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VALUATION OF ECOSYSTEM SERVICES, KARNATAKA STATE, INDIA 

 

SUMMARY 

India is trying to accelerate economic growth and relax environmental laws, and there 

is tremendous pressure to divert natural systems to other uses. Hence, there is a 

pressing need to undertake the natural capital accounting and valuation of the 

ecosystem services, especially intangible benefits, provided by ecosystems in India. 

This report focuses on ecosystem services in forest and agricultural ecosystems in 

Karnataka for 2005 and 2019.  

This report follows the SEEA Ecosystem Accounting (SEEA EA), which constitutes the 

statistical framework for natural capital accounting and organizes data on 

ecosystems and the services they provide. The UN Statistical Commission adopted 

the SEEA EA framework in 2021, and it forms the underlying conceptual framework of 

the accounts developed in this report. Ecosystem services in the SEEA EA are defined 

as the contributions of ecosystems to the benefits that are used in economic and 

other human activities. Within the SEEA EA, valuation of ecosystem services (VES) 

allows for adjusted national accounts which reflect the output of ecosystem services 

as well as the depletion of natural resources and the degradation costs (externalized 

costs of the loss of ecosystem services) of ecosystems in economic terms, which will 

help raise awareness and provide a quantitative tool to evaluate the sustainability of 

policies. It provides an unbiased and dependable national framework to value so far 

unaccounted ecosystem benefits and helps develop meaningful policy interventions.  

The value of all ecosystem services, including the degradation costs, needs to be 

understood for developing appropriate policies toward the conservation and 

sustainable use and management of ecosystems. Scientific efforts during the past 

decade have refined the understanding of ecosystem function and demonstrated the 

links between functions and the provision of ecosystem services. This knowledge 

needs to be communicated effectively to decision -makers and the public, which will 

lead to the development of policies  that adequately consider the trade-offs between 

the conservation of ecosystems and natural resources and economic growth. In order 

to accurately assess trade-offs, natural capital accounts are needed to incorporate 

the economic worth of natural capital fo und in ecosystems such as forests to 

measure the wealth of a region.  

For this report, ecosystem services were quantified following the valuation principles 

of the SEEA. This means that only the contribution of the ecosystem to the benefit is 

measured, not the benefit itself. This can be achieved, for instance, through the 
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residual value method by taking the gross value of the final marketed good to which 

the ecosystem service provides input and then deducting the cost of all other inputs, 

including labor, produced assets, and intermediate inputs (as per the SEEA Central 

Framework).   

This report focuses on ecosystem services in forest and agricultural ecosystems for 

2005 and 2019. Values of 2005 were adjusted through the consumer price index or 

gross domest ic product (GDP) deflator. These values reflect the actual measures of 

ecosystem services, which could be compared with ecosystem services of 2019. 

Comparison of values of services in 2019 with 2005 highlight s that there has been a 

considerable decline in ecosystem services in Karnatakaƿ a 28.5% reduction in 

provisioning services (51.6% reduction in forest ecosystems), a 21% reduction in 

regulatory services (mainly in forest ecosystems - 27.1% reduction), and a 1.9% 

reduction in cultural services during 2005 to 2019. 

Ecosystem services were aggregated to compute the Total Ecosystem Supply Value 

(TESV). This aggregate measure is also referred to as Gross Ecosystem Product 

(GEP), which equals the sum of all final ecosystem services (i.e., by monetary values 

of those services) from ecosystem assets.  The TESV of forest and agricultural 

ecosystems in Karnataka was 3620 billion INR in 2005 (forest ecosystems: 2841 

billion INR and agricultural ecosystems: 779 billion INR). However, overall, TESV 

declined in 2019 to 2912 billion rupees, with forest ecosystems driving this decline 

with a 35% decline in TESV. The TESV was also compared to the GDP of Karnataka, 

which is about 10128 billion rupees. TESV of the forest ecosystem is equivalent to 

18.1% of the GDP, and the TESV from agriculture ecosystems is equivalent to about 

10.6% of the GDP in Karnataka.  

There has been a 35.4% reduction in the TESV of forest ecosystems from 2005 to 

2019, mainly due to the degradation of ecosystems. The decline in the TESV highlights 

the degradation of forest ecosystem assets from 2005 to 2019 , as shown by the 

reduction of ecosystem extent and ecosystem condition (Ramachandra et al. 2021a, 

b). The decrease in value is also demonstrated by a fall in the net present value (NPV) 

of expected future returns of the ecosystem services supplied by forest ecosystem 

assets. The NPV of the assessed ecosystems based on 2005 ecosystem flows is 

about 93130 billion INR (forest ecosystem: 73099 billion INR, agriculture ecosystem: 

20031 billion INR). However, the NPV of ecosystems in Karnataka, based on 2019 

flows, indicates 74938 billion INR (forest ecosystem: 47214 billion INR, agriculture 

ecosystem: 27724 billion INR). This highlights that there has been a decline of 35.4% 

in the asset value of forest ecosystems with the transition of forest ecosystems to 

croplands or horticulture (agriculture ecosystems), which is correlated to an increase 

in NPV of agriculture ecosystems by 38%.  
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Ecosystem accounts make the value of ecosystem services visib le, allowing them to 

be internalized into decision-making. This enables an assessment of trade-offs 

between economic development and environmental conservation and restoration, 

resulting in better-informed decisions. It also allows strengthening the econom ic case 

for conserving forests in states in India and developing countries where there can be 

great pressure to relax forest laws and divert forests to non -forest uses without proper 

consideration of the sustainability of such actions.  

The ecosystem services computed for Karnataka State also support the viability of 

markets for particular ecosystem services. The development of such markets requires 

additional institutional reforms such as changes with respect to property rights and 

reforms in land and labor markets. The main policy challenge of the future concerns 

is to promote conservation and develop such markets so that those bearing the cost 

of conservation can be adequately compensated.  

Based on the experiences gained in the current pilot, it is estimated that the exercise 

of natural capital accounting and valuation of ecosystem services could be replicated 

in any region (of 10000 to 12000 sq. km) as per the SEEA-EA framework in a period of 

15 months, involving field data collection with a team consist ing of multidiscipline 

expertise. It requires (i) all para-state agencies sharing the data of biophysical 

variables as the primary data collection is a time -consuming endeavor, (ii) organizing 

orientation programs and hands -on training to enhance the capability of the team to 

undertake spatial analyses, collecting biophysical variables from the government 

agencies and the field, data integration and validation, analyses of the data and 

interpretation, (iii) addressing the gaps in the existing biophysical mo dels (adapting to 

local conditions) . Thus, the valuation of ecosystem services done in Karnataka State 

can be replicated in other states so that the accounts can play a vital role in 

conservation planning and ecosystem -based management across India.  
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VALUATION OF ECOSYSTEM SERVICES, KARNATAKA STATE, INDIA 

 

1.0 Introduction  

Humans depend on the environment for their basic needs, such as food, fuel, minerals, water, 

air, etc. In developing countries, nearly 80% of the labor force is engaged in agricultural or 

resource-based activities, contributing significantly to the GDP (World Bank 1998, 2001). The 

dependency on the natural resources, over the years, has led to their degradation and 

depletion owing to the unsustainable practices involved in their extraction. Burgeoning 

unplanned development activities to cater to the demands of the increasing population have 

put tremendous pressure on the natural resources, leading to environmental degradation 

(Kulkarni and Ramachandra 2009). An increased surge in developmental and technological 

activities over the last two decades, with no regard to their ecological implications, has led to 

indiscriminate disposal of wastes (liquid and solid), contributing to the degradation of the 

natural ecosystems. This has resulted in a substantial and largely irreversible loss in the 

diversity of life on Earth (MEA 2005). And yet, unsustainable utilization of land and other 

natural resources persists, despite the increasing understanding of the impacts that human 

activities have on the environment, (Euliss Jr et al. 2010). Linkages between the health of the 

environment and the sustenance of humankind make it imperative to maintain a balance 

considering the carrying capacity of the environment and the availability of natural resources. 

Conservation of natural ecosystems has long-term benefits for humans in utilitarian terms 

through their provision of food, timber, minerals, and a variety of valuable resources that have 

provided the backbone for economic development. Going beyond utilitarian values, natural 

ecosystems have also been a source for maintaining gene pools, biodiversity, and other 

qpufoujbmmz!vtfgvm!gbdupst!uibu!bsf!pg!joejsfdu!vtf!up!ivnbot/!Ifodf-!fdptztufntǃ!jousjotjd-!

anthropocentric, instrumental, and relational values should be considered in the policy design 

and consider resources exploited for human settlement, food,  and energy production.  

 

In this regard, a statistical framing of data on ecosystems plays a vital role in incorporating at 

least some parts of the wider value of ecosystems as a regular component of decision -

making. The SEEA Ecosystem Accounting (SEEA EA) provides such a framework. Adopted by 

the United Nations Statistical Commission in 2021, the SEEA EA constitutes an integrated and 

comprehensive statistical framework for organizing ecosystem data, measuring ecosystem 

services, and tracking ecosystem changes. In addition, the data on ecosystems is linked to 

information on economic and other activit ies, as the SEEA EA uses many of the same 

concepts, definitions, and classifications as the System of National Accounts (SNA). Finally, 

the SEEA EA enables high-quality and consistent measurement over ti me by using agreed 

concepts, definitions, and classifications . Providing relevant time series and trend data on the 

environment-economy nexus is crucial for effective policy design, decision -making, and 

evaluation. 

The dilemma associated with rapid land -use changes for accommodating the growing 

demand for natural resources is impacting and degrading the ecosystems (Foley et 
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al., 2005,  Ramachandra et al., 2007). The ecosystem service approach capturing the 

full range of environmental impacts systematically offers a way to understand and 

deal with the feedback that is created when ecosystems are used up to meet 

ivnboljoeǃt!pxo!offet!(Rodríguez et al. 2006). The objectives of the current study 

are to (i) to assess the ecosystem services values for the forest, agriculture, and 

horticulture ecosystem types, district -wise for Karnataka State, India (ii) the 

computation of the total ecosystem supply value (TESV), and (iii) Net present value 

(NPV) of ecosystem assets. The report focuses on data for the years 2005 and 2019. 

It should be noted that the SEEA EA focuses on values of anthropocentric origin ƿ i.e., 

values that are centered on human beings. Further, the measurement focus of the 

SEEA EA is on instrumental (is the value attributed to something as a means to 

achieve a particular end) or use values because these interactions are most readily 

quantified and because, from a monetary valuation perspective, these values are most 

readily reflected in monetary terms. From a policy perspective, the focus on 

anthropocentric, instrumental values may also be considered of high relevance since 

they concern the types of human interactions with the environment that can place the 

most pressure on ecosystems (SEEA EA 2021). 

The outline of this report is as follows: the following section (Section 1) defines 

ecosystem services and accounting for ecosystem services in the context of the SEEA 

EA. Section 2 describes the study region ƿ Karnataka State, India and provides socio-

economic context. Section 3 explains data sources, and Section 4 presents methods 

adopted for valuation. Section 5 describes the results: of ecosystem services 

accounting for forest ecosystems and agriculture ecosystems. Section 5 concludes 

with recommendatio ns. Ecosystem-wise services (physical as well as monetary) 

computed district -wise are presented in Annexures 5.3 for forest ecosystems. 

 

1.1. Ecosystem services  

In the SEEA EA, ecosystem services are the contributions of ecosystems to the 

benefits that are used in economic and other human activities. In this definition, use 

incorporates direct physical consumption, passive enjoyment, and indirect receipt of 

services.  

An ecosystem services approach to foster an understanding of the relationship 

between humans and the environment has been emphasized in various initiatives, 

including The Economics of Ecosystems and Biodiversity initiative (Costanza et al. 

1997, 2014; Markandya et al. 2002; MEA 2005; Van der et al. 2010; TEEB 2010a, b; Ten 

Brink 2011; De Groot et al. 2012, 2017, 2020; Perelet et al. 2014), the Mapping and 

Assessment of Ecosystems and their Services (MAES) framework (Maes et al. 2013, 

2016, 2018, 2020); the Natural Capital Project at Stanford University; the Integrated 
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System for Natural Capital Accounting (INCA) project (Vallecillo et al. 2019); and the 

Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem Services 

(IPBES) (Diaz et al. 2015), etc. 

Most resource management decisions are influenced by ecosystem services (ESs) 

entering markets; thus, the non-marketed benefits often remain unaccounted. Both 

renewable resources (water supply, air quality, etc.) and non-renewable resources 

(mineral deposits, some soil nutrients, fossil fuels, etc.) are capital assets and provide 

the backbone for numerous economic activities that account for the development of 

a region. Yet, traditional national accounts do not include measures of resource 

depletion or their degradation. GDP, a measure of the current economic well-being of 

a population, based on the market exchange of material well-being, will indicate 

resource depletion/degradation only through a positive gain in the economy and will 

not represent the decline in these assets (wealth) at all. Thus, the existing GDP growth 

percentages used as yardsticks to measure the development and well-being of 

citizens in decision -making processes are substantially misleading, and yet they are 

being used (De Groot et al. 2002; Haripriya et al. 2006). GDP cannot be a true measure 

of the countszǃt!tvtubjofe!fdpopnjd!xfbmui!boe!dboopu!cf!b!qspyz!for understanding  

its future economic well -being. Quantitative evidence on the economic value of such 

assets is thereby necessary for most of these services, most of which are not traded 

in the markets and hence do not have a market value. The monetary valuation of 

ecosystem services can help in building a better understanding of their influence on 

well-being and can further facilitate information -driven decisions and policy reforms 

that align with the Sustainable Development Goals (SDGs). Environmental accounting 

tztufnt!tffl!up!efufsnjof!b!sfhjpoǃt!fowjsponfoubm!boe!fdpopnjd!bttfut!boe!dbo!cf!

used to assess whether economic development is consistent with sustainable 

development or to help ensure optimal use of natural resources and the environment. 

Recent efforts, especially the System of Environmental-Economic Accounting, Central 

Framework (SEEA CF), and Ecosystem Accounting (SEEA EA), aim to extend and 

integrate the national accounts for environmental a nd ecosystem assets (SEEA 2017; 

SEEA EA 2021). 

Ecosystem services encompass all forms of interaction between ecosystems and 

people, including both in situ and remote interactions. The supply of an ecosystem 

service is associated with an ecosystem structure or process or a combination of 

ecosystem structures and processes that reflect the biological, chemical, and physical 

interactions among ecosystem components. In the SEEA EA, ecosystem services are 

broadly categorized as (i) provisioning services, which are those ecosystem services 

representing the contributions to benefits that are extracted or harvested from 

ecosystems; (ii) regulating and maintenance services, which are those ecosystem 

services resulting from the ability of ecosystems to regulate biological processes and 

to influence climate, hydrological and biochemical cycles, and thereby maintain 
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environmental conditions beneficial to individual s and society; and (iii) cultural 

services, which are experiential and intangible services related to the perceived or 

actual qualities of ecosystems whose existence and functioning contributes to a 

range of cultural benefits. There is a range of other benefits, for example, concerning 

relational and intrinsic values, that are not captured in the above categories. 

Ecosystem services serve as the connecting concept between ecosystem assets 

(contiguous spaces of a specific ecosystem type, i.e., individual ecosystems) and the 

production and consumption activities as per the SEEA EA. The key concepts of the 

SEEA EA related to ecosystem services concern (i) the supply of ecosystem services 

to users; and (ii) the contribution of ecosystem services to benefits (i.e ., the goods 

and services ultimately used and enjoyed by people and society). Further, ecosystem 

services encompass all forms of interaction between ecosystems and people, 

including both in situ and remote interactions. A key feature of ecosystem accountin g 

is its capacity to integrate spatially referenced data about ecosystems, i.e., data about 

the location, size, and condition of ecosystems within a given area and how these are 

changing over time. Recording these stocks and changes in stocks in a coherent and 

mutually exclusive manner supports the derivation of indicators. Understanding the 

size and location of ecosystems also supports the measurement of ecosystem 

conditions and the quantification and valuation of many ecosystem services, the flows 

of which will vary from ecosystem to ecosystem.  

1.2 Ecosystem services accounting  ƿ Physical as well as monetary (based on residual 

value techniques) 

 
Source: SEEA EA 2021 

Ecosystem services contribute to economic welfare in two ways ƿ (i) contributions to 

the generation of income and wellbeing and (ii) the prevention of damages that inflict 

costs on society. Both types of benefits are accounted for in policy appraisal with a 

broader focus on valuing the benefits provided by ecosystems. Policy options that 

enhance the natural environment are more likely to be considered, demonstrating that 
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investing in natural capital can make economic sense. There is considerable 

complexity in understanding and assessing the underlying links between a policy, its 

effects on ecosystems and related services, and valuing its impacts in economic 

terms. Collaboration between those working in policy, science, and economics 

disciplines is essential in implementing this approach in practice. The critical 

importance of the links to scientific analysis, which form the basis for valuing 

ecosystem services, needs to be recognized. The SEEA EA emphasizes the need to 

consider the ecosystem as a whole and underlines those changes or impacts on one 

part of an ecosystem have consequences for the whole system. Therefore, 

considering the scale and scope of the services to be valued is vital to arrive at any 

meaningful values. 

The key stages in the valuation of ecosystem services in the SEEA EA are: (i) setting a 

scope and baseline through ecosystem extent and condition accounts, (ii) physical 

quantification of services, and (iii) valuation of ecosystem services, including changes 

over time. Monetary accounts can further inform a qualitative assessment of the 

potential impacts of p olicy options on ecosystem services and quantification of the 

impacts of policy options on specific ecosystem services, and evaluation of the 

effects on human welfare.  

There is a growing interest in ecosystem services (ESs), and ES conservation 

management strategies, and the valuation of ecosystem services would help equip 

society with the means to incorporate the values of nature into decision -making at all 

levels. It also provides a baseline for evaluating management changes. This helps 

evaluate and prioritize different policies, evaluate potential trade -offs in management 

decisions, and assess the damages caused by natural disturbances. Apart from these, 

other benefits are (i) enhanced communication with stakeholders about the economic 

benefits and costs pg!qpufoujbm!dibohft!jo!gpsftu!nbobhfnfou-!bt!dpnnvojujftǃ!

preferences for different ecosystem services may be affected by estimates of 

economic performance; (ii) a baseline for evaluating management changes. This 

helps policymakers to take into account th e value of ecosystems in development 

planning and resource allocations and take adequate measures for conservation to 

ensure the sustenance of the flow of ecosystem services.  

The United Nations Statistical Commission (UNSC) endorsed the SEEA-Experimental 

Ecosystem Accounting (SEEA-EEA in 2013 (System of Environmental-Economic 

Accounting-Experimental Ecosystem Accounting) as the basis for commencing 

testing and further development of a common statistical framework for ecosystem 

accounting. The UNSC also encouraged the use and experimentation of the SEEA-EEA 

by international and regional agencies (SEEA 2017; SEEA EA 2021). The various 

research publications from the scientific community on the valuation of ecosystem 

services have substantially grown to address the several challenges and for proposing 

common frameworks. The expansion of a worldwide research base with a 



 14 

 

multidisciplinary scope of ecosystem s ervices is resolving issues that arise in 

quantification, terminology, classification systems, research methods, and reporting 

requirements (Polasky et al. 2015; Mengist and Soromessa 2019).  

The ecosystem accounts in this report have been developed for Karnataka State, India, 

as per the SEEA Ecosystem Accounting (SEEA EA) framework. Valuation of 

ecosystem services is the third report in a series of four, which follow Ecosystem 

Extent Accounts (Ramachandra et al. 2021a) and Ecosystem Condition 

(Ramachandra et al. 2021b) 

The objective of the current analysis is to pilot the ecosystem services flow accounts 

in physical and monetary terms, as well as the monetary asset account. The 

ecosystem service accounts were developed using spatially explicit estimates of the 

supply of ecosystem services in physical terms and their contributions to benefits in 

monetary terms for major ecosystems (forests and agriculture) despite the 

constraints (time and also unfortunate situation with restrictions on travel due to 

lockdown with the global pandemic COVID19).  The following set of services is 

covered:  

(i) Provisioning services  

¶ forest ecosystems - timber, bamboo, fodder, fuelwood, non-timber 

forest produce, fish and other aquatic products provisioning 

services, medicine, water supply service, and genetic material 

service for forest ecosystems  

¶ agriculture ecosystems - food (cereals, pulses, oilseeds, vegetables, 

and commercial crops), fodder, and wood  

(ii) Regulating services (global climate regulation services/carbon 

sequestration, local (micro and meso) climate regulation services,  

pollination service, soil conservation, groundwater recharge, water 

purification, waste treatment (for forest ecosystem), carbon fixation, soil 

carbon, ground water recharge, nitrogen fixation, soil fertility, remediation ƿ 

organic and inorganic materials, genetic diversity, biological control (for 

agriculture ecosystem), air filtration services,  and  

(iii)  Cultural services (aesthetic, recreational, spiritual and historical, artistic and 

culture, education, scientific and research). 
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Section 2.0 Study Region - Karnataka State, India 

Karnataka is one of the four southern states of Peninsular India and came into 

existence with the States Reorganization Act (1956, November 1). Extending 760 

km N-T!)22á45ǃ!O!boe!29á38ǃ!O*!boe!531!ln!F-X!)85á4ǃ!F!boe!89á!45ǃ!F*-!Lbsobublb!

has a spatial extfou! pg! 2-:2-957! tr/! ln-! xijdi! bddpvout! gps! 6/9&! pg! Joejbǃt!

geographical area (Figure 2.1).  

 

 

Figure 2.1. Karnataka State, India, with the administrative (district and taluk) 

boundaries 

Karnataka is bounded by the Arabian Sea and the Laccadive Sea on the west, Goa 

on the north-west, Maharashtra on the north, Telangana on the north-east, Andhra 

Pradesh on the east, Tamil Nadu on the south-east and Kerala on the south-west. It 

is situated on a tableland where the Western and Eastern Ghats' ranges converge 

into the Nilgiris hill complex. According to the Census of India, Karnataka is divided 

into 30 Districts consisting of 178 Sub -districts (taluks), with 367 towns and 27397 

villages (Table 2.1 and Figure 2.1). Belgaum district has the largest district with 

13392 sq. km land area, and Bengaluru Urban district has the smallest area of 2193 

sq. km. Tumkur and Hassan have the most significant number of villages, i.e., 2582 

and 2418. 
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Table 2.1. Administrative divisions (Census 2011)  in Karnataka 

Sl.no. District  Area (km2) Taluks City/town  Villages  

1 Uttara Kannada 10306 11 21 1243 

2 Udupi 3573 3 21 233 

3 Dakshina Kannada 4850 5 42 331 

4 Kodagu 4105 3 5 291 

5 Hassan 6821 8 14 2418 

6 Chikmagalur 7214 7 9 1022 

7 Shimoga 8479 7 9 1444 

8 Dharwad 4258 6 6 361 

9 Belgaum 13392 10 34 1263 

10 Bagalkot 6567 7 15 613 

11 Gadag 4658 5 9 322 

12 Haveri 4821 7 10 696 

13 Davanagere 5919 6 6 800 

14 Mysore 6321 7 20 1199 

15 Chamarajanagar 5636 4 5 428 

16 Mandya 4946 7 9 1368 

17 Tumkur 10600 10 12 2582 

18 Chitradurga 8436 6 9 948 

19 Ballari (Bellary) 8457 7 13 522 

20 Koppal 5578 4 6 595 

21 Vijayapura 10965 5 6 679 

22 Bidar 5446 5 8 595 

23 Kalaburagi (Gulbarga) 10507 7 13 871 

24 Yadgir 5282 3 7 487 

25 Raichur 8468 5 9 815 

26 Ramanagara 3524 4 6 820 

27 Bengaluru (Urban) 2193 4 19 562 

28 Bengaluru (Rural) 2298 4 8 957 

29 Chikkaballapura 4245 6 8 1324 

30 Kolar 3981 5 8 1608 

Forest resources:  Karnataka State has 3.83 million ha of recorded forest cover, 

covering about 20% of its geographical spread. Having been endowed with the most 

magnificent forests in the country, it harbors the Western Ghats region, one of the 

36 global priority  hotspots for conservation, with a significant variety of flora and 

fauna endemic and threatened species. The forest ecosystem of Karnataka is 

unique and highly diverse. It forms an important component of the natural resources 

of the environment. Different  forest ecosystems result from the interplay of 

topographic, climatic, and edaphic differences influenced by altitude and the 

distance from the sea. Forest types include tropical evergreen, semi-evergreen, 

moist deciduous, dry deciduous, thorny scrubs, sholas, and coastal mangroves, 

which account for the second -largest land use (LU) after agriculture. The total forest 

cover in the state is 43,356.47 sq. km (2016-17). i.e., about 22.61% of the State's 
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1 One lakh is equal to a hundred thousand. 
2 One crore is equal to ten million, or one hundred lakhs 

geographical area is under forest cover. Of the total forests, reserve forest 

constitutes 15.48%, protected forest constitutes 1.85%, village forest constitutes 

0.03%, unclassified forest constitutes 5.23% and private forest constitutes 0.03%. 

