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Definition 

Natural capital is the stock of assets that can be used to produce ecosystem goods and services to 

benefit people and the planet. Natural capital consists of renewable natural resources, non-renewable 

natural resources and ecosystem services which flow from natural capital. 

Introduction 

Understanding the relationship between natural capital and human-made capital is of considerable 

importance for sustainable development. Capital is a stock wanted not for itself but as a factor for 

production. In other words, capital is valued for its ability to yield goods or services. The term capital 

is traditionally defined as produced (manufactured) means of production (Daly 1990). A functional 

definition of capital is a stock which possesses the capacity to contribute to a flow of goods and 

services into the future (Chenoweth et al. 2018). Different types of capital need to be identified to 

clarify the relationship between natural capital and human-made capital.  

 
Ekins et al. (2003) describes four kinds of capital: (a) manufactured capital: material goods such as 

machines or infrastructure which contribute to productive processes; (b) human capital: individuals and 

their skills and abilities to work; (c) social capital: networks which allow the mobilization of inputs from 

individuals; and (d) natural capital, which provides resources for production, absorbs wastes and 

provides the underlying conditions which allow production to proceed. Costanza and Daly (1992) 

further distinguish between manufactured capital as the factories, buildings, tools, and other physical 

artifacts usually associated with the term and human capital as the stock of education, skills, culture 

and knowledge stored in human beings. Throughout this entry, human-made capital is the term used 

to identify the combination of manufactured and human capital as distinct from natural capital and 

this entry will not be exploring cultivated natural capital or critical natural capital.  

Natural capital (also referred to as ecological capital in some publications) is our planet’s natural stocks 

of air, water, soil and all living things. Natural capital may be defined as any stock of natural resources 

such as soil, water, atmosphere, and ecosystems which provide a flow of useful goods or services 

(Pearce and Turner 1990; Daly 1994; Van Dieren 1995). Natural capital is the stock that yields the 



flow of natural resources. As an example, a forest or population of fish is a stock that provides a flow 

or annual yield of new trees or fish, a flow that can be sustainable year after year. The sustainable flow 

is "natural income” the stock that yields the sustainable flow is "natural capital" (Costanza and Daly 

1992). Natural capital, natural income and natural resources are distinct in character, but it is important 

to note the interplay of natural capital and natural income are the stock and flow components of 

natural resources (de Sena 2009). 

Natural capital consists of three components: renewable resources (fish, trees), non-renewable 

resources (petroleum, minerals) and ecosystem services (clean water, fertile soil). Renewable resources 

are produced and maintained by the processes and functions of ecosystems. Non-renewable resources 

are extracted from ecosystems. Renewable resources can be exploited to extinction and rendered non-

renewable, while non-renewable resources can be renewed if we are prepared to wait indefinitely (Daly 

1994). El Serafy (1989) further differentiates between renewable, active natural capital and 

nonrenewable, inactive natural capital. Renewable natural capital is active and self-maintaining using 

solar energy. Nonrenewable natural capital is passive; yielding no products until extracted and 

incorporated into the manufacturing of goods. El Serafy (1989) provides an interesting analogy 

between renewable natural capital/nonrenewable natural capital and machines/inventories. 

Renewable natural capital is analogous to machines and is subject to depreciation; nonrenewable 

natural capital is analogous to inventories and is subject to liquidation. The stock of total natural 

capital, active and inactive, equals renewable natural capital plus nonrenewable natural capital.  

From a systems thinking perspective Meadows (2008) explains nonrenewable resources are stock-

limited. The entire stock is available at once, and can be extracted at any rate. Since the stock is not 

renewed, the faster the extraction rate, the shorter the lifetime of the resource. According to Meadows 

(2008) renewable resources are flow limited. These resources can support extraction or harvest 

indefinitely, but only at a finite flow rate equal to their regeneration rate. If renewable resources are 

extracted faster than they can regenerate, they may eventually be driven below a critical threshold and 

become in essence a nonrenewable resource.   

The third component of natural capital, ecosystem services, does not have an agreed upon definition 

(Fisher et al. 2009). Three commonly cited definitions for ecosystem services are:  

1. The conditions and processes through which natural ecosystems, and the species that comprise 

them, sustain and fulfill human life (Daily 1997). 



