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The Economics of Biodiversity 

Introduction  

Biological or Bio-diversity refers to the “variability among living organisms 

from all sources including, inter alia, terrestrial, marine and other aquatic 

ecosystems and the ecological complexes of which they are part; this includes 

diversity within species, between species and of ecosystems” (CBD, 1992). 

Thus the remit of the term also encompasses the complex interlinkages and 

functionings within ecosystems that provide a basis for all productive human 

activities. Ecosystems in turn refer to “ a dynamic complex of plant, animal 

and micro-organism communities and their non-living environment interacting 

as a functional unit" (Article 2 of CBD, 1992).  They are exploited to meet 

various well-being needs, that may be of monetary economic significance or 

otherwise. 

Ecosystem services  

The terms ecosystem services connotes an anthropocentric view of the various 

benefits (services) that humans receive from ecosystems. It is inherently 

economic in approach and provides a convenient categorization format that 

allows better articulation of trends in use and status of ecosystem services. 

There are four broad categories of ecosystem services 

 Provisioning: products obtained from ecosystem (Eg. food, fuel, fibre, 

medicine, genetic resources) 

 Regulating: benefits from the regulation of ecosystem processes (Eg., 

air quality, climate, water, erosion, water purification, disease and 

pests, pollination, natural hazards) 

 Cultural: non-material benefits (Eg., spiritual, aesthetic, knowledge, 

education, social relations, identity)  

 Supporting: necessary for the production of all other ES (Eg., soil 

formation, nutrient and water cycling, photosynthesis) 
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Biodiversity is considered as a provider of ecosystem services, as the diversity 

of living forms and their inter-relationships give rise to a variety of benefits 

from within the ecosystems where they are found. 

Figure 1: Schematic representation of various benefits obtained from 

biodiversity 

Source: Developed from the Millennium Ecosystem Assessment (2005) 

Regardless of the intrinsic values of biodiversity, maintenance of this diversity 

becomes crucial at least for the instrumental values human beings derive from 

them. As the Millennium Assessment Report and later the Global Biodiversity 

Outlook reports showed, we are losing this diversity at alarming rates and 

evidence points to anthropogenic factors as driving this loss (MA, 2005; 

SCBD, 2010).  
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As the mainstream economic systems do not adhere to the idea of living in 

harmony with nature despite accepted notions of sustainable development, 

there is a clear need to demonstrate the economic value of biodiversity. This is 

what the concept of ecosystem services allows us to do. 

Loss of biodiversity and consequences 

A loss in diversity of biological resources affects the resilience of natural 

systems (Carpenter and Folke, 2006; UNEP, 2012). This means the capacity of 

the natural system to regain its functioning after a perturbance is negatively 

affected.  Some consequences in terms of loss of human wellbeing, arising due 

to loss of biodiversity are mentioned in Table 1. A good example is the 

increase in forest fires in the Borneo islands due to draining of peat forests to 

undertake cultivation of rice (Suneetha et al., 2011a). The peat forests are 

valuable storehouses of carbon and are considered vital in playing a regulatory 

function of ecological processes. However with the Government of Indonesia‟s 

policy to convert part of the forests to rice farms under the million hectare rice 

project, the forests were drained off water for tillage. The land however 

became extremely dry and acted as a medium for fires to spread.  Rockstrom et 

al (2009) identified that it was necessary to limit the loss of biodiversity to less 

than 10 extinctions per million species for humans to have a safe space (in 

addition to other components of what they termed as planetary boundaries). 

Table 1 : Some consequences to human wellbeing due to loss of 

biodiversity in terms of loss in ecosystem services 

Services Consequences 

Provisioning  Food insecurities, lack of resources for healthcare, 

germplasm loss, low adaptation capacities  

Regulating  Higher incidence of extreme events (floods, droughts, fires)  

Supporting  Lower productivity of crops 

Cultural  Loss of knowledge on use and management of biodiversity 

and ecosystems  

Source: Adapted from Millennium Ecosystem Assessment (2005). 
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Drivers of biodiversity loss 

The OECD came up with the Pressure-State-Response model to explain 

changes to natural capital, such as ecosystems, biodiversity, etc.  This was 

further modified to include Drivers-Pressures-Status-Impact–Responses 

(DPSIR) to understand the status of the condition of a natural asset, trends in 

its status, drivers and resulting pressures and their impacts on the resources. 

Some of the broad driving forces that affect biodiversity loss include 

 Population growth and demand pulls 

The most prominent cause identified is the rapid rise in the number of people, 

which increases pressure on various resources such as arable land, water, and 

various natural resources for food and various productive activities. The rates 

of extraction are often higher than the regenerative capacities of the resources, 

resulting in scarcities and quite often, irreplaceable loss (UNEP, 2012). 