Forest resources in the State are under severe pressure, with a drastic fall in dense 

forest cover areas between 2001 and 2015. The state's forest cover has slightly 

declined compared to the country's forest cover during the period. Increased 

deforestation and degradation of the environmental resources have severe 

implicati ons for the ecosystem's production and resilience. The loss of forest cover 

is a serious threat to the environment, sustainable development, and the livelihoods 

of millions of people in the state. Forest resources significantly contribute to the 

State's GDP by being a major source of timber, medicinal plants, non-timber forest 

products (NTFPs), grazing, recreational activities, carbon sequestration, watershed 

provisions, etc. The state has formed 4467 Biodiversity Management Committees 

at the Grama Panchayat level as per the Biological Diversity Act of 2002 (BDA 2002, 

Government of India) to protect and monitor biodiversity. Biodiversity heritage sites 

(such as the 400-year-old tamarind grove at Nallur, Devanahalli taluk) are being 

protected to conserve and develop unique genetic biodiversity.  

Karnataka has a repository of rich biodiversity with more than 1.2 lakh 1 known 

species, including 4,500 flowering plants, 800 fishes, 600 birds, 160 reptiles, 120 

mammals, and 1,493 medicinal plants. Fifty percent of uif! Xftufso! Hibutǃ!

biodiversity is present in Karnataka. These forests support a wide range of flora and 

fauna (biodiversity) through a network of well -connected and protected Wildlife 

Sanctuaries and National Parks.  The State has five national parks and 30 wildlife 

sanctuaries covering an area of 9,586.02 km square. Apart from the national parks 

and sanctuaries, the State has 15 conservation reserves and one community reserve 

comprising 652.369 km square. All these areas form 23.59% of the total forest ar ea. 

These are spread over evergreen to scrub forests, representing different 

ecosystems with rare and endangered species of plants, animals, and birds. The 

State has been active in formulating and implementing various programs to develop 

forests and protec t its natural environment. Among the Forest Department's 

schemes concerning wildlife and national parks, long -term measures to mitigate 

ǂNbo-Bojnbm!Dpogmjduǃ!jodvssfe!bo!fyqfoejuvsf!pg!35/91&-!Qspkfdu!Ujhfs!41/51&-!

Integrated Development of Wildlife Habitats 2.47%, nature conservation activities 

attracted 13.38% and Rs. 27.50 crores2 of total expenditure were incurred towards 

voluntary rehabilitation of families from tiger reserves and national parks during 

2016-17. 
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Topography: Karnataka comprises varied topographical structures that include high 

mountains, plateaus, residual hills, and coastal plains. It is enclosed by chains of 

mountains in its west, east, and south. The Western Ghats generally exhibit a narrow 

coastal plain followed to the east by small and short plateaus at different altitudes, 

then suddenly rising to great heights, followed by the gentle east and east-north-

west sloping plateau. The state's entire landscape rests on undulating terrain, 

broken up by various mountain ranges and deep ravines. However, it mainly consists 

of a plateau with elevations ranging between < 0 m to > 1900m AMSL (above mean 

sea level), and slopes between 0 to 65 degrees (Figure 2.2). The thin strip coastal 

plains facing the Arabian sea along the west coast districts of Uttara Kannada, 

Udupi, and Dakshina Kannada have flat slopes with elevations ranging just over 50 

m and slopes less than 10 degrees. There are a few high peaks in the Western and 

Eastern Ghats systems with altitudes of more than 1,500 m. Among the tallest 

mountains of Karnataka are the Mullayyana Giri (1,925 m), Bababudangiri 

(Chandradrona Parvata 1,894 m), and the Kudremukh (1,895 m) from the 

Chikmagalur district and the Pushpagiri (1,908 m) in the Kodagu district. These 

Ghats have highly undulating terrain with slopes ranging over 30 degrees. The 

Deccan plains expanding to the east are flat with slopes less than 10 degrees with 

altitudes ranging over 700 m. 

Agro-ecological zones : Regions with similar geographic, edaphic, meteorological 

characteristics and length of crop growing period (LGPǀlength of the growing 

period) are grouped and referred to as agro-climatic zones. The state is divided into 

seven agro-ecological zones based on physiography, soil, bio-climate, and details 

are given in table 2.2 (as per National Bureau of Soil Survey & Land Use Planning, 

NBSS & LUP, Indian Council for Agricultural Research, ICAR). Agro-ecological zones, 

district -wise and at decentralized level grid wise are presented in Figure 2.3. 

Table 2.2. Agro-ecological zone and distinct feature  

Agro-ecological zone  Regions in Karnataka 
Length of 

growing period 

(LGP) 

Karnataka plateau, Arid 
The northern part, Northwest 

part, Southern parts, and 

Eastern part  

90 days 

Karnataka plateau, moist semi-arid Interior Karnataka 90-120 days 

Karnataka plateau, Hot dry semi-arid Northern part 120-150 days 

Karnataka plateau, Hot moist semi-arid Southern parts 150-180 days 

Karnataka plateau, Hot dry sub-humid the coastal part  180-210 days 

Western Ghats, Hot moist sub-humid 
hilly regions - the Western 

Ghats 
210-240 days 

West coast plain, hot humid the coastal part of Karnataka  240-270 days 
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Figure 2.2. Karnataka ƿ Topography 

Based on physiography, meteorological parameters (air temperature, rainfall, and 

water deficit), soil types, crops, and cropping pattern, the state has been divided into 

ten agro-climatic zones - North-eastern transition zone, North-eastern dry zone, 

Northern dry zone, Central dry zone, Eastern dry zone, Southern dry zone, Southern 

transition zone, Northern transition zone, Hilly zone and Coastal zone (delineation 

as per National Bureau of Soil Survey & Land Use Planning, NBSS & LUP, Indian 

Council for Agricultural Research, ICAR), which are depicted in figure 2.4 (district-

wise and at grid-level). 

¶ Coastal zone includes districts like Dakshina Kannada, Udupi, Uttara Kannada;  

¶ Hilly zone includes districts like Belgaum, Shivmogga (Shimoga), Chikmagalur, 

Madikeri, Kodagu, and Hassan;  

¶ The north-eastern transition zone includes Bidar and parts of Kalaburagi 

(Gulbarga);  

¶ The north-eastern dry zone includes Kalaburagi (Gulbarga), Yadgir, and parts 

of Raichur;  

¶ The northern dry zone includes Ballari, Vijayapura (Bijapur), Dharwad, Raichur;  

¶ The Central dry zone includes Chitradurga, Tumkur, and some parts of Hassan 

and Chikmagalur;  

¶ Eastern dry zone includes Bengaluru, Kolar, Ramanagara, Bengaluru Rural;  

¶ The southern transition zone includes Hassan, Shimoga, and parts of Mysore; 

and 

¶ The northern transition zone includes Belgaum and Dharwad. 



 20 

 

  

Figure 2.3. Agro ecological sub-regions in Karnataka 

  

Figure 2.4. Agro-climatic zones in Karnataka 

Water resources: Karnataka has seven river systems and their tributaries flowing 

through the state. The major river basins of Karnataka are Krishna (59.48%), Cauvery 

(17.99%), West Flowing Rivers (12.76%), North Pennar (3.64%), Godavari (2.31%), 

South Pennar (2.29%), Palar (1.56%). Karnataka has 26 east-flowing rivers and ten 

west-flowing rivers. The west-gmpxjoh!sjwfst!pg!Lbsobublb!qspwjef!71&!pg!uif!tubufǃt!
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inland water resources. Figure 2.5 depicts various water bodies of Karnataka 

categorized under rivers (rivers, reservoirs, and estuaries) and lakes.  

 

Figure 2.5. Water Resources and Agro-climatic Zones of Karnataka  

The state has over 12 highly productive estuaries along its west coast, namely Kali, 

Bedti, Aghanashini, Sharavathi, Venkatapura, Chakra, Varahi, Netravati, Barpole, 

Payaswini, Sita, and Souparnika, and numerous small creeks. Based on the water 

availability in the region, the rulers/administrators in the past have created 

interconnected lakes for sustaining regional water requirements. Hence, the 

transitio n zone and the Deccan traps have a large number of lakes. Karnataka has 

over 39000 water bodies with areas ranging from 2500 sq. m to more than ten sq. 

km. In the recent past, dams have been constructed in the state to encourage 

irrigation and power generation. Karnataka has more than 15 major reservoirs, 

namely Alamatti, Bhadra, Varahi, Hemavarhi, Kabini, Krishna Raja Sagara (KRS), 

Harangi, Ghataprabha, Malaprabha, Narayanapura, Supa, Linganamakki, Kadra, 

Gersoppa, Chakra, Mani, Kodasalli, Renuka Sagar, Vanivilasa Sagara, Basavaragara, 

etc. 

Groundwater: The state is covered by peninsular gneisses, granites, schists, and 

basalts, along with sedimentaries of Kaldagi and Bhima groups. The recent alluvium 

is restricted to coastal areas and stream courses. The extent of weathering and 

fracturing primarily controls the water -bearing and yield characteristics in hard rock. 

In limestone areas, solution cavities impart secondary porosity, which aids in the 

percolation of water. The yield of tube wells tapping hard ro cks is as high as 50 

m3/hr. The tube wells in sedimentaries can yield up to 15 m3/hr. Groundwater depth 

(Figure 2.6) in most parts of the state goes beyond 10 m (BGL-Below Ground Level) 

in the post-monsoon season, while in the monsoon, groundwater depth raises to 
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less than 10 m (BGL). Topography, lithology, and soil play a major role in holding the 

groundwater. At the coasts, the groundwater depth varies over 2.5 m between post-

monsoon and monsoon, while in the Deccan plains, the groundwater depth 

variations are less than 2.5 m. Very high depths were observed in cities such as 

Bangalore, Belgaum, etc.  

 

Figure 2.6. Ground Water dynamics 

Demography: The population dynamics of Karnataka are depicted in Table 2.3 and 

Figure 2.7. Taluk level population were collated from the District at a Glance reports 

and the Census of India. Karnataka is the eighth largest state by population and 

gpsnt!6/2&!pg!Joejbǃt!qpqvmbujpo-!xjui!b!hspxui!sbuf!pg!26/8&!gspn!3112-2011. The 

state's total population as per 2011 census is 6. 1 crores, of which male (31,057,742) 

and female (30,072,962), respectively, with a density of 319 persons per km². The 

population growth rates in rural and urban areas are 6.49% and 27.16%, respectively. 

Bangalore Urban District accommodates 11.59% population of the state, which 

exhibited the highest growth rate in the urban population (46.68%). The state has a 

birth rate of 2.2%, a death rate of 0.72%, an infant mortality rate of 5.5%, and a 

maternal mortality rate of 0.195%. The total fertility rate of th e state is 2.2. The state 

has a 75.6% literacy rate. 

Table 2.3. Population Dynamics 

District  2001 2011 2021*  

Bagalkot 16,51,892 18,89,752 21,62,334 

Bangalore Rural 8,50,968 9,90,923 11,55,649 

Bangalore Urban 66,29,636 96,21,551 1,40,66,760 

Belgaum 42,14,505 47,79,661 54,25,978 

Ballari (Bellary) 20,27,140 24,52,595 29,75,288 

Bidar 15,02,373 17,03,300 19,32,227 

Vijayapura (Bijapur) 18,06,918 21,77,331 26,27,733 
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Chamarajanagar 9,65,462 10,20,791 10,79,330 

Chikballapur 11,49,007 12,55,104 13,71,243 

Chikmagalur 11,40,905 11,37,961 11,36,720 

Chitradurga 15,17,896 16,59,456 18,15,242 

Dakshina Kannada 18,97,730 20,89,649 23,02,443 

Davangere 17,90,952 19,45,497 21,16,812 

Dharwar 16,04,253 18,47,023 21,31,178 

Gadag 9,71,835 10,64,570 11,66,583 

Kalaburagi (Gulbarga) 21,74,742 25,66,326 30,35,650 

Hassan 17,21,669 17,76,421 18,35,717 

Haveri 14,39,116 15,97,668 17,73,991 

Kodagu 5,48,561 5,54,519 5,60,631 

Kolar 13,87,062 15,36,401 17,02,729 

Koppal 11,96,089 13,89,920 16,16,467 

Mandya 17,55,212 18,05,769 18,59,496 

Mysore 26,41,027 30,01,127 34,27,465 

Raichur 16,69,762 19,28,812 22,33,133 

Ramanagara 10,30,546 10,82,636 11,38,947 

Shimoga 16,42,545 17,52,753 18,75,975 

Tumkur 25,84,711 26,78,980 27,86,076 

Udupi 11,12,243 11,77,361 12,46,320 

Uttara Kannada 13,53,644 14,37,169 15,28,709 

Yadgir 9,56,180 11,74,271 14,42,157 

Total 5,29,34,581 6,10,95,297 7,15,28,983 

*Projected 

 

Figure 2.7. Population dynamics 
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Section 3.0 Data 

Ecosystem extent account : An important foundation for estimating ecosystem 

services is the ecosystem extent account (Ramachandra et al., 2021a). Table 3.1 lists 

the spatial data used for assessing the spatial extent of ecosystems in Karnataka.  

Forest ecosystems: Forest ecosystems in Karnataka are managed by the Karnataka 

Forest Department, and decentralized administration is practiced through (i ) forest 

circles (note: A forest circle is a term used to signify an area containing one or more 

(usually) demarcated and (usually) protected or resource-managed forests, for 

administration and coordination, at decentralized levels), and (ii) divisions. The data 

for provisioning services of forest ecosystems for five years intervals (2001 -2005 and 

2014-2019) were collected from forest circles. The Karnataka state has 13 forest 

circles for decentralized administration, and the spatial extent of forest circle s is 

depicted in Figure 3.1.  Global biodiversity hotspot ƿ Western Ghats spread across 

circles - Canara, Chikmagalur, Shimoga, Mangalore, Kodagu, Chamarajanagar. The 

state has a protected area network of five national parks (2431.3 km 2), and 21 wildlife 

sanctuaries (3887.83 km2), covering nearly 16% of the forest area. The spatial extent 

of protected areas in each circle and district are listed in Table 3.2.  

 
Note: Circles shaded in green are part of the Western Ghats (a global biodiversity hotspot) 

Figure 3.1. Karnataka state, India with forest circles  
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Table 3.1.  Details of remote sensing (RS) data for Karnataka State (2019) with respective path and row 

Sno District  Satellite Data Path & Row 17 scenes of RS data cover Karnataka state 

 

1 Bagalkot  146048, 146049, 145049 

2 Belgaum 146048, 146049 

3 Ballari   145049, 145050, 144049, 144050 

4 Bengaluru Rural  144051 

5 Bengaluru Urban  144051 

6 Bidar 145057, 145058 

7 Chamarajnagar  144052, 144051 

8 Chikballapur  144050, 144051 

9 Chikmagalur 145050, 145051 

10 Chitradurga  145050, 145051, 144050, 144051 

11 Dakshina Kannada  146051, 145051 

12 Davanagere  145050 

13 Dharwad  146049, 146050 

14 Gadag  145049, 145050, 146049, 146050 

15 Hassan  145051, 144051 

16 Haveri  146050, 145050 

17 Kalaburagi  145048, 144048 

18 Kodagu  145051, 145052 

19 Kolar  143051 

20 Koppal  145051 

21 Mandya  144051, 144052 

22 Mysuru  144051, 144052, 145051, 145052 

23 Raichur  145049, 144049 

24 Ramanagara  144051 

25 Shivamogga  146050, 146051, 145050, 145051 

26 Tumakuru  144050, 144051, 145051 

7 Udupi  146050, 146051, 145051 

28 Uttara Kannada  146049, 146050 

29 Vijayapura  146048, 146049, 145048, 145049 

30 Yadgir  145048, 145049, 144048, 144049 
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Table 3.2. The districts covered in each forest circle of Karnataka State 

 Circle Name District  Protected Area -Ha 

1 Canara Uttara Kannada 175,937 

2 Mangalore Dakshina Kannada; Udupi 170,703 

3 Kodagu Kodagu 109,825 

4 Chamarajanagar Chamarajanagar 273,667 

5 Belgaum Belgaum; Bagalkot; Vijayapura  10,973 

6 Dharwad Dharwad; Haveri; Gadag 6,310 

7 Shimoga 
Shivamoga; Davanagere (Channagiri Taluk);  

Chikmagalur (Tarikere) 
84,976 

8 Chikmagalur Chikmagalur 45,450 

9 Mysore Mysore; Mandya 105,278 

10 Kalaburagi Kalaburagi (Gulbarga); Raichur; Yadgir; Bidar 0 

11 Ballari /Bellary Ballari; Davanagere; Chitradurga; Koppala 4,793 

12 Hassan Hassan; Tumkur; 0 

13 Bengaluru 
Bengaluru (Rural); Bengaluru (Urban);  

Ramnagara; Kolar; Chikballapur 
25,513 

Table 3.3 lists the data pertaining to the forest ecosystems (with the seigniorage 

values / residual value of goods used) for computing ecosystem services . Seigniorage 

value (Haslag 2020) is the revenue received by the government after deducting 

expenses (costs of labor, produced assets, and intermediate inputs) from the auction 

price of outputs (benefits). Table 3.4 lists the data (with source details) used for 

valuing agriculture ecosystem services. 

Table 3.3. Data used for computing ecosystem services with the details of data sources.  

Services Services and monetary benefits  Source 

Ecosystems type:  Forest ecosystems 

Provisioning 

services 

Provisioning services: The data 

included (i) service-wise (timber, 

bamboo, non-timber forest produce, 

fodder) quantity extracted for the 

two time periods (2014 -2019 and 

2001-2005) years and (ii) 

seigniorage rate as per forest 

department records for respective 

provisioning services (timber and 

other forest goods) for 

corresponding years 

Data pertaining to the provisioning services at 

the circle level of the supply in physical terms 

and their benefits in monetary terms were 

collected for the respective circles from The 

Karnataka Forest Department offices at 

respective circles. 

Fuelwood 

Fuelwood required per person is estimated 

based on the socio-economic survey carried 

out in select taluks  
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Fish and other aquatic products 

provisioning services (in streams, 

reservoir, etc. - which are 

inseparable parts of the district's 

forest area) 

District wise inland fish catch from districts,  

Department of Inland Fisheries, GoK 
https://fisheries.karnataka.gov.in/english  

Directorate of Economics and statistics, GoK 

https://des.karnataka.gov.in/engli sh; 

Water Supply (domestic, irrigation, 

industries, hydro-electricity 

generation) 

 

Land use data (Ramachandra et al. 

2021a).Long term meteorological data such 

as temperature, rainfall, solar radiation were 

collected from online portals( Worldclim 

http:// www.worldclim .org/) , FAO 

(http://www.fao.org), Climate Research Unit, 

University of East Anglia 

http://www.cru.uea.ac.uk, NASA ƿ Climate 

change and global warming  

http:// climate.nasa.gov/, 

http:// data.giss.nasa.gov/gis temp/,  KSNDMC 

Karnataka (https://www.ksndmc.org/), the 

Directorate of Economics and Statistics 

Karnataka (http:// des.kar.nic.in/) , India 

Meteorological Department 

(https://mausam.imd.gov.in/), Food and 

Agriculture Organisation (http://www.fao.org ). 

Population census for the years 2011 and 

2001 was collected fr om the Census of India 

(https://censusindia.gov.in/).  

Livestock data such as Census 

(http://www.ahvs.kar.nic.in/), water 

requirements were collected from the 

Directorate of Economics and Statistics 

(http:// des.kar.nic.in/ ), District at a Glance, 

and through public interviews. Agriculture data 

such as various crops grown, cropping pattern, 

water requirement at different growth phases 

were collected from District at a Glance, public 

interviews, online portals such as Raitamitra 

(http:// raitamitra. kar.nic.in/ ), iKisan (http:// 

www. ikisan .com), National Food Security 

Mission  (http:// www.nfsm .gov.in, Tamil Nadu 

Agriculture University, etc. and other published 

literature. 

Field investigations in select stream 

catchments were carried out for ten months to 

understand the intra and inter variability of the 

hydrologic regime in the Central Western 

Ghats. The information for ungauged streams 
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was compiled from published literatur e 

(Ramachandra et al. 2020). 

Water demand: Field survey, review of 

published literature, daily per capita water 

requirement (domestic), water use in 

agriculture ƿ crop-wise, season-wise, and 

discussion with subject experts,  

Domestic and irrigation water supply ƿ 

economic values were compiled from farmers 

and residents. 

Industrial water uses were compiled from 

publications ƿ Annual reports of Karnataka 

Power Corporation Ltd, District at a Glance 

(allocation of water to industries, revenue, and 

cost)  

Medicine 

Various medicinal plants used by 

the local people were identified, and 

the value of medicinal plants per 

unit area of forest area was 

extrapolated to dif ferent types of 

forests  

Public interview and literature review 

(Ramachandra et al. 2017; De Groot et al. 

2020). Benefits are estimated per hectare as 

per the access and benefit-sharing data 

(royalty payments from the Karnataka 

Biodiversity Board and the Medicinal plant 

conservation authority)  

Genetic material service 

 The economic value of gene-pool 

conservation in terms of 

bioprospecting based on i) number 

of medicinal plants found in each 

district; (ii) number of species of 

conservation importance in each 

district, and (iii) all species  

The estimate is based on all species in the 

study region and ecosystem extent. Species 

details obtained from Karnataka Biodiversity 

Board (kbb.karnataka.gov.in), Medicinal 

Plants Conservation Authority 

(https://ayush.karnataka.gov.in/) and genetic 

resource per hectare as per a case study from 

India (Verma et al. 2013) 

Regulating 

services 

Global climate regulation services 

/Carbon sequestration  

 

Data ƿ Ecosystem extent and type 

of 

above-ground biomass (AGB), 

below ground biomass (BGB), soil 

carbon and net primary productivity 

(NPP) 

(i) Land use information, (ii) quantification of 
AGB through field measurements of girth 
and height and sampling of the locations 
through transect -based quadrat ƿ a survey 
carried out across forest types (evergreen, 
deciduous, scrub forests, etc.) in 10 
districts.  
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Soil conservation and soil fertility ƿ 

Data: soil characteristics, land use 

characteristics, vegetation 

characteristics, farming practices, 

topographic effects, etc  

Annual rainfall, monthly rainfall, 

quick flows, historical climate data  

bioclimatic variables, long term 

weather data, daily rainfall data 

Ecosystem entent assessment (Ramachandra 

et al. 2021a), Ecosystem condition -soil 

(Ramachandra et al. 2021b; Ma et al. 2019), 

IMD, GoI (https://mausam.imd.gov.in/), NASA 

Portal (https://gpm.nasa.gov/data), 

Worldclim (https://www.worldclim.org/), 

KSNDMC (www.ksndmc.org)  

Ground water recharge 

 

Precipitation, overland flow, 

infiltration, evapotranspiration,  

maximum and minimum 

temperature along with the solar 

radiation 

Overland flow (runoff) ƿ field measurements ƿ 

four river basins in Uttara Kannada and two 

river basins in Shimoga districts using a 

current meter (water velocity measurement ƿ

three consecutive days, monthly), IMD, GoI 

(https://mausam.imd.gov.in/), NASA Por tal 

(https://gpm.nasa.gov/data), Worldclim 

(https://www.worldclim.org/), KSNDMC 

(www.ksndmc.org)  

Water purification  

Economic values of water purification and 

waste treatment are estimated per hectare as 

per a case study from India (Verma et al. 2013, 

Ramachandra et al. 2017) 

Pollination service 

Ecosystem extent, and type. 

Natural forest regeneration and 

afforestation (replacement) cost  

Ecosystem extent based on land use analyses 

and literature (Ramachandra et al. 2021a). 

Comparative assessment of natural 

regeneration of forest patches (with fencing 

protection from external pressures (Ray et al. 

2015) and afforestation cost. The estimates of 

natural forest regeneration in all forest types 

are adjusted according to the forest 

regeneration in plantations (NAP 2009; 

Ollerton et al. 2011; Hipólito et al. 2019) 

Air filtration services  ƿ extent of 

forest ecosystem  

 

Air filtration regulation service 

values per hectare is based on 

published literature from India 

(Ninan and Kontoleon, 2016, Joshi G 

and Negi GCS, 2011) 

 

Ecosystem extent based on land use analyses 

(Ramachandra et al. 2021a) and 

Air filtration regulation service values per 

hectare based on published literature from 

India (Ninan and Kontoleon, 2016, Joshi G and 

Negi GCS, 2011) which are comparable to 

global studies -ƿ global ecosystem service 

valuation database (ESVD)  for tropical forests, 

and mangroves. 
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Compared with values of global 

studies, adjusted for GDP (PPP) per 

capita and corresponding currency 

exchange rate 

https://www.es -partnership.org/wp -

content/uploads/2020/08/ESVD_Global -

Update-FINAL-Report-June-2020.pdf 

GDP(PPP) per capita for India - 

https://data.worldbank.org/indicator/  

NY.GDP.PCAP.PP.CD?locations=IN 

Currency exchange rate 

https://www.xe.com/currencyconverter/  

convert/?Amount=1&From=USD&To=INR 

Local (micro and meso) climate 

regulation services ƿ extent of 

forest ecosystem  

Per hectare local climate regulation 

service values based on published 

literature from India (Ghosh, 2020, 

Verma et al., 2007),  

 

Compared with global studies 

adjusted for GDP (PPP) per capita of 

the country for which values were 

estimated and corresponding 

currency exchange rate 

 

 

Ecosystem extent based on land use analyses 

(Ramachandra et al. 2021a), per hectare local 

climate regulation service values based on 

published literature from India (Ghosh, 2020, 

Verma et al., 2007), which are comparable to 

values in global ecosystem (tropical forests, 

mangroves) service valuation 

database(ESVD). 

https://www.es -partnership.org/wp -

content/uploads/2020/08/ESVD_Global -

Update-FINAL-Report-June-2020.pdf 

GDP(PPP) per capita for India - 

https://data.worldbank.org/indicator/  

NY.GDP.PCAP.PP.CD?locations=IN 

Currency exchange rate 

https://www.xe.com/currencyconverter/  

convert/?Amount=1&From=USD&To=INR 

Cultural 

Services 

Aesthetic - National parks, 

sanctuaries, waterfalls  

Karnataka Forest Department 

(Uttara Kannada, Shimoga, Chikmagalur 

Dakshina Kannada and Kodagu districts) 

(primary survey ƿentrance fees (park, 

recreation spots) x the average number of 

visitors to the park/recreation spots du ring 

2018, 2019, and 2020), and supplemented 

with the Indian case studies  (Ray et al. 2010; 

Bharath et al. 2017; Ramachandra et al. 

