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Estimating the value of ecosystem services (ES) helps inform policies, development 
programs, and promote sustainable use and management of forest resources. 
The Western Ghats—a global biodiversity hotspot in southern India—contribute 
significantly to the well-being of Indigenous and local communities (IPLCs) by 
providing a range of ES. In this paper, we aim to assess the value of ES from the 
Western Ghats, applying IPLCs perspectives, to inform policy decision-making 
for understanding their role in people’s well-being. We estimate the value of ES 
applying various monetary (e.g., direct cost using production function) and non-
monetary (e.g., revealed preferences using replacement or travel cost) valuation 
methods. The main ES include provisioning services—Non-Timber Forest 
Products and water; regulating services—soil erosion prevention and carbon 
sequestration; and cultural services. The estimated economic value of ES, at US$ 
612 million (2021 values), suggests that conserving Ghat’s ecosystems is vital for 
supporting tribal peoples’ well-being, delivering ES to the mainstream population, 
and for protecting biodiversity. To date, lack of such understanding has often led 
to development programs that largely omit natural resources and tribal well-
being connections. This study can inform future policies by offering a better and 
in-depth understanding of the role of ES in supporting Indigenous well-being, 
and underlines Ghat’s economic importance for non-marketable values which 
are often ignored for policy decision-making. Understanding these values will 
help the policy-makers to integrate the role of ES in policy planning, and design 
suitable development and conservation programs that protect a diverse range of 
ecosystems in the Western Ghats and elsewhere as well as support the sustainable 
living of many IPLCs/Adivasi communities across the globe.
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1. Introduction

Natural resources and their Ecosystem Services (ES), defined as the benefits (goods and 
services) people derive from natural systems (following the Millennium Ecosystem Assessment, 
2005), are the foundation of life on earth as advocated by many. Our survival on planet earth 
depends upon the state of natural ecosystems and their ES that fulfill our basic needs, such as 
good air to breathe, water to drink, and food to eat—essential yet irreplaceable for supporting 
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human life on earth (MA, 2005; DasGupta, 2020). The ES concept 
became popular after the United Nations led the MA program (2000–
2005), and it is the first one of its kind for linking natural systems with 
human well-being (for details, see Costanza et al., 1997, 2017; Daily, 
1997; Sangha, 2007; Fisher et al., 2009; de Groot et al., 2010). The ES 
term is later simplified as Nature’s Contributions to People (NCPs), 
and the MA program is followed by the Intergovernmental Platform 
on Biodiversity and Ecosystem Services (IPBES), which has published 
several seminal reports highlighting various links between ES and 
human well-being (Intergovernmental Platform on Biodiversity and 
Ecosystem Services (IPBES), 2019, 2023).

Understanding and evaluating these ES and people’s well-being 
links are particularly important for Indigenous Peoples and Local 
Communities (IPLCs) who have maintained such connections with 
nature, for their livelihoods and well-being that are directly linked to 
the state of natural systems—in contrast to many mainstream 
communities who live in isolation from nature (Sangha et al., 2015, 
2018; Sangha and Russell-Smith, 2017; Dawson et al., 2021; Das et al., 
2022). In this paper, we explore these connections between a unique 
and highly biodiverse landscape, the Western Ghats, and the 
Indigenous peoples living within that landscape, called “Adivasis” 
(Indian term for Indigenous/tribal, meaning the original inhabitants). 
We first describe the landscape to portray the Western Ghat’s natural 
settings, its global significance, the geographically vast expanse and 
unique flora and fauna, and its socio-ecological context, followed by 
the application of the ES approach which helps to integrate and assess 
both monetary (marketable) and non-monetary (non-marketable) 
values. Our aim is to highlight the importance of Western Ghats in 
supporting the well-being of Adivasi communities and to inform 
policy decision-making for future Adivasi Development as well as 
Conservation-related programs.

The Western Ghats in India (along with the island of Sri Lank) 
comprise one of the world’s 36 biodiversity hotspots that spread over 
six states1 covering an area of around 164,280 km2, over a distance of 
1,500 km (Ministry of Environment and Forest (MoEF), 2013; 
Srivathsa et al., 2019; Figure 1). The Ghats were declared a world 
heritage by UNESCO in 2012 for their exceptionally high level of 
biological diversity and endemism. A significant feature of the 
Western Ghats is that they are recognized among the world’s eight 
“hottest hotspots” of biological diversity, harboring 27 National Parks 
(five in Karnataka) and 160 Wildlife Sanctuaries (23 in Karnataka 
alone; http://wiienvis.nic.in/Database/wls_8230.aspx). These Ghats 
are home to around 6,500 flora and fauna species with a high degree 
of endemism, including 4,600 species of flowering plants (38% 
endemic), 330 butterflies (11% endemic), 156 reptiles (62% endemic), 
508 birds (4% endemic), 120 mammals (12% endemic), 289 fish (41% 
endemic), and 135 amphibians (75% endemic; Ministry of 
Environment and Forest (MoEF), 2013; Ramachandra and 
Bharath, 2019).

The Western Ghats forests provide a myriad of ES to the local, 
regional, and global communities. At a local scale, the Ghats are a 
source of livelihoods and well-being for many “Adivasi” and local 
communities who mostly live either in proximity or within the Ghats. 
Adivasi and locals produce many non-timber forest and agricultural 

1 Gujarat, Goa, Maharashtra, Kerala, Karnataka. and Tamil Nadu.

products for cash and non-cash crops, such as coffee, pepper, nuts, 
honey, coconut, rubber, tapioca, potato, and millets. The Ghats are a 
major source of water for south India with 37 rivers (Dudani et al., 
2011), main ones include Kaveri, Krishna, Godavari, Thamaraparani, 
and Thungabhadra (Ministry of Environment and Forest (MoEF), 
2011). They provide water for drinking in many cities, such as 
Bangalore, Mysore, Coimbatore, Tiruchirappalli, Thanjavur, Thrissur, 
and Palakkad; for agriculture in rural areas; and for industrial 
purposes. Gadgil (2014) estimated that about 245 million people 
receive water for drinking, irrigation, and commercial purpose from 
the Ghats. Major forest products such as teak wood, timber wood, 
pulpwood production, and tourism also afford significant revenues for 
the local governments.

