services
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The economic values of wetlands

The values assigned to wetlands may be classified into 
three type: ecological, socio-cultural, and economic (de 
Groot et al. 2002; NRC (National Research Council) 2005; 
United States Environmental Protection Agency (US 
EPA) 2009; TEEB 2010). Ecological values of ecosystem 

services (ESs) refer to how these services contribute to 
the overall health and functioning of the ecosystem (de 
Groot et al. 2010). Economic values, on the other hand, 
encompass the use and non-use values of ecosystems 
quantified in monetary terms (Wilson and Carpenter, 
1999). Socio-cultural values, on the contrary, pertain to 
the values assigned by people to the benefits they derive 

Table 1   Ecosystem services provided by or derived from wetlands

ES class Services Comments and examples

Cultural Aesthetic value Many people find beauty or aesthetic value in aspects of wetland ecosystems
Recreation and ecotourism Landscape features and wildlife that provide opportunities for tourism and recreational 

activities like bird watching and fishing
Spiritual value Source of inspiration; many religions attach spiritual and religious values to aspects of 

wetland ecosystems
Value for research Opportunities for formal and informal education and training

Provisioning Genetic material from all present species Genes for resistance to plant pathogens, ornamental species, and so on
Fuel and fibre provisioning Production of timber, fuel wood, peat, and fodder
Provisioning of medicines/chemicals Extraction of medicines and other materials from biota
Water supply Storage and retention of water for domestic, industrial, and agricultural use
Food Production of fruits, crops, and fish by gathering, harvesting, and fishing

Regulating Soil quality Retention of soils and sediments
Quality of freshwater in the area Retention, recovery, and removal of excess nutrients and other pollutants
Air quality regulation Capturing and mitigating dust and particulate matter like PM2.5
Climate regulation Source of and sink for greenhouse gases; influence local and regional temperature, 

precipitation, and other climatic processes
Carbon sequestration Biotic sequestration of CO2 through accumulated plant biomass and storing sedimen-

tary Corg for long periods
Pest control Control of pest species and pollution
Natural hazard regulation Storm protection, flood control, and drought recovery
Pollination Habitat for pollinators
Water regulation (hydrological flows) Groundwater recharge/discharge

Supporting Soil formation Sediment retention and accumulation of organic matter
Nutrient cycling Storage, recycling, processing, and acquisition of nutrients
Biodiversity maintenance Diversity of biotic species
Primary production The assimilation or accumulation of energy and nutrients by vegetation or alga
Water cycling Water cycles through the biosphere via key processes, such as evapotranspiration, 

infiltration, runoff, and precipitation

Fig. 2   Components of total 
economic value (TEV)
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from ecosystems. Both economic and socio-cultural values 
reflect people’s perceptions of the importance of ESs, but 
they differ in that socio-cultural values are not expressed in 
monetary terms (De Groot et al. 2010; Oteros-Rozas et al., 
2014). Socio-cultural values take into account both tangi-
ble and intangible services and consider people’s percep-
tions of these services (Jacobs et al., 2018; Scholte et al., 
2015). Monetary valuation of WES becomes more accu-
rate by incorporating trade-offs into cost–benefit calcula-
tions, with a focus on comparing the smallest difference in 
the supply of an ecosystem commodity with market value 
(e.g., amount of water produced) relative to a competitive 
land use that is also sold on the market (e.g., real estate).

However, it is essential to acknowledge that monetary 
valuation alone does not capture the entirety of ecological 
and socio-cultural values; it represents only a portion of the 
total value of a wetland (de Groot et al. 2010). A compre-
hensive assessment of ecosystem services necessitates con-
sidering ecological and social factors and their interactions 
since wetland function emerges from this complex interplay. 
Presently, two approaches integrate these factors into the 
evaluation of ecosystem services: the ecological production 
function and the social-ecological approach (SES). These 
methodologies provide a more holistic understanding of the 
diverse values of wetland ecosystems. These methodologies 
provide a more holistic understanding of the multifaceted 
value of wetland ecosystems.

Ecological production function and SES 
approach for ecosystem services measurement 
and management

The ecological production function is the most widely used 
tool for measuring the biophysical provision of ecosystem 
services today (TEEB 2010; Kareiva et al., 2011). It actually 
combines a set of biophysical variables to model the genera-
tion of an ecosystem service. Ecosystem structures and pro-
cesses are the inputs to ecological production functions, and 
the outputs are final ecosystem services. Nutrient retention, 
for example, employs nitrogen and phosphorus processes 
as inputs to generate a valid metric of water clarity and safe 
drinking water. This method considers how a change in 
ecosystem service affects human wellbeing and most often 
the model has been used to combine functions with land 
use and land cover (LULC) to generate maps of ecosystem 
services (Kareiva et al., 2011) which allowed identification 
of variation in the service delivery between the habitats of 
the ecosystem, trade-offs, and service scale. Although this 
method highlights the ecological factors associated with the 
generation of ecosystem services, it frequently misses the 
social elements.