2. The benefits human populations derive, directly or indirectly, from ecosystem functions (Costanza 

et al. 1997). 

3. The benefits people obtain from ecosystems (Reid et al. 2005).  

A fourth definition, by Fisher et al. (2009) posits that “ecosystem services are a function of complex 

interactions among species and their abiotic environment, complex use and utilization patterns and 

various perceptions by beneficiaries.” From these definitions, the structure and diversity of the system 

is an important component of natural capital since the flow of services from ecosystems requires that 

they function as whole systems (Daly 2005). Ecosystem services maintain the quality of the 

atmosphere, climate, operation of the hydrological cycle, waste assimilation, recycling of nutrients, 

generation of soils, erosion control, pollination of crops, provision of food from the oceans and the 

maintenance of genetic diversity (Berkes and Folke 1994). There is an interdependency of these 

environmental systems and ecological services as an important component of natural capital. The 

many components of natural capital and free ecosystem services underpin key global issues for 

sustainable development, such as clean water supply, energy needs and climate change. 

 
This entry began with defining natural capital and components to assist in understanding the next 

sections of the entry which will explore the interdependency of natural capital and ecosystem services, 

the relationship between natural capital and human-made capital, investing in natural capital, the 

valuing of natural capital and research for practical solutions to managing natural capital.  

 
 
Natural capital and ecosystem services  

Natural capital is not a savings account but a stock that warrants value upon utilization of the stock 

for some type of benefit(s). These benefits result from the interactions of biotic and abiotic factors 

such as how a forest provides clean air and water along with trees to harvest. Crossman and Bryan 

(2009) link natural capital with ecosystem services, defining it as “the stock from which ecosystem 

goods and services are provided.” Earlier, Hinterberger et al. (1997) suggested that nature can be seen 

as capital and the services provided by nature as income. “Ecosystems are renewable natural capital. 

They can be harvested to yield ecosystem goods (such as wood) but they also yield a flow of ecosystem 

services when left in place (such as erosion control and recreation)” (El Serafy 1989). Thus, natural 

capital is related to ecosystems services but differs in “the aspects of ecosystems utilized (actively or 

passively) to produce human well-being” (Fisher et al. 2009).  



Humans receive a variety of benefits from ecosystem services (clean drinking water, decomposition 

of waste, natural pollination) without an associated cost as long as the natural environment and 

ecosystems are properly functioning. When there is a disturbance or malfunction in the ecosystem a 

cost is accrued through restoration efforts, preservation or protection measures. Humans have placed 

a value on the benefits received from ecosystem services. These natural processes would continue 

regardless of humans inhabiting the planet, but the benefits would not be identified as prescribed by 

the anthropogenic viewpoint.  

The Millennium Ecosystem Assessment (2005), delineates four categories of ecosystem services—

supporting, provisioning, regulating and cultural. Descriptions for the four services according to de 

Groot et al. (2003) are:  

1. Supporting services: providing refugia to wild plants and animals in order to maintain 

biological and genetic diversity (Example: habitat for species, nutrient cycling) 

 
2. Provisioning services: resources provided by natural and semi-natural ecosystems; the material 

or energy outputs from ecosystems. (Examples: food, water and raw materials) 

 
3. Regulating services: the capacity of natural and semi-natural ecosystems to regulate essential 

ecological processes and life support systems (Examples: carbon sequestration, climate 

regulation, water and air purification) 

 
4. Cultural services: providing opportunities for reflection, spiritual enrichment and cognitive 

development (Examples: recreational use, scientific discovery and education) 

 
These descriptions highlight the complex and interconnected functions of ecosystem services. The 

Reid et al. (2005) classification placed supporting services (biomass production, production of 

atmospheric oxygen, soil formation and retention, nutrient cycling, water cycling, and provisioning of 

habitat) as an underpinning to the other three service categories. de Groot et. al (2003) explains some 

services are critical to the maintenance of natural capital (supporting and regulating), other services 

provide benefits for human welfare (cultural). This context of ecosystem services promotes an 

understanding of the services and benefits humans receive when ecosystems are properly functioning. 

This understanding is essential for better management, maintenance, restoration and evaluation of 

ecosystem services. 

