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Abstract

This paper is estimating the ecosystem accounting for five protected areas such as (Biligiri Rangaswamy Temple Wildlife Sanctuary, Nagarahole National Park, Bannerghatta National Park, Bandipur National Park) in the Western Ghats region and Nandi Hills in Karnataka. The ecosystem accounting has been estimated at Rs 391.00736 billion for the 2018-2019 based on System of Environmental Economics Accounting Experimental Ecosystem Accounting. There are four main policy implications of the study such as first, the linkages between economic and environment with wide details of natural capital, second, regular update regarding on the production of renewable natural resources, third, support of variety of applications of spatial and environmental planning and fourth, ecosystem accounts provide a detailed information on material flow of ecosystem services and the economy.       

1. Introduction 

Ecosystem accounting constitutes a coherent framework for integrating measures of ecosystems and the flows of services arising from them with measures of economic and other human activity (UN, 2019). System of Environmental Economic Accounting (SEEA) has classified there are various types of ecosystem accounting, namely, changes in stocks and flows related to production, consumption, and income. Changes in stock include: (i) additions to stocks because of investment or, in the case of ecosystem assets, natural growth and improvements in conditions; and (ii) reductions in stock due to extraction, degradation or natural loss (UN, 2019). However, SEEA Experimental Ecosystem Accounting framework provides a common platform for the integration of (i) ecosystem assets-related information (i.e on ecosystem extent, ecosystem condition, ecosystem services and ecosystem capacity); and ii) existing accounting information on economic and other human activity dependent upon ecosystems and the associated beneficiaries (households, business, and governments). Ecosystem accounting has the possible to add to the policy process by re-framing debates about natural resource management (Orsekes et al., 2010; Pielke, 2007). Ecosystem accounting has also assessed the costs and benefits of changing ecosystem assets and services. Further, ecosystem accounting may be crucial for developing agendas for natural resource management at various levels, such as regional land use conflicts, national policies for example State of the Environment report recommendations and international agreements such as Sustainable Development Goals (Keith et al., 2017; UN, 2015).  Ecosystem accounting has been providing the many important information in support of policy and decision-making related to the environment and the management of natural resources, reflecting the fact that the management of those resources is of relevance in economic, planning, development, and social policy context (UN, 2019:9). SEEA has been developed a framework for ecosystem accounting for instance fig 1.  
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Fig 1 shows that the framework of ecosystem accounting. The framework has five main components such as (i) ecosystem assets (different types of ecosystems within a territory e.g forests, wetlands), (ii) ecosystem characteristics and processes such as the functioning of the ecosystem, (iii) final ecosystem services for example, a wide range of services provided to economic units (i.e., business, governments and households) and may be grouped into provisioning services (supply of food, fibre, fuel and water), regulating services (i.e., related to activities of purification, filtration, regulation and maintenance of air, water, soil, habitat and climate) and finally cultural services (i.e those related to the activities of individuals in, or associated with, nature). Further, iv) benefits may be the SNA benefits: goods or services (products) produced by economic units (e.g., food, water, clothing, shelter, recreation) currently included the economic production boundary of the SNA; or non-SNA benefits; benefits that accrue to individuals, or society generally, which are not produced by economic units (e.g., clean air) and (v) economic unit (business, government or household). Further, every final ecosystem service flow represents an exchange between an ecosystem asset – as a producing-supplying unit in the accounting system-and an economic unit. Bothe the SNA and non-SNA benefits contribute to individual and societal well-being (UN, 2019).  