The socio-ecological approach widens the idea of eco-
logical production functions by including both the ecological 

as well as social factors that are involved in ecosystem ser-
vices production. In the human-dominated environment, it 
is broadly understood that various social factors are associ-
ated with ecosystem service production such as management 
regimes, skills, and technology (Easdale and Aguiar 2012), 
still ecosystem service frameworks are lacking it. Most 
cultural services, especially those with substantial social 
components (such as holy site customs and management, 
recreational preferences), have not been adequately repre-
sented using ecological production functions (Daniel et al. 
2012). Moreover, there are currently a number of technologi-
cally improved provisioning services (e.g., development of 
horticulture has significantly increased the application of 
technologies such as irrigation and fertilizer). Therefore, if 
one has to model the production of horticultural crops, it is 
important to integrate biophysical soil and rainfall condi-
tions, as well as the implementation of technologies such 
as irrigation and fertilizer, as well as farmers’ skills. Socio-
ecological approach not only aims to measure the provision 
of services provided by an area (e.g., agricultural production 
and water regulation) but also determine how those benefits 
flow to different beneficiary groups, i.e., the actual benefits 
gained by people (e.g., drinking water, flood protection, and 
food) (Syrbe and Walz 2012). This helps decision-makers 
to understand the importance of wetland changes in terms 
of their structure and functions, to examine the actual trade-
offs, and to prioritize wetland restoration projects.

In spite of these things being proposed, the development 
of practical definitions and metrics as well as cohesive and 
all-inclusive policy objectives and targets has failed due to 
ecosystem service being a complex and broader concept. In 
addition, a few ecosystem services need the identification of 
social elements and their interactions with ecological fac-
tors in order for them to be subjected to a socio-economic 
model. The costs and benefits of wetland conservation or 
degradation to society are also challenging to assess using 
the biophysical and SES approach (Bockstael et al. 2000). 
On the other hand, economic valuation can help in assessing 
the financial trade-offs or synergies among several ecosys-
tem services brought on by social investments like highways, 
hotels, or industries.

Utilizing various economic methodologies or indicators 
that may entail quantitative and/or qualitative study, the eco-
nomic worth of wetlands may be estimated either monetarily 
or non-monetarily. There are various methods for valuing 
ecosystems, each of which may employ a different technique. 
Market-based (which includes market price and productivity 
methods), revealed preference (which includes avoided cost, 
travel cost, replacement/substitution cost, and hedonic pric-
ing methods), and stated preference (which includes contin-
gent choice and conjoint analysis methods) are the primary 
valuation methods. The benefit transfer approach, in addi-
tion to primary valuation methodologies, is the most often 
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utilized valuation method. Using more than one approach 
to demonstrate different scenarios and/or evaluate different 
ecosystem benefits is typically advantageous.

Benefit transfer

It is a well-known economic valuation model that takes use 
of pre-existing ecological and social data from an established 
research site and then transfers it to a policy site in one of 
three ways: unit value adjusted, function, or meta-analytic 
value transfer. When there is a lack of system specific infor-
mation, this type of valuation model is used to generate 
timely and economically cheaper valuation estimates. Gren 
(1995), for example, describes a case study of the benefits 
of nitrogen abatement at wetlands along the Danube River 
using information from wetlands on the Swedish island of 
Gotland. However, this model is prone to substantial transfer 
mistakes if applied poorly. One of its limitations is that it is 
only workable when sufficient primary valuation studies are 
available. It should not be used as a substitute for primary 
assessment but rather as a backup plan if primary valua-
tion is not feasible. Obtaining suitable unit values to transfer 
from the study site to the policy site is a challenging process.

Primary valuation methods

The primary goal of economic valuation is to help and 
enhance rational use and management of wetland ecosys-
tems by providing a means for determining people’s prefer-
ences, including how much they are ready to pay for wetland 
services and how much better or worse off they will be as 
a result of changes in supply. By articulating these prefer-
ences, valuation tries to create “unpriced” wetland services 
to be compared with alternative sectors of the economy 
once investments are evaluated, activities are planned, land 
and resource use choices are made, or policies are framed 
(Emerton, 2005). The simplest and most easy approach of 
valuing a good or service is market-based techniques that 
measure the “willingness-to-pay” (WTP) by consumers for 
ecosystem benefits and are commonly used when the eco-
system good or service provided is a product bought and/or 
sold in commercial markets, such as commercial timber. It 
is not practical to perform a comparable calculation for non-
market-traded wetland ecosystem values that include indi-
rect use values (e.g., flood moderation, climate regulation, 
and nutrient cycling) and non-use values (Tallis et al. 2011). 
However, currently, there are nonmarket valuation methods 
of measuring wetland goods and services that go beyond 
the use of direct market prices and are classified into two 
types: revealed preference and stated preference methods 
(Boxall et al. 1996; Bräuer 2003; Rasul 2009). The revealed 
preference approach determines the value that people attach 
to an ecosystem good or service by using information about 