2018c), publications - Districts at glance  

https://des.karnataka.gov.in/english  

https://kgis.ksrsac.in/kag/  
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Spiritual and Historic - Distribution 

of sacred groves (relic forests - 

protected due to belief and 

customs)  

Rituals are performed by devotees and the 

amount is paid for performing rituals (either 

visiting the grove or in absentia). Also, there is 

a practice of donating money during birthday 

celebrations or in the name of elders (or 

departed soul). Data pertaining to the annual 

collection and expenses were compiled from 

the administrative / management committees 

of select groves in Shimoga, Uttara Kannada, 

and Kodagu districts. Residual method was 

used (annual collection for rituals and 

deducting costs ƿ priest salary and ritual 

expenses). 

In groves, where annual collection details were 

not available, the travel cost method is used 

for valuation, considering the number of 

visitors (visiting groves) for annual rituals, 

festivals, and other religious activities. This is 

done through primary surveys of select groves 

in Uttara Kannada, Shimoga, and Kodagu 

districts, and supplemented with case -studies 

from India using the benefit transfer method 

(Ramachandra et al. 2012; Ray et al. 2014b, 

2015; Ramachandra et al. 2016, 2017, 2019a) 

Tourism and recreational services 

Travel cost method (primary survey ƿ benefits 

to travel operators, entrance fees (park, 

recreation spots) x the average number of 

visitors to the park during 2020) is used, 

supplemented with the Indian case studies. 

Benefit transfer method -(Ramachandra et al. 

2019b; Badola et al. 2017; Gunarekha and 

Binoy 2017; Sinclair et al. 2020) 

Education, science, and research 

Researchers need to obtain prior permission 

from the Forest Department to undertake 

research (and long-term monitoring). Details 

of the research, duration, project budget (for 

field research) and research team were 

compiled from the Karnataka Forest 

Department. 

This information is  supplemented with the 

data compilation through discussion with 

researchers and relevant literature of field-

based research (ecology, medicinal plants, 

etc.) (Chandran et al. 2010; Ray and 

Ramachandra 2010; Gould et al. 2014; Ray et 

al. 2014a; Dorji et al. 2019; Kreye et al. 2019). 
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Table 3.4. Data used for valuing services from agriculture ecosystems 

Agriculture ƿ croplands, horticulture  

Services Variables Source 

Provisioning 

services - 

 

Cereals, pulses, 

oilseeds, 

vegetables, and 

commercial crops 

(coconut, areca 

nut, rubber, etc.) 

Administrative 

boundaries 

(Ecosystem 

services are 

evaluated at taluk 

and district level), 

(KSRSAC 2018) 

Crop yield (crop 

wise yield per unit 

agriculture area) 

(DSO 2019) 

Public interviews 

Crop area 

(integrating with 

land use data, to 

derive actual crop 

area at taluk level) 

Crop production 

(crop wise produce 

at taluk level for 

valuation of 

provisioning 

service) 

Moderate-

resolution satellite 

data (land use 

analysis) 

(NRSC 2020) 

Virtual earth 

(Bhuvan and 

Google earth for 

land use analysis) 

(NRSC 2016; Google 2020) 

Ecosystem extent 
Ecosystem extent based on land use 

analyses (Ramachandra et al. 2021a) 

Data pertaining to 

crop yield, produce, 

net revenue 

generated fodder 

production (cattle 

feed) per unit area, 

cost of production  

Primary survey: public interaction during 

2019 ƿ 2020, data pertaining to revenue, 

cost, etc. 
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Minimum support 

price (specified by 

Government of 

India), and 

implemented at 

Mandi (local 

market) by the 

Government of 

Karnataka) was 

used to determine 

the monetary 

value). 

(HOPCOMS 2019; AGRICOOP 2020; 

Coffee Board 2020; Commodities Online 

2020; DMI 2020; KMV 2020; MSP 2020) 

Production cost (to 

determine net 

revenue from food 

crops, used for 

computing residual 

value of 

provisioning 

services) 

(EANDS 2020) 

Agriculture revenue 

(the contribution of 

agriculture sector 

with state gross 

district domestic 

product (GDDP)) 

(DPPMS 2018) 

Government 

records and 

Published literature 

(Economic values 

for services - 

Provisioning, 

Regulating, 

Cultural) 

(Murali 2010; Nayak et al. 2019; De Groot 

et al. 2020; NAAS 2020) 

 

Fodder 

Type, quantity, 

likely uses, revenue, 

costs  

Public interviews 

Wood 

Type (horticulture 

crop), quantity, 

likely uses, revenue, 

cost of harvesting  

Public interviews 

Regulating 

Services 

Air filtration 

services 

Extent of 

ecosystem, per 

hectare air filtration 

services from India 

Literature review ƿ case studies from 

India ƿ ICAR Indian Council of 

Agriculture Research 

(http://naasindia.org)  
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Local (micro and 

meso) climate 

regulation 

services 

The extent of an 

ecosystem, 

climate control 

services value per 

hectare  

based on published 

literature from India 

(Ghosh, 2020, 

Verma et al., 2007), 

compared with 

based on global 

studies. These 

estimates were 

adjusted for GDP 

(PPP) per capita of 

the country for 

which values were 

estimated and the 

corresponding 

currency exchange 

rate 

Literature review 

Per hectare local climate regulation 

service values based on published 

literature from India (Ghosh, 2020, Verma 

et al., 2007),  

Compared with global studies adjusted 

for GDP (PPP) per capita of the country 

for which values were estimated and 

corresponding currency exchange rate ƿ 

global ecosystem service valuation 

database (ESVD). 

 

https://www.es -partnership.org/wp -

content/uploads/2020/08/ESVD_Global -

Update-FINAL-Report-June-2020.pdf 

Global climate 

regulation 

services /Carbon 

Sequestration 

The extent of an 

ecosystem, 

per hectare carbon 

sequestration 

services in 

agriculture and 

horticulture  

Literature review ƿ case studies from 

India 

(Nayak et al. 2019) 

Soil carbon 

The extent of an 

ecosystem, 

per hectare ƿ soil 

carbon storage 

service values 

Literature review ƿ case studies from 

India 

(Nayak et al. 2019) 

Water flow 

(ground water 

recharge) 

The extent of an 

ecosystem, 

per hectare ƿ

groundwater 

recharge service 

values 

Literature review ƿ case studies from 

India 

(Nayak et al. 2019) 

Nitrogen fixation  
The extent of an 

ecosystem, 

Literature review ƿ case studies from 

India 

(Nayak et al. 2019) 
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per hectare ƿ 

nitrogen fixation 

services values 

Soil fertility  

(NIC 2020) 

The extent of an 

ecosystem, 

per hectare ƿ soil 

fertility services 

values 

Literature review ƿ case studies from 

India 

(Nayak et al. 2019) 

Remediation ƿ 

organic and 

inorganic 

materials  

The extent of an 

ecosystem, 

per hectare ƿ 

remediation 

services values 

Literature review ƿ case studies from 

India 

(Nayak et al. 2019) 

Pollination  

The extent of an 

ecosystem, 

per hectare ƿ 

pollination services 

value 

Literature review ƿ case studies from 

India 

http://naas india.org/Policy%20 

Papers/policy%2094.pdf  

Genetic Diversity 

The extent of an 

ecosystem, 

per hectare ƿ 

genetic diversity 

services value 

Literature review ƿ case studies from 

India 

http://naasindia.org/Policy%20  

Papers/policy%2094.pdf  

Biological Control  

The extent of an 

ecosystem,  

per hectare ƿ 

biological control 

services values 

Literature review ƿ case studies from 

India 

(Nayak et al. 2019) 

Cultural 

Services 

Tourism & 

Recreational 

The extent of an 

ecosystem, 

per hectare 

recreation and 

tourism services 

Literature review ƿ case studies from 

India 

http://naasindia.org/Policy%20  

Papers/policy%2094.pdf  

Inspirational, 

Culture, Art 

The extent of an 

ecosystem, 

Per hectare 

inspirational, 

culture and art 

services value 

Literature review (Van Berkel and 

Verburg 2014; Hirons et al. 2016; Moreno 

et al. 2018; Cheng et al. 2019) review; 

Global ecosystem service valuation 

database (ESVD). 
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based on global 

studies. These 

estimates were 

adjusted for GDP 

(PPP) per capita of 

the country for 

which values were 

estimated and the 

corresponding 

currency exchange 

rate 

https://www.es -partnership.org/wp -

content/uploads/2020/08/ESVD_Global -

Update-FINAL-Report-June-2020.pdf 

GDP(PPP) per capita for India - 

https://data.worldbank.org/indicator/  

NY.GDP.PCAP.PP.CD?locations=IN 

Currency exchange rate 

https://www.xe.com/currencyconverter/  

convert/?Amount=1&From=USD&To=INR 

Note: Annexures 3.1, and 3.2 provide the questionnaires used for data 

compilation (crop yield, cost, revenue) through public interviews for agriculture 

(cropland and horticulture) ecosystems.  

Annexures 3.3 and 3.4 provide the details of the data collected from the surveyed 

sacred groves and tourism locations.  
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Section 4.0 Method 

Ecosystem services are accounted for through the (i) residual value method, (ii) 

benefit transfer method, and (iii) biophysical models - InVEST, depending on the 

availability of data and time constraints.  

Residual value method: Provisioning services of ecosystems are accounted for 

through the residual value (or resource rent) method. The residual value method has 

been used to estimate a value for an ecosystem service by taking the gross value of 

the final marketed good (to which the ecosystem service provides input) and then 

deducting the cost of all non -ecosystem inputs, including labour, produced assets and 

intermediate inputs (as per SEEA Central Framework, given below). 

 

Net return on environmental assets = resource rent - depletion 

Resource rent = gross operating surplus - consumption of fixed capital 

(depreciation) - return on produced assets - labour of self -employed persons 

Gross operating surplus = Output - intermediate consumption - compensation of 

employees - other taxes on production + other subsidies on production  

 

Economic rent is the surplus value accruing to the extractor or user of an asset 

calculated after all costs, and normal returns have been considered. The measure of 

resource rent (i.e., surplus-value of environmental assets) provides a gross measure 

of the returns to the environmental asset as a direct capital value, giving a reasonable 

approximation of the market price of the service.  

The benefit transfer method or unit value transfer refers to applying economic value 

estimates from one location to a similar site in another place. Values  for ecosystem 

services at a study site, expressed as a value per unit (usually per unit of area or 

beneficiary), combined with information on the number of units at the policy site, are 

used to estimate policy site values. Unit values from the study site are multiplied by 

the number of units at the policy site. When using the benefit transfer method, unit 

values are adjusted to reflect differences between the study and policy sites. In this 

report, ecosystem services values are based on case studies from India, which are 

compared with the global ecosystem service valuation database (ESVD) 

[https://www.es -partnership.org/wp -content/uploads/2020/08/ESVD_Global -Update-FINAL-

Report-June-2020.pdf ] and published literature (of case studies from India) considering  

GDP (PPP) per capita for India (https://data.worldbank.org/indicator/NY.GDP.PCAP.  PP. 

CD? locations=IN) and the currency exchange rate (https://www.xe.com/  currencyconverter/  

convert/?Amount=1&From=USD&To =INR). 

InVEST: InVEST (Integrated Valuation of Ecosystem Services and Trade -offs) is a 

suite of models used to map and value ecosystem services.  It helps explore how 
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changes in ecosystems can lead to changes in the flows of many different benefits 

to people. InVEST returns results in either biophysical terms (e.g., tons of carbon 

sequestered) or economic terms (e.g., the net present value of that sequestered 

carbon). InVEST (https://naturalcapitalproject.stanford.edu/software/invest) models 

are spatially explicit, using maps as information sources and producing maps as 

outputs.  

4.1 Valuation of forest ecosystem services  

Provisioning services from forest ecosystem: The provisioning services derived from 

the forests in this report include:  

¶ Timber : Forests are the prime source of timber for th e local people. Timber includes 

wood for making furniture, agricultural implements, fencing wood and wood poles, and 

planks for roofs. Timber provides revenue and constitutes an essential component of 

value on forest land properties. Timber is a readily available goods, which has a 

marketable value from the forests. However, strict rules and regulations are in 

operation from the State Government to extract timber from the protected forests.  

 

In many cases, the value of the timber can be several times the value of the land. 

Timber includes rosewood, teak wood, jungle wood, etc. Timber is mainly prominent 

in deciduous forests, while it is found in less amount in evergreen forest patches. 

Plantation forests primarily consist of timber -producing trees like acacia, teak, etc. 

Forest-based industries depend on the produce from the forest, which includes round 

wood, softwood, matchwood, etc. The data regarding the quantity of timber harvested 

and seigniorage values (residual value) were obtained from the Karnataka Forest 

Department. As per the Karnataka Forest Department records, the seigniorage values 

remain the same for all provisioning services for 2005 and 2019.  

Á The ecosystem supply value of Rosewood is 140,017 Rs/Ha/yr (2005) and 

140,998 Rs/Ha/yr  (2019) based on the data collected across the circles from 

Karnataka Forest Department.  

Á Teakwood is 79,881 Rs/Ha/yr (2005) and 79,961 Rs/Ha/yr (2019).  

Á Eucalyptus wood is 4,304, and 4,265 Rs/Ha/yr for  2005, 2019 respectively. 

Á Other kinds of timber are 4,644 and 4,297 Rs/Ha/yr for 2005, 2019. 

Á Pulpwood is 3,369 Rs/Ha/yr (2005) and 3381Rs/Ha/yr (2019).  

Á Round poles wood is assessed as 4,434, and 4,261 Rs/Ha/yr for 2005, and 

2019. 

Á Sandalwood is accounted as 4,573, and 4,652 Rs/Ha/yr for 2005, and 2019 

respectively. 

Á Bamboo for the Karnataka state is assessed as 3,938, and 4,402 Rs/Ha/yr for 

2005 and 2019. 
 

¶ Fuelwood: Fuelwood is the most important forest product in Karnataka. Fuelwood is 

the energy source for cooking in most parts of rural India, and 50% of the total 

fuelwood consumed comes from the forests. The yield of fuelwood depends on the 
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ease of access to the forests. The total value of fuelwood includes the value of 

fuelwood used for domestic purposes, i.e., for cooking and water heating, and also the 

fuelwood used for various industrial and commercial purposes like jaggery making, 

areca processing, cashew processing, restaurants, and bakery, parboiling, cremation, 

etc. Local people collect fallen wood/dry tree branches from the forests. An 

exploratory survey focusing on fuelwood requirements was initially conducted in 

various taluks of the agro-climatic zones and through a review of literature based on 

our earlier work (Ramachandra et al. 2000d). Socio-economic and energy data was 

collected from randomly selected samples in the Sirsi, Siddapur, Kumta, and Ankola 

taluks of Uttara Kannada district. The fuelwood required for various other purposes 

(large scale jaggery making, drying of agro products such as cardamom, etc.) were 

based on field experiments (Ramachandra et al. 2000c, 2017; Ramachandra and 

Bharath 2019a). The preliminary results of the survey in households using fuel-

efficient stoves in the Sirsi and Kumta taluks showed fuelw ood requirements for 

cooking (kg/person/day) to be 1.80 and 1.78 (summer) and 2.25 and 1.98 (monsoon), 

respectively. Villagers are permitted to collect fuelwood from the nearby forests, and 

the collection fee is collected by the forest department. Based on  these data, the forest 

circle-wise fuelwood requirement is assessed and quantified in physical (tons) and 

monetary values (million INR).  The ecosystem supply value of fuelwood is assessed 

as 5,097, and 23,623 Rs/Ha/yr for 2005 and 2019 based on the fuelwood consumption 

data collected for the Karnataka state.  

 

¶ Non-timber forest products:  Non-timber forest products play a significant role in the 

livelihoods of the local communities and often contribute significantly towards the 

family income of the forest -dependent communities. The Forest Department gains 

significant revenue (over 50%) from NTFP extractions, and 75-80% of forest export 

income comes from NTFP exports. Over 275 million of the rural population (27% of 

India total) are engaged in collecting NTFP (Bhattacharya and Hayat 2009), resulting 

in a revenue of 6000 crores to rural communities (Planning Commission 2011). 

Traditional, non-destructive methods of extraction of NTFPs are practiced by the 

villagers. In many places, due to the commercial players, traditional harvesting has 

been replaced by destructive/excessive harvesting. The data on the harvesting of 

NTFP was obtained from the Forest Department. The total value of NTFP includes the 

value of a) NTFPs extracted by Forest Department, b) NTFPs collected by households, 

and c) bamboo extracted by the Karnataka Forest Department. Twenty-two varieties 

of food products derived from the forest were identified, and the value of food 

extracted per unit area of forest was obta ined from literature was extrapolated to the 

total forest area. Household honey collection, which is a critical provisioning service 

from forests, was quantified based on the earlier field studies (Ramachandra et al. 

2012, 2018a)) for all talukas and valued based on the quantity and benefits. 

 

¶ Fodder: Fodder is the most important source of nutrients for livestock. A significant 

proportion of cattle reared grazes from the forested landscapes. Tree leaves and 

ground herbage (grass) are collected from the forests to feed the livestock, and fallen 

leaves are used to prepare compost and mulching in gardens. Leaf litter from the 
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forest floor is collected by the local people and used as cattle beds for some time and 

is then transferred to compost pits; once turned into compost, it is then transported to 

crop f ields to replenish soil fertility. The livestock dependent on forests for fodder 

requirements is estimated, and the cost -adjusted price of fodder is also evaluated 

considering the unit market price of the fodder and the cost for collecting fodder. The 

total value of fodder supplied from the forest was quantified using field data and data 

from the earlier studies (Prasad et al. 1987; Ramachandra et al. 2000d) on herb layer 

productivity in different types of forests and the extent of different types of forest . 

Based on these inputs, per hectare value for fodder was assessed, and total values 

were computed based on market prices, assuming 10% cost factor, with a standard 

daily fodder requirement of 22 kg/CU/day and the existing livestock. The ecosystem 

supply value of fodder is 7,736 and 15,476 Rs/Ha/yr for 2005 and 2019, respectively. 

 

¶ Fish and other aquatic products provisioning services: Fish is one of the primary 

sources of animal protein globally, and inland fishing is an important economic activity 

in the forest ecosystem. Inland fishing happens in rivers, rivulets, streams, reservoirs, 

lakes, etc., which are inseparable parts of the district's forest area. Fish are harvested 

by locals and for commercial purposes in the streams, lakes, and reservoirs of 

Karnataka. The inland fish quantity harvested for the years 2005 and 2019 has been 

compiled from the published reports of the Karnataka Inland Fisheries Department, 

Government of Karnataka. The revenue generated is quantified by using fishermen's 

share value per ton. The fishermen's share in consumers' rupee (%) is estimated from 

the net price received by the fishermen over the price paid by consumers (Aswathy et 

al. 2014). The fishermen generally receive 56% of the share from the consumers' end 

price (Piumsombun 2001; Kumar et al. 2008; Aswathy et al. 2014). Economic values 

gps!uif!fdptztufnǃt!dpousjcvujpo!xfsf!efufsnjofe!)76-111!St0Ib0zs!gps!3116!boe!

2019) based on the residual value considering revenue and cost of harvesting.  

 

¶ Water supply service: The accessibility and quality of water are intensely influenced 

by forests, which regulate water flows and control the availability of water resources 

(Ramachandra et al., 2020). The misconception of evapotranspiration, 

misinterpretations, and misinformation about vegetation in catchments has resulted 

in ad-hoc policies (Calder et al. 2008).  

 

Most of the water resources come from forested catchments. Hydrological services 

are quantified by the quantity of domestic water utilization, water for irrigation 

purposes (Ramachandra et al. 2001), water for industrial use, and water used for 

power generation (hydropower stations and nuclear power stations). Point -based daily 

rainfall data fro m various rain gauge stations in and around the study area between 

1901 and 2019 were considered for the analyses of spatial and temporal patterns of 

rainfall (Ramachandra et al. 1999, 2020). Run-off (surface flow and sub -surface flow), 

infiltration, and groundwater recharge were quantified based on field measurement 

(Ramachandra et al. 1999, 2020). The field data reveal a correlation between water 

supply and the quality of forests as follows: (i) moderate overland flow with the 

substantial local recharge in catchments dominated  by native vegetation, (ii) higher 
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overland flow, and reduced local water recharge in catchments with vegetation cover 

< 30%. Local water recharge helps in sustaining water in streams and wells during the 

post-monsoon season. Societal demand depends on the availability of water in 

streams and wells in the region. Streams are perennial (with 12 months flow) when 

their catchment is dominated by vegetation (> 60%) of native species. This is mainly 

due to infiltration or percolation in the catchment as the soil  is porous with the 

presence of native species. Diverse microorganisms interact with plant roots, and soil 

helps in the transfer of nutrients from the soil to plants, and the soil is porous. Analyses 

of soil samples from the catchments of perennial, interm ittent streams reveal that 

soils in perennial streams catchment have the highest moisture content (61.47 to 

61.57%), higher nutrients (C, N, and K), lower bulk density (0.50 to 0.57 g/cc). 

Compared to this, a catchment of intermittent and seasonal streams had higher bulk 

density (0.87 ƿ 1.53 g/cc) and relatively lower nutrients. Due to this, water infiltrates 

and fills the underlying zones, namely saturated zone, and vadose zones, which is 

crucial for the sustenance of water in the streams during lean seaso ns. This 

emphasizes that forest vegetation helps in retarding the water flow in the catchment 

by allowing infiltration. Contiguous forests of native species moderate the local 

climate (through transpiration) and also act as a sponge by retaining the water,  which 

is slowly released to the streams during the lean seasons, thereby sustaining the water 

availability in the catchment to meet biotic needs throughout the year. Water 

availability for four months is observed in the streams of the degraded catchment, with 

vegetation cover less than 30%. 

 

Domestic water demand is assessed as the function of water requirement per person 

per day, population, and season. Water required per person includes water required for 

bathing, washing, drinking, and other basic needs. Household surveys were conducted 

with structured questionnaires to understand the agricultural cropping pattern and 

water needed for various crops in the catchment. Livestock population details were 

obtained from the district statistics office, and water  requirements for different 

animals were quantified based on the interviews. The crop water requirement for 

various crops was estimated considering their growth phase and details of the 

cropping pattern in the catchment (based on the data compiled from hou sehold 

surveys and discussion with the subject experts, review of published publications. 

Water used for electricity generation are compiled from the Annual reports of 

Karnataka Power Corporation Ltd and the District at a Glance (allocation of water to 

industries, revenue, and cost). Water supply services are accounted sector wise 

(domestic, croplands, horticulture, industries, and electricity generation) considering 

the quantum of water and residual value (revenue and cost details as per the Water 

Resources Development Organisation, Government of Karnataka 

(http://waterresources.kar.nic.in), Department of Minor Irrigation 

(https://minorirrigation.karnataka.gov.in/english), Karnataka Power Corporation 

(http://karnatakapower.com/), districts at a glance (kgis .ksrsac.in/kag/), Directorate 

of Economics and Statistics Karnataka (http:// des.kar.nic.in/) , etc. The water supply 

tfswjdft!bddpvout!up!3-72-471!!ǝ0Ib0Zs!)nfejvn!efotjuz!gpsftut;!NEG*!up!5-91-426!!
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ǝ/Ha/Yr (very dense forests:  VDF), which is comparable to the earlier reports  (values 

are within ±10% as per Ravindranath and Ostwald 2008, de Groot et al. 2020b). 

  

¶ Medicine : Medicinal plants act as a prime source for healing in forest areas, with 

widespread usage in recent times, even in urban areas. The people of India have an 

ancient history of using medicinal plants as codified and non -codified healing 

systems. As per the Botanical Survey of India, about 255 modern medicines are 

derived from forest medicinal plants. Forest ecosystems in Karnataka are endowed 

with 1838 species of medicinal plants (http://envis.frlht.org/checklist/karna.pdf). The 

demand for medicinal plant -based raw materials is growing at the rate of 15 to 25 

percent annually. According to the World Health Organisation (WHO) estimate, the 

demand for medicinal plants is likely to increase from the current $14 billion a year to 

$5 trillion in 2050.  

  

A sampling of medicinal plants has been done through (i) field-based measurements 

collected across the forests of Karnataka using transect -based quadrat sampling 

techniques (see below) and (ii) published literature on an inventory of medicinal plants. 

Uif!tuvez!sfhjpo!)Lbsobublb!Tubuf*!xbt!ejwjefe!joup!36:8!hsjet!pg!6ǃ!À!6ǃ!)ps!:!ln!y!:!

km) grids corresponding to grids of 1:50000 topographic maps of the Survey of India. 

Select grids corresponding to agro-climatic zones  were chosen for field investigations. 