 



Relationship between natural capital and human-made capital  
 

The expansion of human-made capital was limited by the lack of technology, infrastructure and human 

capital (labor). Natural capital was viewed as an infinite, free resource utilized unchecked for economic 

growth and development. We have entered the Anthropocene in which natural capital is becoming 

the limiting factor for economic growth and development. The switch from human-made to natural 

capital as the limiting factor is a function of the increasing scale and impact of the human presence. 

Economic growth cannot be sustainable on a planet with finite natural resources albeit economic 

development may be sustainable with efficient use of renewable natural resources.  

Some see the technology progress of human ingenuity will be able to address the resource constraints 

to growth and development.  

There is disagreement between technological optimists (who see technological progress as 

eliminating all resource constraints to growth and development) and technological skeptics 

(who do not see as much scope for this approach and fear irreversible use of resources and 

damage to natural capital). By maintaining natural capital stocks (preferably by using a natural 

capital depletion tax), we can satisfy both the skeptics (since resources will be conserved for 

future generations) and the optimists (since this will raise the price of natural capital depletion 

and more rapidly induce the technical change they predict) (Costanza and Daly 1992). 

“It is not possible for human ingenuity to create human-made capital without support from natural 

capital” (Daly 1990). Humans have reduced natural capital because of their capability to invent 

technical substitutes, generally forgetting that such substitutes affect ecosystem services and 

environmental goods. The imperfect understanding of substituting natural capital in one place requires 

natural capital from elsewhere will impact the life-support functions on which society depends (Berkes 

and Folke 1994). Human-made capital has a limiting factor on production, the limiting factor is the 

remaining natural capital. 

A major factor for failing to take into account the observation of scarcity is that in order to note a 

limiting factor, the factors must be thought of as complementary. If factors can be substituted then a 

shortage of one does not significantly limit the productivity of the other. If factors are substitutes 

rather than complements then there can be no limiting role from one factor to another. It is therefore 

important to be very clear on the issue of complementarity versus substitutability. 



Natural capital is used to create human-made capital. Capital and labor are substitutable for each other 

to a considerable degree because their qualitative function in production is the same – they are both 

agents of transformation of the flow of raw materials into a finished product (Daly 1990). Natural 

capital was not and cannot be produced by man (Daly 1994). A forest can become depleted of trees 

to harvest but increasing the number of chainsaws or labor to harvest the trees will not regrow more 

trees to harvest. Humans can replant the trees, but it is the natural capital of the soil, air and water 

plus the solar energy that will support the continued growth of the trees. Human-made capital cannot 

remanufacture the trees instead a substitution for the timber products would be created. This 

substitution requires a different natural capital to be utilized. The degree of substitutability of human-

made capital for natural capital is a case of there is no such thing as a free lunch.  

Natural capital and human-made capital need to balance on one another (Daly 1990). The relationship 

between human-made capital and natural capital works best as a complementary relationship than a 

substitutable one. de Groot et al. (2003) investigates to what extent are the functions of natural capital 

substitutable by constructing a theoretical framework for the identification of ‘critical natural capital’ 

as it contributes to the concept of strong sustainability. 

The debate of which sustainability lens (strong or weak) to use when accounting for natural capital 

and human-made capital is unclear. Natural capital is a “free gift” from nature but many of the 

resources are fixed or limited in supply, whereas human-made capital is reproducible to supply desired 

quantities. Strong sustainability is the perception that substitutability of human-made capital for 

natural capital is seriously limited (Daly 1991). Weak sustainability is the perception that human welfare 

is not dependent on a specific form of capital and can be maintained by substituting human-made 

capital for natural capital (Ekins et al. 2003). An example is the use of cobalt in battery production. 

Under the strong sustainability framework, the production of batteries would decline to recognize the 

finite amount of cobalt available for battery production. Under the weak sustainability framework 

battery production would continue depleting the cobalt stock until a substitute for cobalt was 

discovered or battery use would be substituted by another technology. The sustainability debate 

continues with the argument of the value of retaining a stock of cobalt in the ground versus the 

continued extraction of cobalt for the production of goods.  