Internationally, the Western Ghats are renowned for their unique 
biodiversity, with a high level of endemism, and nationally 60% area 
of the Ghats represent a living cultural landscape, meaning people 
have dominated the landscape with special relationships, including 
human settlement, religious and spiritual connections, and usage for 
agriculture (Ministry of Environment and Forest (MoEF), 2013). The 
rest 40 per cent of the area represents a natural landscape, particularly 
37% supporting rich biological resources listed under Protected Areas. 
The Ghats offer several charismatic tourist attractions and are 
treasured for biodiversity, unique fauna and flora, mountainous 
ranges, sacred and spiritual places, and the esthetic beauty of the 
landscape [Ministry of Environment and Forest (MoEF), 2011; 
Gadgil, 2014].

Many Adivasi communities reside within the Western Ghats: 
mainly, Soligas, Adiyan, Barda, Bhil, Dubla, Malasar, Maratha, Toda, 
and Siddi communities in Karnatka; Karda, Koraga, Adiyan, Irula, 
Malasar, and Kattunayaka in Kerala; and Toda, Kota, Irular, 
Kattunayaka, Paniyan, and others in Tamil Nadu. They are highly 
dependent on the forests and sacred groves for their cultural activities, 
medicinal plants, livelihoods, and regulating services, especially 
pollination for honey production (Blicharska et  al., 2013; 
Balasubramanian, 2019). On contrary, the Adivasi communities play 
an important role in conserving and managing forests by applying 
their traditional knowledge (Salafsky and Wollenberg, 2000; Bhagwat 
et al., 2005; Godbole et al., 2011). For local and Adivasi communities, 
the Western Ghats support almost every aspect of their well-being, 
well beyond their livelihoods. These communities are the original 
inhabitants of the Western Ghats who have evolved their practices and 
knowledge over millennia (Gadgil, 2014; Balasubramanian and 
Sangha, 2021). This study aims to understand and evaluate the people-
landscape connections and the role that Adivasi people have played in 
managing the Western Ghats, applying the ES lens.

Assessing and understanding the value of ES delivered from the 
Western Ghats are critical to support Adivasi communities to continue 
applying their traditional practices that have helped them to sustain 
natural resources as well as their livelihoods in the region. Mainly due 
to sustainable use and maintenance of the Ghats by the tribal people 
over millennia the Ghats now afford ES for millions of people in the 
region, particularly for provisioning water, good air, and food. 
We assess the ES values of the Western Ghats using the on-ground 
socio-economic and ecological data, as well as from a wider public 
perspective. Our aim is to inform the policy makers about the role of 
Adivasi communities in provisioning a range of ES not just for 
themselves but also for the wider public for astutely managing forest 
resources in the Ghats. Applying an ES approach, this study 
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demonstrates and emphasizes the importance of supporting tribal 
communities in their efforts to sustainably manage forest resources 
and the flow of their ES for supporting the well-being of Adivasi 
communities and of the wider population in the region.

The ES approach offers an important tool to influence policy 
decision-making to better plan for investing in protecting 
ecosystems, and realizing their contributions toward people’s well-
being (Costanza et al., 1997; de Groot et al., 2012; Sangha et al., 2018, 
2020, 2022). The ES assessments, such as this, are particularly 
imperative for developing countries like India where often other 
compelling priorities for development take over conservation due to 
limited budget and resources. Despite a wider recognition that 
Adivasi communities depend on forest resources from the Western 
Ghats, there is hardly any consideration of people’s needs and values 
of forest systems in the current government policies, let alone the 
recognition of their efforts in managing the landscape 
(Chemmencheri, 2013; Balasubramanian and Sangha, 2021; Das 
et  al., 2022). Evaluating ES applying the right set of tools and 
integrating them with policy decision-making is challenging and 
difficult. The present study not only estimates the value of ES but 
also integrates that with policy decision-making to enhance the 
better use and management of resources in the Western Ghats. 
Hence, this study is pivotal for demonstrating the role of Adivasi 

communities to the decision-makers by highlighting their monetary 
and non-monetary contributions that can help better protect the 
diversity of ecosystems in the Western Ghats.

2. Materials and methods

2.1. Site description

The Western Ghats start from the Tapti valley in Gujarat in the 
north and end in Kanyakumari, Tamil Nadu, stretching between 
8°0–22°26′ N and 72°55–78°11′ E, in south India (Figure 1). The 
Ghats in the state of Karnataka, representing 60% of the entire area, 
were selected for our study (Figure 1; the rest 40% lie in the state of 
Tamil Nadu, Kerala, Maharashtra, Goa, and Gujarat). Rainfall on 
average is 2,500 mm per annum, spread over 8–9 months, with some 
sites on the south-western side receiving >4,000 mm/annum whereas 
some on the eastern side receiving much less, 500 mm rainfall per 
annum (Reddy et al., 2018). A variety of forest ecosystems, i.e., tropical 
rainforests, evergreen, dry deciduous and deciduous forests, grassland, 
lateritic plateau, moist deciduous, and dry forest exist in the Ghats. 
The Ministry of Environment and Forest (MoEF) (2011) estimated 
that 7% of the area is under primary vegetation cover, 15% under 

FIGURE 1

Western Ghats study areas in the Indian state of Karnataka.
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Protected Areas, and a large area is under secondary forest or 
tree cover.