2 Ecosystem accounting at a glance
Accounting for ecosystem services research is the relationship between economic and the environment. There are several studies have been investigated in this field at the global level. For instance, Edens and Hein (2013) discussed a methodological issues and ecosystem accounting for example, valuation of ecosystem services has integrating into the SNA principles. Hein et al., (2020) had studied ecosystem accounting based on SEEA EEA for the Netherlands. This study has estimated the ecosystem accounting such as provisioning, regulating and cultural services for flow accounts (6,320 million euro) and asset account (208,461 million euro). Further, Horlings et al (2019) has estimated ecosystem monetary asset account for three quarters of the value of ecosystem assets was related three ecosystem types, such as agricultural land (38 percent), dunes and beaches (18 percent) and forest (16 percent) for the Netherlands. There are several studies investigated for instance, Remme et al., 2014; de Jong et al., 2016; Obst, 2015; Lai et al., 2018; Bordt, 2018; Vallecillo et al., 2019). The recent studies on ecosystem accounting have been investigated for instance, Obst and Vardon, 2014; Hein and Edens, 2016; Edens and Hein, 2013). Another country studies such as Finland, Salminen et al (2018); Spain, Campos et al., (2019); Ovando et al., (2016); Caparros et al., (2017); USA, Dvarskas, (2019) based on SEEA EEA for marine ecosystem accounting; Norway, Schroter et al., (2014); Hanssen et al., (2019). 
The value of ecosystem services such as provisioning, regulating and cultural services have accounted for 27 percent of China’ Gross National Product (Cao et al 2018). In addition, Yu et al (2019) calculated the value of various ecosystem services at 194,978.29 billion yuan of Northern region than other parts of China. Another study by, Xu et al (2010) had calculated the economics of ecosystem goods services at 2.3 billion yuan integrated into GDP was 15.3 billion yuan in 2015. Further, Sutton and Costanza (2002) estimated the value of ecosystems services and integrated into the national gross domestic product for example, this study integrated USA 22 % and Belgium and Luxemburg 1% respectively, Netherlands 3% from the ecosystem services at the national level.  Another, pioneer study by Costanza et al., (1997) calculated the economic value of global 17 biome ecosystem services were at the US$33 trillion based on benefit transfer method.  However, In, Indian context for example, Gundimeda et al (2007) calculated the value of forest goods and services was estimated at the 0.99 percent in India with Manipur having the highest ESDP at 1.34 percent. In addition, some studies have been developed physical and monetary account for forest ecosystem services in India. 
However, few studies have constructed a physical account for renewable and non-renewable natural resources but not accounted in the economic framework at the national level. For example, Schroter et al (2014) framed a detail information on economics of ecosystem services for instance, stock of timber and timber harvest, value of carbon sequestration, value of recreational services, and other ecosystem services provided by the Telemark region, Southern Norway. Another study, Lai et al (2018) constructed a comprehensive value of ecosystem services and indicators for developing environmental economic accounting framework especially for marine water and fish ecosystem provisioning services in   Finland. The recent study, Notte et al (2017) developed a physical and monetary accounting for regulating ecosystem services especially for nitrogen retention based on SEEA framework in Europe.  Dvarskas (2019) developed a comprehensive framework on ecosystem accounting especially for coastal and marine ecosystem services for the South Shore Long Island Bays in USA.  Ovando et al (2016) constructed a details information about the value of forest ecosystem services including timber and non-timber forest products of native forest in Andalusia, Spain. 

The recent development in ecosystem accounting, the SEEA has been updated such as ecosystem accounting with five types including ecosystem extent, ecosystem condition, ecosystem services, monetary ecosystem asset[footnoteRef:2]. Therefore, now ecosystem accounting is receiving more attention into the policy makers in the context of financial allocation for conservation and sustainable utilisation of forest ecosystem services. ecosystem assets are contiguous spaces of a specific ecosystem type characterised by a distinct set of biotic and abiotic components and their interactions (UN, 2021: 347). According to the UN SEEA-EA framework ecosystem accounting has presented in the table 1 ecosystem services supply chain. First, ecosystem asset in the context of a set of biotic and abiotic components and their interaction. Second, ecosystem services is defined “ the contributions of ecosystems to the benefits that are used in economic and other human activity (UN, 2021:335). Third, ecosystem benefits to human and environment.   [2:  Ecosystem extent is the size of an ecosystem asset in terms of spatial area. Ecosystem condition is the quality of an ecosystem measured in terms of its abiotic and biotic characteristics. Ecosystem services are the contributions of ecosystems to the benefits that are used in economic and other human activity. Monetary Ecosystem Asset accounts record information on stocks and changes in stocks (additions and reductions) ecosystem assets. This includes accounting for ecosystem degradation and enhancement (Sources: seea.un.org)      ] 