 Homogenization of produce 

Currently, people around the world consume only 15 major staples, 2/3 of 

which is constituted by rice, wheat and maize.  This has vastly reduced the 

diversity of crops under cultivation (FAO, 1995). Furthermore, the 

requirements of institutions such as standards set for agricultural products in 

trade (through the harmonization codes set under the World Trade 

Organization), have further narrowed the diversity of products that are 

produced for the markets. It is estimated that only eight crops are grown in 

almost three-quarters of the agricultural land in the United States of America. 

 Reduction in pluralistic approaches to primary production/ 

Unsustainable consumption and production processes 

Traditionally, primary production was undertaken within a socio-ecological 

context. This means that while production was undertaken to meet social 

requirements, it was also done in line with ecological capacities. Over a period 

of time, with an over emphasis on total output and income as a measure of 

progress, countries have restructured their production systems toward 

commercial, high-input and more industrially oriented processes. In the 

process, there has been a loss of diversity in resources and introduction of new 



5 

species in countries, cultivated for their commercial value and ultimately 

integrated as a staple with resultant reduction in native germplasm (Gu and 

Subramanian, 2012). 

Another trend that has been on the rise over the last few decades is the 

increasing propensity to waste resources. For instance, it is estimated that in 

the United Kingdom, around 25% of food that is fit for consumption is wasted 

(Lundquist et al., 2008). This results in loss of resources that go into the 

production process. 

 Policy drivers not sufficiently focused on  ecology 

National priorities to improve incomes have resulted in some misplaced 

policies that have had negative consequences both to the environment and 

human wellbeing. The conversion of large tracts of tropical forests to oil palm 

plantations in Malaysia and Indonesia is a good example (Fitzherbert et al, 

2008) 

 Spread of invasive alien species 

Economic loss due to spread of invasive alien species is a global concern. 

Spread of such species occurs either through natural processes or through 

introduction of exotic species in new lands where they take over the native 

population (UNEP, 2010) 

Market value of Biodiversity 

The economics of natural resources has always been linked to international 

relations. The quest to control supply of biological resources is a historical one. 

For instance, the development of the trade routes of supply for spices or silk 

and the era of colonization were all linked to commercial use and control over 

a diversity of resources. Furthermore, such commercial use of bio-resources is 

still closely linked to the welfare of individuals and nations. Certainly there has 

been an increase in trade in different species with developments in transport 

and technology to process and extend the shelf life of biological products over 

extended periods of time.  
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Economic implications for different stakeholders 

Biological resources affect stakeholders at different levels in distinct ways. At 

the local level, it is linked to the livelihoods of proximate stakeholders 

including farmers, shamans (healers), collectors of non timber forest products 

and the like; can provide new economic opportunities and a basis for spurring 

entrepreneurship at the community level.  

At the national level, it is linked to conservation goals , various development 

goals such as securing food security (that is dependent on germplasm 

availability, soil fertility and related ecosystem integrity parameters), health 

and energy security, equitable and broad based economic development, 

developments in Science and Technology and  enabling securing national 

incomes. 

At the international level, it is linked to global commodity chains, increased 

trade facilitation, innovations in different aspects of commerce, trade, value 

addition and mechanisms to support other countries (Aid)  

Sectoral distinctiveness 

Sectoral variations are high with regards to costs related to development of bio-

products, likely benefits generated per annum, life cycle of a product and the 

business process involved. In the biopharmaceutical sector, often used as a 

representative case for utilization of biological resources, the market value of 

the sector is around  430 billion USD over the life of a drug (considered to be 

around 20 years- the life of a patent). The costs involved in development of a 

drug also are high (1.2 billion USD average) (PhRMA, 2007) with a likelihood 

of success ranging from 1 in 10,000 to 1 in 50 or even less depending on the 

additional information obtained on use of a resource. Increasingly, the industry 

depends on a series of upstream developers to undertake different parts of the 

R&D related to drug development, referred to as shuttle development, to 

spread the costs and risks. A similar trend is also visible within the crop  

biotechnology sector.  

However, in sectors such as the Nutraceuticals / Botanicals and the Cosmetics 

sector, costs of development can be contained within 10 million USD, while 

the life cycle of the product is around seven years. The industry depends on 
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multiple suppliers of raw materials to develop specialized products based on 

prior evidence.  Sectors such as ecotourism depend on the variety of life within 

well functioning ecosystems to generate revenue through tourist activities. This 

is increasingly becoming a popular economic activity. The mining industry 

which also depends on natural resources is a high revenue sector which usually 

is regulated by a separate set of regulations outside the purview of biodiversity 

and ecosystem regulations. The sector demonstrates increasing trends to 

vertical integration of different activities in the mining cycle (Table 2). 