In India, the Ghats are known as the Sahyadri mountain ranges. 
The selected study areas include five main Protected Areas namely, 
Bannerghatta National Park (NP), Nagarahole NP, Bandipur NP, 
Shettihalli Wildlife Sanctuary (SWS), Biligiri Rangasamy Temple 
Wildlife Sanctuary (BRTWS), and Nandi Hills—the latter two are also 
famous tourist destinations (Table 1). These areas are rich in flora and 
fauna, the iconic species include Asian palm civet (Paradoxurus 
hermaphroditus), sambar chital (Rusa unicolor), tiger (Panthera tigris), 
sloth bears (Melursus ursinus), jackal (Canis aureus), leopard (Panthera 
pardus), and different types of flora such as Schleichera oleosa, 
Terminalia tomentosa, Azadirachta indica, Shore atalura, and 
Anogeissus latifolia.

We followed the Framework of Millennium Ecosystem 
Assessment (2003) for assessing the ES values for provisioning, 
regulating, and cultural services, as described in section 2.2.

The main Adivasi tribes that reside in the selected case study areas 
include Soligas, Kadu Kurumba, Iruligas, and Jenu Kuruba (Table 1). 
The other dominant Adivasi communities living in the Western Ghats 
include Korga, Yarava, and Kattunayaka. The tribal people have 
multiple values ranging from provisioning, cultural, spiritual, and 
educational values that are imbued within the landscape, over 
millennia (Gadgil, 2014). The main communities are described below.

Soliga tribe is located in BRTWLS, in the eastern parts of the 
Western Ghats in Karnataka. More than 1,000 tribal families live 
within and nearby the sanctuary, comprising ~12,500 Soliga people. 
More than 60% of the tribal population is dependent on Non-Timber 
Forest Products (NTFPs) for their livelihoods and income (Sindhu 
et al., 2019). Soligas are called “the children of Bamboo” meaning they 
have originated from Bamboo. They usually practice hunting and 
shifting agriculture, and worship trees and animals, particularly tigers 
as Huliverappa.

Kadu Kuruba is one of the oldest tribal communities in south 
India, with ~12,000 people residing in the Nagarhole NP in 

Karnataka. “Kadu” means “forest” and “Kuruba” a group name. Their 
main occupation is collecting NTFPs, shifting cultivation, livestock, 
etc. They highly believe in sacred groves, and “Baluva”—a sacred 
ritual—is one of the famous sacred rituals performed at “Ambala”—a 
sacred place within the Western Ghats (Prabhakar and 
Gangadhar, 2011).

Iruligas are the tribal people living in southern parts of Karnataka, 
Kerala, and Tamil Nadu. Iruligas means “dark people” and they 
represent one of the oldest tribes in south India. There are about 
215,000 people in total, with about 10,259 people residing in 
Karnataka, mostly around the Bannerghatta NP. The main occupation 
of Iruligas include honey collection, snake and rat catching, the latter 
is useful for many rice farmers in the region.

Jenu Kuruba is a primitive tribal community living in the Western 
Ghats in Karnataka, with a population of 36,000 (2011 Census). “Jenu” 
means honey and Kuruba is a group/clan name. They worship trees 
and their main occupation is collecting NTFPs such as honey, fruits, 
nuts, etc. (Pradeep and Kalicharan, 2016). The community practices 
gender equity evident in their socio-economic decision-making. They 
have preserved traditional knowledge, particularly on adaptation 
strategies to protect forests from fires and other natural calamities. 
Nearly 60% of Jenu Kuruba work as daily labors.

For all these Adivasi communities, natural resources from the 
Western Ghats are the main source for supporting people’s day-to-day 
life and overall well-being. For this study, we selected BRTWLS and 
SWS which support Soligas and Jenu Kuruba tribes respectively, 
including locals from “other backward classes (OBC)” (OBC is a 
common term used in India for poor people, however they are local 
to the region and in here we call them local communities) in the 
Western Ghats.

2.2. Data collection and analysis

For the selected study areas, i.e., BRTWLS and SWS, we assessed 
the value of ES for main provisioning, regulation, and cultural 
services, applying a mix of standard ES valuation techniques as well as 
on-ground research and analysis to include local perspectives, details 
as below.

2.2.1. Provisioning services
We estimated the value of key provisioning services, i.e., timber 

and non-timber forest products (NTFPs), and water—the main source 
to support agriculture production in the region, particularly in SWS.

We collected data from randomly selected 253 households (out of 
the total 450 households; as per the State Forest Department in 
Karnataka) from September 2018 to November 2019, using a 
questionnaire survey that comprised three parts: (1) Socio-economic 
characteristics such as gender, age, marital status, education, and 
household income; (2) Type and quantity of NTFPs, for example 
honey, amla, leaves, fruits, and roots; and (3) Agricultural production 
in BRTWLS (Chamrajnagar district) and SWS (Shivamogga district) 
in Karnataka. In BRTWLS, 148 households were sampled, mainly for 
NTFPs as there was no agricultural activity reported. In SWS, 105 
households were sampled who largely engaged in using water for 
cultivating paddy, ginger, jowar, banana, sugarcane, cotton, and areca 
nut—an important agricultural product from the sanctuary. Most of 
the households use fuelwood as a major source of cooking in the study 

TABLE 1 Details of the study areas and related Adivasi tribes.