Table 1 Ecosystem Assets Accounting Framework

	Ecosystem Assets
	Ecosystem Services
	Ecosystem Benefits

	Soil type under certain land cover
	Soil erosion prevention
	Soil stability and fertility 

	Vegetation type woodland
	Air purification
Reduction in tones of air pollution 
	Improved human health and well-being

	Carbon stored in all types of trees etc., 
	Carbon sequestration
	Reduced concentration of carbon dioxide in the atmosphere

	Watershed and coastal ecosystem
	Water regulation
(Water regulation to mitigate flooding) 
	Reduced impacts of flooding

	River, streams, lakes, aquifers soil, water rainfall
	Water supply for consumption and non-consumption
	Amount of water for economic units and households (e.g water for domestic consumption, hydro energy etc.,) 

	Vegetation, open space, surface water
	Recreation
(Biotic and abiotic characteristics of open space that enable outdoor activities
	Health, recuperation enjoyment

	Species level and ecosystem level biodiversity 
	Biodiversity conservation
(Cultural services; insitu and ex-situ
	Entertainment, education, health, spiritual and altruistic satisfaction. 


	Source: UN (2021)
3	Materials and Methods 
For the present study we selected Western Ghats region, along with one of the famous tourism spots, part Nandi Hills, in Karnataka. Western Ghats is also known as Sahyadri mountain ranges in Karnataka (Balasubramanian and Sangha, forthcoming). This study selected five protected areas namely, Biligiri Rangasamy Temple Wildlife Sanctuary (Chamarajnagar district), Bannerghatta National Park (Bangalore Rural district), Nagarahole National Park (Kodagu and Mysore district), Bandipur National Park (Chamrajanagar district) Shettihalli Wildlife Sanctuary (Shivamoga District) and Nandi Hills (Chikkaballapur district). 

Provisioning ecosystem services include food, water and raw materials, non-timber forest products or minor forest products. This study collected data from households in Biligiri Rangasamy Temple Wildlife Sanctuary (BRTWLS) Chamrajnagar district and Shettihalli Wildlife Sanctuary, Shivamogga district of Karnataka. Data collected from Biligiri Rangasamy Temple Wildlife Sanctuary (148) households included non-timber forest products such as honey, fuel wood, fruits, roots, leaves, lichens, amla and antuvala for the forest. Shettihalli Wildlife Sanctuary households are engaged in agricultural activities such as water ecosystem services that make a major contribution to agricultural crops such as  paddy, ginger, jowar, banana, sugarcane, cotton and other agricultural related products such as  arecanut which is an important agricultural product  from the sanctuary. A total of 105 sample households were selected from Shettihalli Wildlife Sanctuary. This study used a questionnaire survey method for both the protected areas. The questionnaire survey information included socio-economic characteristics of the respondent households, especially related to the collection of non-timber forest products and provisioning water ecosystems services data was collected during September 2018 to November 2019.  
This study has used secondary data for estimating the economic value of carbon sequestration with respect to both vegetation and soil.  Five protected areas include Biligiri Rangasamy Temple Wildlife Sanctuary, Bannerghatta National Park, Nagarahole National Park, Bandipur National Park and Shettihalli Wildlife Sanctuary. Secondary data was obtained from all the protected areas. There are different types of forest existing in the study area. We estimated the economic value of carbon sequestration, for instance, total forest area, net carbon sequestration rate, and international carbon price.   Forest carbon in vegetation was followed:  first, identify the size of area  (forest and other protected areas), for example, a protected area size is 50 hectare; calculate as carbon storage to the temperate forest; this is based on WBGU (1998) used 57 tonnes carbon storage per hectare (vegetation); next select a carbon value, for instance, the present study has used Nordhaus (2008) used US$ 91.75 tonnes of carbon; finally, the value of carbon stock: 50 hectare X 57 tonnes of carbon per hectare X US$ 91.75 tonnes carbon = US$ 261487.5  (Bassi and ten Brink, 2013). A number of studies have calculated the value of soil erosion prevention (Kibria et al., 2017; Ninan and Kontoleon, 2016; Ninan and Inoue, 2013; Xi 2009; ). This study has used the following methods of estimating the value of soil erosion prevention by forests  as follows: Vsc = Csr.G ∑ Si.D [here, D=(di - do)] where Vsc indicates  the economic value of soil conservation (US$); Csr denotes  the cost  per ton of sediment deletion (US$); Sistands for area of the respective type of forest in hectare; D is erosion reduction in forest land (t ha-1); G indicates  the ratio of amount of sediments present in rivers or reservoirs to the total soil lost; di designates the rate of erosion of broad leaved forest (t ha-1).  
For estimating the economic value of recreation ecosystem services in the parks, we undertook a field survey from September 2018 to November 2019 and collected information regarding the expenditure of tourist visitors and visitation behaviour (Soe Zin et al., 2019). This primary survey was conducted through in-person interviews at Biligiri Rangasamy Temple Wildlife Sanctuary (n=125), Bannerghatta National Park (n=150), Nagarahole National Park (n=150), Bandipur National Park (n=150) and Nandi Hills (n=150) and the respondents were randomly selected near the entrance and inside the parks. The survey questionnaire included information about the socio-economic characteristics of the respondents, their experience regarding visiting the park and total travel cost. The present study interviewed a total of 725 visitors from all the study areas.   