a marketed commodity to infer the value of a comparable, 
non-marketed commodity via a surrogate or proxy market. 
The purchase of water-purification equipment, for example, 
reveals the minimum that people are ready to spend for good 
water quality. The most commonly used techniques for eval-
uating revealed preferences are replacement costs, hedonic 
prices, and travel cost methods (Table 2). Stated preference 
methods are survey-based techniques used to establish valu-
ations based on hypothetical questions, wherein respondents 
are asked to express their preferences and willingness to pay 
to a specific environmental attribute or changes in ecosystem 
services (Birol et al. 2006). By collecting this data, research-
ers and policymakers gain insights into public preferences 
and values, enabling them to estimate the economic value 
of the ecosystem services in question.

Current status, approaches, and gaps 
of wetland valuation in India

Despite its relatively short history, the concept of ecosystem 
services has garnered significant interest in policy circles 
and has led to numerous interdisciplinary research projects. 
Policymakers at the global, regional, and national levels 
are increasingly recognizing the importance of ecosystem 
services, integrating them into public policy initiatives. 
Ecosystem service valuation provides a common language 
for ecologists, economists, communities, and other stake-
holders to communicate values effectively. Moreover, it aids 
decision-makers in assessing potential scenarios and policy 
impacts while prioritizing restoration projects. Recogniz-
ing the economic value of wetland ecosystems is crucial for 
developing sustainable conservation plans. However, there 
are methodological gaps in both ecology and economics that 
need to be addressed. Over the last two decades, researchers 
have conducted a wide range of wetland valuation studies 
across India, covering various wetland sizes, geographic 
locations, wetland types, spatial scales, and government 
designation levels (Zhang et al., 2010). Sarkar et al., (2016) 
found a total of 52 studies related to wetlands, covering vari-
ous aspects such as ecology, economy, and management. 
These studies encompassed a wide range of scales, from 
local to national, and were sourced from different platforms 
from 2000 to 2014.

This paper presents a comprehensive compilation of 
nearly all the scientific research on the economic assessment 
of wetlands in India, adhering to the definition provided by 
the Ramsar Convention for wetlands (RCS, 2006). To ensure 
comprehensiveness and encompass a wide range of studies 
up to the year 2023, we conducted a thorough search using 
various academic platforms. The search was performed on 
Google Scholar, Research Gate, academia.edu, shodhganga.
inflibnet, Science Direct, and Scholars Archive@OSU. We 
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used specific search terms to target relevant articles related 
to “ecosystem service,” “valuation,” “wetlands,” and “India.” 
The systematic search yielded a vast number of articles, which 
were then screened based on their abstracts and, if necessary, 
their methodologies and results. To further select relevant 
articles, two criteria were applied: (1) the assessment of at 
least one clearly defined ecosystem service and (2) the use 
of at least one monetary valuation technique to evaluate the 
benefits of the ecosystems, which resulted in 42 research arti-
cles. Table 3 provides a summary of several domestic case 
studies, offering examples of ecosystem service valuation 
applications and the various methodologies and techniques 
used in diverse scenarios. Our focus was primarily on three 
parameters: (1) WES valuation, (2) the use of ecological and 
social data (primary or secondary), and (3) the application 
of valuation methods. From this database, we illustrated the 
spatial distribution of study sites and ecosystem types, identi-
fied the methods used to quantify physical amounts of ecosys-
tem service supply and monetary values, analyzed the spatial 
variations of ecosystem service values in different states of 
India. Among the valuation methods, market prices were most 
frequently used to estimate the monetary value of ecosystem 
services. The travel cost method from the revealed preference 
approach and the contingent valuation method from the stated 
preference approach were commonly utilized for evaluating 
cultural ecosystem services. However, it was observed that 
most methodologies for measuring and valuing ecosystem 
services primarily focused on regulating and provisioning 
ecosystem services. To gain a comprehensive understand-
ing of the relationship between ecosystem functioning and 
human well-being, a pluralistic approach that incorporates a 
wider range of social perspectives and valuation techniques 
into the ecosystem service framework is essential (Kumar and 
Kumar 2008; Spangenberg and Settele 2010; Braat and De 
Groot 2012). This highlights the need for further interdiscipli-
nary and integrative work in this domain, which will enhance 
scientific understanding and make research, management, 
and policy decisions more applicable (Abrahams et al. 2019). 
There is an emerging trend among researchers to employ 
socio-cultural valuation techniques to better capture the value 
of ecosystem services, thus incorporating a broader range of 
social perspectives and valuation techniques into the eco-
system service framework (Agbenyega et al. 2009; Casado-
Arzuaga et al. 2013). Additionally, remote sensing techniques 
have been underutilized in the valuation of ecosystem ser-
vices, even though they can provide valuable information for 
developing comprehensive land use and land cover (LULC) 
maps, estimating spatial and temporal variations in ecosystem 
service values, and identifying service beneficiaries (Maes 
et al., 2012; Mulligan 2013). Moreover, most wetland eco-
system service valuation studies do not account for trade-offs 
or synergies between ecosystem services, leading to findings 
that inadequately integrate numerous ecosystem services into Ta