The field estimations were done across the varied forest types covering around 424 

transects in Uttara Kannada, Shimoga, Chikmagalur, Kodagu, Dakshina Kannada, 

Udupi, Dharwad, etc. The number of quadrats per transects varied between 3 and 5 

depending on species occurrence in the sampling locality. The opportunistic survey 

was also carried out to list out species not recorded in transect studies to get the total 

medicinal plant species count. Per hectare population was also calculated for 

important medicinal plant (trees, shrubs, and herbs) species. The medicinal plants in 

the region were identified based on the available secondary literature (Rao et al. 2014, 

2015; Ramachandra et al. 2015). Medicinal plants used by the local people were 

identified (Ramachandra et al. 2017), and the value of these medicinal plants per unit 

area of forest area was computed, based on public interviews, discussion with t he 

local experts (with the knowledge of traditional uses of plants) and the review of 

literature review (Ramachandra et al. 2017; Chanda and Ramachandra 2019a, b). 

Highly traded medicinal plants such as Salacia chinensis, Nothapodytes foetida, 

Embelia ribes, Coscinium fenestratum, Cinnamomum malabathrum, Myristica 

malabarica, Costus speciosus and Garcinia spp. were found to be well represented in 

the study area.  

 

Medicinal plants being used at local levels and details of plants, details of use for 

treating ailments, and likely market value were compiled through the public interviews, 

discussion with the experts, and literature review (Ramachandra et al. 2017; De Groot 

et al. 2020). Medicinal plants have commercial value (in addition to local uses), and as 

per the norms (Biodiversity Act, 2002, Government of India (http://nbaindia.org/) and 

norms of access and benefit -sharing as per Article 15 of the Convention on Biological 

Diversity (CBD)), industries are required to pay the royalty to the government on an 
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annual basis. Medicinal plants harvested (type/species, quantity extracted per season, 

and royalty/revenue) with the access and benefit -sharing details are obtained from 

(from Karnataka Biodiversity Board (https://kbbwebportal .karnataka.gov.in/  

default.aspx), Karnataka Forest Department (https://aranya.gov.in/; 

http://envis.frlht.org/mpcas) and Medicinal Plant s Conservation Authority 

(https:// ayush.karnataka.gov.in/).  Medicine services of forest ecosystems were 

quantified based on the spatial extent of forests, quantity of medicinal plants 

harvested, and residual value (revenue and costs). The medicinal plants' services of 

forest ecosystems ra nging from 221 Rs/Ha/Year (MDF) to 445 Rs/Ha/Year (VDF)  and 

are comparable to studies from India (Verma et al. 2013) and international (De Groot 

et al. 2020) studies (adjusted for GDP (PPP) per capita and the currency exchange 

rate). 

 

¶ Genetic material service: Forests aid as gene pools and play a significant role in 

conserving biodiversity, which is being explored for various purposes (medicine, 

conservation, species richness, biodiversity, etc.) and is increasingly recognized. The 

economic value of gene-pool conservation in terms of bioprospecting is based on i) 

the number of medicinal plants found in each district, (ii) the number of species of 

conservation importance in each district, and (iii) all species. The estimate is based on 

all species in the district and ecosystem extent. Species details were obtained from 

the Karnataka Biodiversity Board (kbb.karnataka.gov.in), Karnataka Forest 

Department (https://aranya.gov.in/; http://envis.frlht.org/mpcas) , and the Medicinal 

Plants Conservation Authority (https://ayush.karnataka.gov.in/). The genetic material 

services of forest ecosystems in Karnataka is estimated considering the spatial extent 

of fo rest patches (with the distribution of endemic species and species of 

conservation importance) through benefit transfer technique (Verma et al. 2013), 

which ranges from 2,25,856 Rs/Ha/Year (evergreen forests, VDF), 1,79,680 

Rs/Ha/Year (evergreen, MDF), 1,09,940 Rs/Ha/Year (moist deciduous) and 67,852 

Rs/Ha/Year (dry deciduous) based on studies from India.  

Regulating services from forest ecosystems: Forests provide several intangible 

benefits such as regulating local and global climate, protecting watersheds, 

controlling soil erosion, nutrient cycling, etc., that are often ignored in policy contexts 

since these values do not register in conventional markets or are challenging to 

measure. Valuation studies have uncovered the significance of forest resources and 

provided a deeper understanding of many ways in which forest resources benefit 

humankind (De Groot et al. 2002, 2020; Amirnejad et al. 2006; Costanza et al. 2014; 

Zarandian et al. 2016). However, regulating services, unlike provisioning services, 

pose much more significant challenges in valuation as they are seldomly marketed.  

In the present study, regulating services were quantified through the benefit transfer 

method (Ramachandra et al. 2000b, 2010, 2017, 2018b; Ramachandra and Bharath 

2021). Regulating services considered are: 

¶ Global climate regulation services/ Carbon seques tration : Forests sequester CO2, which 

aids in mitigating climate change impacts. However, degradation of forest ecosystems 
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leading to deforestation would lead to loss of carbon sequestration potential. The carbon 

tfrvftusbujpo! qpufoujbm! pg! Lbsobublb! tubufǃt! gpsftut! xbt! ftujnbufe! cz! joufgrating 

temporal land-use data with field investigations at the grid level.  The study region 

)Lbsobublb!Tubuf*! xbt!ejwjefe! joup! 36:8! hsjet! pg! 6ǃ! À! 6ǃ! )ps! :! ln! y! :! ln*!hsjet!

dpssftqpoejoh!up!6ǃ!À!6ǃ!hsjet!pg!2;61111!upqphsbqijd!nbqt!pg!uif!Tvswfz!pg!Joejb/ Carbon 

sequestration is assessed across the various forest cover types by accounting for the 

annual increment in above-ground biomass (AGB), below-ground biomass (BGB), soil 

organic carbon (SOC) and deadwood content. The biomass, annual increment in biomass 

of various forest types, sequestered carbon, and productivity has been computed using 

field data integrated with information compiled from various literature listed in Table 4.1.1. 

Carbon sequestration (CO2 equivalent) is computed by multiplying the car bon 

sequestration values with the factor 3.67 as per the protocol of The Intergovernmental 

Panel on Climate Change (IPCC 2003). 

Table 4.1.1. Carbon sequestration based on forest cover types 

Index Forest type Equation Quantification  

Annual 

Increment in 

biomass 

(T/Ha)  

Evergreen &ÏÒÅÓÔ ÃÏÖÅÒρπȢτψ Incremental 

growth in biomass  

(Ramachandra et 

al. 2000a; Pandey 

et al. 2011; 

Devagiri et al. 

2013; Do et al. 

2018) 

Deciduous &ÏÒÅÓÔ ÃÏÖÅÒρσȢψς 

Scrub &ÏÒÅÓÔ ÃÏÖÅÒυȢτ 

Plantations  %ØÔÅÎÔρȢτ 

Annual 

increment in 

carbon 

(T/Ha)  

All 
!ÎÎÕÁÌ ÉÎÃÒÅÍÅÎÔ ÉÎ ÂÉÏÍÁÓÓ 

πȢυ 

Incremental 

growth in carbon 

storage 

NPP (net 

primary 

productivity) 

or 

Net annual 

biomass 

productivity 

(T/Ha)  

Evergreen &ÏÒÅÓÔ ÃÏÖÅÒσȢφ 
Used to compute 

the annual 

availability of 

woody biomass in 

the region. 

(Ramachandra et 

al. 2000d) 

Deciduous &ÏÒÅÓÔ ÃÏÖÅÒσȢω 

Scrub &ÏÒÅÓÔ ÃÏÖÅÒπȢυ 

Plantations  %ØÔÅÎÔσȢφ 

Annual 

increment of 

soil carbon 

(T/Ha)  

All #ÏÖÅÒςȢυ 

Annual increment 

of carbon stored in 

the 

soil(Ravindranath 

et al. 1997; Rajan 

et al. 2010) 

InVEST carbon sequestration model: The InVEST carbon sequestration model 

estimates the quantity of carbon sequestered from a landscape and values the 

amount of sequestered carbon over time. It aggregates the biophysical amount of 

carbon stored in four carbon pools (aboveground living biomass, belowgr ound 
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living biomass, soil, and dead organic matter) based on land use/land cover 

(LULC) maps. The InVEST 3.9 Carbon model was used to validate the results of 

2005 and 2019 field-based estimates. The model considers inputs as land use 

maps and a CSV file containing the values of carbon above ground, carbon below 

ground, soil carbon, and dead carbon concerning each land-use class. Invest also 

tries to quantify projected sequestration with the input for future land use. The 

model output summarizes results into  raster outputs for sequestration and value 

as aggregate totals. 

Additionally, a REDD (reducing emissions from deforestation and forest 

degradation) scenario can also be included to evaluate the additional future 

scenario, calculate storage and sequestration, and summarize results. Outputs of 

the model are expressed as Mg of carbon per pixel. The valuation model estimates 

the economic value of sequestration as a function of the amount of carbon 

sequestered, the monetary value of each unit of carbon, a monetary discount rate, 

and the change in the value of carbon sequestration over time. Thus, valuation 

can be done in the carbon model for future scenarios.  

The land use maps of 2005 and 2019 have been provided as input in the InVEST 

carbon model to quantify the carbon sequestration across the Karnataka region. 

InVEST provides values of carbon sequestration, which were converted to carbon 

dioxide (CO2) equivalent as suggested by IPCC. The value of CO2 sequestration is 

1,17,660 Gg (Giga gram) and 87946 Gg using InVEST for the years 2005 and 2019, 

compared to the field -based estimates of 1,24,153 Gg; 89,194 Gg. The model's 

accuracy is around 95%, and 98%, respectively, which depicts good consistency 

compared with field measurements. The carbon sequestration service value 

(social cost of CO2) is computed as a function of the amount of carbon 

sequestered per year (based on field measurements), the monetary value of each 

voju!pg!dbscpo!bt!VT%!91!vtjoh!uif!HEQ!efǻbups-!bt!qfs!NpTQJ!(MoSPI 2020). 

Note: Annexure 4.1 provides the details of the protocol adopted for assessing carbon 

storage in the forest ecosystems of Karnataka  (which is not considered in the 

valuation of ecosystem services ). 

¶ Soil conservation a nd soil fertility : Forests also help increase soil fertility through 

the decomposition of leaves and humus formation. Forests play a key role in 

tempering droughts as well as floods and protecting against the incidence of 

landslides. Forests also limit soi l/splash erosion, help retain rainwater, maintain 

soil moisture, intercept and delay high-pressure precipitation, disperse and delay 

runoff, intercept sediment and protect the surface (Ma et al. 2019). In addition, 

forests regulate soil fertility through the underground root system, improving soil 

physical and chemical properties.  
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The InVEST Sediment Retention model estimates the capacity of a land parcel to 

retain sediment by using details of geomor phology, climate, vegetative coverage, 

and management practices. Estimated soil loss and sediment transport of a land 

parcel are the input to InVEST model, which produces avoided sedimentation as 

output. The model can also value the landscape in terms of water quality 

maintenance or avoided reservoir sedimentation and determines how land-use 

changes may impact the cost of sediment removal. A region's sediment yield and 

retention characteristics are computed using Revised Universal Soil Loss Equation 

(RUSLE) based on the knowledge of soil characteristics, land use characteristics, 

vegetation characteristics, farming practices, topographic effects, etc. Figure 4.1.1 

depicts the method involved in deriving local sediment retention using RUSLE 

method. Various factors defining Sedimentation in RUSLE are R Factor, K factor, L 

Factor, S Factor, P Factor, and C Factor. R factor is defined as Rainfall Erosivity 

Factor. There are numerous methods that incorporate annual rainfall, monthly 

rainfall, quick flows, etc., to derive R factor. R Factor is defined based on 

Quick/Surface flow conditions in the current study and was estimated as R = 

81.5+0.375*Quick flow. Quick flows were estimated using the Natural Resources 

Conservation Service (NRCS) method (Seasonal Water Yield Model) in InVEST 

3.9.0. Soil erodibility factor varies based on soil texture and depth. Table 4.1.2 

describe the K factor considered based on published literature. Root zone depth of 

various vegetation type, Conservation practice factor (CPF), and Land cover factor 

(LCF) were derived based on land use data and published literature. DEM was used 

to estimate Length and Slope Factors.   

Table 4.1.2: K Factor ƿ Soil Erodibility Factor 

Texture K Texture K 

Clayey 0.22 Loamy 0.3 

Clayey over Loamy 0.3 Loamy over Sandy 0.11 

Clayey over Sandy 0.07 Loamy Skeletal 0.11 

Clayey Skeletal 0.22 Rocky Outcrops 0.01 

Coarse Loamy 0.3 Sandy 0.02 

Fine 0.08 Sandy Skeletal 0.02 

Fine Loamy 0.39 Very Fine 0.08 

Built-up 0.01 Water 0.00 

InVEST sediment yield model integrates various data sets as described in Table 4.1.3 

lists the data used in deriving the local sediment retention using RUSLE method. There 

are various outcomes3 with regards to soil retention, but in the current study, sediment 

 
3 Various outcomes with regards to soil retention are (i) total soil loss per pixel in the absence of land -use features equivalent to 

bare earth, (ii) total amount of sediment exported from each pixel that reaches the drainages/streams, (iii) amount of sedim ent 

deposited on the pixels due to retention in upstream resources, (iv) potential soil loss per pixel with original land cover features 

and (v) sediment retention map at pixel level by comparing soil loss at the pixel level for bare earth and due to land cover features.  
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retention potential at pixel level was used to derive sediment loss at various land 

surface features.   

 

Figure 4.1.1:  procedure for estimating soil retention through RUSLE module of InVEST 

with details of input data  

Sedimentation outcomes of the model were compared with field experiments carried 

out at Aghanashini river (https://linkinghub.elsevier.com/retr ieve/pii/S030147  

9717307429) located in Uttara Kannada district, Central Western Ghats. The analysis 

carried out using InVEST tool showed average sediment yield in the catchment is 

about 4232 tons per hectare per year i.e., about 1627 cum/ha/year with an average 

density of 2.6 tons/cum (http://isslup.in/wp -content/uploads/2018/09/  

Characterisation-Of-Soils-Of-Western-Ghats-In-Dakshina.pdf), whereas observed yield 

in Aghanashini river was in the range of 1367 to 1567 cum/ha/year. InVEST model 

was able to predict with an accuracy of 85 to 96% compared to select field 

measurements. This calibrated model was used to investigate sediment retention for 

the year 2020. Prevention of soil erosion varies according to forest types (evergreen, 

deciduous, scrub) and the quantity varies based on the extent and condition of forests.    
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InVEST provides the quantum of soil (sediment) retained within the natural forested 

areas, and considering Rs 48.8 per ton retention of sediments and on the condition of 

forests (Verma et al. 2013), soil retention services values range from 9064 INR/Ha/yr 

(dry deciduous, medium-density forests ) to 19436 INR/Ha/Yr (evergreen, very dense 

forests). Analyses of sediment yield based on vegetation type and canopy cover reveal 

that sediment retention in evergreen forests ranges from 150 tons per hectare (MDF) 

to 1000 tons per hectare per year (VDF), and soil retention services range from 7320 

Rs/ha/year (Open canopy forests) to more than 48800 Rs/Ha/year (VDF) in evergreen 

forests. Similarly, in deciduous forests, sediment retention ranges between 15 tons 

per hectare per year to 350 tons per hectare per year (VDF), and soil retention services 

range from 732 Rs/ha/year (open forests) to 17080 Rs/Ha/year (VDF).  
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Table 4.1.3 Data used for assessing soil conservation services 

Data and type Source Purpose InVEST File 

type 

Daily rainfall  

 

¶ India Meteorological 
Department 

¶ Karnataka State Natural 
Disaster Monitoring Cell  

¶ Tropical Rainfall Measuring 
Mission  

¶ NASA POWER 

¶ NOAA ƿ Climate Data Online 

¶ Terrestrial Hydrology 
Research Group ƿ Princeton 
University Database 

Quantification of number of rainy days 

in a month (long term average) 

Monthly climate zone factor table ƿ Varies 

across each month, and across agro-climatic 

zones. Rainy days are associated with agro-

climatic zones across each month.  

*.csv 

Quantificatio n of antecedent monthly 

rainfall to annual rainfall  

Monthly alpha table 

-Varies across each month, common values, 

does not differentiate between agro -climatic 

zone 

*.csv 

Monthly rainfall  Quantification of overland flows  Monthly precipitation data stored in directory  *.tif  

Monthly 

evapotranspiration  

¶ NASA POWER 

¶ Terrestrial Hydrology 
Research Group ƿ Princeton 
University Database 

¶ Food and Agriculture 
Organisation  

¶ Indian Meteorological 
Department 

Quantification of actual 

evapotranspiration based on land use 

type and potential (reference) 

evapotranspiration ET0 [mm day-1] 

Monthly ET0 data stored in directory  *.tif  

Land use ¶ Indian Remote Sensing (IRS) 
satellite data  

¶ United States Geological 
Survey 

Quantifications of overland flows, 

actual evapotranspiration, root zone 

depth, P factor and C factor 

Land use identified with integer number and 

titled within the biophysical table  

*.tif  

Soil ¶ Karnataka Remote Sensing 
Application Centre 

¶ National Bureau of Soil 
Studies and Land Use 
Planning  

Assigning HSG (Hydrological Soil 

Group) based on soil texture and 

patterns, and based on land use, 

defining curve numbers. 

Soil texture HSG identified as number (HSG A 

= 1, HSG B =2, HSG C = 3 and HSG D = 4) 

 

*.tif  
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¶ ICRISAT ƿ Soil Fertility Atlas 
of Karnataka 

¶ Soil Health Card - Department 
of Agriculture, Cooperation & 
Farmers Welfare Ministry of 
Agriculture and Farmers 
Welfare Government of India 

¶ European Soil Data Centre 

 

Assigning K factor based on soil 

texture 

K Factor (Table 1) as defined as an image with 

float values defining soil erodibility factor  

Kc ¶ Food and Agriculture 
Organisation 

¶ Published Journal Articles  

¶ ICAR -KRISHI  

¶ Published literature 

Crop coefficient defining the 

evaporation coefficient for each 

month  

Month wise crop coefficients for each land use 

type, stored within the biophysical table  

*.csv 

Watershed ¶ NRSC Bhuvan 

¶ Karnataka State Remote 
Sensing Application Centre  

Used to define the boundary condition 

for analysis 

Defined with a shape file consisting a single 

polygon  

*.shp 

Agroclimatic zones  ¶ University of Agriculture 
Sciences 

Climatic patterns and cropping vary 

with agroclimatic zones. The number 

of rainfall days is minimum at arid 

zones while the coast and ghats have 

a higher number of rainy days. 

According to the number of rainy days, 

the rainfall is spread across the month 

to define the likely flow patterns.  

Agroclimatic zones are identified with 

numbers for each of the raster pixels. The 

number of rainy days is defined based on agro 

climatic zone for each month.  

*.img 

R factor ¶ Published literature Defines the rainfall erosivity factor, 

derived based on quick flow 

conditions  

R factor is identified as float values in an image  *.img 

K factor ¶ Published literature Soil erodibility factor, defined by soil 

texture 

K factor is based on soil texture, and defined as 

float values 

*.img 

Bio physical table ¶ ORNL DAAC 

¶ NRCS USDA 

¶ Published literature 

 QUICK FLOW:  *.csv 
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 Stores data such as month wise Kc values with 

respect to land use, curve numbers with 

respect to soil type and land use. 

Relates Pixel numbers to land use classes 

SEDIMENT Retention: 

According to the various land use types, stores 

the sedimentation cover management factor 

(C Factor), Practice (P Factor), Root Zone 

depth, Kc factor  

Topography ¶ Shuttle Radar Topographic 
Mission (SRTM) 

 

Defines the flow direction, slope 

characteristics of terrain. Used to 

derive L (length) and S (Slope) factors. 

DEM is directly taken into InVEST tool which 

automates the calculation of slope and length 

factors using Moore neighbourhood and pixel 

dimensions  

*.img 

Root zone depth ¶ Published literature Vegetation roots    

Max SDR,  Borselli k Parameter, Borselli IC0 Parameter Default values (SDR, k, IC0) provided in InVEST 

tool has been considered 
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¶ Water regulation and groundwater recharge: Forests in the watershed help 

retain water supplied from precipitation in underground aquifers just as water 

is stored in human-made reservoirs. They simplify in increasing the efficient 

water available, improving water quality, and decreasing water runoff. The 

quantity of water conserved depends on several parameters: evaporation and 

runoff rates, interception ratios, tree and forest characteristics, nature and 

intensity of rainfall, geographic and soil conditions, etc. (Ramachandra et al. 

2020). Forests help regulate the hydrological regime locally and sustain water 

flow in the streams due to their sponge -like effect.  Vegetation in the catchment 

helps in retarding the water flow in the catchment by allowing infiltration.  

 

Water regulation services are the ecosystem contributions to the regulation of 

river flows and groundwater and lake water tables. They are derived from the 

ability of ecosystems to absorb and store water, and gradually release water 

during dry seasons or periods through evapotranspiration and hence secure a 

regular flow of water. This is recorded as a final or intermediate ecosystem 

service. Peak flow mitigation services will be supp lied together with river flood 

mitigation services to provide the benefit of flood protection, a final ecosystem 

service. Field investigations in four river basins of Uttara Kannada district 

reveal that water infiltrates and fills the underlying zones, namely saturated 

zone, and vadose zones, in the catchments of streams. The region receives rain 

for about four months, and the surface run -off during the monsoon is due to 

the precipitation (after saturation of underlying regions). After the monsoon 

recedes, the water stored in the vadose regions, and saturated zones flow 

laterally towards the streams for about 6 -8 months (as pipe flow in the post -

monsoon period of 4 months and base flow during summer). Water infiltration 

allows water storage in the saturated and vadose zones, which is crucial for 

water sustenance in the streams during lean seasons. Catchments with > 65% 

vegetation of native species have perennial streams, higher soil moisture, and 

groundwater than the catchment dominated by degradation.  

 

InVEST Seasonal Water Yield Model: the model integrates various data sets as 

described in Table 4.1.4. A Natural Resource Conservation Series (NRCS) 

model or SCS model uses the curve number functions-based soil 

characteristics, land use characteristics, climate  characteristics, etc. Figure 

4.1.3 depicts the method involved in deriving local water recharge using NRCS 

curve number method. The method uses the water balance equation to derive 

the unknown parameter (Precipitation = Overland Flow + Infiltration + 

Evapotranspiration). The local infiltration parameter defines local water 

recharge. The NRCS curve number model utilizes various parameters to derive 

the overland flow; FAO recommends the Penman Monteith / Modified 

Hargreaves method to derive the potential evapotranspiration (ET0). In the 
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current study, the Modified Hargreaves method is used for deriving the ET0, and 

this method uses the maximum and minimum temperature along with the solar 

radiation. Based on the crop evapotranspiration coefficient (Kc), actual  

evapotranspiration is derived for land use.  

 

 
Figure 4.1.3. Procedure to assess groundwater recharge through InVEST 

 

The model uses the NRCS (curve number) method to derive various outcomes 

with regard to water conservation, which includes (i) base flow per pixel level 

and upstream contribution, (ii) local recharge at pixel level and upstream 

contribution, and (iii) quic k flow at pixel level and upstream contribution. In the 

current study, water retention was considered a function of local recharge. 

Local data sets and field-based observations were used to calibrate flow 

patterns. The InVEST model was able to predict with an accuracy of over 80%. 

This calibrated model was used to investigate water retention for 2019 and 

2020 (note there is no variation between 2019 and 2020). 
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Table 4.1.4. Data used in InVEST Seasonal Water Yield Model for estimating local water recharge services of forest ecosystems  

Data and type Source Purpose InVEST File 

type 

Daily rainfall  ¶ India Meteorological 
Department 

¶ Karnataka State Natural 
Disaster Monitoring Cell  

¶ Tropical Rainfall Measuring 
Mission  

¶ NASA POWER 

¶ NOAA ƿ Climate Data Online 

¶ Terrestrial Hydrology Research 
Group ƿ Princeton University 
Database 

Quantification of number of rainy days in 

a month (long term average) 

Monthly climate zone factor table ƿ Varies 

across each month, and across 

agroclimatic zones. Rainy days are 

associated with agroclimatic zones 

across each month. 

*.csv 

Quantification of antecedent monthly 

rainfall to annual rainfall  

Monthly alpha table 

-Varies across each month, common 

values, does not differentiate between 

agroclimatic zone  

*.csv 

Monthly rainfall  Quantification of overland flows and local 

recharge 

Monthly precipitation data stored in 

directory 

*.tif  

Monthly 

evapotranspiration  

¶ NASA POWER 

¶ Terrestrial Hydrology Research 
Group ƿ Princeton University 
Database 

¶ Food and Agriculture 
Organisation  

¶ Indian Meteorological 
Department 

Quantification of actual 

evapotranspiration based on land-use 

type and ET0 

Monthly ET0 data stored in directory  *.tif  

Land use ¶ Indian Remote Sensing Satellite 
Data 

¶ United State Geological Survey 

Quantifications of overland flows, local 

recharge, baseflow, and actual 

evapotranspiration  

Land use identified with integer number 

and titled within biophysical table  

*.tif  

Soil ¶ Karnataka Remote Sensing 
Application Centre 

¶ National Bureau of Soil Studies 
and Land Use Planning  

Assigning HSG (hydrological soil group) 

based on soil texture and patterns, and 

Soil texture HSG identified as number 

(HSG A = 1, HSG B =2, HSG C = 3 and HSG 

D = 4) 

*.tif  
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¶ ICRISAT ƿ Soil Fertility Atlas of 
Karnataka 

¶ Soil Health Card - Department of 
Agriculture, Cooperation & 
Farmers Welfare Ministry of 
Agriculture and Farmers Welfare 
Government of India 

¶ European Soil Data Centre 

based on land use, defining curve 

numbers  

Kc ¶ Food and Agriculture 
Organisation 

¶ Published Journal Articles  

¶ ICAR -KRISHI  

¶ Published literature 

Crop coefficient defining the evaporation 

coefficient for each month  

Month wise crop coefficients for each land 

use type, stored within the biophysical 

table 

*.csv 

Watershed ¶ NRSC Bhuvan 

¶ Karnataka State Remote Sensing 
Application Centre  

Used to define the boundary condition for 

analysis 

Defined with a shape file consisting a 

single polygon  

*.shp 

Agroclimatic zones  ¶ University of Agriculture 
Sciences 

 

Climatic patterns and cropping vary with 

agro-climatic zones. The number of 

rainfall days are minimum at Arid Zones 

while the Coast, Ghats have a higher 

number of rainy days. According to the 

number of rainy days, the rainfall is spread 

across the month to define the likely flow 

patterns. 