 

Investing in natural capital 



Issues of sustainability are ultimately issues about limits. As previously defined in this article, natural 

capital is the stock of assets that can be used to produce ecosystem goods and services to benefit 

people and the planet. Natural capital consists of renewable natural resources, non-renewable natural 

resources and ecosystem services which flow from natural capital. Ecological economics refers to a 

transdisciplinary and interdisciplinary field of academic research that aims to address the 

interdependence and coevolution of human economies and natural ecosystems over time and space. 

Ecological economics is not an alternative to any of the existing disciplines, rather it is a new way of 

looking at natural capital with added varied perspectives and the ability to reduce the deficiencies of a 

singular disciplinary viewpoint. Ecological economics addresses the relationships between ecosystems 

and economic systems in the broadest sense. The intersection of these relationships is the locus of 

many of our most pressing environmental problems. Ecological economics studies the overlap of 

neoclassical environmental economics and ecological impact studies by encouraging new ways of 

thinking about the linkages between ecological and economic systems.  

Costanza et al. (2014a) describes the consensus points of the ecological economics vision as: 

1. The vision of the earth as a thermodynamically closed and nonmaterially growing system, with 

the human economy as a subsystem of the global ecosystem. This implies that there are limits 

to biophysical throughput of resources from the ecosystem, through the economic subsystem, 

and back to the ecosystem as wastes 

2. The future vision of  a sustainable planet with a high quality of life for all its citizens (both 

humans and other species) within the material constraints imposed by 1 

3. The recognition that in the analysis of complex systems like the earth at all space and time 

scales, fundamental uncertainty is large and irreducible and certain processes are irreversible, 

requiring a fundamentally precautionary stance 

4. That institutions and management should be proactive rather than reactive and should result 

in simple, adaptive and implementable policies based on a sophisticated understanding of the 

underlying systems which fully acknowledge the underlying uncertainties. This forms the basis 

for policy implementation which is itself sustainable. 

 
An objective of ecological economics is developing ways to modify the world's economic system so 

that it can sense and adjust its scale to remain within the capacity of the world’s ecosystems that 

support it. Ecological economics acknowledges the uncertainty in economics and the environment 

over time. When a natural disaster occurs the economy appears it is growing with the need for new 



construction. The cause of the natural disaster of flooding due to the removal of a wetland ecosystem 

is absent from this scenario. The wetland ecosystem creates a natural buffer for floodwaters. 

Ecological economics with the intersection of ecology and economics accounts for the true economic 

growth received by preserving the wetland. The community receives at no cost a buffer from 

floodwaters, a filtering system for storm water, habitat for wildlife and recreational area. Non-

renewable natural capital cannot be increased actively or passively. For non-renewable natural capital 

there is no investment; only consumption. Non-renewable natural capital can be thought of as an 

inventory of already produced goods and how best to liquidate the inventory for a net wealth earned 

from the liquidation. Currently, we are counting this liquated wealth as income which is clearly 

inaccurate, because it is not a permanent or sustainable source of consumption. Investment in 

renewable natural capital means constraining the yield (fish caught) to be in balance with the annual 

growth (fish stock available). Renewable natural capital can only be passively increased by allowing the 

fish stock to replenish on its own. When investment comes from outside the system (aquaculture) 

then an imbalance is created by the active increase in renewable natural capital. 

 
Ecological economics is an attempt to integrate ecology and economics. It was born from a discontent 

with the deficiencies in national accounting systems that generate measurements of economic activity 

(GDP) while ignoring the depletion of natural capital and environmental degradation. Economists 

and ecologists joined together to encourage the major international agencies to develop accounting 

systems that included the environment. Ecological economics can create a sustainable future by 

considering an ecologically sustainable scale, socially fair distribution and economically efficient 

allocation of resources (Costanza et al. 2014a). The world's economic and social systems are embedded 

within the global ecosystem. Scale refers to the physical volume of the throughput, the amount of raw 

materials passing through a system or process. A good scale is one that does not erode the 

environmental carrying capacity over time. The economy is viewed as an open, infinite, growing 

system whereas the ecosystem is closed, finite and non-growing. The natural capacities of ecosystems 

need to be able to regenerate inputs and absorb the waste outputs on a sustainable basis. Distribution 

refers to the comparative distribution of goods and services received from ecosystems to the planet's 

present and future population. A good distribution is one that is equitable for all, not the unequal 

distribution of goods and services within some acceptable range for certain populations. Allocation 

refers to the comparative division of natural resources to the production of manufactured goods. A 



good allocation is one that considers the relative price of manufactured goods determined by supply 

and demand. 