Table 2:  Sectoral market values and costs, business models of major 

industries using biological resources 

Sector Market Value 

USD Billion 

Cost of 

production 

Business model 

Biopharmaceuticals 

(incl. 

biotechnology) 

430 

(Datamonitor, 

2005) 

1.2 Billion 

(PhRMA 

Report, 2007) 

Increasingly 

shuttle 

development 

Botanicals/ 

Nutraceuticals  

62 (Patwardhan 

et al, 2005)/  

11.7 billion 

(Freedonia, 

2006) 

< 10 million Multiple suppliers 

– specialized 

production 

Agricultural 

Biotechnology 

6.2 billion 

(Financial 

Times, 2006) 

Biotech seed 

market: 5.3 

billion (Crop 

Life 

International, 

2005) 

Conventional 

seeds: 15 

Billion 

(Syngenta, 

2005) 

100 to 200 

Million 

Public research 

bodies-  

conventional style 

Companies- 

following 

consolidation 
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Sector Market Value 

USD Billion 

Cost of 

production 

Business model 

Personal products 

and Natural 

Cosmetics 

around 6 billion 

USD by 2008 

(Cosmetic 

Design, 2008) 

< 10 Million Specialist  

companies- 

multiple suppliers 

Ecotourism Around 29 

billion USD 

(Kirkby, C. et 

al., 2011) 

 Specialized, 

usually 

decentralized 

systems 

Mining In trillions for 

each type – 

continues to 

grow – Role of 

emerging 

countries 

Rising due to 

rising demand 

Increasing trend to 

vertical integration 

Sources: http://www.syngenta.com/en/downloads/seeds_5.pdf 

Bio-cultural diversity and market segmentation 

A noteworthy aspect related to biological resources is that their end use is not 

homogenous and hence subject to various perceptions of demand. A single 

resource could show different demand patterns depending on usage that is 

often determined by cultural contexts. For example, within the medical sector- 

Senna (Cassia senna) is a plant that has a high export value in India. However, 

it is hardly used either in mainstream traditional medical systems or traded 

actively in domestic markets- indicating that it is likely to be highly price 

sensitive in domestic  markets. A plant such as Ashwagandha (Withania 

somnifera) is widely used in Indian systems of medicine, actively traded in 

domestic markets and has high export demand.  Given that it is part of several 

medicinal formulations as a core ingredient, it is likely to be price insensitive at 

least in the Indian domestic market. Whereas, a plant such as Arogyapacha 

(Trichopus zeylanicus ssp. travencorius) has a high cultural value in the local 

context among the Kani tribals in south India – as both a medicinal herb and as 

a plant with sacred values.  It was later developed into a medical formulation 

and gained a market value – but predominantly continued to be valuable in the 

local contexts (Suneetha and Chandrakanth, 2006) 

http://www.syngenta.com/en/downloads/seeds_5.pdf
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Consider another example of a resource such as Tulsi (Ocimum sanctum). This 

is culturally a highly valued herb in India, and is also used extensively as 

medicine both in households and in traditional medicine industry. The extract 

also has a high export demand.  Such resources that have multiple end uses and 

a high cultural value tend to be conserved actively (Suneetha and 

Chandrakanth, ibid). 

Nature of Markets for biological resources 

Supply of several biological resources (whether floral or faunal) originates 

from wild or common property sources. Markets for biological resources 

generally tend to be almost opaque and oligopolistic. However, pricing of 

resources such as agricultural commodities is much regulated, compared to 

those used in other sectors.   

The pricing mechanism shows characteristics of an imperfect market. This is 

because the price difference in the price paid to the provider of the resource is 

not commensurate to the prices received at higher levels of the supply chain 

(Maraseni et al, 2006). Conversely, this has a negative feedback loop, as the 

providers tend to harvest unsustainably to get more income resulting in higher 

stress on wild populations of the resources.  

What is noteworthy while examining a typical supply chain of a biological 

resource is that there are several sets of stakeholders at various levels who not 

only serve to add value in form or time to the resource, but also to regulate the 

movement of resources to ensure their sustainable use (Figure 2), illustrating 

that the flow of biological resources falls within the sphere of both 

conservation and economic priorities.  

Economic Valuation of Biodiversity 

Biodiversity values vary depending on the use to which a resource is put – as 

most resources have multiple uses in different forms- for instance a resource 

could be used as an adornment, for cultural purposes, as a decoction in 

traditional medicine or as part of a pharmaceutical drug. Or in cases such as the 

ecosystems that sustain biodiversity, valuation approaches would need to 

account for the various services that would be lost in the event of their 

degradation or loss. Given that losses can be irreplaceable with high 
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opportunity costs (such as loss of livelihoods, nutritional security, health 

security and other wellbeing needs), it is imperative that accounting 

methodologies be complemented with interdisciplinary approaches and ethical 

principles. 