Agro-climatic zones are identified with 

numbers for each of the raster pixels. The 

number of rainy days is defined based on 

the agro climatic zone for each month  

*.img 

Biophysical table ¶ ORNL DAAC 

¶ NRCS USDA 

¶ Published literature 
 

 Stores data such as month wise KC values 

with respect to land use 

Curve numbers with respect to soil type 

and land use. 

Relates pixel numbers to land use classes 

*.csv 
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Groundwater was the major source for irrigation apart from the canal irrigation 

system. Water contained in the voids of the geologic materials supports needs 

of irrigation, both domestic and from industries. The groundwater storage 

available annually is estimated based on area and depth of fluctuation in the 

groundwater table and specific yield factors. The groundwater storage in the 

aquifer depends on the input components such as precipitation; seepage, and 

return flow (Chatterjee 2011). 

 

InVEST provides the quantum of water recharge within the natural forested 

areas. The forest of Karnataka locally recharges about 27.2 billion cubic meters 

of water to the ground, which later flows as base flows . The economic value of 

groundwater (after deducting costs) is about 262.5 Rs/kilo cum of water. 

Based on this, local recharge in evergreen forests ranges between 1000 mm 

(medium-density forests: MDF) to more than 4000 mm (very dense forests: 

VDF), and the economic value of groundwater recharge services for evergreen 

forests ranges from 2600 Rs/ha/year (MDF) to more than 5000 Rs/ha/year 

(VDF). Similarly, local recharge in deciduous forests ranges from 25 mm (MDF) 

to 1500 mm (VDF). The economic value of groundwater recharge services for 

deciduous forests ranges from 663 Rs/Ha/year to more than 3700 Rs/ha/year.  

¶ Water purification and waste treatment: Forests, their diversity, and native 

vegetation, control all hydrological events such as flow, recharge, and 

precipitation, etc. Forest soils and root systems, and microorganisms present 

in soil and water help filter and absorb contaminants and bacteria from the 

water received from precipitation. In fact, the water obtained from rainfall in 

forest areas that drips through streams and springs is rich in mineral nutrients 

and highly valued for its purity and medicinal value (Chatterjee 2011; Terrado 

et al. 2014; Zawadzka et al. 2019; Ramachandra et al. 2020). Diverse 

microorganisms interact with plant roots, and soil helps in  the transfer of 

nutrients from the soil to plants which aids in the remediation of water. Soil and 

water conservation and water purification are interrelated, as these are 

different services provided by forest ecosystems.  

Forest ecosystems have multifunc tional potential in terms of water and 

wastewater treatment, thereby supporting natural processes of ecosystem 

services supply. Forests aid as sink and support treatment (bioremediation), 

which depend on the spatial extent, and condition of ecosystems (Zawadzka et 

al. 2019). Economic values of water purification and waste treatment by forest 

ecosystems in Karnataka are estimated through the benefit transfer method 

based on case studies from India. An average of 2,950 Rs/ha/yr was 

considered as a water purification service fr om forests (Verma et al. 2013).  

 



 57 

 

Waste treatment is estimated at 4,716 Rs/ha/yr (Ramachandra et al. 2017, 

Verma et al. 2013), and values are comparable to the studies across the globe 

(De Groot et al. 2020) after adjusting for GDP (PPP) per capita for India and 

currency exchange value. 

¶ Pollination service:  The natural processes of regeneration of the forest, 

fruiting, and food production from landscapes are due to polli nation and seed 

dispersal from various agents. Pollination is a key service that governs 

biological production, and the maintenance of biodiversity. Most flowering 

plants (approximately 78%) depend on pollinators to reproduce and survive 

(Ollerton et al., 2011). Pollinator abundance will increase the ecosystem supply 

value through enhanced production levels by improving qualitative aspects of 

fruit and seed yields, nutritional content, and general appearance, including fruit 

size (Potts et al. 2016; Balachandran et al., 2017; Porto et al., 2020). This 

contribution can be well assessed through services such as pollination and 

seed dispersal (Hipólito et al., 2019), which directly affects the food security of 

human populations (Potts et al., 2016).  

Pollination services are accounted for through the comparative assessment of 

natural regeneration of forest patches (with fencing protection from external 

pressures: (Balachandran et al., 2017; Ray et al., 2015) and afforestation cost. 

The estimates of natural forest regeneration in all forest types are adjusted 

according to the forest regeneration in plantations (NAP 2009; Ollerton et al., 

2011; Hipólito et al., 2019). The economic value of pollination has been 

estimated in the current study based on benefit transfer method considering 

case studies from India (Verma et al. 2013) of natural forest regeneration and 

its replacement cost if done artificially as recommended by the National 

Afforestation Programme Guidelines (NAP 2009) and based on the success 

stories of  National Beekeeping & Honey Mission (NBHM 2019). The pollination 

services vary with forest type, and canopy cover and values range from 10167 

INR/Ha/Yr (MDF) to 11907 INR/Ha/Yr (VDF) (Verma et al. 2013) with regard to 

forest regeneration, excluding the contribution to agricultural production. The 

estimates of natural forest regeneration in all forest types are further adjusted 

according to the forest regeneration in plantations. The economic value so 

estimated is limited only to the value of artifici ally replacing the process of 

natural forest regeneration and covers partly the economic value of forest 

succession.  

 

¶ Air filtration services :  Forests moderate air quality and reduce pollution that 

affects human health and well -being, ecosystem health, crops, climate, etc. 

Forests remove gaseous air pollutants and improve the quality primarily by 

uptake via leaf stomata (Nowak et al. 2014) and provide clean air by capturing 
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the dust. Densely forested regions can remove air pollution, accounting for 

around 16%; moderately dense forests can remove up to 4.5%; and sparse 

cover can remove up to 1%, depending on the meteorological conditions 

(Nowak et al. 2006). The air quality service value of forest ecosystems ranges 

from 8,368 INR/Ha/Yr  (MDF) to 22,617 INR/Ha/Yr  (VDF) based on published 

literature from case studies in India (Ninan and Kontoleon, 2016, Joshi G and 

Negi GCS, 2011) which are comparable to tropical forest ecosystems in the 

global ecosystem service valuation database (ESVD) adjusted for GDP (PPP) 

per capita for India  and the prevailing currency exchange rate (March 2020).  

¶ Local (micro and meso) climate regulation services : Forest vegetation plays a 

crucial role in moderating the local climate. The presence of native vegetation 

improves the living conditions, regulates ambient at mospheric conditions for 

the people, and supports economic production. Forests also contribute to local 

atmospheric climatic moderation, humidity, and rainfall. Local climate  

regulation services value ranges from 17,933 INR/Ha/Yr (MDF) to 48,468 

INR/Ha/Yr (VDF) quantified through benefit transfer method based on 

published literature from case studies in India (Ghosh, 2020, Verma et al., 

2007), which are comparable to values for tropical forests in global ecosystem 

service valuation database (ESVD) adjusted for GDP (PPP) and currency 

exchange rate as on March 2020 (USD to INR).  

Cultural ecosystem services from forest ecosystem: Cultural ecosystem services are 

the contributions to benefits and wellbeing people gain from their interactions with 

different environmental areas, which can be valued in terms of monetary, qualitative, 

quantitative methods. Cultural services generally reflect social connections, sensory 

experiences, symbolic importance, and identity. The forest has a high cultural value; 

the main reason can be attributed to the aesthetic beauty, recreational benefit, 

spiritual and historic ( Kan forests, which are the sacred groves present in the district) 

values. Sacred groves are communally protected forest fragments with significant 

religious connotations (Ramachandra et al. 2010, 2017; Ray et al. 2010). Protected 

areas in Karnataka are Bannerghatta National Park, Anshi National Park, 

Bandipur National park, Kudremukh National Park, Arabithittu Wildlife  Sanctuary, 

Bhadra Wildlife Sanctuary, Bhimgad Wildlife Sanctuary, Biligiri Rangaswamy Temple 

(BRT) Wildlife Sanctuary. 

Further, recreational benefits provided by the forest include gaming, trekking, 

swimming, walking, hunting, etc. The aesthetic beauty of the forest is valuable; the 

presence of waterfalls and caves adds to the aesthetic value of the district. Education, 

scientific, and research value provided by the forest are indispensable as many long-

term ecological monitoring research stations are set up by the major science and 

research institutes and organizations.  
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¶ Aesthetic  - National parks, sanctuaries, waterfalls: Data pertaining to the entry 

fees (park, recreation spots), and details of visitors were compiled from the 

forest divisions (Uttara Kannada, Shimoga, Chikmagalur Dakshina Kannada, 

and Kodagu districts) of the Karnataka Forest Department. Valuation of 

aesthetic services is computed considering entrance fees (park, recreation 

spots) x the average number of visitors to the park/recreation spots during 

2018, 2019, and 2020), supplemented with the Indian case studies  (Ray et al. 

2010; Bharath et al. 2017; Ramachandra et al. 2018c) and travel expenses 

associated to the travel, based on the address of visitors and considering the 

connectivity (road/train) and additional details collected from the service 

providers on revenue during the past three years. The data collected from the 

service operators include (i) cost (labor, fuel, and maintenance) and (ii) annual 

revenue. The aesthetic value is computed based on these (travel expenses, 

entrance fee, maintenance cost and benefits to service operators), which 

accounts for 1500±250 ǝ0Ib0Zs!boe!bo!bwfsbhf!wbmvf!pg!St!2611!ǝ0Ib0Zs!xbt!

considered for accounting for the aesth etic cultural services from forest 

ecosystems in Karnataka.  

¶ Spiritual and historic  - Distribution of sacred groves (relic forests - protected 

due to belief and customs): Sacred groves or kan forests of Central Western 

Ghats of Karnataka are climax evergreen forests, preserved through 

generations as sacred forests by the village communities of Malnadu regions. 

Patches of forests are dedicated to deities and used for worship and cultural 

activities by the local communities. In the past, kans numbered in the 

thousands, each kan measuring originally from a few hectares to several 

hundred hectares in area. They were characteristic of the traditional land use 

of Shimoga, Uttara Kannada, and Chikmagalur districts especially, and were 

equivalent to the devarakadus of Kodagu region. Kan forests functioned as 

important sources of perennial streams and springs used for irrigation crops 

and domestic needs. However, the curtailment of community rights in th e kans, 

in districts of the central Western Ghats, including heavier taxation for 

collection of forest produce, resulted in the abandonment of many of them, 

causing various hardships to the villagers (Chandran et al. 2010; Ramachandra 

et al. 2012, 2016, 2017, 2019a; Ray et al. 2014b, 2015). 

 

Sacred groves or devarakadu in Kodagu district, Karnataka: Sacred groves or 

devarakadu or kan forests are culturally protected patches of forests that 

continue to thrive as a living tradition in Kodagu district. The district has the 

highest density of groves in the world. The extent of sacred groves in Kodagu 

is 2,500 hectares, i.e., around 2% of the land area in the district, with at least 

one grove for every 300-hectares. The groves are owned by the Forest 

Department and declared as Protected Forests, but are managed by local 
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communities as common property resources. Twenty -four villages in the 

district have more than ten sacred groves supporting diverse and unique flora 

and fauna. Overall, Kodagu has 1214 sacred groves (Figure 4.1.4) under three 

taluks. These are community-managed forests protected due to traditional 

practices, and they serve as crucial habitats for the conservation of endangered 

taxa. These groves also act as islands for protecting the b iodiversity of rare 

species in high human-dominated landscapes (Garcia and Pascal 2006; 

Ormsby and Bhagwat 2010).  

 
Figure 4.1.4. Distribution of Sacred groves/ kans in Kodagu district.  

The cultural services from the forest ecosystem can be aesthetic, recreational 

and tourism, spiritual, education, scientific, and research. The spiritual value of 

the Uttara Kannada district is also high due to the presence of sacred groves, 

many temples, and pilgrimage centers like Gokarna, Murdeshwar, Dhareshwar, 

Idagunji, Banavasi, etc. There are 121 deities and unique forms of worship 

(Figure 4.1.5) practiced by 18 local communities, including Muslims, 

symbolizing communal unity (Ramachandra et al. 2019a).  

 

The presence of sacred groves is important for the cultural services as there 

are many cultural beliefs associated with the sacred groves in India. Some 

groves have valuable timber in them but are not harvested for timber due to 

sacred beliefs. The taluks of Siddapur and Sirsi in Uttara Kannada district have 

higher cultural values as the region is rich in sacred grooves. The presence of 

wildlife sanctuaries, national parks, and groves, in turn, increases the science 

and educational value of the forest ecosystem.  

The valuation of spiritual and historic services is done by collecting primary 

data (Annexure 3.3) pertaining to the amount collected for performing rituals 
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and expenses during 2018, 2019, and 2020. Rituals are performed at the sacred 

groves, and the amount paid is for performing rituals by devotees (either 

visiting the grove or in absentia). Every family (irrespective of religion/faith) 

from the region (resident and those who migrated to cities / abroad) makes 

donations every year. Also, there is the practice of donating money during 

birthday celebrations or in the name of elders. Data pertaining to the annual 

collection and expenses were compiled from the administrative / management 

committees of select groves in Shimoga, Uttara Kannada, and Kodagu districts. 

Valuation of spiritual and historical services of sacred groves is done by the 

residual method (annual collection for rituals and deducting costs ƿ priest 

salary and ritual expenses). 

 
Figure 4.1.4. Various deities in sacred groves 

In groves where annual collection details were not available, the travel cost 

method is used to quantify the service, considering the number of visitors 

visiting groves for annual rituals, festivals, and other religious activities. This 

was done through primary surveys of select groves in Uttara Kannada, 

Shimoga, and Kodagu districts and supplemented with case-studies from India 

which used the benefit transfer method (Ramachandra et al., 2012, 2017; Ray 

et al. 2014b, 2015; Ramachandra et al. 2016, 2017, 2019a). Based on the field 

data supplemented with the information from published literature and 

consultation with the subject experts , the spiritual and historic services 

provided by forest ecosystems in Karnataka range from 1,200 ǝ0Ib0Zs!)NEG*!

up!8-311!ǝ0Ib0Zs!)WEG*/ 

 

¶ Tourism & recreational services  comprise travel to natural ecosystems for eco -

tourism, outdoor sports, etc. The recreational sites include the Anashi-Dandeli 

Tiger Reserve, Attiveri Bird Sanctuary, and caves in Yana, Kavala, Uluvi, Sintheri, 
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etc. Recreation services are accounted for by considering (i) benefits to travel 

operators (revenue, costs ƿ labor, fuel, and maintenance of vehicles) and (ii) 

fees (recreation spots) x the average number of visitors to the park during 2020 

ƿ park maintenance charges), (iii)  supplemented with the Indian case studies 

- benefit transfer method (Badola et al. 2017; Gunarekha and Binoy 2017; 

Ramachandra et al. 2019b; Sinclair et al. 2020). Data are compiled from the 

select recreation spots as per Annexure 3.4. Recreation services ranges from 

39-:55!ǝ0Ib0Zs!)NEG*!up!3-99-111!)WEG*!ǝ0Ib0Zs 

¶ Education, scientific, and research services  of forest ecosystems: 

Researchers need to take prior permission from the forest department (Forest 

and Wildlife Research Advisory Committee) to undertake research and 

monitoring in forests. Details of the resear ch, duration, budget (for field 

research), and research team details were compiled from the Karnataka Forest 

Department. This information is supplemented with the data through 

discussion with researchers and relevant literature on field-based research - 

ecology, medicinal plants, etc. (Chandran et al. 2010; Ray and Ramachandra 

2010; Gould et al. 2014; Ray et al. 2014a; Dorji et al. 2019; Kreye et al. 2019). 

Based on the data, the education, scientific, and research services provided by 

forest ecosystems account for 4800 ǝ0Ib0Zs/ 

Figure 4.1.6 and Table 4.1.5 summarize the method adopted to compute  services 

from forest ecosystems.  

 
Figure 4.1.6 Method adopted for the valuation of ecosystem services  
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Table 4.1.5. Method for computing goods and services from forest ecosystems  

Services Variables Data source Approach 

Provisioning  

services  

Timber 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Collected from Forest Department, circle wise 

(the state has 13 circles for the decentralized 

administration of forests),  

KFD e-resources:  

https://aranya.gov.in/aranyacms/English/An

nualReports.aspx; 

https://aranya.gov.in/aranyacms/downloads/

Annual%20Reports/AnnualReportEnglish_19-

09-2020_05.06.05.pdf; 

https://aranya.gov.in/aranyacms/ downloads/

Annual%20Reports/English%20Annual%20Re

port%202018-19_28-02-2020_10.58.25.pdf 

Á The ecosystem supply value of rosewood 
is 140017 Rs/Ha/yr (2005) and 140998 
Rs/Ha/yr (2019) based on the data 
collected across the circles from 
Karnataka Forest Department.  

Á Teak wood is 79881 Rs/Ha/yr (2005) and  
79961 Rs/Ha/yr (2019).  

Á Eucalyptus wood is 4304, and 4265 
Rs/Ha/yr for 2005, 2019 respectively.  

Á Softwood is 2692  Rs/Ha/yr for 2005, 
2019. 

Á Other kinds of timber are accounted as 
4644, and 4297 Rs/Ha/yr for 2005, 2019 
respectively. 

Á Pulpwood is 3369 Rs/Ha/yr (2005) and 
3381Rs/Ha/yr (2019).  

Á Round poles wood is assessed as 4434, 
4261 Rs/Ha/yr for 2005 and 2019, 

respectively. 
Á Sandalwood is accounted as 4573, 4652 

Rs/Ha/yr for 2005 and 2019 respectively.  

 

 

 

 

 

 

Residual Method; 

В ὗ× ὖ ὅ  

Where Qi represents 

quantity, Pi is the 

price, Ci is the cost 

involved in the 

harvest 

Bamboo 

The ecosystem supply value of Bamboo for 

the Karnataka state is assessed as 3938 and 

4402 Rs/Ha/yr for 2005 and 2019, respectively 

Residual Method; 

В ὗ× ὖ ὅ  

Non-Timber 

Forest 

Produce 

(NTFP) 

Á The ecosystem supply value of honey is 
13177 Rs/Ha/yr (2005) and 13186 
Rs/Ha/yr (2019) .  

Á Soapnut is 12724, 12977 Rs/Ha/yr for 
2005 and 2019, respectively.  

Á Cashew nut is 13812 Rs/Ha/yr (2005) 
and 13945 Rs/Ha/yr (2019).  

Á Tamarind is 14315 and 14346 Rs/Ha/yr 
for 2005 and 2019, respectively.  

Residual Method; 

В ὗ× ὖ ὅ  

Where Qi represents 

quantity, Pi is the 

price, Ci is the cost 

involved in the 

harvest 
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Á Rampatri (nutmeg - Myristica malabar ica) 
is 12997 Rs/ Ha /yr (2005) and 14436 Rs/ 
Ha /yr (2019).  

Á Murugalu (Kokkum) is 11717 Rs/Ha/yr 
(2005) and 11740 Rs/Ha/yr (2019).   

Fuelwood 

Fuelwood required per person is estimated 

based on a socio-economic survey carried out 

in select taluks. The ecosystem supply value 

of fuelwood is assessed as 5097, and 23623 

Rs/Ha/yr for 2005 and 2019 based on the 

fuelwood consumption d ata collected for the 

Karnataka state. 

Residual Method; 

В ὗ× ὖ ὅ  

 

Fish and 

other 

aquatic 

products  

https://des.karnataka.gov.in/english;  

District wise fish catch from districts  

The ecosystem supply value of fish is  65,000 

Rs/Ha/yr based on the fish and other aquatic 

products from inland aquatic ecosystems  

Residual Method; 

В ὗ× ὖ ὅ  

Fodder 

Quantity of fodder (estimated forest type -

wise) and assuming a 10% cost factor on the 

market price of fodder, cost -adjusted price of 

fodder is obtained which is used in the 

estimation of the economic value of fodder 

production from forests in each state. 

Ecosystem supply value from fodder is 

assessed as 7736 and 15476 Rs/Ha/yr  for the 

years 2005 and 2019, respectively. 

Residual Method; 

В ὗ× ὖ ὅ  

Water 

Quantity of water and price of water with the 

cost of labor, etc. Sector-wise (industries, 

residential, irrigation, etc.) water demand, 

water tariff, revenue, and expenses related to 

the supply of water (labor, treatment, pumping, 

etc.). Water services ranges from 2,61,360  

ǝ0Ib0Zs!)NEG*-!up!5-91-426!!ǝ0Ib0Zs!)WEG*-!up!

3-72-471!!ǝ0Ib0Zs!)NEG*-!up!5-91-426!!ǝ0Ib0Zs!

(VDF) 

Residual Method; 

В ὗ× ὖ ὅ  

Medicine 

 (i) Data of type, quantity, and royalty ƿ 

received by the government, Karnataka 

Biodiversity Board, (ii) data of type and 

quantity extracted by local people from 

Karnataka Forest Department,  (iii) estimates 

of quantity and type of medicinal plants fro m 

Medicinal Plant Conservation Authority.  

The medicinal plant services of forest 

ecosystem based on the primary data range 

from 221 Rs/Ha/Year (MDF) to 445 

Residual Method; 

В ὗ× ὖ ὅ  

 

Supplemented with 

benefit transfer 

method ƿ based on 

studies from India  

(Verma et al. 2013) 

and compared with 
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Rs/Ha/Year (VDF). They are comparable to 

studies from India and the global database 

(EVSD), considering GDP(PPP) per capita for 

India and exchange rate.  

the per hectare 

values based on 

EVSD, considering 

GDP (PPP) per 

capita for India and 

exchange rate 

Genetic 

material  

Genetic material service:  the economic value 

of gene-pool conservation in terms of 

bioprospecting based on i) number of 

medicinal plants found in each district; (ii) 

number of species of conservation 

importance in each district, and (iii) all 

species. 

Compared with genetic material  values per 

hectare based on case studies from India 

(Verma et al. 2013), values are 2,25,856 

Rs/Ha/Year (evergreen forests, VDF), 1,79,680 

Rs/Ha/Year (evergreen, MDF), 1,09,940 

Rs/Ha/Year (moist deciduous), 67,812 

Rs/Ha/Year (dry deciduous) 

The estimate is 

based on all species 

in the study region 

and ecosystem 

extent. Species 

details obtained 

from Karnataka 

Biodiversity Board 

(kbb.karnataka.gov.in

), Medicinal plants 

conservation 

authority 

(https://ayush.karn

ataka.gov.in/) and 

genetic resource 

per hectare as per 

case study from 

India (Verma et al. 

2013)  

Regulating 

Services 

Global 

climate 

regulation - 

carbon 

sequestrati

on 

Spatiotemporal land use analysis; temporal 

data - above ground, below ground biomass is 

estimated based on field data collection 

across various forest types, integrated with 

standard literature.  

Carbon sequestration services value is 

calculated by considering the social cost of 

carbon per tonne. The social cost of a tonne of 

CO2 is ublfo!bt!VT%!91!vtjoh!uif!HEQ!efǻbups!

(MoSPI 2020). The carbon sequestration from 

forests depicts the forest circles located in the 

Western Ghats have higher sequestration than 

other parts of the State due to lower 

disturbances. Carbon sequestration in forest 

ecosystems of Karnataka is 124153 Gg/Yr 

(2005) and 89194 Gg/Yr (2019) due to a 

decline in the ecosystem spatial extent and 

also conditions  

(Note: Gg ƿ Gigagram, which is equivalent to 

1000 tonnes) 

InVEST carbon 

model, quantity of 

carbon sequestered 

annually and the 

social cost of 

carbon from  MOSPI 

(MoSPI 2020) 
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Soil 

conservatio

n & soil 

fertility  

Ranges from 7320 Rs/ha/year (Open canopy 

forests) to more than 48,800 Rs/Ha/year 

(VDF) in evergreen forests. Similarly, in 

deciduous forests, ranges from 732 

Rs/ha/year (open forests) to 17080 

Rs/Ha/year (VDF). 

Spatiotemporal land use analysis and 

meteorological data (rainfall, temperature, 

evapotranspiration).  