 
Valuing natural capital 

Ecological economists argue that a minimum condition for sustainability is to maintain the total 

natural capital stock at or above the current level. The constancy of the total natural capital stock is 

key to the idea of sustainability (Daly 1990). According to Hinterberger et al. (1997) sustainability 

means that the stock of capital should not decrease to a level that it endangers future generations’ 

opportunities to produce wealth and well-being. The defining characteristics of sustainability as 

proposed by Costanza and Daly (1992) and de Sena (2009) and modified from Daly’s (1991) four 

principles of sustainable development are:  

1. Limit industry production to a level that is within the carrying capacity of the remaining stocks of 

natural capital 

2. Conceive industrial production growth and technological progression within sustainable patterns, 

i.e., as efficient-increasing rather than throughput-increasing 

3. Impose constraints on the uses of nonrenewable natural resources; non-renewable resources 

should be extracted but at a rate equal to the creation of renewable substitutes  

4. Utilize renewable natural capital in a manner that extraction rates will not exceed regeneration 

rates and waste emissions (pollution) will not exceed the assimilative capacity of the environment  

 
Costanza and Daly (1992) recommend for sustainability the maintenance of natural capital at or above 

the current levels. This recommendation is a wager on appropriate natural capital levels.  If natural 

capital levels are maintained at current levels or enhanced in a manner that the level of natural capital 

increases, we will never know if indeed we could have survived with a lower level of natural capital. 

Yet, if more natural capital is utilized lowering the levels of natural capital and society discovers the 

costs associated with the depletion then the recommendation should have been heeded. As natural 

capital and ecosystem services become more stressed and scarcer in the future it can be expected their 

value will increase.  

 
The results of the Costanza et. al (1997) study produced an economic value of ecosystem services 

which was higher than the gross domestic product (GDP). These results are only a starting point in 

placing a (monetary) value on natural capital and ecosystem services and raises the ante for the wager 



on the maintenance of appropriate natural capital levels. One practical use of the values is to estimate 

the limits that need to be developed for national accounting systems to better reflect the value of 

ecosystem services and natural capital. Humans have created an economic system where natural capital 

is used to produce a significant portion of goods and services. When assessing the value of an 

economic system the gross domestic product (GDP) is referenced as it is a monetary measurement of 

the goods and services created. A higher GDP demonstrates growth in the economy. The values from 

the ecological system are absent in this model, this inadequate accounting leads to major 

misperceptions. The real cost (economic system plus ecological system) needs to be calculated to 

interpret a more accurate economic impact. When depletion of natural capital, pollution costs, and 

income distribution effects are accounted for, the economy appears to be not improving at all. Failure 

to adequately account for the economic system and ecological system relationship leads to major 

misperceptions about how well the economy is doing. The recent catastrophic fires across the world 

highlight the concerns addressed with the inaccurate valuation. The loss of natural capital assets such 

as forests, clean water, productive soils have short term and long term impacts on economic and 

ecological systems. The reduced air quality due to hazardous smoke has an undetermined pollution 

cost. Yet, the new construction to rebuild communities appears as a positive for the economic systems.    

 
Currently, the economic market does not factor the carrying capacity of natural systems. For example, 

if a fishery is being continuously overfished, the catch eventually will decline and market prices will 

increase, encouraging even more investment in the fishing fleet. The inevitable result is a precipitous 

decline in the catch and ultimately a collapse of the fishery. The economic market failed to respect the 

sustainable-yield thresholds at some point the deteriorating relationship between the economy and its 

natural capital will take a toll (Brown 2009). 

 
Costanza et. al (2014b) is an update to the 1997 study showing that global land use changes between 

1997 and 2011 have resulted in a total loss (approximately 16 trillion dollars) of ecosystem services. 

These conservative estimates of the global accounting value of ecosystem services are expressed in 

monetary units, to raise awareness about the magnitude of these services relative to other services 

provided by human-made capital. The interaction among built, social, human and natural capital 

required to produce human well-being is not one of intersections but one of embeddedness. This 

model requires a broad, transdisciplinary perspective in order to manage ecosystem services.  