bl
e 

2  
M

et
ho

ds
 a

nd
 th

ei
r a

pp
lic

ab
ili

ty
 in

 v
al

ua
tio

n 
of

 W
ES

M
et

ho
do

lo
gy

A
pp

ro
ac

h
A

pp
lic

ab
ili

ty
 to

 W
ES

Re
pl

ac
em

en
t c

os
t

U
se

 c
os

t o
f r

ep
la

ce
m

en
t, 

re
sto

ra
tio

n,
 o

r s
up

pl
yi

ng
 a

lte
rn

at
iv

es
 fo

r t
he

 lo
st 

go
od

s a
nd

 
se

rv
ic

es
C

an
 b

e 
ap

pl
ie

d 
fo

r c
al

cu
la

tin
g 

th
e 

co
st 

of
 o

pe
ra

tin
g 

m
an

-m
ad

e 
w

at
er

 tr
ea

tm
en

t p
la

nt
s 

(fi
lte

r a
nd

 c
he

m
ic

al
 tr

ea
tm

en
t c

ha
rg

es
) i

n 
th

e 
ab

se
nc

e 
of

 h
ea

lth
y 

fu
nc

tio
ni

ng
 w

et
-

la
nd

s (
su

bs
tit

ut
io

n)
Pr

ev
en

tiv
e 

ex
pe

nd
itu

re
 

or
 d

ef
en

si
ve

 
ex

pe
nd

itu
re

Es
tim

at
e 

th
e 

m
on

et
ar

y 
va

lu
e 

fo
r a

n 
en

vi
ro

nm
en

ta
l g

oo
d 

or
 se

rv
ic

e 
by

 e
xa

m
in

in
g 

th
e 

ex
pe

ns
es

 in
di

vi
du

al
s e

xp
en

d 
to

 av
er

t i
ts

 lo
ss

C
om

m
on

ly
 u

se
d 

to
 e

sti
m

at
e 

th
e 

m
on

et
ar

y 
va

lu
e 

of
 b

uy
in

g 
w

at
er

 fi
lte

rs
 to

 e
ns

ur
e 

sa
fe

 
dr

in
ki

ng
 w

at
er

 o
w

in
g 

to
 w

at
er

 p
ol

lu
tio

n

Tr
av

el
 c

os
t

Es
tim

at
e 

th
e 

m
on

et
ar

y 
va

lu
e 

fo
r t

ra
ve

l c
os

ts
Es

tim
at

e 
th

e 
va

lu
e 

of
 re

cr
ea

tio
na

l b
en

efi
ts

 to
 h

um
an

s p
ro

vi
de

d 
by

 a
n 

w
et

la
nd

 e
co

sy
s-

te
m

 b
y 

as
su

m
in

g 
th

at
 th

e 
tim

e 
an

d 
tra

ve
l c

os
t e

xp
en

se
s t

ha
t i

nd
iv

id
ua

ls
 p

ay
 to

 v
is

it 
a 

si
te

 a
re

 th
e 

im
pl

ic
it 

pr
ic

e 
of

 a
 re

cr
ea

tio
n 

tri
p

H
ed

on
ic

 p
ric

in
g

Es
tim

at
e 

th
e 

im
pa

ct
 o

f e
nv

iro
nm

en
ta

l a
ttr

ib
ut

es
 o

n 
m

on
et

ar
y 

va
lu

e
C

om
m

on
ly

 u
se

d 
to

 e
sti

m
at

e 
th

e 
ec

on
om

ic
 b

en
efi

ts
 o

r c
os

ts
 c

re
di

te
d 

to
 a

ss
oc

ia
te

d 
w

ith
 

w
et

la
nd

s l
ik

e 
sc

en
ic

 b
ea

ut
y 

an
d 

cl
ea

n 
w

at
er

 in
 h

ou
si

ng
 o

r l
an

d 
pr

ic
es

C
on

tin
ge

nt
 v

al
u-

at
io

n 
m

et
ho

d 
(C

V
M

)