InVEST provides the quantum of soil 

(sediment) retained within the natural forested 

areas and considering Rs 48.8 per ton 

retention of sediments and on the condition of  

forests (Verma et al. 2013) 

RUSLE, 

InVEST - quantum 

of soil (sediment) 

and valuation based 

on Benefit transfer 

method based on 

case studies from 

India 

Water 

regulation 

and 

groundwate

r recharge 

2600 Rs/ha/year (MDF) to more than 5000 

Rs/ha/year (VDF) in evergreen forests and 663 

Rs/Ha/year to more than 3700 Rs/ha/year in 

deciduous vegetation.  

Based on reference data of groundwater 

availability combined with the economic value 

of water compiled f rom the groundwater 

authority. 

The economic value of groundwater (after 

deducting costs) is about 262.5 Rs/kilo cum of 

water. 

InVEST provides the 

quantum of water 

recharge within the 

natural forested 

areas.  

Pollination 

service 

The spatial extent of forest ecosystems and 

pollination services of forest ecosystems -  

10167 INR/Ha/Yr (MDF) to 11907 INR/Ha/Yr (VDF)   

 

Pollination services are quantified based on 

the spatial extent of forests, and the economic 

value of pollination are accounted for through 

the comparative assessment of natural 

regeneration of forest patches (with fencing 

protection from external pressures: (Ray et al. 

2015; Balachandran et al. 2017) and 

compared with the afforestation cost. These 

values are comparable to case studies from 

India (Verma et al. 2013) of natural forest 

regeneration and its replacement cost if do ne 

artificially as recommended by the National 

Afforestation Programme Guidelines (NAP 

2009) and based on the success stories of  

Benefit transfer 

method 

 

В ὠ×ὃ 

Where Vi represents 

the monetary values 

per hectare and Ai 

represents the area 
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National Beekeeping & Honey Mission (NBHM, 

2019). 

Water 

purification  

 

The spatial extent of forest ecosystems and  

water purification values 2,950 Rs/ha/yr 

based on studies from India  (Verma et al., 

2013).  

 Benefit transfer 

method ƿ based on 

case studies from 

India 
 

Waste 

treatment  

The spatial extent of forest ecosystems and 

waste treatment is estimated at 4716 Rs/ha/yr 

(Ramachandra et al. 2017, Verma et al., 2013). 

These values are comparable to the studies 

across the globe (De Groot et al. 2020) after 

adjusting for GDP (PPP) per capita for India 

and currency exchange value. 

Air filtration 

services 

The spatial extent of forest ecosystems and 

air filtration services of forest ecosystems -  

8,368 INR/Ha/Yr  (MDF) to 22,617 INR/Ha/Yr  

(VDF) based on published literature from 

India (Ninan and Kontoleon, 2016, Joshi G 

and Negi GCS, 2011) which are comparable 

to tropical forests -global ecosystem service 

valuation database(ESVD). 

https://www.es -partnership.org/wp -

content/uploads/2020/08/ESVD_Global -

Update-FINAL-Report-June-2020.pdf  were 

adjusted for GDP (PPP) per capita of the 

country for which values were estimated and 

corresponding currency exchange rate 

Benefit Transfer 

method 

 

В ὠ×ὃ 

Where Vi represents 

the monetary values 

per hectare and Ai 

represents the area 

Local 

(micro and 

meso) 

climate 

regulation 

services  

The spatial extent of for est ecosystems 

17,933 INR/Ha/Yr (MDF) to 48,468 INR/Ha/Yr 

(VDF) based on published literature from 

India (Ghosh, 2020, Verma et al., 2007), which 

are comparable to values ƿ global ecosystem 

service valuation database (ESVD). 

https://www.es -partnership.org/ wp-

content/uploads/2020/08/ESVD_Global -

Update-FINAL-Report-June-2020.pdf adjusted 

for GDP (PPP) per capita of the country for 

which values were estimated and 

corresponding currency exchange rate 
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Cultural 

services  

Aesthetic 

Karnataka Forest Department 

(Uttara Kannada, Shimoga, Chikmagalur, 

Dakshina Kannada and Kodagu districts) 

(primary survey ƿ entrance fees (park, 

recreation spots) x the average number of 

visitors to the park/recreation spots during 

2018, 2019, and 2020), supplemented with the 

Indian case studies  (Ray et al. 2010; Bharath 

et al. 2017; Ramachandra et al. 2018c) 

 

Districts at a Glance 

https://des.karnataka.gov.in/englis h 

https://kgis.ksrsac.in/kag/  

 

Based on these, the value ranges 1500±250 

ǝ0Ib0Zs-!boe!bo!bwfsbhf!wbmvf!pg!St!2611!

ǝ0Ib0Zs!xbt!dpotjefsfe 

Considering 

entrance fees (park, 

recreation spots) x 

the average number 

of visitors to the 

park/recreation 

spots during 2018, 

2019, and 2020), 

supplemented with 

the Indian case 

studies, and travel 

expenses 

associated to the 

travel, based on the 

address of visitors 

and considering the 

connectivity. 

Collected additional 

details from the 

service providers of 

revenue during the 

past three years. 

The data collected 

from the service 

operators include (i) 

cost (labour, fuel 

and maintenance) 

and (ii) annual 

revenue. 

Spiritual 

and historic  

Spiritual and historic services 1,200 ǝ0Ib0Zs!

)NEG*!up!8-311!ǝ0Ib0Zs (VDF) based on the 

primary data. 

Distribution of sacred groves (relic forests 

protected under belief) across the state is 

considered and quantified on the per hectare 

value -travel cost basis.  

 

Data about the annual collection and 

expenses were compiled (Annexure 3.3) from 

select groves' administrative / management 

committees in Shimoga, Uttara Kannada, and 

Kodagu districts.  

 

In groves, where annual collection details were 

not available, the travel cost method is used to 

Residual method 

(annual collection 

for rituals and 

deducting costs ƿ 

priest salary and 

ritual expenses) 

 

 

In groves, where 

annual collection 

details were not 

available, travel cost 

method and 

supplemented with 

case-studies from 

India ƿ benefit 

transfer meth od 



 69 

 

quantify the number of visitors (v isiting 

groves) for annual rituals, festivals, and other 

religious activities. This is done through 

primary surveys of select groves in Uttara 

Kannada, Shimoga, and Kodagu districts and 

supplemented with case-studies from India ƿ 

benefit transfer method  

Tourism 

and 

recreational 

Sbohft! gspn! 39-:55! ǝ0Ib0Zs! )NEG*! up!

3-99-111!ǝ0Ib0Zs!)WEG*-!cbtfe!po!b!primary 

survey (Annexure 3.4)ƿ entrance fees (park, 

recreation spots) x the average number of 

visitors to the park during 2018, 2019, and 

2020), supplemented with the Indian case 

studies.  Benefit transfer method -(Badola et 

al. 2017; Gunarekha and Binoy 2017; 

Ramachandra et al 2017. 2019b; Sinclair et al. 

2020) 

Travel cost method 

В ὠ×ὃ 

Where Vi represents 

the monetary values 

per hectare and Ai 

represents the 

spatial extent of the 

respective 

ecosystem and 

entrance fee with 

details of visitors  

Education, 

scientific 

and 

research 

4800 ǝ0Ib0Zs! cbtfe! po! uif! qsjnbsz! ebub/!

Details of the (i) nature education programs 

organized by the Karnataka Forest 

Department jointly with the non-governmental 

organisations and universities, (ii) research 

funding (field research component) research, 

duration, the project budget (for field 

research), research team details were 

compiled from the Karnataka Forest 

Department 

This information is supplemented with the 

data compilation through discussion with 

researchers, and relevant literature of field-

based research (ecology, medicinal plants, 

etc.) (Chandran et al. 2010; Ray and 

Ramachandra 2010; Gould et al. 2014; Ray et 

al. 2014a; Dorji et al. 2019; Kreye et al. 2019). 

Based on funding ƿ 

field research 

component  

Total 

ecosystem 

supply value 

(TESV) 

TESV provides the total worth of ecosystem service and is 

calculated as the sum of provisioning services ( PS), 

regulating services (RS) and cultural services (CS).  

ὝὉὛὠ ὉὠὭ 

i = 1,2,3 

1: Provisioning, 

2: Regulating and 3 

Cultural 
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4.2 Valuation of services from agriculture ecosystems  

The revenue due to the services from the agriculture ecosystems is determined 

through i) production was calculated for each crop based on the crop area and crop 

yield per hectare at taluk level; ii) Minimum support price (MSP) specif ied by the 

Government of India, followed by prices at mandi (local market yards, prices fixed by 

the Government of Karnataka) were used to determine the monetary value; iii) 

Regulatory services, cultural services, and other provisioning services were obtained 

based on literature reviews (revenue per unit area is derived from the literature (based 

in India specific case studies), and for specific parameters where data was not 

available, international values were used. The method for evaluating the services from 

the agriculture ecosystem is illustrated in Figure 4.2.1. Table 4.2.1 depicts the revenue 

of various services per hectare, iv) Total ecosystem supply value, and (v) NPV. 

 
Figure 4.2.1. Method for accounting services in the agriculture (croplands and 

horticulture) ecosystem  

Table 4.2.1. Revenue generated per unit area  

Services Variables Data and source Approach 

Provisioning  
Food 

MSP ƿ Cost of production  

 government records and public interview  
Residual Method 

В ὗ× ὖ ὅ  
Fodder 3000 ƿ 5000 Rs/Acre, 7500-12500 Rs/Ha 
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Public interview, the lowest value is used for 

accounting  

Where Qi 

represents quantity, 

Pi is the price, Ci is 

the cost involved in 

the harvest 
Wood 

432 Rs /Ha to 4000 Rs/Ha, public interview, 

the lowest value is used for accounting  

Regulating 

Air 

filtration 

services 

3017 Rs per year (Pal 2018) 

Benefit transfer 

method ƿ based on 

Indian case studies 

Local 

(micro and 

meso) 

climate 

regulation 

720 Rs/Ha/Year, Value is based on global 

studies based on published literature -  global 

ecosystem service valuation database 

(ESVD). 

https://www.es -partnership.org/wp -content/ 

uploads/2020/08/ESVD_Global-Update-

FINAL-Report-June-2020.pdf adjusted for GDP 

(PPP) per capita of the country and 

corresponding exchange rate 

Benefit transfer 

method 

В ὠ×ὃ 

Where Vi represents 

the monetary values 

per hectare and Ai 

represents the area 

Global 

climate 

regulation 

- carbon 

sequestrat

ion 

Croplands 36 Rs/Ha/Year 

Ecosystem extent through land-use analyses, 

area under crop and type, yield 

Comparison with the Indian case study 

(Nayak et al. 2019) 

Horticulture 5040 Rs/Ha, Ecosystem extent 

through land-use analyses, area under crop 

and type, AGB and BGB,  

Comparison with the Indian case studies 

(Murali 2010) 

InVEST carbon 

model 

Soil 

carbon 

sequestrat

ion 

Agriculture  (croplands) 363.6 Rs/Ha/Year, 

ecosystem extent based on land use analyses, 

ecosystem condition (soil), Carbon and 

Nitrogen (C&N) analyses through elemental 

analyzer of soil samples (collected from plots 

representative of agro-climatic regions), 

Comparison with a case study from India 

(Nayak et al. 2019)  

Horticulture  14400 Rs/Ha, Comparison with a 

case study from India (Murali 2010) 

 

CHN elemental 

analyses of 

representative soil 

samples, 

 

Benefit transfer 

method 

InVEST carbon 

model 

Water flow 

(groundwa
Agriculture (croplands) 792 Rs/Ha/Year  InVEST 
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ter 

recharge) 

Ecosystem extent, rainfall, etc. Comparison 

with the study from India (Nayak et al. 2019) 

Horticulture 1224 Rs/Ha/Year 

Ecosystem extent, rainfall, etc. 

Comparison with global ecosystem service 

valuation database (ESVD). Adjusted for GDP 

(PPP) per capita of the country for which 

values were estimated and corresponding 

exchange rate 

Nitrogen 

fixation  

396 Rs/Ha/Year 

 Ecosystem extent based on land use 

analyses, ecosystem condition (soil),  

CHN analyses through elemental analyzer of 

soil samples (collected from plots 

representative of agro-climatic regions)  

(Nayak et al. 2019) 

 

C&N elemental 

analyses of 

representative soil 

samples 

 

Soil 

fertility  

(NIC 2020) 

2448 Rs/Ha/Year (poor soils) Soil erosion, 

soil fertility estimated per hectare in terms of 

monetary values  

Comparison with (Nayak et al. 2019) 

4991 Rs/Ha/Year (good soils)  

Soil erosion, soil fertility estimated per 

hectare in terms of monetary values, 

comparison with  

http://naasindia.org/Policy%20Papers/policy

%2094.pdf 

RUSLE, 

InVEST 

Remediati

on ƿ 

Organic 

and 

inorganic 

materials  

5760 Rs/Ha/Year (Nayak et al. 2019) 

 Benefit transfer 

method 

(case studies from 

India) 

Pollination  

391 Rs/Ha/Year agriculture (croplands and 

horticulture) 

http://naasindia.org/Policy%20Papers/policy

%2094.pdf 
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Genetic 

diversity 

12897 Rs/Ha/Year 

http://naasindia.org/Policy%20Papers/policy

%2094.pdf 

Biological 

control  

115.2Rs/Ha/Year (Nayak et al. 2019) 

 

Cultural  

Tourism & 

recreation

al 

941 Rs/Ha/Year  

Travel cost method ƿ Uttara Kannada district 

(based on number of visitors visiting farm 

houses per year, the amount paid and 

expenses, benefit to travel operators) and 

comparison with the case study 

http://naasindia.org/Policy%20Papers/ 

policy%2094.pdf 

Travel cost method 

 

Inspiration

al, culture, 

art 

1152 Rs/Ha/Year 

Values based on global studies based on 

published literature - global ecosystem 

service valuation database (ESVD), adjusted 

for GDP (PPP) per capita of the country for 

which values were estimated and 

corresponding exchange rate 

В ὠ×ὃ 

Where Vi 

represents the 

monetary values 

per hectare and Ai 

represents the area 

Total 

ecosystem 

supply value 

(TESV) for 

agriculture 

(croplands, 

horticulture) 

ecosystem  

TESV provides the total worth of ecosystem service and is 

calculated as the sum of provisioning services ( PS), 

regulating services (RS), and cultural services (CS).  

ὝὉὛὠ ὉὠὭ 

            i = 1,2,3 

1: provisioning, 2: 

regulating and 3: 

Cultural 

 

4.3 Total Ecosystem Supply Value [TESV] 

The ecosystem services (provisioning, regulating, and cultural) for forest and 

agriculture ecosystems were then summed across all benefit flows to estimate a total 

annual flow of value from the respective spatial units.  

Temporal comparison of ecosystem servic es: Monetary values of ecosystem 

services (provisioning, regulating, cultural services, and TESV) of 2005 and 2019 are 

compared to understand the changes due to changes in the spatial extent and 

condition of the ecosystem. Monetary values of 2005 were adju sted to 2019 values 

by considering the GDP deflator (MoSPI 2020) of an inflation rate of 2.92 times 

(Inflation Calculator - Indian Rupee, 2019). 
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4.4 Net Present Value (NPV) of ecosystem assets :  

The net present value (NPV) is the value of an asset determined by estimating the 

stream of income expected to be earned in the future and then discounting the future 

income back to the present accounting period . (SEEA, 2021). In ecosystem 

accounting, it is applied by aggregating the NPV of expected future returns for each 

ecosystem service supplied by an ecosystem asset. The use of an NPV approach 

implies that their value will be related to the capacity to supply ecosystem service s 

and how this capacity is expected to change in the future. 

NPV is based on the measurement of (i) the ecosystem services supplied by the asset, 

and the monetary values of these services (ii) estimation of pattern of future flows of 

each ecosystem service, taking into account expected degradation/enhancement and 

demand (iii) expected future prices for each ecosystem service; (iv) expected 

institutional arrangements; and (v) expected asset life. In addition, NPV requires a 

discount rate, which adjusts the value of a stream of future flows to account for time 

preferences and attitudes to risk. Discount rates are required to convert the expected 

future ecosystem services flows into a current period estimate of overall value. In this 

report, a social discount rate (as opposed to individual discount rate) has been used, 

as most of the ecosystem services contribute to collective benefits.  

 Net present value is calculated using equation 4.1 and applied at the level of individual 

ecosystem services, and the resulting discounted values are aggregated to derive the 

monetary value of the ecosystem asset. 

.06 В    --------------------- 4.1 

Where, t ƿ Number of years ranging between 1 to T.   

T - Number of years for which this annual benefit from the asset will accrue. 

This is closely linked to the length of time needed to regenerate the same 

uzqf!boe!rvbmjuz!pg!gpsftut/!Uif!Ipoǃcmf!Tvqsfnf!Dpvsu!pg!Joejb!jo!uif!

Judgement of 26 th September 2005 (Page 10, Para 4) has suggested that 

the basis for calculation o f NPV should be the economic value spread over 

a period of 50 years, which is the period for forest regeneration  

 ESt ƿEcosystem services at time t 

r ƿ Social rate of discount for capital returns. As per the norms in India and 

Ipoǃcmf!Tvqsfnf!Dpvsu, a social discount rate of 4% is applied for renewables 

and 2% for non-renewable resources. Hence, for forest ecosystems, 3% is 

considered that is the weighted average of renewable and non-renewable.  

NPV of ecosystems (forests, agriculture) in Karnataka is comp uted using TESV -the 

total value of ecosystem flow based on a social discount rate of 3% and a period of 

50 years. The ecosystem service values are determined based on government 

records, and prices were considered to remain the same with no inflations for  50 years 

(w.r.t 2019).   
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Section 5.0 Results and Discussion  

Valuation of ecosystem services entails the computation of spatial extent and 

conditions of the respective ecosystems, and quantification of services in physical 

and monetary units. The spatial extent (Ramachandra et al. 2021a) and the condition 

of forests (Ramachandra et al. 2021b) assessed district -wise earlier for Karnataka 

(Ramachandra et al. 2021a, b) were used for computing the value of the provisioning 

services per hectare. Forests have been reclassified as VDF (very dense forests), MDF 

(medium dense forests), and open forests (OF) based on the condition (computed 

through the fragmentation analyses), comparable to the classification approach 

adopted by the Karnataka Forest Department (based on the forest type and their 

canopy cover). A similar approach was adopted earlier to compute ecosystem 

services  from forest ecosystems in India (Verma et al. 2013).  

The following subsections present (i) the extent of  ecosystems in Karnataka, (ii) 

valuation of ecosystem services, (iii) computation of TESV: Total ecosystem supply 

value and NPV of ecosystem assets 

5.1 Assessment of ecosystem extent over time  

An assessment of ecosystem extent was performed, using land use and land cover as 

proxies. The spatiotemporal land cover/use analysis was carried out from 1985 to 

2019 using remote sensing data through a supervised classifier based on the 

Gaussian maximum likelihood algorithm.  

The state witnessed large-scale land-use transitions post -1990s due to globalization 

and the consequent spurt in industrialization and urbanization, as well as an increase 

of horticulture crops and the conversion of croplands (cereal s, pulses, etc.)  to market-

based cash crops (coffee, sugarcane, areca nut, etc. with higher economic values), 

etc. 

Temporal land cover/use analyses reveal the decline of forest cover in Karnataka from 

1985 to 2019 (Figure 5.1). Districts of the Western Ghats region have a higher forest 

dpwfs!uibo!puifs!ejtusjdut-!bt!efqjdufe!jo!Gjhvsf!6/2/!Dvssfoumz-!26&!pg!uif!Tubufǃt!

geographical area is forested, compared to 21% in 1985 (Table 5.1). Large-scale 

developmental activities such as constructing a series of r eservoirs and dams, 

creating special economic zones, townships, and land conversion for built -up areas 

have led to the loss of large tracts of forests. The forest cover now is confined to 

major conservation reserves such as protected areas, national parks, and wildlife 

sanctuaries. Natural forests show a decline of evergreen forests from 7.5% (1985) to 

5.7% (by 2019), moist deciduous forests from 5.7% (1985) to 4.1% (by 2019), and dry 

deciduous forests from 4.0% (1985) to 2.2 % (2019). 
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Figure 5.1. Land uses from 1985 to 2019 in Karnataka 

The abrupt land-use conversion has also resulted in a loss of productive agricultural 

lands near the cities such as Bengaluru, Mysore, Hubli-Dharwad, Shimoga, etc. 

Districts such as Kodagu, Uttara Kannada, Bengaluru, Shimoga, Belgaum, Dakshina 

Kannada, and Chikmagalur have been experiencing large-scale land cover change due 

to unplanned development activities.  

 

The built-up cover has increased from 0.47% to 3% from 1985 to 2019, causing an 

impact on agriculture, forest, and lakes. This necessitates sustainable land-use 

policies to arrest deforestation and abrupt land conversions.  

Horticultural areas have increased from 8.8% (1985) to 11.1% (2019), and category-

wise land-use dynamics are presented in Table 5.1. Large-scale monoculture 

plantations of eucalyptus, rubber, acacia, teak, and areca nut have increased and now 

cover 12% of the state. In addition, new urban agglomerations were noticed across 

cities and major towns such as Bengaluru, Mangalore, Hubli, Hassan, Mysore, etc. 

These changes are abrupt and have resulted in a disruption in the provision of 

ecosystem services, affecting the hydrologic regime and natural resources 

availability. While horticultural areas have increased overall, coastal and Tier-1 cities 

(e.g. Bangalore) and Tier-2 cities (e.g. Mysore, Hubli-Dharwad, Belgaum) are 

experiencing a loss of agricultural areas in the sub-urban regions with new layouts and 

satellite towns. The land-use transitions (Table 5.2) from 1985 to 2019 are computed 

to understand the probability of changes in each land use type from time t 1 to time t 2. 

Table 5.3 summarises the ecosystem extent account for Karnataka, which uses land 

use - land cover (LULC) classes as proxies for ecosystem type. 
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Forest ecosystem extent is further disaggregated into very density forests (VDF) and 

medium-density forests (MDF) based on the ecosystem condition (fragmentation of 

forests). Karnataka state has 11,334 km2 area under VDF (2019), which accounts for 

6% of the entire landscape, and MDF covers 12,869 km2, which accounts for 7% of the 

state land area (Figure 5.2). 