Study area
Area 
(km2)

Adivasi tribes
Latitude/

Longitude

Biligiri Rangaswamy 

Temple Wildlife 

Sanctuary (BRTWLS)

539.52 Soliga 11-13′N

77-78′E

Nagarahole National 

Park

643.39 Kadu Kurumba 12.04′N

76.1′E

Bannerghatta National 

Park

260.51 Iruligas 12.8′N

77.5′E

Bandipur National Park 872.24 JenuKuruba 11.7′N

76.4′E

Shettihalli Wildlife 

Sanctuary (SWS)

395.6 JenuKuruba and 

“other backward 

classes” (local) 

communities

13.8′N

75.3′E

Nandi Hills 0.56 Non-tribal (Tourism 

Part)

13.3′N

77.6′E
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area. The questionnaire surveys were used to assess the value of the 
local produce and its usage.

For valuing the provisioning ES, we used the direct market price 
method for forest or crop products (Costanza et al., 1997; Ninan and 
Kontoleon, 2016; Kibria et al., 2017; Balasubramanian, 2020). The 
price of NTFPs was available from the Large Scale Adivasi-Multi 
Purpose Co-operative societies (LAMP). Water for agricultural 
production is an important service that is increasing in demand in the 
region (Helian et al., 2011; Karabulut et al., 2016), and the four rivers, 
Kaveri and Kapila or Kabini in BRTWLS, and Thungabhadra and 
Kumadwhathi in the SWS, are the key sources. The value of water as 
a provisioning ES for supporting the agriculture sector was interpreted 
from the value of agricultural produce.

All values are presented in using a conversion rate of 1 USD = Rs. 
70.34, unless stated otherwise.

2.2.2. Regulating services
We assessed the value of the following two main regulating services:

2.2.2.1. Carbon sequestration
We used the secondary data for estimating the economic value of 

carbon sequestration in above-ground vegetation and soil from five 
protected areas, i.e., BRTWS, Bannerghatta NP, Nagarahole NP, 
Bandipur NP and SWS, each supporting different types of 
forest ecosystems.

The amount and value of carbon sequestered in above-ground 
vegetation was estimated using recent studies in the Western Ghats, 
following three steps: (i) Size of the forest in all the five protected 
areas; (ii) Using an average amount of carbon sequestered (94.01 t/ha) 
based on the recent (Forest Survey of India, 2019)2; (iii) Applying a 
carbon value at US$ 30/t/ha (Ramachandra and Bharath, 2019).3 
We acknowledge that the Ghats support different types of forests, but 
due to a lack of data for each forest type, we have used a generalized 
rate of carbon sequestration for all forest ecosystems.

The amount and value of carbon sequestered in soil were 
estimated using: (i) the area of forest size (ha); (ii) the amount of soil 

2 Carbon sequestration is estimated based on the recent Forest Survey of 

India (2019) mentioned, according to Good Practices Guidance (2003) 

introduced by IPCC the living biomass such as stems, stumps, branches, bark, 

and seeds. Carbon sequestration was calculated applying three steps: first, 

stratification of forest area it means carbon stored in the vegetation largely 

depends upon canopy density and forest type (pp.140); second, forest type 

mapping including bio-physical conditions of plant growth, soil, topography 

and climate; and third, estimation of biomass and carbon in different pools for 

example, above ground level biomass of tree having dbh ≥ 10 cm. Soil carbon 

is calculated based on humus and soil carbon, two sub-plots of size 1 m X 1 m 

are laid out within the main plot. In addition, the center of the two sub-plots, 

a pit of 30 cm × 30 cm × 30 cm dug and composition samples of soil of 200 g 

were analyzed for organic carbon (pp.143).

3 Ramachandra and Bharath (2019) estimated the value of carbon 

sequestration for the standing biomass of different forest types such as dense 

evergreen forest, semi-evergreen forest, low-evergreen forest, dense deciduous 

forest and other forest. Soil carbon (top 30 cm) was estimated for tropical 

wet-evergreen forest, tropical semi-evergreen forest, tropical moist deciduous 

forest, and tropical dry evergreen forest.

carbon sequestered, i.e., 66.23 t/ha, following the recent (Forest Survey 
of India, 2019); and (iii) Applying a value of carbon at US$ 30/t/ha 
(Ramachandra and Bharath, 2019).

2.2.2.2. Prevention of soil erosion
Forest cover in the Western Ghats prevents soil erosion which in 

return affords a wide range of ES, including provisioning services 
listed earlier. A few studies have calculated the amount of soil erosion 
prevention [Phnom Penh Water Supply Authority (PPWS), 2015; 
Ninan and Kontoleon, 2016; Kibria et al., 2017]. This study estimated 
the amount and value of soil erosion prevented by forests as follows:

 ( )sc sr i i oV C .G S .D here, D d d= ∑  = −  

where Vsc indicates the economic value of soil conservation (US$);
Csr denotes the cost per tonne of sediment removal from rivers 

[US$ 2.5/tonne in 2021 values, following Kibria et  al., 2017 and 
Phnom Penh Water Supply Authority (PPWS), 2015];

G indicates the ratio of the amount of sediments present in rivers 
or reservoirs to the total soil loss;

Si stands for the area of the respective type of forest (ha);
D is erosion reduction in forest land (t/ha); and
di designates the rate of erosion in broad-leaved forest [t/ha, i.e., 

0.5 t/ha following Phnom Penh Water Supply Authority (PPWS), 
2015] compared to do which represents the rate of erosion in 
non-forested land [t/ha, i.e., 320 t/ha following Phnom Penh Water 
Supply Authority (PPWS), 2015 and Kibria et al., 2017].

The above method helped us to estimate the value of soil 
conservation offered by the forest cover, which otherwise would have 
been eroded.

2.2.3. Cultural services
The Western Ghats are a major source of cultural ES, particularly 

for thousands of Adivasi people residing across the landscape, who 
continue to practice their knowledge and skills to date. 
We acknowledge that most of these values comprise a vital part of 
Adivasi living but are beyond any monetary measures. At this stage, 
this vital service for the Adivasi communities is not evaluated in this 
study as we intend to conduct a special study separately on the cultural 
services, for the local and Adivasi communities.