Travel cost method basically refers to an adding of conventional household production function models that households make the most of utility based on many uses and production decisions. The travel cost method makes possible the evaluation of individual preferences for expenditure on non-market goods. Khan (2004) explains that the travel cost method uses the cost of travelling to a non-priced entertaining location in order to presume the recreational benefits provided by the site. The present study interviewed 725 visitors to the five tourist places. A basic econometric model used in this study shows the number of visitors to Biligiri Rangasamy Temple Wildlife Sanctuary, Bannerghatta National Park, Nagarahole National Park, Bandipur National Park and Nandi Hills as functional factors such as travel cost, time spent in travelling, age, marital status, household size, educational status, residential location, household income and quality of the park. Thus, the econometric model can be written as follows:          

Where ri the dependent variable stands for the number of visits made by the ith individual to a recreational site per period of time; travel cost denotes the round-trip total cost from an individual’s residence to the site and includes the opportunity cost of travel time and stay at the park. D1 indicates 1, if urban dweller, and 0 otherwise, D2indicates 1 if the visitor’s perception regarding the site’s recreational facilities is good and 0, if bad.

4	Result and Discussion
Soliga is one of the popular tribes in the Western Ghats of Karnataka. Soliga are dependent on the forest for their basic requirements such as food, fodder, fiber, fuel wood and other raw materials.  After being declared as a wildlife sanctuary, agriculture was become the main occupation (coffee, pepper, other cash, and non-cash crops and collection of non-timber forest products being the other vital sources of income for the soliga tribe. Local people collect a wide range of non-timber forest products from the BRT wildlife sanctuary.  Table 2 shows the economic value of provisioning services at the household level. The collection of non-timber forest products per season has been estimated at US$ 9472 from the sanctuary. Non-timber forest products are available only season-wise, for example, honey is available during the months from March to July. Honey is one of the major non-timber forest products and a major contributor to the household income in the BRT wildlife sanctuary and is available only inside the forest with the frequency of collection being 3 times per season, as estimated based on the primary data from the sample households. More than 50kg of honey is extracted from the forest and they travel more than 25 km from their home. Local people collect a wide range of non-timber forest products from the BRT wildlife sanctuary.  Table 2 shows the economic value of provisioning services at the household level. The collection of non-timber forest products per season has been estimated at US$ 9472 from the sanctuary. Non-timber forest products are available only season-wise, for example, honey is available during the months from March to July. Honey is one of the major non-timber forest products and a major contributor to the household income in the BRT wildlife sanctuary and is available only inside the forest  with the frequency of collection being 3 times per season, as estimated based on the primary data from the sample households. More than 50kg of honey is extracted from the forest and they travel more than 25 km from their home.     
Shettihalli Wildlife Sanctuary (SWS) is spread over parts of three taluks of Shimoga District, viz Shimoga, Hosanagara and Thirthahalli in Karnataka. The protected area consists of 395.60 sq km of forest area and 428.41 sq km of non - forest area and a total geographical area of 824.01 sq km . The sanctuary is covered by dry deciduous, moist deciduous and semi - evergreen forests of the Western Ghats. However, the sanctuary is rich in flora and fauna both in variety and diversity. There are 20 enclosures and 69 villages with around 35600 people and 30250 cattle living inside the sanctuary. The people living in and around the sanctuary are dependent upon the sanctuary of fuel, fodder, small timber, and other forest products required for their lives and livelihoods. Moreover, 95 percent of the respondents are dependent on agriculture as their major income source.  About 80 percent of the population are small and marginal farmers from the sample households. The collection of non-timber forest products (NTFPs) has been banned in the sanctuary. There are many streams well - distributed throughout the sanctuary. Thunga and Kumadwhathi are the main rivers flowing in the sanctuary and are perennial sources of irrigation and drinking water.
Table 2 Economic Value of Provisioning Ecosystem Services
	Non-Timber Forest Products