 

Figure 5.2. Very dense forest (VDF) and medium-density forests (MDF) in Karnataka 

Table 5.4 provides a breakdown of ecosystem types (VDF and MDF categories) for 

forest circles in Karnataka. Districts such as Uttara Kannada and Kodagu have good 

VDF cover as compared with other districts. On the other hand, during 2005 to 2019, 

districts such as Ballari, Bagalkot, Bidar, Kolar have witnessed a loss of major tracts 

of MDF. 
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Table 5.1 Ecosystem extent ƿ Karnataka State (units in sq.km and percentage) ƿ based on temporal remote sensing data analyses 

Ecosystem type 
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1985 sq.km 904 128468 16790 1678 14293 10960 7622 6733 4344 191791 
 % 0.5 67.0 8.8 0.9 7.5 5.7 4.0 3.5 2.3  

2005 sq.km 2666 127196 20209 1185 12445 9900 7410 5604 5177 191791 
 % 1.4 66.3 10.5 0.6 6.5 5.2 3.9 2.9 2.7  

2019 sq.km 5748 127962 21325 2854 10888 7892 4281 4907 5934 191791 
 % 3.0 66.7 11.1 1.5 5.7 4.1 2.2 2.6 3.1  

Changes from 1985 to 2019  

1985 sq.km 904 128468 16790 1678 14293 10960 7622 6733 4344 191791 

2019 sq.km 5748 127962 21325 2854 10888 7892 4281 4907 5934 191791 

Net change in extent from1985 to 2019  

Extent sq.km 4844 -505 4536 1175 -3405 -3068 -3341 -1826 1590  

 % 535.8 -0.4 27.0 70.0 -23.8 -28.0 -43.8 -27.1 36.6  
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Table 5.2. Ecosystem extent change matrix from 1985 to 2019 ƿ Karnataka State (extent in sq.km and percentage) 

2019 

Ecosystem type 
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Built -up  
sq.km. 859 20 15 2 1 3 1 2 2 904 

% 95.0 2.2 1.7 0.2 0.2 0.4 0.1 0.2 0.3  

Agriculture - Crop lands  
sq.km. 3194 114202 4003 390 940 98 1109 2451 2081 128468 

% 2.5 88.9 3.1 0.3 0.7 0.1 0.9 1.9 1.6  

Horticulture  
sq.km. 775 3344 11661 185 243 258 93 108 122 16790 

% 4.6 19.9 69.5 1.1 1.4 1.5 0.6 0.6 0.7  

Fallow land 
sq.km. 50 843 32 710 1 2 12 13 15 1678 

% 3.0 50.2 1.9 42.3 0.1 0.1 0.7 0.8 0.9  

Evergreen Forest  
sq.km. 175 416 2372 151 9097 1402 211 286 182 14293 

% 1.2 2.9 16.6 1.1 63.6 9.8 1.5 2.0 1.3  

Moist Deciduous Forest   
sq.km. 190 1973 1648 485 388 5581 470 164 61 10960 

% 1.7 18.0 15.0 4.4 0.4 54.1 4.3 1.5 0.6  

Dry Deciduous Forest  
sq.km. 85 3374 779 458 68 419 2306 87 47 7622 

% 1.1 44.3 10.2 6.0 0.9 5.5 30.3 1.1 0.6  

Scrub/Grass lands   
sq.km. 327 3056 701 438 136 113 72 1787 103 6733 

% 4.9 45.4 10.4 6.5 2.0 1.7 1.1 26.5 1.5  

Water  
sq.km. 93 734 114 35 14 16 7 9 3321 4344 

% 2.1 16.9 2.6 0.8 0.3 0.4 0.2 0.2 76.5  

Closing Stock, 2019   
sq.km. 5748 127962 21325 2854 10888 7892 4281 4907 5934 191791 

% 3.0 66.7 11.1 1.5 5.7 4.1 2.2 2.6 3.1  
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Table 5.3. Net additions and reductions in ecosystems in Karnataka State, India 

Ecosystem type 
Disaggregated ecosystem 

type 

Karnataka 

Opening stock 
1985 

Additions to stock  
Reduction 
in stock 

Closing stock 
2019 

Net change (in%) 
during 1985 to 2019 

 Built-up 904 4866 45 5725 533.1 
 Urban      

Built -up land Rural      

 Mining      

 Sub-Total 1  904 4866 45 5725 533.1 
 Horticulture  16790 9711 5129 21371 27.3 

Agricultural land  Cropland 128468 13760 14317 127910 -0.4 
 Fallow Land 1678 6284 968 6994 316.7 
 Sub-Total 2  146936 29754 20414 156275 6.4 
 Evergreen/Semi-Evergreen 14293 921 5196 10018 -29.9 
 Moist Deciduous 10960 2333 5379 7914 -27.8 
 Dry Deciduous 7622 981 5316 3288 -56.9 

Forests Scrub Forest 6733 922 4946 2710 -59.8 
 Forest Plantation      

 Swamp/Mangroves       

 Sub-Total 4  39607 5158 20836 23929 -39.6 

Grass / Grazing 
Grass / Grazing      

Sub-Total 5       

Snow and glacier 
Snow and Glacier      

Sub-Total 6       

 Inland Wetland      

Wetlands / water bodies  

Coastal Wetland      

River/stream/canals       

Waterbodies 4344 2541 1023 5862 35.0 

Sub-Total 7  4344 2541 1023 5862 35.0 

Grand total 191791 42319 42319 191791  
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Table 5.4. Circle wise forest ecosystem reclassified as VDF and MDF 

Sno Circle 
VDF (Ha) MDF (Ha) 

2005 2019 2005 2019 

1 Bengaluru 1,44,717 33,696 37,213 63,035 

2 Belgaum 2,01,790 60,393 78,388 87,360 

3 Ballari (Bellary) 2,49,789 13,514 64,122 92,697 

4 Chamarajanagar 2,72,557 96,515 15,222 89,538 

5 Chikmagalur 1,84,516 1,31,484 37,230 64,794 

6 Dharwad 83,942 17,012 25,637 35,280 

7 Kalaburagi (Gulbarga) 79,842 15,575 51,355 38,904 

8 Hassan 1,04,205 44,309 88,492 72,695 

9 Canara 3,78,655 2,56,730 3,10,345 3,32,741 

10 Kodagu 93,764 59,239 1,25,832 1,12,642 

11 Mangaluru 2,60,299 2,23,033 54,209 73,169 

12 Mysore 1,16,604 68,775 19,081 33,795 

13 Shivamogga 1,95,940 1,13,215 2,23,267 1,90,270 

Total Area 23,66,620 11,33,490 11,30,393 12,86,920 

5.2 Valuation of the ecosystem services  

Ecosystem services and the natural capital stocks in Karnataka State make significant 

direct and indirect contributions to the district and state economies and human 

welfare. The evaluation of ecosystem services will aid in formulating policy and 

legislation that can provide protection and sustainable management of ecosystems 

to fully capitalize on the most significant ecosystem services.  Accounting for 

ecosystem services in physical terms aims to record, in an accounting structure, the 

flows of ecosystem services over an accounting period in physical units such as cubic 

meters and tonnes. Physical quantification commonly focuses on the measurement 

of ecosystem structures, processes, and functions, i.e., the supply side of ecosystem 

service flows (SEEA EA) (SEEA EA 2021).   

Forests are multi-functional: they provide an often complex array of goods and 

services. Forests, both natural and planted, and including trees spread across the 

terrain, have a critical role in the ecology, aesthetics, and recreational benefits. Tables 

5.2.1 and 5.2.2 present the biophysical ecosystem supply from forests between 2005 

and 2019. The flows for each ecosystem service are recorded using a unit of measure 

that is appropriate for that ecosystem se rvice (for example, cubic meters for timber, 

lhǃt0upot!gps!OUGQ!ps!gvfmxppe-!fud/*/ 

Recording monetary values for ecosystem services underpins the compilation of two 

of the ecosystem accounts: the ecosystem services flow account in monetary terms 

and the monetary ecosystem asset account. The monetary ecosystem services flow 

account records the monetary value of flows of ecosystem services based on their 

exchange values. The data from this account can be used to understand the relative 

economic significance of different ecosystem services (within the valuation framing 

of the System of National Accounts), support aggregation of ecosystem services to 
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compare the role of different ecosystem assets, understand changes in monetary 

value over time, underpin comparison of the inputs of different ecosystem services to 

different users, and support understanding the role of ecosystem services in different 

locations (SEEA EA 2021).  

Ecosystem services were quantified through the residual value method by taking the 

gross value of the final marketed good to which the ecosystem service provides input 

and then deducting the cost of all other inputs, including labour, produced assets, and 

intermediate inputs (as per the SEEA Ecosystem Accounting). Ecosystem services 

were computed based on the ecosystem flows in 2005 and 2019. Values of 2005 were 

adjusted through the consumer price index or GDP deflator; these values reflect the 

real measures of ecosystem services, which could be compared with ecosystem 

services of 2019. Tables 5.2.3 and 5.2.4 record ecosystem provisioning services in 

monetary terms for 2005 (at 2019 values) and 2019, respectively.  

A comparison of values of services of 2019 with 2005  (at 2019 values) highlights there 

has been a considerable decline in the provisioning services evident from 42% decline 

in rosewood, 93% decline in bamboo, NTFP (honey reduced by 97%, tamarind reduced 

by 75%), 42% decline in fodder and 35% decline in medicine, which could be attributed 

to the degradation of forests (extent as well as  conditions) in Karnataka during 2005 

to 2019. 

Table 5.2.5 and Table 5.2.6 list services by ecosystem type (forest, agriculture, and 

horticulture) for 2005 (at 2019 -2020 values) and 2019, respectively. Table 5.2.7 gives 

a comparison of 2019 ecosystem servi ces values with 2005. There has been a 

reduction in ecosystem services ƿ 28.4% reduction in provisioning services (51.6% 

reduction in forest ecosystem), 14 % reduction in regulatory services (mainly in forest 

ecosystem - 27.1% reduction), and 0.2% reduction in cultural services.  
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Table 5.2.1. Ecosystem supply in physical terms, by ecosystem type, 2005  

Ecosystem type 
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2005 sq.km 2,666 127,196 20,209 1,185 12,445 9,900 7,410 5,604 5,177 191,791 

Extent % 1.4 66.3 10.5 0.6 6.5 5.2 3.9 2.9 2.7 100 

Ecosystem Goods (Physical) ƿ Karnataka 

Rosewood (Cum)     7,536 5,994    13,530 

Teak wood (Cum)       3,242   3,242 

Eucalyptus (Cum)      8,367 6,263 4,736  19,366 

Soft wood (Cum)     4,915 3,910    8,825 

Other kinds of timber (Cum)      17,629 13,195 9,979  40,802 

Pulpwood (Cum)      1,397 1,046 791  3,234 

Round Poles (numbers)      16,176 12,108 9,157  37,441 

Sandal wood (Kg)      9,500 7,111 5,378  21,989 

Bamboo Nos      7,39,718 5,53,668 4,18,725  17,12,112 

Canes Nos     1,80,407 1,43,514    3,23,921 

Firewood Ton  15,274 2,427 147 2,14,94,440 1,70,98,832 1,27,98,216 96,78,975  6,10,88,306 

Honey ton     2,00,126 1,59,200 1,19,159 90,117  5,68,602 

Soap nut ton      1,84,700 1,38,245 1,04,552  4,27,497 

Cashew ton      11,194 8,379 6,336  25,909 

Tamarind ton      12,978 9,714 7,347  30,039 

Ramapatre (nutmeg ƿ  
Myristica malabarica ) ton 

    9,571     9,571 

Dalchini ton     5,379 4,279    9,658 
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Murugalu  (kokum or  

Garcinia indica) ton 
    2859 2275    5,134 

Fish ton     57,305 45,586 34,121 25,805 23,838 1,86,655 

Fodder k ton 
 12 19 1 13,749 10,937 8,186 6,191  39,063 

Medicine ton     2,72,010 2,16,384 1,61,960 1,22,486  7,72,840 

Water million m3 1,433 68,369 10,863 637 6,689 5,321 3,983 3,012 2,782 1,03,090 

Genetic ton     1,33,79,956 1,06,43,757 79,66,691 60,25,012  3,80,15,416 

Cereals tons  1,09,39,568  1,01,917      1,10,41,485 

Pulses tons  14,13,459  13,168      14,26,627 

Oilseeds tons  18,74,861  17,467      18,92,328 

Commercial plantation  
(sugarcane, coffee, tobacco) tons 

 140,59,607 22,33,801 1,30,984      1,64,24,392 

Horticulture (arecanut, coconut)) tons    14,18,616       14,18,616 

Fruits tons 30,456 14,53,078 2,30,866 13,537      17,27,937 

Vegetables- tons 25,301 11,98,204 1,89,761 10,843      14,24,110 

Table 5.2.2. Ecosystem supply in physical terms, by ecosystem type, 2019 

Ecosystem type 
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2019 sq.km 5,748 1,27,962 21,325 2,854 10,888 7,892 4,281 4,907 5,934 1,91,791 
 % 3 66.7 11.1 1.5 5.7 4.1 2.2 2.6 3.1 100 

Ecosystem Goods (Physical) - Karnataka 

Rosewood (Cum)     4,591 3,653    8,244 

Teak wood (Cum)       3,538   3,538 

Eucalyptus (Cum)      10,893 8,153 6,166  25,212 
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Soft wood (Cum)     4,447 3,538    7,985 

Other kinds of timber (Cum)     17,225 12,893 9,751  39,869 

Pulpwood (Cum)      2,393 1,791 1,355  5,539 

Round Poles (Nos)      17,752 13,287 10,049  41,088 

Sandal wood (Kg)      3,786 2,833 2,143  8,762 

Bamboo Nos      54,819 41,031 31,031  1,26,881 

Canes Nos     19,987 15,900    35,887 

Firewood ton  38,320 6,834 861 132,948 1,05,760 79,160 59,867  4,23,921 

Honey ton     5,610 4,462 3,340 2,526  15,938 

Soap nut ton      36,516 27,331 20,670  84,517 

Cashew ton      401 300 227  929 

Tamarind ton      3,318 2,484 1,878  7,680 

Rampatri (nutmeg ƿ  
Myristica malabarica ) ton 

    4     4 

Dalchini ton     77 62    139 

Murugalu  (kokum or  
Garcinia indica) ton 

    73 58    131 

Fish ton     57,305 45,586 34,121 25,805 23,838 1,86,655 

Fodder k ton  
113,412 18,872 1,145 5,913 4,704 3,521 2,662  16,936 

Medicine ton     1,88,268 1,49,767 112,098 84,777  5,34,911 

Water million m3 686 32,745 5,202 305 3,203 2,548 1,907 1,442 1,332 49,374 

Genetic ton     75,94,703 60,41,588 45,22,037 34,19,905  2,15,78,233 

Cereals tons  1,05,74,120  2,35,840      1,08,09,959 

Pulses tons  16,39,096  36,558      16,75,654 

Oilseeds tons  9,76,167  21,772      9,97,939 

Commercial plantation (sugarcane, coffee, tobacco) tons   3,54,33,331 59,05,001 7,90,287      4,21,28,620 

Horticulture (arecanut, coconut) tons    34,10,492       34,10,492 

Fruits tons 2,23,851 49,83,364 8,30,483 1,11,146      61,48,844 

Vegetables- tons 2,41,652 53,72,724 8,94,112 1,20,826      66,29,314 
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Ubcmf!6/3/4/!Fdptztufn!tvqqmz!jo!npofubsz!ufsnt!)njmmjpo!ǝ*-!cz!fdptztufn!uzqf-!3116  

Ecosystem type 
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2005 sq.km 2,666 1,27,196 20,209 1,185 12,445 9,900 7,410 5,604 5,177 1,91,791 
 % 1.4 66.3 10.5 0.6 6.5 5.2 3.9 2.9 2.7 21.13 

Ecosystem Goods (monetary, million ǝ) - Karnataka 

Rosewood      ǝ 530.9 ǝ 422.4    ǝ 953.3 

Teak wood        ǝ 212.0   ǝ 212.0 

Eucalyptus       ǝ 61.3 ǝ 45.9 ǝ 34.7  ǝ 141.9 

Soft wood      ǝ 6.6 ǝ 5.2 ǝ 0.0 ǝ 0.0  ǝ 11.8 

Other kinds of timber       ǝ 152.7 ǝ 114.3 ǝ 86.4  ǝ 353.4 

Pulpwood       ǝ 2.2 ǝ 1.6 ǝ 1.2  ǝ 5.0 

Round Poles       ǝ 5.8 ǝ 4.3 ǝ 3.3  ǝ 13.4 

Sandal wood       ǝ 142.6 ǝ 106.7 ǝ 80.7  ǝ 330.0 

Bamboo      ǝ 28.2 ǝ 21.1 ǝ 15.9  ǝ 65.2 

Canes      ǝ 0.7 ǝ 0.5    ǝ 1.2 

Fuelwood      ǝ 17,195.6 ǝ 13,679.1 10,238.6  7,743.2  ǝ 48,856.4 

Honey      ǝ 28,043.6 ǝ 22,308.7 16,697.7 12,628.1  ǝ 79,678.1 

Soap nut       ǝ 23,947.4 17,924.3 13,555.7  ǝ 55,427.3 

Cashew       ǝ 1,119.4 ǝ 837.9 ǝ 633.6  ǝ 2,590.9 

Tamarind      ǝ 847.3 ǝ 634.2 ǝ 479.6  ǝ 1,961.1 

Ramapatre (nutmeg - Myristica 
malabarica)     ǝ 765.7     ǝ 765.7 

Dalchini     ǝ 33.3 ǝ 26.5    ǝ 59.8 
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Murugalu  (kokum or Garcinia indica)      ǝ 1,143.7 ǝ 909.9    ǝ 2,053.6 

Fish      ǝ 2,408.6 ǝ 1,916.1  1,434.2  1,084.6  1,002.0 ǝ 7,845.4 

Fodder      ǝ 23,550.2 ǝ 18,734.2 14,022.3 10,604.7 ǝ 0.0 ǝ 66,911.4 

Medicine      ǝ 272.0 ǝ 216.4 ǝ 162.0 ǝ 122.5 ǝ 0.0 ǝ 772.8 

Water  
ǝ 

8,598.0 
ǝ 

4,10,214.1 
ǝ 

65,175.1 
ǝ 

3,821.7 ǝ 40,135.8 ǝ 31,928.0 23,897.7 
 

18,073.2 
ǝ 

16,696.1 
ǝ 

6,09,941.8 

Genetic  
 ǝ 0.0 ǝ 0.0 ǝ 0.0 

ǝ 
1,33,799.6 

ǝ 
1,06,437.6 

ǝ 
79,666.9 

ǝ 
60,250.1  

ǝ 
3,80,154.2 

Cereals  ǝ 69,204.2  ǝ 644.7      ǝ 69,848.9 

Pulses  ǝ 20,397.4  ǝ 190.0      ǝ 20,587.4 

Oilseeds  ǝ 43,023.4  ǝ 400.8      ǝ 43,424.2 
Commercial plantation (sugarcane,  

coffee, tobacco)   ǝ 35,475.4  5,636.4 ǝ 330.5      ǝ 41,442.2 

Horticulture (arecanut, coconut)    73,636.0       ǝ 73,636.0 

Fruits ǝ 372.7 ǝ 17,783.2  2,825.4 ǝ 165.7      ǝ 21,147.0 

Vegetables ǝ 191.1 ǝ 9,050.7  1,433.4 ǝ 81.9      ǝ 10,757.1 

 

Ubcmf!6/3/5/!Fdptztufn!tvqqmz!jo!npofubsz!ufsnt!)njmmjpo!ǝ*-!cz!fdptztufn!uzqf-!312: 

Ecosystem type 
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2019                   sq.km 5,748 1,27,962 21,325 2,854 10,888 7,892 4,281 4,907 5,934 1,91,791 

% 3 66.7 11.1 1.5 5.7 4.1 2.2 2.6 3.1 17.68 

Ecosystem Goods (monetary, million ǝ ) - Karnataka 

Rosewood  
    ǝ 307.6 ǝ 244.7 ǝ 0.0   ǝ 552.3 

Teak wood  
      ǝ 230.0   ǝ 230.0 
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Eucalyptus  
     ǝ 71.9 ǝ 53.8 ǝ 40.7  ǝ 166.4 

Soft wood  
     ǝ 5.5    ǝ 12.5 

Other kinds of Timber       ǝ 144.7 ǝ 108.3 ǝ 81.9  ǝ 334.9 

Pulpwood  
     ǝ 3.7 ǝ 2.8 ǝ 2.1  ǝ 8.6 

Round Poles  
     ǝ 6.2 ǝ 4.6 ǝ 3.5  ǝ 14.3 

Sandal wood  
     ǝ 56.8 ǝ 42.5 ǝ 32.1  ǝ 131.4 

Bamboo 
     ǝ 2.1 ǝ 1.6 ǝ 1.2  ǝ 4.8 

Canes      ǝ 0.1 ǝ 0.1    ǝ 0.1 

Firewood      ǝ 20,172.4 ǝ 16,047.1 ǝ 12,011.0 ǝ 9,083.6  ǝ 57,314.2 

Honey      ǝ 785.3 ǝ 624.7 ǝ 467.6 ǝ 353.6  ǝ 2,231.3 

Soap nut       ǝ 4,747.0 ǝ 3,553.1 ǝ 2,687.1  ǝ 10,987.2 

Cashew  
     ǝ 40.1 ǝ 30.0 ǝ 22.7  ǝ 92.9 

Tamarind 
     ǝ 215.7 ǝ 161.4 ǝ 122.1  ǝ 499.2 

Ramapatri  
    ǝ 0.3     ǝ 0.3 

Dalchini 
    ǝ 24.0 ǝ 19.1    ǝ 43.1 

Murugalu  (kokum or  
Garcinia indica)      ǝ 29.2 ǝ 23.2    ǝ 52.4 

Fish  
    ǝ 3,724.8 ǝ 2,963.1 ǝ 2,217.8 ǝ 1,677.3 ǝ 1,549.5 ǝ 12,132.6 

Fodder  
    ǝ 13,748.7 ǝ 10,937.1 ǝ 8,186.3 ǝ 6,191.1  ǝ 39,063.2 

Medicine  
    ǝ 188.3 ǝ 149.8 ǝ 112.1 ǝ 84.8  ǝ 534.9 

Water  ǝ 4,118.0 ǝ 1,96,471.6 ǝ 31,215.6 ǝ 1,830.4 ǝ 19,223.0 ǝ 15,291.9 ǝ 11,445.8 ǝ 8,656.1 ǝ 7,996.6 ǝ 2,92,130.9 

Genetic  
    ǝ 75,947.0 ǝ 60,415.9 ǝ 45,220.4 ǝ 34,199.0  ǝ 2,15,782.3 

Cereals  ǝ 81,497.5  ǝ 1,817.7      ǝ 83,315.2 

Pulses  ǝ 28,348.2  ǝ 632.3      ǝ 28,980.4 

Oilseeds   ǝ 19,894.0  ǝ 443.7      ǝ 20,337.7 

Commercial (sugarcane, coffee, tobacco)  ǝ 97,843.3 ǝ 16,305.7 ǝ 2,182.2      ǝ 1,16,331.3 

Horticulture (arecanut, coconut)    ǝ 80,605.9       ǝ 80,605.9 

Fruits ǝ 2,480.9 ǝ 55,229.5 ǝ 9,204.1 ǝ 1,231.8      ǝ 68,146.2 

Vegetables  ǝ 1,481.1 ǝ 32,929.1 ǝ 5,480.0 ǝ 740.5      ǝ 40,630.6 
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Table 5.2.5. Ecosystem wise ƿ Provisioning, regulatory and cultural services ƿ 2005 (Million ǝ) 

(at 2019-2020 values, 2005 values were adjusted to 2019 considering inflation) 

Ecosystem type 
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2005                                           sq.km 2,666 1,27,196 20,209 1,185 12,445 9,900 7,410 5,604 5,177 1,91,791 

% 1.4 66.3 10.5 0.6 6.5 5.2 3.9 2.9 2.7 100 

Provisioning, Regulating and cultural services (in Million ǝ) for forest, agriculture and horticulture ecosystems  

Food (cereal, pulses..)  ǝ 2,51,411 ǝ 39,944 ǝ 2,342      ǝ 2,93,697 

Timber     ǝ 712 ǝ 566 ǝ 424 ǝ 321  ǝ 2,023 

NTFP     ǝ 50,167 ǝ 39,908 ǝ 29,871 ǝ 22,590  ǝ 1,42,537 

Fish     ǝ 2,409 ǝ 1,916 ǝ 1,434 ǝ 1,085 ǝ 1,002 ǝ 7,845 

Fuelwood  ǝ 262 ǝ 42 ǝ 2 ǝ 17,196 ǝ 13,679 ǝ 10,239 ǝ 7,743  ǝ 49,163 

Fodder  ǝ 1,00,865 ǝ 16,026 ǝ 940 ǝ 23,550 ǝ 18,734 ǝ 14,022 ǝ 10,605  ǝ 1,84,742 

Medicine     ǝ 272 ǝ 216 ǝ 162 ǝ 122  ǝ 773 

Water     ǝ 1,89,899 ǝ 1,51,064 ǝ 1,13,069 ǝ 85,512 ǝ 78,996 ǝ 6,18,540 

Genetic     ǝ 1,33,800 ǝ 1,06,438 ǝ 79,667 ǝ 60,250  ǝ 3,80,154 

Total Provisioning  (Million ǝ)  ǝ 3,52,538 ǝ 56,011 ǝ 3,284 ǝ 4,18,004 ǝ 3,32,522 ǝ 2,48,888 ǝ 1,88,228 ǝ 79,998 ǝ 16,79,473 

Air filtration services    ǝ 26,941 ǝ 4,280 ǝ 251 ǝ 28,015 ǝ 22,286 ǝ 16,680 ǝ 12,615  ǝ 1,11,068 

Local (micro and meso) climate  
regulation services 

 
ǝ 6,425 ǝ 1,021 ǝ 60 ǝ 59,655 ǝ 47,456 ǝ 35,520 ǝ 26,863  ǝ 1,76,999 

Global climate regulation service  ǝ 310 ǝ 49 ǝ 3 ǝ 2,79,793 ǝ 2,22,576 ǝ 1,66,595 ǝ 1,25,991  ǝ 7,95,318 

Pollination  ǝ 3,489 ǝ 554 ǝ 33 ǝ 13,913 ǝ 11,068 ǝ 8,284 ǝ 6,265  ǝ 43,605 

Soil erosion     ǝ 19,919 ǝ 15,846 ǝ 11,860 ǝ 8,970  ǝ 56,595 

Soil fertility   ǝ 47,784 ǝ 7,592 ǝ 445 ǝ 33,393 ǝ 26,564 ǝ 19,883 ǝ 15,037  ǝ 1,46,907 

Water purification      ǝ 3,167 ǝ 2,519 ǝ 1,886 ǝ 1,426 ǝ 1,318 ǝ 10,316 

Waste treatment     ǝ 4,483 ǝ 3,567 ǝ 2,670 ǝ 2,019 ǝ 1,865 ǝ 14,604 

Groundwater     ǝ 3,289 ǝ 2,616 ǝ 1,958 ǝ 1,481 ǝ 1,368 ǝ 10,713 

Water flow regulation  ǝ 7,068 ǝ 1,123 ǝ 66      ǝ 8,256 

Nitrogen fixation   ǝ 35,731 ǝ 5,677 ǝ 333      ǝ 41,741 

Remediation ƿ organic and inorganic 
materials 

 
ǝ 51,402 ǝ 8,167 ǝ 479      ǝ 60,047 

Genetic diversity  ǝ 1,15,091 ǝ 18,286 ǝ 1,072      ǝ 1,34,449 
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Biological control   ǝ 1,028 ǝ 163 ǝ 10      ǝ 1,201 

Total Regulating (Million ǝ)  ǝ 2,95,270 ǝ 46,913 ǝ 2,751 ǝ 4,45,628 ǝ 3,54,497 ǝ 2,65,336 ǝ 2,00,667 ǝ 4,551 ǝ 16,15,611 

Aesthetic     ǝ 1,249 ǝ 994 ǝ 744 ǝ 563  ǝ 3,550 

Tourism & recreational  ǝ 8,397 ǝ 1,334 ǝ 78 ǝ 98,840 ǝ 78,627 ǝ 58,851 ǝ 44,508  ǝ 2,90,635 

Spiritual     ǝ 70 ǝ 56 ǝ 42 ǝ 32  ǝ 199 

Artistic   ǝ 10,280 ǝ 1,633 ǝ 96 ǝ 591 ǝ 470 ǝ 352 ǝ 266  ǝ 13,688 

Education, scientific and research     ǝ 5,153 ǝ 4,100 ǝ 3,068 ǝ 2,321 ǝ 2,144 ǝ 16,786 