However, for the general public cultural services in the form of 
recreation from the conserved forest areas are covered in detail here. 
Following the standard approaches (Costanza et al., 1997; de Groot 
et al., 2012; others), we estimated the value of recreational ES from the 
selected five Protected Areas in the Ghats. For that, we undertook a 
detailed field survey from September 2018 to November 2019 to 
collect information on tourist visitation and related expenditure 
(Sharma and Pal, 2020). A primary survey was conducted through 
in-person interviews (total n = 725) at BRTWS (n = 125), Bannerghatta 
NP (n = 150), Nagarahole NP (n = 150), Bandipur NP (n = 150), and 
Nandi Hills (n = 150). The respondents were selected randomly near 
the entrance and inside the parks. The survey questionnaire included 
information about the socio-economic characteristics of the 
respondents for example gender, age, education, income, household 
size, the reason for visit, and total incurred travel costs.

Travel Cost Method (TCM) basically refers to a conventional 
household production model where households make the most of 
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utility based on many uses and production decisions. TCM helps to 
evaluate individual preferences for expenditure on non-market 
goods, particularly in order to estimate the recreational benefits 
provided by the site (Timah, 2011). People express their preferences 
through choices and trade-offs, given certain constraints such as 
income or time availability (Anderson, 2010). To estimate the 
recreational value, we  used the following formula (following 
Bateman et al., 2019):

 
V f C X= ( ),

 
(1)

Where V is the number of visits to the site; C represents the visitors’ 
cost; and X  the other socio-economic indicators that influence V . 
TCM defines “V” as an independent variable for the number of visits 
made by each visitor to a NP or wildlife sanctuary over a specific 
period. The number of visits to the recreational site includes time, and 
costs incurred during traveling to tourist places. The time and costs of 
travel vary from visitor to visitor because it depends on the place 
of origin.

3. Results

3.1. Provisioning services

As mentioned in the methods section, provisioning services were 
studied only from the BRTWS and SWS areas for the local and Adivasi 
people in the region.

3.1.1. Biligiri Rangaswamy Temple Wildlife 
Sanctuary

Soliga, the dominant tribal community in the BRTWS, are highly 
dependent on the forest for their basic living requirements such as 
food, fodder, fiber, fuelwood as well as other spiritual and socio-
cultural needs. The collection of NTFPs is the main source of income 
for Soligas. After being declared a wildlife sanctuary in 1974, the 
cultivation of coffee, pepper, and other cash and non-cash crops has 
become important. Fuelwood is one of the primary sources of energy 
for household cooking. On average, a household collects 3,715 kg of 
fuelwood per year from the forest. Table 2 shows the economic value 
of provisioning services at a household level.

The NTFPs are available only seasonally, for example, honey is 
available from March to July, and Shikakai (Acacia concinna) in 
January and February. Honey is one of the major NTFPs contributing 
significantly to household income, and is available three times per 
year. On average, >60–80 kg of honey/household/year is obtained 
from the forest for which people travel more than 25 km from their 
homes. Similarly, Shikakai—another important plant product—is 
collected at about 50 kg per household/year Gooseberry, another key 
source of income for households, is harvested from March to April. 
All these non-timber products require about 10 long working days 
(8–10 h/person) each, per season, for collection. All the products 
collected from the sanctuary are sold through Large Scale Adivasi 
Multipurpose Societies (LAMP) located within the wildlife sanctuary. 
For example, honey is sold at Rs 170/kg (US$2.46/kg). On average, for 
each household, the annual income from NTFPs has been estimated 
at about US$ 334 in the BRTWS (Table 2, ~Rs 23,493; which is about 

1/11th of the median adult income as per the national India income 
survey in 2021). Some households have small land plots (two acres on 
average) for cultivating crops for household use, but a majority of the 
households do not possess any agricultural land.

Overall, NTFPs comprise 45% of the total household income in 
the BRTWS. One of the respondents shared his concerns during the 
household survey that the total income from NTFPs has declined 
compared to the two previous decades due to climate change. A 
number of restrictions are also enforced by the forest department in 
the sanctuary.

TABLE 2 Economic value of NTFPs and Agricultural production (US$/
year) for surveyed households of Adivasi communities residing in the 
BRTWS and SWS.

BRTWS SWS

No. of households 148 105

NTFPs income per household ($US) Price per unit 

(US$/kg)

Paduvanache 0.28 NA 0.30

Magaleberu 1.00 0.49

Amla 0.41 0.55

Pacchi 23.46 0.40

Shikakai (Acacia 

concinna)

0.76 0.52

Honey 34.77 2.37

Gooseberry 2.78 0.55

Arole oil 0.24 0.24

Total 63.70

Agricultural Products Price per unit 

(US$)

Silverwood 90.87 4.61per cubic 

cm

Areca nut 2859.88 27.2/kg

Coconut 61.97 0.279/kg

Paddy 103.29 0.235/kg

Banana 0.05 29.70 0.085/kg

Jower 185.92 0.033/kg

Tali 63.27 0.012/kg

Cotton 7.75 0.063/kg

Ginger 1.24 542.28 0.046/kg

Sugarcane 1.29 0.0037/kg

Coffee 120.89 2.16/kg

Pepper 42.04 6.17/kg

Guava 1.02 1.44/kg

Chakkotta 0.93 1.21/kg

Lemon 1.42 0.63/kg

Jackfruit 12.08 2.06/kg

Total 270.55 3,855.36

Average household 

income (USD)/year

334.25 3,855.36

Data collected from household surveys.
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3.1.2. Shettihalli Wildlife Sanctuary
Shettihalli Wildlife Sanctuary (SWS) is spread over parts of three 

sub-regions of district Shimoga, viz. Shimoga, Hosanagara, and 
Thirthahalli in Karnataka. The sanctuary consists of a total 
geographical area of 824 km2, covered by dry deciduous, moist 
deciduous and semi-evergreen forests which are rich in flora and 
fauna both in variety and diversity.