A
sk

 re
sp

on
de

nt
s a

bo
ut

 th
ei

r “
w

ill
in

gn
es

s t
o 

pa
y”

 o
r “

w
ill

in
gn

es
s t

o 
ac

ce
pt

” 
fo

r a
 

pa
rti

cu
la

r e
co

sy
ste

m
 se

rv
ic

e
To

 e
sti

m
at

e 
us

e 
an

d 
no

n-
 u

se
 v

al
ue

 o
f d

iff
er

en
t e

co
sy

ste
m

 se
rv

ic
es

 fl
oo

d 
m

od
er

at
io

n 
se

rv
ic

es
, b

io
di

ve
rs

ity
, c

ul
tu

ra
l, 

ae
st

he
tic

 a
nd

 re
lig

io
us

 se
rv

ic
es

, a
nd

 so
 o

n



174	 Journal of Environmental Studies and Sciences (2024) 14:167–179

1 3

Ta
bl

e 
3  

W
et

la
nd

 v
al

ua
tio

n 
stu

di
es

C
ita

tio
n

W
et

la
nd

Va
lu

at
io

n 
m

et
ho

d
Fu

nc
tio

n 
va

lu
ed

A
no

op
 a

nd
 S

ur
ya

pr
ak

as
h 

(2
00

8)
A

sh
ta

m
ud

i E
stu

ar
y,

 S
ou

th
 In

di
a

C
V

M
O

pt
io

n 
va

lu
e

A
no

op
 e

t a
l.,

 (2
00

8)
A

sh
ta

m
ud

i E
stu

ar
y,

 S
ou

th
 In

di
a

M
ar

ke
t p

ric
e,

 re
pl

ac
em

en
t c

os
t

D
ire

ct
 a

nd
 in

di
re

ct
 u

se
 b

en
efi

ts
H

em
a 

an
d 

D
ev

i (
20

15
)

M
an

gr
ov

e 
ar

ea
s o

f E
rn

ak
ul

am
 a

nd
 K

an
nu

r d
is

-
tri

ct
s o

f K
er

al
a

C
V

M
C

on
se

rv
at

io
n

A
m

ba
st

ha
 e

t a
l. 

(2
00

7)
K

ab
ar

ta
l L

ak
e,

 n
or

th
er

n 
In

di
a

C
V

M
C

on
se

rv
at

io
n

Er
uv

a 
(2

00
9)

K
ol

le
ru

 L
ak

e,
 A

nd
hr

a 
Pr

ad
es

h
In

co
m

e 
es

tim
at

io
n,

 C
V

M
D

ire
ct

 a
nd

 in
di

re
ct

 u
se

 b
en

efi
ts

, a
nd

 c
on

se
rv

at
io

n
Ve

rm
a 

et
 a

l. 
(2

00
1)

B
ho

j w
et

la
nd

 (t
w

o 
la

ke
s)

, B
ho

pa
l

C
V

M
, m

ar
ke

t p
ric

e,
 in

co
m

e 
es

tim
at

io
n,

 su
p-

pl
y 

co
st,

 c
os

t o
f i

lln
es

s a
pp

ro
ac

h,
 a

nd
 h

ed
on

ic
 

pr
ic

in
g

D
rin

ki
ng

 w
at

er
, s

ta
bi

lit
y 

of
 m

ic
ro

cl
im

at
e,

 re
cr

ea
-

tio
n,

 a
nd

 e
m

pl
oy

m
en

t

Ro
y 

et
 a

l. 
(2

01
2)

Lo
w

er
 g

an
ge

tic
 b

as
in

In
co

m
e 

es
tim

at
io

n
C

on
se

rv
at

io
n

R
ao

 a
nd

 B
al

as
ub

ra
m

an
ia

n 
(2

01
7)

K
ut

ta
na

d 
co

as
ta

l w
et

la
nd

 e
co

sy
ste

m
 o

f K
er

al
a

TC
M

Re
cr

ea
tio

n
H

irw
ay

 a
nd

 G
os

w
am

i (
20

07
)

M
an

gr
ov

es
 in

 G
uj

ar
at

D
am

ag
e 

co
st 

av
oi

de
d

C
oa

st
al

 e
ro

si
on

 c
on

tro
l

M
ah

ar
an

a 
et

 a
l. 

(2
00

0)
K

he
ch

eo
pa

lri
 L

ak
e

C
V

M
Re

cr
ea

tio
n

Pa
th

an
ia

 a
nd

 K
um

ar
 (2

01
7)

Po
ng

 D
am

 w
et

la
nd

, H
im

ac
ha

l P
ra

de
sh

C
V

M
 a

nd
 h

ed
on

ic
 p

ric
in

g 
m

et
ho

d
D

ire
ct

 u
se

 v
al

ue
s

Th
om

so
n 

(2
00

3)
K

al
i e

stu
ar

y 
(K

ar
na

ta
ka

) a
nd

 C
oc

hi
n 

es
tu

ar
y 

(K
er

al
a)

C
on

tin
ge

nt
 v

al
ua

tio
n,

 T
C

M
, m

ar
ke

t p
ric

e
D

ire
ct

 u
se

 v
al

ue
s, 

in
di

re
ct

 u
se

 v
al

ue
s, 

no
n-

us
e 

va
lu

es
, a

nd
 re

pl
ac

em
en

t
H

irw
ay

 a
nd

 G
os

w
am

i (
20

04
)