 

Figure 2 Supply chain of a biological resource 

Source: Adapted from Suneetha (2010). 

Economic Valuation of biological resources is often undertaken to find 

inherent value of the resources expressed in monetary terms. However, given 

that any kind of valuation is inherently anthropogenic in nature and purpose, a 

valuation exercise essentially serves to influence human decisions and 

perceptions on a resource. Such an exercise is especially required for policy 

decision making since the arguments for conservation or sustainable use and 

equity need to make economic sense over all ethical considerations (TEEB, 

2010).  

Methods to assign Monetary Value to biological resource 

Broadly, we can identify two approaches to valuing biological resources.  

 Recursive methods – which attribute a share of value of final product 

to resource, such as value of a medicinal plant derived from the final 

bio-pharmaceutical drug developed from it ( Pearce and Moran, 1994; 

Aylward, 1998; Simpson, Sedjo and Reid, 1996)    
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 Futures/ Option values based on likely values that are attributable to a 

resource depending on likely uses. In this case also, researchers also 

go in for a method of forecasting the value of a resource based on 

possible end use and further amortizing this value over a period of 

time (Principe, 1990; Gundimeda et al, 2005) 

Both approaches typically use information related to  value of end product/ 

rental value of land used to maintain the resource, probability of success of 

successful product, appropriate discount rates for amortization and life time of 

product.  

Methods to assign composite values to biological resources 

There are also attempts to assign monetary and non-monetary resources to 

biological resources and ecosystems. Some attempts have valued a resource to 

capture the multiple values it provides different stakeholders ( for eg., Suneetha 

and Chandrakanth, 2006,  where selected medicinal plants from India were 

assigned a Value Index based on their relative importance to different sets of 

stakeholders such as export markets, domestic users, traders, healers and 

tribals). Such an approach could provide a nuanced understanding of the 

relative values of resources taking into account the dynamic nature of markets 

and value perceptions. 

Some other attempts have tried to value resources and ecosystems in the 

context of human wellbeing, where using different tools the consequences to 

human wellbeing are mapped against loss of resources and resources (Suneetha 

et al., 2011b). There have been limited studies that have attempted at valuing 

biodiversity itself.  A good example is the valuation of germplasm collection 

done by various researchers (Hein and Gatzweiler, 2006). 

Policy Concerns and Major Policy Initiatives 

Several intergovernmental and national policies have been framed to address 

various issues related to conservation of biodiversity, ensure they are 

sustainably used to achieve development aspirations and enable equitable 

transactions between different stakeholders involved in the value chain of bio-
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resource trade. Major intergovernmental policy organizations working in this 

context include: 

 CBD and other Biodiversity related conventions – focus on resource, 

knowledge associated, trade and markets  and ethics and equity 

 UNESCO , ILO – focus on human rights related issues 

 Integovernmental Platform for Biodiversity and Ecosystems Services 

(IPBES) – concerned with assessment on status of biodiversity and 

ecosystems 

 WTO and TRIPS Agreement-  deal with ownership over genetic 

resources, traditional knowledge  

 United Nations – focus on green economy,  Sustainable Development 

Goals following up on MDGs 

At the national level, India is one of the pioneering countries that has taken 

policy and regulatory measures to conserve biodiversity and ensure equity 

among different stakeholder groups through various laws such as the National 

Biological Diversity Act, 2002; the Plant Variety Protection and Farmer‟s 

Rights Act, 2001; and the Patents Amendment Act, 2005. The policy 

coherence amidst the different instruments to promote innovative research on 

biological resources, and at the same time ensure conservation and sustainable 

use of different kinds of biological resource is certainly an appreciable effort. 

The Biological Diversity Act is implemented through a 3-tiered structured at 

the national level (by the National Biodiversity Authority), state (State 

Biodiversity Boards) and local (through Biodiversity Management 

Committees) to deal with issues related to accessing biological resources for 

different purposes and sharing benefits arising from their commercial use in an 

equitable manner with different sets of stakeholders. 

Concluding remarks 

Biodiversity and the economics of various biological resources have been 

integral to the welfare of nations. Over time, however, the natural abundance of 

several resources – whether from land or water – have reduced or degraded, 

resulting in difficult consequences to human wellbeing. The Economics of 

Biodiversity is closely linked to the economics of information.  This is because 
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a better notion of value can only be obtained when use of the resource and its 

contribution in the value chain is sufficiently understood. 

Choice of appropriate tools of valuation is important to arrive at informed 

decisions related to conservation and utilization of biological resources. This 

choice needs to be determined by questions of what resources are being valued, 

their scarcity, their form of use, towards what purpose is the resource being 

utilized, its social and cultural values and relevance in national and global 

markets in respective sector.  This then implies that there is a need for more 

layered, multidimensional and interdisciplinary approaches of analysis.  
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