Total Cultural (Million ǝ)  ǝ 18,678 ǝ 2,968 ǝ 174 ǝ 1,05,903 ǝ 84,246 ǝ 63,057 ǝ 47,688 ǝ 2,144 ǝ 3,24,858 

TESV (Million ǝ)  ǝ 6,66,485 ǝ 1,05,892 ǝ 6,209 ǝ 9,69,535 ǝ 7,71,265 ǝ 5,77,280 ǝ 4,36,583 ǝ 86,692 ǝ 36,19,942 

TESV (Million ǝ)  Agriculture, Horticulture  ǝ 7,78,58 Forest Ecosystem ǝ 28,41,355 ǝ 36,19,942 

 

Table 5.2.6. Ecosystem wise ƿ Provisioning, regulatory and cultural services (Million ǝ) ƿ 2019 
Ecosystem type 
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2,019 sq.km 5,748 1,27,962 21,325 2,854 10,888 7,892 4,281 4,907 5,934 1,91,791 
 % 3 67 11 2 6 4 2 3 3 100 

Provisioning, Regulating and cultural services ( Njmmjpo!ǝ* for forest, agriculture  and horticulture ecosystems  

Food (cereal, pulses..)  ǝ 3,87,216 ǝ 64,530 ǝ 8,636       

Timber     ǝ 565 ǝ 409 ǝ 222 ǝ 254  ǝ 1,450 

NTFP     ǝ 5,414 ǝ 3,924 ǝ 2,129 ǝ 2,440  ǝ 13,906 

Fish     ǝ 3,897 ǝ 2,824 ǝ 1,532 ǝ 1,756 ǝ 2,124 ǝ 12,133 

Fuelwood  ǝ 298 ǝ 50 ǝ 7 ǝ 22,313 ǝ 16,173 ǝ 8,773 ǝ 10,056  ǝ 57,668 

Fodder  ǝ 1,05,472 ǝ 17,577 ǝ 2,352 ǝ 15,207 ǝ 11,023 ǝ 5,979 ǝ 6,854  ǝ 1,64,464 

Medicine     ǝ 202 ǝ 146 ǝ 79 ǝ 91  ǝ 519 

Water     ǝ 90,179 ǝ 65,365 ǝ 35,457 ǝ 40,642 ǝ 49,148 ǝ 2,80,792 

Genetic     ǝ 81,257 ǝ 58,898 ǝ 31,949 ǝ 36,621  ǝ 2,08,726 

Total Provisioning  (Million ǝ)  ǝ 4,92,986 ǝ 82,157 ǝ 10,995 ǝ 2,19,034 ǝ 1,58,763 ǝ 86,121 ǝ 98,714 ǝ 51,272 ǝ 12,00,041 

Air filtration services    ǝ 28,618 ǝ 4,769 ǝ 638 ǝ 20,807 ǝ 15,082 ǝ 8,181 ǝ 9,377  ǝ 87,474 

Local (micro and meso)  
climate regulation services  

 
ǝ 6,825 ǝ 1,137 ǝ 152 ǝ 44,308 ǝ 32,116 ǝ 17,421 ǝ 19,969  ǝ 1,21,929 

Global climate regulation 
service 

 
ǝ 3,788 ǝ 631 ǝ 84 ǝ 2,22,348 ǝ 1,61,165 ǝ 87,424 ǝ 1,00,208  ǝ 5,75,648 

Pollination  ǝ 3,706 ǝ 618 ǝ 83 ǝ 10,491 ǝ 7,604 ǝ 4,125 ǝ 4,728  ǝ 31,356 

Soil erosion     ǝ 14,003 ǝ 10,150 ǝ 5,506 ǝ 6,311  ǝ 35,969 
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Soil fertility   ǝ 60,426 ǝ 10,070 ǝ 1,348 ǝ 39,408 ǝ 28,564 ǝ 15,495 ǝ 17,760  ǝ 1,73,071 

Water purification      ǝ 2,225 ǝ 1,613 ǝ 875 ǝ 1,003 ǝ 1,213 ǝ 6,927 

Waste treatment     ǝ 3,149 ǝ 2,283 ǝ 1,238 ǝ 1,419 ǝ 1,716 ǝ 9,806 

Groundwater     ǝ 2,285 ǝ 1,656 ǝ 898 ǝ 1,030 ǝ 1,245 ǝ 7,115 

Water flow regulation  ǝ 7,805 ǝ 1,301 ǝ 174      ǝ 9,280 

Nitrogen fixation   ǝ 3,754 ǝ 626 ǝ 84      ǝ 4,463 

Remediation ƿ organic and 
inorganic materials  

 
ǝ 54,601 ǝ 9,099 ǝ 1,218      ǝ 64,918 

Genetic diversity  ǝ 1,22,255 ǝ 20,374 ǝ 2,727      ǝ 1,45,355 

Biological control   ǝ 1,092 ǝ 182 ǝ 24      ǝ 1,298 

Total Regulating (Million ǝ)  ǝ 2,92,870 ǝ 48,807 ǝ 6,532 ǝ 3,59,024 ǝ 2,60,233 ǝ 1,41,163 ǝ 1,61,805 ǝ 4,174 ǝ 12,74,610 

Aesthetic     ǝ 627 ǝ 455 ǝ 247 ǝ 283  ǝ 1,612 

Tourism & recreational  ǝ 8,920 ǝ 1,487 ǝ 199 ǝ 1,09,309 ǝ 79,231 ǝ 42,979 ǝ 49,263  ǝ 2,91,388 

Spiritual     ǝ 71 ǝ 51 ǝ 28 ǝ 32  ǝ 181 

Artistic   ǝ 10,920 ǝ 1,820 ǝ 244 ǝ 439 ǝ 318 ǝ 173 ǝ 198  ǝ 14,111 

Education, scientific and 
research 

 
   ǝ 3,620 ǝ 2,624 ǝ 1,423 ǝ 1,631 ǝ 1,973 ǝ 11,271 

Total Cultural (Million ǝ)  ǝ 19,840 ǝ 3,306 ǝ 443 ǝ 1,14,066 ǝ 82,679 ǝ 44,849 ǝ 51,407 ǝ 1,973 ǝ 3,18,563 

TESV (Million ǝ)  ǝ 8,05,696 ǝ 1,34,270 ǝ 17,970 ǝ 6,92,124 ǝ 5,01,675 ǝ 2,72,133 ǝ 3,11,926 ǝ 57,419 ǝ 27,93,213 

TESV (Million ǝ) Agriculture, Horticulture  ǝ 9,57,936  Forest Ecosystems ǝ 18,35,277  ǝ 27,93,213 
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5.3 Valuation of the forest ecosystem services ƿ forest circle wise, Karnataka   

The forest provisioning services (physical values), area of extraction, and seigniorage 

value (revenue) for two five-year periods (2001-2005 and 2015-2019) were compiled 

from the respective forest circles of the Karnataka Forest Department. Averages of 

five years of goods were used to quantify goods in physical terms for 2005 and 2019.  

Forests are managed by the Karnataka Forest Department, Government of Karnataka 

(KFD 2020). Decentralized administration and management of forests in Karnataka 

state are through forest circles, and there are 13 forest circles.  Temporal data of 5 

years period helped accounting for variability across the study period (years). The 

seigniorage represents the residual value of the respective goods after deducting the 

cost involved (harvesting, transportation, etc.). Seigniorage is expressed as revenue 

received by the government (Haslag 2020) after deducting all expenses from the 

auction amount of the respective provisioning services.  

Provisioning services of forest ecosystems in Karnataka  

The provisioning services - timber (rosewood (Dalbergia latifolia), teak wood (Tectona 

grandis, Terminalia arjuna Terminalia elliptica , Anogeissus latifolia , etc.), eucalyptus 

(Eucalyptus globulus), soft wood (Artocarpus hirsutus, Ailanthus excelsa, etc.), round 

poles, pulp wood, sandal wood, other timber), bamboo (Bambusa arundinacea, 

Dendrocalamus strictus , etc.), cane (Calamus neelagiricus, C. vattayila, C. 

pseudofeanus, etc.), NTFP (honey, soap nut (Sapindus saponaria), cashew nut 

(Anacardium occidentale), tamarind (Tamarindus indica), dalchini (cinnamon - 

Cinnamomum malabatrum , Cinnamomum verum); rampatri (nutmeg - Myristica 

malabarica); murgalu (kokum or Garcinia indica)); fuelwood;  fodder, etc. extracted (in 

physical units) with seigniorage   values from each circle are provided in Tables 5.3.1 

to 5.3.3, and Figures 5.3.1 to 5.3.3 presents circle wise provisioning services. The 

seigniorage value for 2005 and 2019 are the same for all provisioning services, as per 

the forest department reports .  

Timber : Timber includes rosewood, teak wood, eucalyptus, softwood, round pole, etc. 

The provisioning services (monetary) of all timber wood products extracted from each 

circle are assessed considering the respective seigniorage value of individual fores t 

goods are listed in Table 5.3.4. Based on the extraction area, per hectare values of 

each timber type are computed, which are listed in Table 5.3.5. Figures 5.3.3 and 5.3.4 

depict the spatial variability of the ecosystem value of timber goods in Karnatak a. The 

total provisioning value of timber extracted from Karnataka state is 2,023, and 1,445 

billion rupees, respectively, for 2005 and 2019. The rosewood is available only in 

specific circles, which are part of the Western Ghats. Shimoga, Kodagu, and Canara 

circles have higher ecosystem supply value as compared with other circles. The 

ecosystem supply value of rosewood is 140,017 Rs/Ha/yr (2005) and 140,998 

Rs/Ha/yr (2019). The maximum value is observed as 240,571 Rs/Ha/yr in the Canara 
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circle, and the minimum value is observed in Dharwad as 60,909 Rs/Ha/yr for the year 

2005. In 2019 maximum value is observed from the Canara circle as 240,656 Rs/Ha/yr 

and the minimum value as 60,909 Rs/Ha/yr from the Dharwad circle.  

 

Teakwood: Teakwood is extracted in large quantities from Canara, Shimoga, Kodagu, 

and Chikmagalur circles. The ecosystem supply value of teak wood shows 79,881 

Rs/Ha/yr (2005) and 79,961 Rs/Ha/yr (2019) as per the collected data. Maximum and 

minimum values are observed as 157,744, 41,302 Rs/Ha/yr (2005) for the circles 

Kodagu, Dharwad respectively, whereas for the year 2019, maximum and minimum 

values accounted as 158,134, 41,231 Rs/Ha/yr for the circles Kodagu, Dharwad 

respectively. The average teak wood values are observed as 79,881, 79,961 Rs/Ha/yr 

for the years 2005, and 2019 respectively. 

Eucalyptus: The revenue from eucalyptus is high in Bengaluru, and Mysore circles. 

Sandalwood is extracted in large quantities from Dharwad, Hassan circles. These 

values are comparable to the earlier studies in India (Verma et al., 2013). Overall, the 

circles such as Belgaum, Mysore, Ballari (Bellary) have lower timber services for 2019 

compared to 2005. The ecosystem supply value of Eucalyptus wood is 4,304 and 

4,265 Rs/Ha/yr for the data collected for the years 2005, 2019 respectively. The 

maximum value observed is 9,246 Rs/Ha/yr in Hassan, and the minimum value is in 

the Canara circle as 1,302 Rs/Ha/yr for the year 2005. In 2019 maximum value is 

observed from the Hassan circle as 9235 Rs/Ha/yr and the minimum value as 1,302 

Rs/Ha/yr from the Kodagu circle.  

Softwood: The ecosystem supply value of softwood is 2,692  Rs/Ha/yr as per the 

collected data for 2005, and 2019. Maximum and minimum values are 3,864 and 1,303 

Rs/Ha/yr (2005) for Mangalore, Canara circles, respectively, whereas for the year 

2019, maximum and minimum values accounted for 158,134, and 41,231 Rs/Ha/yr for 

the circles Kodagu, Dharwad respectively.  

Other timber: The ecosystem supply value of other kinds of timber is 4,644 and 4,297 

Rs/Ha/yr  for the data collected for the years 2005, 2019 respectively. The maximum 

value is 9,276 Rs/Ha/yr in Hassan, and the minimum value is in Canara, Kodagu circles 

as 1,302 Rs/Ha/yr for the year 2005. In 2019 maximum value from the Mysore circle 

is 9,241 Rs/Ha/yr , and the minimum value is 1,302 Rs/Ha/yr from Canara and Kodagu 

circles. 

Pulpwood: The ecosystem supply value of pulpwood is 3,369 Rs/Ha/yr (2005) and 

3,381Rs/Ha/yr (2019) based on the data collected across the circles from Karnataka 

Forest Department. The maximum value is 4,272 Rs/Ha/yr in the Bangalore circle, and 

the minimum value is in Chikmagalur as 3,830 Rs/Ha/yr for 2005. In 2019 maximum 

value from the Bangalore circle is 4,295 Rs/Ha/yr , and the minimum value is 3,829 

Rs/Ha/yr from the Chikmagalur circle.  
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Round poles: The ecosystem supply value of round poles wood is assessed as 4,434 

and 4,261 Rs/Ha/yr for 2005, and 2019, respectively. The maximum value is 10,788 

Rs/Ha/yr in Hassan, and the minimum value is in the Canara circle as 1,303 Rs/Ha/y r 

for the year 2005. In 2019 maximum value from the Mysore circle is 9,224 Rs/Ha/yr 

and the minimum value is 1,304 Rs/Ha/yr from the Canara circle.  

Sandalwood: The ecosystem supply value of sandalwood is accounted as 4,573, and 

4,652 Rs/Ha/yr  for 2005, and 2019 respectively. The maximum value is 9,237 Rs/Ha/yr 

in Hassan, and the minimum value is in Canara circles as 1,302 Rs/Ha/yr for the year 

2005. In 2019 maximum value from Hassan circle is 9,240 Rs/Ha/yr and the minimum 

value is 1,302 Rs/Ha/yr from the Canara circle. 

Bamboo and Cane Production: Timber and biomass of bamboo and cane production 

have been assessed from the forest inventory. The ecosystem supply value from 

bamboo and canes was estimated (Table 5.3.6, Figure 5.3.5). Circles such as Canara 

and Mangalore are getting higher revenue from bamboo, and Bengaluru, Canara 

Dharwad, and Mangalore are getting high revenue from canes. The ecosystem supply 

value of bamboo has reduced for the year 2019 might be attributed to the degradation 

in the forest ecosystem with the reduced bamboo cover.  

The ecosystem supply value of Bamboo for the Karnataka state is assessed as 3,938 

and 4,402 Rs/Ha/yr  for the years 2005 and 2019, respectively. The maximum value is 

9,283 Rs/Ha/yr in Mysore, and the minimum value is observed in Canara circles as 

1,302 Rs/Ha/yr for 2005. In 2019 maximum value from the Hassan circle is 8,911 

Rs/Ha/yr , and the minimum value is 1,303 Rs/Ha/yr from the Canara circle. 

Fodder Production : Table 5.3.7 lists circle-wise fodder in physical and monetary 

values per hectare per year. Figure 5.3.6 depicts the circle-wise ecosystem value for 

fodder, and values are 66,911 and 39,063 million rupees for 2005 and 2019, 

respectively. The reduction in fodder availability could be attributed to the degradation 

of forest ecosystems in the State. Canara, Shimoga, Mangalore, and Chamarajanagar 

contribute higher compared to the Dharwad circle (least ). Ecosystem supply value 

from fodder for Karnataka state is assessed 7,736, and 15,476 Rs/Ha/yr for the years 

2005 and 2019. The maximum value is 8,988 Rs/Ha/yr in Chamarajanagar, and the 

minimum value is in the Kodagu circle as 6,583 Rs/Ha/yr for the year 2005. In 2019 

maximum value is witnessed from the Chamarajanaga circle as 20,050 Rs/Ha/yr and 

the minimum value as 12,779 Rs/Ha/yr from the Ballari circle.  

Non-Timber Forest Produce / Non -Wood Forest Produce: The quantity of harvested 

NTFP in physical quantities is assessed and listed category -wise in Table 5.3.8 for 

2005 and 2019. The spatial variability is depicted in Figure 5.3.7. These are 

comparable to a study from India (Verma et al., 2013). Table 5.3.9 lists NTFP values 

for various forest types per hectare per year. Figure 5.3.8 depicts circle-wise the 

ecosystem values from NTFP in a million rupees. Ecosystem value from NTFP is 
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estimated as 13,906 million rupees, in which Mysore, Shimoga, circles show higher 

values, and Mangalore, Chikmagalur show lower values. The quantity of NTFP 

extraction is higher in 2005 compared with 2019. The reduction is due to the 

degradation of the forest cover and the non-availability of labor (discussion with 

farmers during field investigations) for the sustainable extraction of NTFP.  

Á The ecosystem supply value of honey is 13,177 Rs/Ha/yr (2005) and 13,186 Rs/Ha/yr  

(2019) based on the data collected across the circles from Karnataka Forest 

Department. The maximum value is 13,411 Rs/Ha/yr in the Chamarajanagar circle and 

the minimum value is 13,059 Rs/Ha/yr for the year 2005 in the Shimoga circle. In 2019, 

the maximum value of 13,413 Rs/Ha/yr is in the Chamarajanagar circle, and the 

minimum value is 13,060 Rs/Ha/yr in the Shimoga circle.  

Á Soapnut is 12,724 and 12,977 Rs/Ha/yr for the years 2005 and 2019, respectively. The 

maximum value of 16,757 Rs/Ha/yr is in the Chamarajanagar circle for 2005 and 2019. 

The minimum value of 11,714 Rs/Ha/yr is in Kodagu, Mangalore, and Shimoga circles 

for 2005 and Kodagu circle in 2019. 

Á Cashew nut is 13,812 Rs/Ha/yr (2005) and 13,945 Rs/Ha/yr (2019). The maximum 

value is 17,029 Rs/Ha/y r in the Bangalore circle, and the minimum is in Belgaum of 

11,714 Rs/Ha/yr for 2005. In 2019, the maximum value of 17,048 Rs/Ha/yr in the 

Bangalore circle and the minimum value of 11,715 Rs/Ha/yr was from the Belgaum 

circle.  

Á Tamarind is 14,315 and14,346 Rs/Ha/yr for 2005 and 2019, respectively. The 

maximum values of 17,044 and 17,049 Rs/Ha/yr are in the Ballari circle for 2005 and 

2019. Minimum values of 11,423, and 11,575 Rs/Ha/yr are in the Kalaburagi circle for 

2005 and 2019. 

Á Rampatri (nutmeg - Myristi ca malabarica) is 12,997 Rs/ Ha /yr (2005) and 14,436 Rs/ 

Ha /yr (2019). The maximum value of 16,891 Rs/ Ha /yr is in the Hassan circle, and 

the minimum value is in Canara with 11,667 Rs/ Ha /yr for the year 2005. In 2019, the 

maximum value of 16,842 Rs/ Ha /yr is in the Hassan circle, and the minimum value is 

12,030 Rs/Ha/yr from the Canara circle.  

Á Dalchini (Cinnamon) is 13,333 Rs/Ha/yr (2005) and 13,478 Rs/Ha/yr (2019), based on 

the data collected across the circles from Karnataka Forest Department.  

Á Murugalu (Kokkum) is 11,717 Rs/Ha/yr (2005) and 11,740 Rs/Ha/yr (2019). The 

maximum value is 11,722 Rs/Ha/yr in the Shimoga circle, and the minimum value of 

11,714 Rs/Ha/yr for the year 2005 is in the Canara circle. In 2019 maximum value is 

observed from the Chikmagalur circle as 11,765 Rs/Ha/yr and the minimum value of 

11,715 Rs/Ha/yr is in the Canara circle.  

Overall, Canara, Shimoga, Kodagu, and Chamarajanagar circles provide provisioning 

services in significant quantities, while Chikmagalur, Belgaum, Hassan, Mangalore, 

Ballari, Dharwad, and Bengaluru provide moderate amounts, and the least amount is 

provided by Gulbarga circle.
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Table 5.3.1 Timber extracted from each forest circle of Karnataka during 2005 (based on the averages of 2001 to 2005 data) and 

2019 (based on the averages of 2015 to 2018), with values in physical units -cum 

Sno Circle name 

TIMBER 

Rosewood (Cum) Teak wood (Cum) Eucalyptus (Cum) Softwood (Cum) Other kinds of timber (Cum)  

2005 2019 2005 2019 2005 2019 2005 2019 2005 2019 

1 Bengaluru 0 0 0 0 331 561 0 0 854 421 

2 Belgaum 46 14 13 15 5 6 0 0 2392 1309 

3 Ballari 0 0 0 0 0 0 0 0 387 115 

4 Chamarajanagar  0 0 0 0 0 0 0 0 13 77 

5 Chikmagalur 324 231 121 212 0 1 133 233 3033 5280 

6 Dharwad 4 1 61 85 45 62 0 0 116 93 

7 Kalaburagi 0 0 0 0 261 198 0 0 934 708 

8 Hassan 37 16 3 3 1894 1556 0 0 180 148 

9 Canara 2219 1505 2616 2805 2717 2914 706 758 16682 16715 

10 Kodagu 3029 1914 182 163 378 339 174 156 1496 1279 

11 Mangalore 50 43 57 77 5861 7911 361 488 2745 3706 

12 Mysore 23 14 17 31 5389 9546 0 0 788 1351 

13 Shimoga 7798 4506 172 147 2485 2118 7451 6350 11182 8667 

Tfjhojpsbhf!Wbmvf!)ǝ* 67000 67000 6500 65000 6600 6600 1560 1560 8400 8400 

Table 5.3.2. Provisioning services (pulpwood, round poles, sandalwood, bamboo, canes) extracted from each forest circle of 

Karnataka during 2005 and 2019, with values in physical units  

Sno Circle name 
Pulpwood (Cum) Round Poles (Nos) Sandalwood (Kg) Bamboo (Nos) Canes (Nos) 

2005 2019 2005 2019 2005 2019 2005 2019 2005 2019 

1 Bengaluru 1928 3266 786 1333 38 66 0 0 9150 15500 

2 Belgaum 0 0 2337 2605 90 101 318480 0 0 0 

3 Ballari 0 0 0 0 0 0 0 0 0 0 

4 Chamarajanagar  0 0 0 0 0 0 0 0 0 0 

5 Chikmagalur 1306 2273 3675 6396 103 180 26885 14731 0 0 

6 Dharwad 0 0 1663 2289 9829 4255 167558 267 1466 2018 

7 Kalaburagi 0 0 0 0 0 0 0 0 0 0 
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8 Hassan 0 0 62 51 4127 3391 0 0 2398 1970 

9 Canara 0 0 4824 5173 574 616 489139 85412 272293 10393 

10 Kodagu 0 0 2 2 0 0 4820 0 0 0 

11 Mangalore 0 0 2261 3052 26 36 17829 21298 33611 6000 

12 Mysore 0 0 1720 3048 5263 117 52764 469 3 6 

13 Shimoga 0 0 20111 17139 1939 0 634637 4704 5000 0 

Tfjhojpsbhf!wbmvf!)ǝ* 1560 1560 348 348 15000  15000  38 38 4 4 

Table 5.3.3. Provisioning services (NTFP - honey, soap nut (Sapindus saponaria), cashew nut (Anacardium occidentale ), tamarind (Tamarindus indica), 

dalchini (cinnamon - Cinnamomum malabatrum , Cinnamomum verum); rampatri (nutmeg - Myristica malabarica ); murgalu (kokum or Garcinia indica)) 

extracted from each forest circle of Karnataka during 2005 and 2019 (in physical tons)  

Sn

o 
Circle name 

NTFP (tons) 

Honey Soapnut Cashew Tamarind Ramapatre Dalchinni Murugalu  

2005 2019 2005 2019 2005 2019 2005 2019 2005 2019 2005 2019 2005 2019 

1 Bengaluru 0 0 0 0 1804 67 3967 490 0 0 0 0 0 0 

2 Belgaum 0 0 0 0 21282 800 314 35 0 0 0 0 0 0 

3 Ballari 0 0 0 0 0 0 139 16 0 0 0 0 0 0 

4 Chamarajanagar  33153 9034 868 1000 0 0 0 0 0 0 0 0 0 0 

5 Chikmagalur 1109 14 853 101 0 0 38 2 0 0 186 133 574 6 

6 Dharwad 0 0 3640 0 0 0 986 75 0 0 9281 0 0 0 

7 Kalaburagi 0 0 0 0 0 0 281 13 0 0 0 0 0 0 

8 Hassan 0 0 0 0 2508 28 0 0 402 2 0 0 0 0 

9 Canara 146 22 15 0 42 11 0 0 14 2 0 0 939 125 

10 Kodagu 20775 293 188375 10388 0 0 0 0 8835 0 0 0 3148 0 

11 Mangalore 0 0 93937 0 273 23 0 0 320 0 7 6 0 0 

12 Mysore 464515 3000 0 0 0 0 4748 150 0 0 184 0 0 0 

13 Shimoga 48904 3575 139809 73028 0 0 19566 6899 0 0 0 0 473 0 

Tfjhojpsbhf!wbmvf!)ǝ* 140000 140000 130000 130000 100000 100000 65000 65000 80000 80000 310000 310000 400000 400000 
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Figure 5.3.1 Timber, bamboo and canes extracted (in the physical units) across forest circles in Karnataka for the years 2005 and 2019  

    
Rosewood Teak wood 

    
Eucalyptus Soft wood 
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Figure 5.3.2. Quantity of NTFP collected (in physical units)  across the circles in Karnataka during 2005 and 2019  

    
Honey Soap nut 