	
	                         BRTWLS
	

	Paduvanache
	41.89
	

	Magaleberu
	147.29
	

	Amla
	60
	

	Pacchi
	3472.17
	

	Acacia concinna
	112.97
	

	Honey
	5145.75
	

	Gooseberry
	412.01
	

	Aroleoil
	35.13
	

	Total 
	9427.21
	

	Agricultural Products

	
	BRTWLS
	SWLS

	Silverwood
	13448.56
	

	Areca nut
	
	300287.9

	Coconut
	
	6507.37

	Paddy
	
	10845.62

	Banana
	8.13
	3118.11

	Jower
	
	19522.11

	Tali
	
	6642.94

	Cotton
	
	813.42

	Ginger
	183.02
	56939.48

	Sugarcane
	135.57

	coffee
	17891.88
	

	pepper
	6221.99
	

	Goava
	151.64
	

	Chakkotta
	137.6
	

	Lemon
	210.13
	

	Jackfruit
	1788.17
	

	
	40041.12
	404812.6


Source: Author’s estimation

Fig 2: Economic value of Carbon Sequestration in selected study area in Karnataka 

Source: Author’s estimation
Fig 2 explains that Bandipur Tiger Reserve contributes the highest economic value at Rs 121.44 billion in respect both vegetation and soil carbon sequestration, followed by   Nagarhole National Park estimated at Rs 89.57 billion based on secondary data obtained from the protected area. The value of carbon sequestration has been estimated at Rs 75.11 billion for Biligiri Rangaswamy wildlife sanctuary in Chamarajanagar district of Karnataka. For Shettihalli Wildlife Sanctuary and Bannerghatta National Park, we have estimated the value of carbon sequestration at Rs 55.07 billion, and 36.27 billion respectively. The total economic value has been estimated at Rs 377.46 billion provided by five protected areas in Karnataka. The economic value of soil protection function has been estimated for the five protected areas in Karnataka at Rs 11.07 billion for 2018-19 with The highest contribution from Bandipur Tiger Reserve at Rs 3486.77 million, followed by Nagarhole National Park Rs 2571.95 million. The economic value of soil protection function has been estimated for Biligiri Rangaswamy Temple Wildlife Sanctuary and Shettihalli Wildlife Sanctuary at Rs 2396. 98 million and Rs 1581.41 million respectively. Furthermore, for Bannerghatta National Park  the economic value of soil protection function as been estimated at Rs 1041.62 million for  2018-19 





Fig 3 Value of soil prevention services in the selected study area in Karnataka 

Source: Author’s estimation
        Fig 4 highlights the respondents’ willingness to pay for visiting recreational sites. For example, those who visit Nagarhole National Park are to pay more than Rs 500 and above and 48 percent of the visitors are ready   to pay Rs 450 to Rs 500 for visiting  Bandipur National Park. Further, 35 percent of respondents are ready to pay between Rs 150  and Rs for 200 visiting  Bannerghatta National Park. Overall, this study has found that visitors are willing to pay between Rs 150 and Rs 200  for visiting the entire recreational sites.  Fig 5 describes the frequency of visits to and recreational sites. The 80 percent of the respondents visit BRTWLS one time and more than 70 percent visitors two times  in Chamaraj Nagar district of Karnataka. This study has also found that less than 10 percent of the respondents visit recreation sites more than 3 to 5 times.  
Fig 4: Respondents’ willingness to pay