There are 20 enclosures and 69 villages with around 35,600 people 
and 30,250 cattle living inside the sanctuary. The people living in and 
around the sanctuary are dependent upon the sanctuary for fuelwood, 
fodder, timber, and other forest products required for their livelihoods 
but not for sale. 95% of the respondents are dependent on agriculture 
as their major source of income (Table 2). About 80% of the population 
represents small and marginal farmers from the sample households. 
The collection of NTFPs is banned in the sanctuary.

To support agriculture, Thungabhadra and Kumadwhathi are the 
main rivers in the sanctuary, affording perennial sources of water for 
irrigation and drinking. A number of irrigation water tanks are spread 
all over the sanctuary, e.g., in Gajanur, Haihole, Purdal, and Seegehalla. 
Areca nut is a main agricultural product in SWS. Our surveys reported 
that 60% of the households produce 1–2 quintals and 16% of farmers 
produce more than 4 quintals of areca nut from their agricultural 
lands per annum (Table 2). Paddy is another important agricultural 
product. 28% of the respondents produce 2.5 quintals of paddy/year 
inside the wildlife sanctuary (Table 2). The overall annual income 
from agricultural produce for people living in and around SWS is USD 
3,855 per annum [i.e., Rs. 271,160 per household, which is comparable 
to the median family income per adult (Rs. 204,200) as per national 
standards 2021].

3.2. Regulating ecosystem services

This section discusses the value of regulating ES, i.e., carbon 
sequestration and soil protection function, of five protected areas 
within the Western Ghats while recognizing that these areas also 
provide several other regulating ES.

Bandipur Tiger Reserve accounts for the largest area (87,224 ha) 
located in Chamarajanagar, followed by Nagarhole NP (64,339 ha) 
located in the Mysuru and Kodagu districts of Karnataka (Figure 1).

3.2.1. Carbon sequestration
The economic value of carbon sequestration was estimated in the 

above-ground vegetation and soil for five nature reserve areas, as 
presented in Table 3. Bandipur NP contributes the highest economic 
value at US$ 5.61 million, for the amount of carbon in vegetation and 
soil, followed by Nagarhole NP, US$ 4.16  million, based on the 
secondary data obtained from the protected area. The value of carbon 
sequestration has been estimated at US$ 3.49 million for BRTWS. For 
SWS and Bannerghatta NP, the estimated value of carbon sequestration 
was US$ 2.55 million and 1.7 million, respectively. The total economic 
value of carbon sequestration has been estimated at US$ 17.51 million, 
from the five protected areas in Karnataka (Table 3).

3.2.2. Value of soil protection
The economic value of soil protection was estimated at US$ 

149 million for all the five protected areas in Karnataka, with the 
highest contribution from Bandipur NP, US$ 47.1 million, followed 

by Nagarhole NP US$ 34.7 million, BRTWS US$ 32.4 million, SWS 
US$ 21.3 million, and Bannerghatta NP at US$ 14 million (Table 4).

3.3. Cultural ecosystem services

We assessed the monetary value of recreational ES from the case 
study areas for the general public, but not the cultural values for 
Adivasi communities which requires a special study in itself. However, 
the recreational value helps us emphasize the importance of 
maintaining these areas for the wider benefit.

3.3.1. Number of visitors in the five protected 
areas of Western Ghats

In total, >12 million people visit the Western Ghats each year. 
Nandi hills recreational site supported the greatest number of visitors 
compared to any other site. SWS received a negligible number of 
tourists hence not included in our data collection. Instead, Nandi Hills 
is a famous tourist spot within the Western Ghats, hence included in 
here. BRTWS received less number of visitors due to a lack of 
transportation and food and accommodation facilities inside the 
sanctuary. Bannerghatta and Bandipur national parks are also getting 
more annual visitors according to the economic survey of Karnataka 
(Table 5; Figure 2). A majority of the people visit a place once only, and 

TABLE 3 The economic value of carbon sequestered in vegetation and 
soils of five protected areas in the Western Ghats.

Name of 
protected 
areas

Value of 
carbon 

stored in 
above-
ground 

vegetation 
US$ 

(million)

Value of 
carbon 

stored in 
soil US$ 
(million)

Total value of 
carbon 

sequestration 
US$ (million)

BRTWS 2.05 1.44 3.49

Bannerghatta 

National Park

1 0.7 1.7

SWS 1.5 1.05 2.55

Bandipur Tiger 

Reserve

3.31 2.3 5.61

Nagarhole 

National Park

2.44 1.72 4.16

Total US$ US$ 17.51

TABLE 4 Economic value of soil protection function.

Name of protected areas Economic value of soil 
protection function US$ 

(million)

BRTWS 32.4

Bannerghatta National Park 14.0

SWS 21.3

Bandipur Tiger Reserve 47.1

Nagarhole National Park 34.7

Total 149.62
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FIGURE 2

Frequency of tourist trips to the protected areas in the Western Ghats.

a small percentage twice; BRTWLS is the only place that is visited 
twice by >70% of the tourists.

3.3.2. The actual amount spent by the tourists
We surveyed 725 tourists about the amount of money they spent 

visiting the parks. A relatively small amount of US$ 1–10 was spent by 
>50% visitors in BRTWS and Bandipur NP, whereas only 12 and 7.3% 
spent that amount in Bannerghatta and Nagarhole NPs, and 35% 
visiting Nandi Hills. Relatively a bit higher amount, US$ 10–50, was 
spent by 63% of tourists visiting Bannerghatta NP, compared to 36, 
44.8, or 54% visiting BRTWS, Bandipur NP, and Nandi Hills, 
respectively. Only a few tourists spent >US$ 50, mainly those visiting 
the Nagarhole NP (Table 5).