M
an

gr
ov

e 
G

uj
ar

at
M

ar
ke

t p
ric

e,
 C

V
M

U
se

 v
al

ue
s a

nd
 n

on
-u

se
 v

al
ue

s
Im

an
do

us
t a

nd
 G

ad
am

 (2
00

7)
Pa

na
va

 R
iv

er
C

V
M

D
ire

ct
 u

se
 v

al
ue

s
M

uk
he

rje
e 

an
d 

K
um

ar
 (2

01
2)

G
an

ge
tic

 fl
oo

d 
pl

ai
n

M
ar

ke
t p

ric
e

D
ire

ct
 u

se
 v

al
ue

s
R

am
ac

ha
nd

ra
 e

t a
l. 

(2
01

3)
Es

tu
ar

in
e 

ec
os

ys
te

m
, U

tta
ra

 K
an

na
da

 D
ist

ric
t, 

K
ar

na
ta

ka
M

ar
ke

t p
ric

e,
 C

V
M

, b
en

efi
t t

ra
ns

fe
r

D
ire

ct
 u

se
 a

nd
 in

di
re

ct
 u

se
 v

al
ue

s

B
ad

ol
a 

an
d 

H
us

sa
in

 (2
00

3)
B

hi
ta

rk
an

ik
a 

M
an

gr
ov

e
Re

pl
ac

em
en

t c
os

t
In

di
re

ct
 e

co
sy

ste
m

 se
rv

ic
es

 (n
ut

rie
nt

 re
te

nt
io

n)
H

irw
ay

 a
nd

 G
os

w
am

i (
20

04
)

G
uj

ar
at

 m
an

gr
ov

e
D

am
ag

e 
co

st 
av

oi
de

d
In

di
re

ct
 e

co
sy

ste
m

 se
rv

ic
es

 (c
oa

st 
er

os
io

n 
co

nt
ro

l)
R

at
h 

(1
99

7)
C

hi
lik

a 
La

ke
C

V
M

Pr
es

er
va

tio
n 

va
lu

e
Sr

ee
ja

 e
t a

l. 
(2

00
9)

M
an

gr
ov

e 
K

er
al

a
M

ar
ke

t p
ric

e
In

di
re

ct
 u

se
 v

al
ue

s
Ja

in
 e

t a
l. 

(2
01

1)
Se

ve
n 

w
et

la
nd

s o
f N

or
th

ea
st

M
ar

ke
t p

ric
e

D
ire

ct
 u

se
 v

al
ue

R
am

ac
ha

nd
ra

 e
t a

l. 
(2

01
1)

Va
rth

ur
 w

et
la

nd
, B

an
ga

lo
re

C
V

M
D

ire
ct

 a
nd

 in
di

re
ct

 u
se

 v
al

ue
s

B
ha

tt 
&

 A
bd

ul
la

h 
(2

01
1)

H
ok

er
a 

w
et

la
nd

 J&
K

C
V

M
U

se
 a

nd
 n

on
-u

se
 v

al
ue

s
D

eb
Ro

y 
an

d 
Ja

ya
ra

m
an

 (2
01

2)
Pi

ch
av

ar
am

 m
an

gr
ov

es
 T

am
il 

N
ad

u
C

V
M

U
se

 a
nd

 n
on

-u
se

 v
al

ue
s

K
ha

le
el

 (2
01

2)
M

an
gr

ov
e 

w
et

la
nd

s o
f N

or
th

 M
al

ab
ar

M
ar

ke
t p

ric
e 

an
d 

be
ne

fit
 tr

an
sf

er
U

se
 a

nd
 n

on
-u

se
 v

al
ue

s
Ro

y 
et

 a
l. 

(2
01

2)
Fl

oo
dp

la
in

 w
et

la
nd

 in
 th

e 
lo

w
er

 G
an

ge
tic

 b
as

in
In

co
m

e 
es

tim
at

io
n 

m
et

ho
d

D
ire

ct
 u

se
 v

al
ue

s
C

ha
tto

pa
dh

ya
y 

et
 a

l. 
(2

00
2)

Ea
st 

C
al

cu
tta

 W
et

la
nd

C
V

M
U

se
 a

nd
 n

on
-u

se
 v

al
ue

s
M

ah
ar

an
a 

et
 a

l (
20

00
)

Si
kk

im
 L

ak
e

TC
M

 a
nd

 C
V

M
Re

cr
ea

tio
n 

an
d 

sa
cr

ed
ne

ss
 v

al
ue

, c
on

se
rv

at
io

n 
va

lu
e

B
ad

ol
a 

an
d 

H
us

sa
in

 (2
00

5)
B

hi
ta

rk
an

ik
a 

m
an

gr
ov

e 
ec

os
ys

te
m

D
am

ag
e-

co
st 

av
oi

de
d 

ap
pr

oa
ch

St
or

m
 p

ro
te

ct
io

n
B

oo
m

in
at

ha
n 

et
 a

l. 
(2

00
8)