      Source: Author’s estimation


Fig 5: Frequency Distribution of Trips to Sites

         Source: Author’s estimation

4.1	Ecosystem Accounting 
There are a few studies have been investigated an ecosystem accounting in Karnataka. Atkinson and Gundimeda, 2006; Panchamukhi et.al., 2008; Balasubramanian 2013; 2020. There is lack of data and methodological issues on ecosystem accounting in Karnataka. The recent, SEEA EEA framework has been updated based existing data for instance, in India has been published environmental statistics especially forest and biodiversity, compendium of environmental statistics since 1990s. In Karnataka, there are a few studies on valuation of ecosystem services for instance, Ninan and Kontoleon (2016); Dhanya et al (2014); Boominathan and Chandran (2008); Rajashekariah and Ghosh (2015). All the existing studies have been investigated on the economic value of ecosystem services such as forest, water bodies and other ecosystems services. There is a lack of studies on economic valuation and integrating into the SEEA EEA methodology in Karnataka. Therefore, the present study has been estimated economic value of ecosystem services and integrating into the SEEA EEA methods for five protected areas and one recreational site in Karnataka. Table 3 highlights the ecosystem asset value by the various types of ecosystem services of Karnataka. The total asset value has estimated at Rs 391.00736 billion for the 2018-2019. The provisioning services especially non-timber forest products has been estimated at Rs 0.6 million and water ecosystem services through the crop production at Rs 0.03276 billion. Further, regulating ecosystem services for instance carbon sequestration Rs 377.46 billion and soil erosion prevention at Rs Rs 11.07billion and cultural ecosystem services especially recreational services has been estimated at Rs Rs 2.444billion (Table 3). 
India has a unique biodiversity such as Western Ghats and Eastern Himalayas which are the global recognised and listed world heritage by UNESCO. In addition, Verma’s (2018) studied that the 146 existing studies on economic value of ecosystem services in India based on benefit transfer approach. The United Nations Statistical Division has given a pilot project on ecosystem accounting in India. The main aim of the project is to construct ecosystem services in physical and monetary terms, including nature-based recreation and crop provisioning services and national level soil accounts. MoSPI (2018) had estimated that the level of change in natural capital during 2005 to 2015. This study has found that some states such as Madhya Pradesh, Maharashtra, Manipur and Rajasthan revealed  an increase trend and other states such as  Andhra Pradesh, Goa,  Himachal Pradesh,  Odisha, Sikkim, UP and West Bangal’s natural capital has shown an increase in the range of 0-5 percent. In addition, the remaining states has been showing decreasing trends in the changes of natural capital the particular year. Further, MoSPI (2018) has developed a methodology on Green National Accounts in India This methodology has included physical asset, flow and monetary accounts for agricultural land, forest land, timber, mineral, and soil resources. Few reports have been prepared on Natural Resource Accounting (NRA) through the SEEA methodology. Pilot studies have been undertaken for a few states including Karnataka, Tamil Nadu, Goa, and Meghalaya. In India, there are a few studies have been investigated accounting for ecosystem services for instance, Haripriya, 1998; 2001; Gundimeda et al., 2007; Atkinson and Gundimeda, 2006; Verma, 2008; Panchamukhi et al 2008; Balasubramanian, (2013).      
In addition, the state of Karnataka has a very rich biodiversity in the context of flora and fauna.  Karnataka Biodiversity Board (2010) calculated the number of species, plants, birds, mammals, and fishes in the Western Ghats Forest in Karnataka.  A number of studies have been carried out the value of ecosystem services in Karnataka. For example, the recent study by, Ninan and Kontoleon (2016) calculated ecosystem services and disservices at the US$ 13 – 148 million per year provided by a protected area in Karnataka. Balasubramanian (2020) calculated the value of various ecosystem services provided by BRT wildlife Sanctuary at the Rs 23.9 million in 2019. Further, there are some empirical examples about the value of ecosystem services such as Balasubramanian (2017) calculated the   value of urban ecosystem services at the Rs19.7 million of Lalbagh botanical garden in Bangalore. In addition, some other studies developed a forest resources accounting, for example, Panchamukhi et.al. (2008) revealed the value of minor forest products at the 1.45 percent of GDP in 2002-03.  and, the value of recreational ecosystem services provided by the Karnataka forest was estimated at the 0.02  the value of carbon sequestration at the 14.6%. Further, Ramachandra (2016) calculated the economic value of forest goods and services  based on market prices method at the Rs 84,321 crores in 2016.The above mentioned studies are clearly shows that needs a comprehensive picture on the value of forest ecosystem goods and services through the SEEA methods for ecosystem extent, stock and services accounts for the better understanding of importance of forest ecosystem services for designing effective policy for sustainability aspects.  Therefore, this study has used the SEEA ecosystem services account for five protected areas and one recreational ecosystem services area in Karnataka.   
Table 3: Ecosystem asset and services values in Karnataka (2018-19)
	