The average amount spent by a tourist was the highest for 
BRTWLS (US$27.38) followed by Nandi Hills (US$25.45). The total 
amount spent by all the tourists for visiting a site over a year was the 
highest for Nandi Hills (US$ 252million/year), followed by Nagarhole 
NP (US$115million/year; Table 5).

4. Discussion

Our assessment of ES from the Western Ghats in Karnataka, 
representing 60% of the total Ghat’s area, underlines the monetary 
value of a range of benefits delivered by forests for the Indigenous 
(Adivasi) communities as well as for the wider public. The assessed ES 
values accounted for the NTFPs, regulatory services (C sequestration 
and soil protection), and recreational services from the main protected 
areas in the Western Ghats, and are worth >US$ 612 million per year 
(Table 6). This value largely remains obscure to the policy decision-
makers due to its intangible nature (Costanza et al., 1997; de Groot 
et al., 2012; Sangha, 2020; Coyne et al., 2022), which further leads to 
ignoring the critical role Adivasi communities play in maintaining the 
flow of these services (Sangha et al., 2019; Sangha, 2020; Dawson et al., 
2021; Das et al., 2022). We argue that sustainable use and management 
of the protected areas in the Western Ghats by the Adivasi 
communities over millennia is a key factor that help ensure the 
delivery of ES for the local and wider public benefits.

TABLE 5 The amount spent by each tourist while visiting the case study protected areas.

Amount (US$)
Percent of 

tourists visiting 
BRTWS paying

Percent of 
tourists visiting 

Bandipur 
National Park 

paying

Percent of 
tourists visiting 
Bannerghatta 
National Park 

paying

Percent of 
tourists visiting 

Nagarhole 
National Park 

paying

Percent of 
tourists visiting 

Nandi Hills 
paying

US$ 1–10 51.2 52.8 12 7.3 35.3

US$ 10–50 36 44.8 63.3 20.3 54

>US$50 12.8 2.9 24.7 72.7 10.7

Total no. of tourists per year 441 156,435 1,616,130 1,021,627 9,900,966

Average amount of US$ spent 

per tourist/year

27.38 15.40 45.9 113.37 25.45

Average total amount spent 

by the tourists US$/year

12,075 2,409,099 74,180,367 115,821,853 251,979,585

Estimates based on primary survey and the tourist numbers obtained from the Economic Survey of Karnataka (2020).
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Typically, in many valuation studies, only the NTFPs are 
evaluated in monetary terms to understand their role in people’s 
livelihoods (Semwal et al., 2007), however we suggest that the actual 
value of NTFPs is much greater than that interpreted from the 
market price. In this study, we  evaluate the monetary values of 
NTFPs (incl. Agricultural produce), worth US$ 854,634, for Adivasi 
and local people living in the BRTWS and SWS regions, contributing 
to 60% of the total household income. Likewise, Madegowda (2002) 
reported that NTFPs contribute 58% to the annual household 
income in the same region. We emphasize that the collection of 
NTFPs is important not only for the livelihoods but also for 
supporting the overall well-being of the Adivasi communities which 
includes utilizing and passing on their knowledge on harvesting and 
processing NTFPs to future generations, following an earlier study 
in the region by Balasubramanian and Sangha (2021). The true value 
of the NTFPs will be much greater if accounted for the knowledge 
and skills (capabilities) required to process NTFPs, like any other 
marketable product. Access to forest resources and the opportunity 
to utilize capabilities further contribute to Adivasi people’s well-
being in several ways such as enabling people to develop their skills, 
ability to do something that they like, and ability to pass on their 
knowledge to future generations (following Sen, 1999; Sangha et al., 
2019; Balasubramanian and Sangha, 2021). Hence, for policy 
decision making there is a need to consider: (i) access to forest 
resources for the Adivasi communities to NPs such as SWS or 
Bannerghatta NP; and (ii) the true value of NTFPs to appropriately 
account for their role toward people’s well-being, beyond livelihoods 
(Figure 3).

We acknowledge that only the value of recreational services as 
part of the cultural services was assessed from the selected five study 
area, which is worth US$ 444  million/year (Rs. 31 billion/year), 
applying an average amount spent by tourists visiting each study area. 
Highlighting this value for 12.6 million tourists per year—as high 
number of tourists visit these areas—suggests that a significant 
proportion of that amount goes to the government as the parks’ entry 
fee. Assuming conservatively that at least 10% of the total value is the 
park entry fee, >US$ 40 million per annum revenue is generated from 
these protected areas—a significant figure to support the role of 
Adivasi communities in managing those areas. In contrast, the 
presence of Adivasi communities, in general, within the national parks 
and sanctuaries in India is mainly seen as a barrier (much evidence of 

people’s eviction; Report of The Indigenous World, 2019; 
Chemmencheri, 2013; Alex et al., 2016), despite a wider recognition 
that these people have been living within those areas and managing 
them sustainably over millennia (Gadgil et al., 1993; Ramakrishnan 
et al., 2005; Gadgil, 2014; Sangha, 2020).

For the Adivasi communities, many other cultural ES than 
recreation are rather vital for people’s well-being [Gadgil et al., 1993; 
Ministry of Environment and Forest (MoEF), 2013; Gadgil, 2014], and 
requires a detailed assessment in itself. There are ~2,000 Adivasi 
families living within the selected study areas in the Western Ghats, 
holding a myriad range of cultural values for various components of 
the forest systems. For example, Soligas living in BRTWS (Tiger 

TABLE 6 Summary of various ES delivered from protected areas in the Western Ghats.