A
gh

an
as

hi
ni

 e
stu

ar
y,

 K
ar

na
ta

ka
In

co
m

e 
es

tim
at

io
n 

m
et

ho
d

D
ire

ct
 u

se
 v

al
ue

s



175Journal of Environmental Studies and Sciences (2024) 14:167–179	

1 3

C
VM

, c
on

tin
ge

nt
 v

al
ua

tio
n 

m
et

ho
d;

 T
C
M

, t
ra

ve
l c

os
t m

et
ho

d;
 W

TP
, w

ill
in

gn
es

s t
o 

pa
y

Ta
bl

e 
3  

(c
on

tin
ue

d)

C
ita

tio
n

W
et

la
nd

Va
lu

at
io

n 
m

et
ho

d
Fu

nc
tio

n 
va

lu
ed

A
br

ah
am

 (d
is

se
rta

tio
n)

C
oa

st
al

 w
et

la
nd

s K
er

al
a

M
ar

ke
t m

et
ho

ds
, T

C
M

 a
nd

 C
V

M
D

ire
ct

 u
se

 v
al

ue
s, 

in
di

re
ct

 u
se

 v
al

ue
s, 

no
n-

us
e 

va
lu

es
, a

nd
 re

cr
ea

tio
na

l v
al

ue
s

Ta
ra

n 
an

d 
D

eb
 (2

01
7)

Ru
dr

as
ag

ar
 L

ak
e,

 T
rip

ur
a

M
ar

ke
t p

ric
e

Pr
ov

is
io

ni
ng

 a
nd

 c
ul

tu
ra

l s
er

vi
ce

s
M

am
at

ha
 e

t a
l (

20
12

)
K

ol
le

ru
 W

et
la

nd
, A

nd
hr

a 
Pr

ad
es

h
In

co
m

e 
es

tim
at

io
n 

an
d 

W
TP

TE
V

B
al

a 
(2

01
5)

Po
ng

 D
am

 w
et

la
nd

In
co

m
e 

es
tim

at
io

n,
 m

ar
ke

t p
ric

es
, a

nd
 C

V
M

TE
V

D
eb

Ro
y 

an
d 

Ja
ya

ra
m

an
 (2

01
2)

Pi
ch

av
ar

am
 m

an
gr

ov
es

, T
am

il 
N

ad
u

In
co

m
e 

es
tim

at
io

n,
 m

ar
ke

t p
ric

es
, a

nd
 C

V
M

Pr
ov

is
io

na
ry

 a
nd

 re
gu

la
tin

g 
se

rv
ic

es
Si

nc
la

ir 
et

 a
l. 

(2
02

1)
A

sh
ta

m
ud

i l
ak

e 
R

am
sa

r s
ite

 in
 K

er
al

a
M

ar
ke

t p
ric

e
Pr

ov
is

io
ni

ng
 se

rv
ic

e
K

um
ar

 e
t a

l. 
(2

02
0)

So
n 

B
ee

l w
et

la
nd

, A
ss

am
M

ar
ke

t p
ric

e,
 p

ro
du

ct
io

n 
fu

nc
tio

n 
ap

pr
oa

ch
es

, 
tra

ve
l c

os
t/h

ed
on

ic
 p

ric
in

g,
 b

en
efi

t t
ra

ns
fe

r, 
an

d 
C

V
M

D
ire

ct
 a

nd
 in

di
re

ct
 u

se
 v

al
ue

s

Jo
y 

an
d 

Pa
ul

 (2
02

1)
A

sh
ta

m
ud

i W
et

la
nd

, K
er

al
a

M
ar

ke
t p

ric
es

, i
nc

om
e 

es
tim

at
io

n,
 a

nd
 re

pl
ac

e-
m

en
t c

os
t

TE
V

G
an

gu
ly

 e
t a

l. 
(2

01
8)

Se
ag

ra
ss

 e
co

sy
ste

m
s o

f P
al

k 
B

ay
 a

nd
 C

hi
lik

a
So

ci
al

 c
os

t o
f c

ar
bo

n 
(S

C
C

)
C

ar
bo

n 
se

qu
es

tra
tio

n
H

aq
ue

 a
nd

 S
ha

h 
(2

01
6)

Ea
st 

K
ol

ka
ta

 w
et

la
nd

C
V

M
B

io
di

ve
rs

ity
 c

on
se

rv
at

io
n

Ve
nk

at
ac

ha
la

m
 a

nd
 B

eg
am

 (2
01

6)
O

us
te

ri 
W

et
la

nd
, P

ud
uc

he
rr

y
M

ar
ke

t p
ric

e,
 p

ro
du

ct
io

n 
fu

nc
tio

n 
ap

pr
oa

ch
es

, 
tra

ve
l c

os
t/h

ed
on

ic
 p

ric
in

g,
 b

en
efi

t t
ra

ns
fe

r, 
an

d 
C

V
M

Re
cr

ea
tio

na
l, 

irr
ig

at
io

n,
 a

nd
 b

io
di

ve
rs

ity
 p

ro
te

ct
io

n

Sh
ah

 a
nd

 Is
la

m
 (2

02
3)

D
al

 L
ak

e
TC

M
Re

cr
ea

tio
na

l v
al

ue
Ro

y 
et

 a
l. 