	Opening value (currency) 
	Closing value (currency) 

	Ecosystem Services
	
	

	Provisioning Services
	
	

	Timber and Non-timber
	NA
	Rs 0.6 million 

	Crop
	NA
	Rs 0.03276 billion

	Regulating Services
	
	

	Carbon sequestration
	NA
	Rs 377.46 billion

	Soil retention 
	NA
	Rs 11.07billion 

	Cultural Services
	
	

	Enabling tourism and recreation
	NA
	Rs 2.444billion

	Total 
	
	Rs  391.00736 billion


Source: Author’s estimate based on SEEA EEA methodology UN (2019)
5	Conclusion 
Accounting for ecosystem services is one of the new research areas in the field of environmental economics. The present study has estimated the economic value of provisioning, regulating and cultural ecosystem services for the five protected areas such as (Biligiri Rangaswamy Temple Wildlife Sanctuary, Nagarahole National Park, Bannerghatta National Park, Bandipur National Park) in the Western Ghats region and Nandi Hills in Karnataka. Further, this study has also applied the estimated economic value has been integrated into the SEEA EEA methodology for Karnataka. The total ecosystem accounting has been estimated at Rs Rs 391.00736 billion for the 2018-2020. There are four main policy implication of the study Hein et al., (2020) discussed such as first, ecosystem accounts are integrating a linkage between economics and ecology and it takes time for the users to correct the wealth of material from natural capital. Second, ecosystem accounts can do the regular update and production from renewable and non-renewable natural resources, that information to help for future policy especially for Sustainable Development Goals (SDGs 6, 13, 14, 15) and potentially for SDGs indicators related to agriculture, sustainable production, and consumption (SDGs 2, 7, 8, 9, 11 and 12) (Ruijs et al 2018). Further, third, ecosystem accounts support for variety of applications related to environmental and spatial planning and fourth, ecosystem accounts provide detailed information on material flows from ecosystems to the economy.  
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Appendix
Appendix Table 1: Regression Results of the various protected areas
	Variables 
	Coefficients
t-statistics) BRTWLS
	Coefficients
(t-statistics)  BNP
	Coefficient 
t-statistics) NNP
	Coefficient 
t-statistics) Bandipur National Park
	Coefficient 
t-statistics) Nandi Hills

	Intercept
	1.444
 (2.757)
	0.159 
(0.270)
	0.980
 (2.761)
	0.610
(-0.383)
	1.025
(1.525)

	Travel Cost
	-0.013 
(-0.115)
	-0.074
 (-0.899)
	-1.014E-5 
(-1.716)** 
	-0.059
(-0.251)
	-0.236
(-2.884)***

	Age
	-0.115 
(-1.148)
	-0.06 (2.592)
	-0.009 
(-2.136)**
	0.140
(1.658)**
	-0.208
(-1.854)**

	Marital Status
	0.080
 (0.803)
	0.231 (2.592)**
	0.113 
(1.110)
	0.013
(0.152)
	0.106
(1.002)

	Household size
	0.228 (1.936)**
	-0.051 
(-0.559)
	0.060
 (1.264)
	NA
	0.027
(0.333)

	Educational status
	-0.082
 (-0.864)
	0.000
 (-0.002)
	-0.017 
(-1.285)
	0.184
(1,961)**
	0.093
(0.994)