Name of protected 
areas

Value of NTFPs (US$/
annum)

Total value of carbon 
sequestration (US$ 

million/annum)

Value of soil 
protection (US$ 
million/annum)

Value of tourism 
(US$/annum)

BRTWS 334.25*250 (households#) = 83,562 3.49 32.4 12,075

Bannerghatta NP NTFPs not allowed (120 households) 1.7 14.0 74,180,367

SWS 3855.36*200 (households) = 771,072 2.55 21.3 Not applicable

Bandipur NP NTFPs not allowed (400 households) 5.61 47.1 2,409,099

Nagarhole NP NTFPs not allowed (1,000 households) 4.16 34.7 115,821,853

Nandi Hills NA NA NA 251,979,585

Total US$/annum 854,634 (avg $427,317 based on two 

protected areas)

US$ 17.51 149.62 444,402,979

#Data collected from the Forest Department, Karnataka.

FIGURE 3

Field photos: segregation of Areca nut and the lady processing them 
(courtesy: the lead author).
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Reserve) worship tiger as Huliverappa, which is equated to a deity, and 
locals can smell and sense the presence of a tiger. They also worship 
various elements of nature such as rivers, hills, trees, etc., perform 
rituals and songs in relation to mother’s nature. Because of Adivasi 
peoples’ deep connections with their forests and their consistent 
efforts, these protected areas are mainly in existence to date, otherwise 
modern development pressures would have gobbled up many of these 
beautiful places (Ramakrishnan et al., 2005; Shakya, 2011; Sindhu 
et al., 2019).

Access to forests and use of forest resources for the Adivasi 
communities is very limited in India to date (Chemmencheri, 2013; 
Alex et  al., 2016; Balasubramanian and Sangha, 2021). For our 
selected case study areas, people living in SWS are not allowed to 
access forest resources, instead, they have their own small-scale 
farming systems. Typically, tribal people have limited rights to use 
resources from forests due to restrictions imposed on the collection 
of NTFPs with the implementation of the Forest Rights Act (2006). 
These regulations limit peoples’ access to resources even for adequate 
amounts of nutritious food, and the quantity and type of food that 
one can collect (Alex et al., 2016). For instance, if a person in a tribal 
community wants to cultivate a traditional food plant, he/she is not 
able to do so due to a lack of access to cultivable land, and imposed 
political and institutional restrictions (Chemmencheri, 2013). 
Currently, a lack of understanding of Adivasi people’s role in 
resource use and management in relation to people’s well-being for 
policies and legislative instruments in India is a serious issue that 
leads to misunderstanding of people’s role, as highlighted by 
Balasubramanian and Sangha (2021) and Lele and Menon (2014). 
There is an urgent need to apply a holistic understanding of 
integrating forest resources management and tribal well-being for 
future policy planning.

Evaluating ES in the form of total benefits that flow to the general 
public (recreational in our study) is vital for the forest management 
authorities to understand, which can help develop future policies in 
line with people’s needs and aspirations. Currently, many of the 
policies and related legislative instruments in India, including the 
Forest Rights Act (2006), are designed without any consideration of 
people’s needs, let alone embracing Adivasi communities’ role in forest 
management. The current legal arrangements also reflect the legacy of 
colonization from which countries like India need to shift away given 
the millennia-old history of tribal people managing the forests. To 
protect biodiversity and our fast-depleting forest resources, effective 
engagement with Indigenous Peoples and Local Communities is the 
key to delivering multiple outcomes for meeting conservation goals as 
well as seven out of 17 Sustainable Development Goals (no poverty, 
zero hunger, good health and well-being, clean water, climate action, 
life on land, and peace justice and strong institutions; The United 
Nations, 2016).

5. Conclusion and policy implications

In developing countries like India, development (mainly 
perceived as economic growth/GDP) is the key focus of public 
policies. With the exhaustion of available resources, particularly land 
in urban and suburban areas and the growing population, the 
Adivasi people’s lands come under immense pressure, which are not 

exploited or modified yet. Hence, mainstreaming Adivasi living and 
their economies into the public becomes the main target for 
government policy decision-making (Balasubramanian and Sangha, 
2021). The need is to understand how natural resources managed by 
the Adivasi people are important not only for their own well-being 
but for the wider public as well. This study demonstrates this point 
by assessing the economic value of ES and linking it with people’s 
well-being.

The economic value of ES provided by five protected areas in 
Karnataka, India, estimated at >US$612 million, is important for 
policy decision-making, particularly for a global biological diversity 
hotspot like the Western Ghats for: (1) Informing the policymakers to 
design better conservation and development policies, in collaboration 
with the Adivasi communities/IPLCs; (2) Integrating ES values into 
the state and national income accounting that can help measure 
sustainable economic development at the local/regional/state level, 
targeting well-being of locals; and (3) Providing with an important 
tool for achieving Sustainable Development Goals, particularly for 
developing countries by accounting for nature’s role toward the well-
being of local and Indigenous communities.

Over time, the Western Ghats’ forest resources have been 
degraded through various exploitative economic activities (e.g., 
mining, agriculture, and industrial uses). This study informs policy 
decision-makers to understand the value of ES that directly and 
indirectly contributes to the state economy (such as tourism revenue 
from park fees) and the well-being of the wider public. By integrating 
ES and natural resource management with the well-being of people, 
this research can inform the planning and implementation of forest 
management policies and development programs to deliver 
improved natural resource conservation. We  emphasize that the 
future forest conservation policies should be  co-designed in 
collaboration with the local Adivasi communities while considering 
their socio-economic, cultural, and ecological needs that will deliver 
better outcomes, both for the state as well as for people, over a long-
term to effectively conserve biological diversity in the Western Ghats 
of India.
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