(2
02

2)
W

et
la

nd
 o

f M
id

dl
e 

G
an

ga
 p

la
in

TE
V

 a
nd

 b
en

efi
t t

ra
ns

fe
r

D
ire

ct
 a

nd
 in

di
re

ct
 u

se
 v

al
ue

s



176	 Journal of Environmental Studies and Sciences (2024) 14:167–179

1 3

policy decisions for optimal management methods. Integrat-
ing ecosystem service values and outcomes into restoration 
plans, such as setting targets, building structures, and defin-
ing success, has been relatively limited in existing studies. 
Additionally, clear guidance on linking ecological compensa-
tion programs to conservation goals is lacking. The integra-
tion of wetland ecosystem services, ecological information, 
socio-cultural practices of the ecosystem’s inhabitants, and 
economic evaluations of goods and services is essential. Such 
studies can greatly benefit stakeholders and policymakers in 
the scientific and sustainable management of wetlands and 
their resources (Kovács et al. 2015; Guida et al. 2016). We 
propose the following suggestions to advance the integration 
of ecosystem services research into wetland conservation poli-
cies. The objective is to enhance the reliability and acceptance 
of measuring wetland ecosystem services and their economic 
value, thus providing valuable guidance for management deci-
sions and policy-making across various levels.

•	 To advance the field of wetland valuation in India, 
researchers should focus on diversifying and implement-
ing various economic valuation methods. This effort will 
lead to a better understanding of the relationship between 
ecosystem services and wetland management, enabling 
the comparison of the benefits of wetlands and the costs 
of conservation

•	 Addressing existing data and information gaps is essen-
tial to effectively utilize wetland ecosystem services in 
decision-making processes. Researchers should empha-
size conducting biophysical measurements that establish 
connections between ecosystem characteristics and the 
services they provide. Additionally, establishing com-
prehensive monitoring systems will track trade-offs and 
risks associated with wetland management decisions

•	 Researchers should incorporate LULC data to enhance 
the spatial and temporal analysis of wetland ecosystem 
service valuation. This integration provides valuable 
insights for effective management and conservation plan-
ning, ultimately contributing to the sustainable use and 
protection of wetland ecosystems

•	 Researchers should prioritize the integration of socio-
cultural perspectives into WES valuation studies. This 
can be achieved by actively engaging local communi-
ties, stakeholders, and indigenous knowledge holders to 
understand their perceptions, preferences, and cultural 
values associated with wetland ecosystems and their 
services. This understanding ensures that the valuation 
process reflects the diverse needs and preferences of the 
people directly dependent on the wetlands

•	 In policy formulation, there should be an emphasis on 
incorporating the value of ecosystem services into legisla-
tive and regulatory frameworks. This approach will enhance 

the understanding of how healthy ecosystems contribute to 
people’s well-being. Developing wetland ecosystem service 
monitoring and assessment programs is crucial for gathering 
essential information on ecosystem characteristics and final 
service indicators. This data will facilitate the creation of 
social-ecological production functions to optimize resource 
allocation in wetland management

By following these recommendations and building upon 
the current knowledge, India can effectively utilize eco-
system service valuation to make informed decisions and 
ensure the sustainable management of its wetlands and 
their invaluable resources.

Conclusion

In the last two decades, India has seen a significant increase in 
wetland valuation studies conducted by researchers across the 
country. These studies have covered a wide range of wetland 
sizes, geographic locations, types, spatial scales, and govern-
ment designation levels. Despite the comprehensive nature of 
these studies, some gaps and limitations still exist in the current 
literature. This paper highlights the importance of understand-
ing the value of wetland ecosystem services in India. At the 
same time, we identified certain gaps and shortcomings in the 
current literature, particularly in the areas of data and informa-
tion. The data gap pertains to the absence of biophysical meas-
urements that link ecosystem characteristics to the final services 
they provide, while the lack of comprehensive monitoring to 
track trade-offs and risks represents an important information 
gap. Despite the awareness of the benefits provide by wetlands, 
knowledge gaps still exist in the mapping and evaluation of 
ecosystem services. A pluralistic approach that incorporates 
various social perspectives and valuation techniques, along with 
the integration of remote sensing data, can provide valuable 
insights for sustainable wetland management. By addressing 
methodological gaps and involving interdisciplinary collabora-
tion, stakeholders and policymakers can make informed deci-
sions to conserve and restore wetlands effectively.
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