	Residential location
	-0.178 
(-1.714)**
	-0.068
 (-0.823)
	0.139 
(1.969)**
	-0.035
(-0.392)
	0.152
(1.807)

	Household Income 
	-0.184 
(-1.714)**
	-0.279 (3.096)***
	3.880E-6 
(2.108)**
	-0.048
(-0.546)
	0.036
(0.424)

	Quality of the park 
	-0.072 
(-0.795)
	-0.095 
(1.237)
	-0.47 
(-1.258) 
	0.122
(1.514)
	-0.085
(-1.036)

	R2
	0.70
	0.18
	0.14
	0.13
	0.13

	F-Statistics 
	1.097
	4.068
	2.837 
	2.384
	2.692

	Total Number of  Respondents
	125
	150
	150
	150
	150


Note: ***, ** and * denote significance at 1%, 5% and 10% respectively; NA: Not estimated 

BRTWLS	Rs 10 to Rs 50	Rs 50 to Rs 100	Rs 100 to Rs 150	Rs 150 to Rs 200	Rs 200 to Rs 250	Rs 250 to Rs 300	Rs 350 to Rs 400	Rs 450 to 500	Rs 500 above	13.3	31.3	12	24.7	4	13.3	0.70000000000000062	0.70000000000000062	5	BNP	Rs 10 to Rs 50	Rs 50 to Rs 100	Rs 100 to Rs 150	Rs 150 to Rs 200	Rs 200 to Rs 250	Rs 250 to Rs 300	Rs 350 to Rs 400	Rs 450 to 500	Rs 500 above	28	15.3	22.7	32	0.70000000000000062	0.70000000000000062	0.4	0.4	3	NNP	Rs 10 to Rs 50	Rs 50 to Rs 100	Rs 100 to Rs 150	Rs 150 to Rs 200	Rs 200 to Rs 250	Rs 250 to Rs 300	Rs 350 to Rs 400	Rs 450 to 500	Rs 500 above	0	0.70000000000000062	0.60000000000000064	0.5	0.30000000000000032	9.7000000000000011	4	6.7	79.3	Bandipur	Rs 10 to Rs 50	Rs 50 to Rs 100	Rs 100 to Rs 150	Rs 150 to Rs 200	Rs 200 to Rs 250	Rs 250 to Rs 300	Rs 350 to Rs 400	Rs 450 to 500	Rs 500 above	1	1.2	2	0.70000000000000062	3.3	40	2.7	48	3.3	Nandi Hills	Rs 10 to Rs 50	Rs 50 to Rs 100	Rs 100 to Rs 150	Rs 150 to Rs 200	Rs 200 to Rs 250	Rs 250 to Rs 300	Rs 350 to Rs 400	Rs 450 to 500	Rs 500 above	41.3	12	24.7	4	13.3	0.70000000000000062	1.3	0.70000000000000062	0.70000000000000062	Willingness to Pay
% of visitors
BRTWLS	1	2	3	4	5	Above 5	20	73.599999999999994	6.4	0	0	0	BNP	1	2	3	4	5	Above 5	82	12.7	4	0.70000000000000062	0	0	NNP	1	2	3	4	5	Above 5	74	26	0	0	0	0	Bandipur	1	2	3	4	5	Above 5	75.3	23.3	0.70000000000000062	0.70000000000000062	2	1	Nandi Hills	1	2	3	4	5	Above 5	67.3	20	4.7	4.7	1.3	1.3	Number of Trips
% of visitors

US $ in Million	US $ [VALUE]
US $[VALUE]
US $[VALUE]
US $[VALUE]
US $[VALUE]

Biligiri Rangaswamy Temple Wildlife Sanctuary 	Bannerghatta National Park	Shettihalli Wildlife Sanctuary	Bandipur Tiger Reserve	Nagarhole National Park	10.16	4.9000000000000004	7.45	16.43	12.12	


Economic value of soil prevention in US $ 

US $	Biligiri Rangaswamy Temple Wildlife Sanctuary 	Bannerghatta National Park	Shettihalli Wildlife Sanctuary	Bandipur Tiger Reserve	Nagarhole National Park	32421977.16	14086510.109999999	21393633.510000002	47171541.060000002	34790026.409999996	