 



The application of sustainability principles preserves environmental functions and the natural capital 

which performs them. The type of environmental functions are source (the capacity to supply 

resources), sink (the capacity to neutralize wastes without incurring ecosystem change or damage), 

life-support (the capacity to sustain ecosystem health) and other human health and welfare functions 

(the capacity to maintain human health and generate human welfare in other ways) (Ekins et al. 2003). 

The threat of losing these functions is another approach to placing value on natural capital.  

 

Research for practical solutions 

There is a need for research that connects scholars with leaders to develop real-world solutions for 

managing natural capital for society and nature. These partnerships must pursue interdisciplinary 

science that incorporates the value of natural capital and ecosystem services into decision-making 

that benefits nature and people. The outcomes of the research is to demonstrate nature's 

contributions to society and the impact that a different climate, management practices and 

investment scenarios can have on those contributions. Possible research themes include human well-

being and valuation, land use change, livable cities, visualizing trade-offs and making the case for 

sustainability standards. Researchers can investigate how to feed a growing global population on a 

finite planet; their research efforts can include climate-smart tools and techniques for farmers and 

policy-makers, climate impacts on key crops, tracking and reduction of greenhouse gases and excess 

fertilizer minerals, declines of bees and other crop pollinators, reduction of pollution and water use, 

agroecology, and genetically modified organism (GMO) policy. Between increasing human 

development and rising demand for natural resources, the stakes are higher than ever to balance 

healthy economies and healthy ecosystems. This kind of research equips decision makers with tools 

and information to develop policies and to make investments that foster sustainability. The research 

can provide supporting evidence to show where investments in conservation and restoration of 

ecosystems will deliver the highest returns for society and nature.  

By studying the relationship of renewable natural resources, non-renewable natural resources and 

feedback loops will illuminate the present and future environmental, social and economic challenges 

of managing natural capital. An aspect of systems thinking are feedback loops, a reinforcing 

feedback loop is self-amplifying and a balancing feedback loop is self-correcting. Reinforcing 

feedback loops are sources of growth, explosion, erosion and collapse in a system. A system with an 

unchecked reinforcing feedback loop ultimately will destroy itself. For example when soil erodes, 



less vegetation can be supported, with fewer roots the soil is not held in place with less soil there are 

less plants and trees to soften the rain and runoff, causing more soil to erode. A balancing feedback 

loop will activate to counter the negative impacts being reinforced. The soil could continue to erode 

away to bedrock and after a million years the bedrock will crumble into new soil. A realistic response 

would be for people to stop livestock from overgrazing or plant more vegetation to stop erosion.  

For living renewable resources such as trees or fish can regenerate themselves from themselves with 

a reinforcing feedback loop. The population will continue to grow until the population reaches a 

critical threshold and a balancing feedback loop will naturally stabilize the population with a 

predator, disease or other mechanism. The critical threshold beyond which a resource has the ability 

to regenerate itself needs to be understood. Determining the critical threshold beyond which a living 

renewable resource has the ability to regenerate itself prevents damage to the current and future 

stock. The rapidity and effectiveness of a balancing feedback loop slows the negative impact to the 

resource before it is damaged. If the feedback is fast enough to stop or slow the system from 

reaching the critical threshold, the whole system comes smoothly into equilibrium. If the balancing 

feedback loop is slower and less effective, the system oscillates. If the balancing feedback loop is 

weak, the renewable resource is reduced below its threshold ability to regenerate itself.  

This is an example of research supporting practical solutions. All over the world, water supplies are 

stressed due to urbanization, development and climate change. Water Funds are organizations that 

design and enhance financial and governmental mechanisms which unite a variety of stakeholders 

around the common goal of water security. Water Funds offer a promising solution by enabling 

downstream water users (utilities, businesses, communities) to pay upstream water users to restore 

forests and improve agriculture practices. A Water Fund program monitors hydrological data and 

social impacts to improve the health of ecosystems and economics to achieve sustainable growth that 

enhances the well-being of people and nature.  

Conclusion 

This entry defined natural capital and components (non-renewable natural resources, renewable 

natural resources, ecosystem services), explored the interdependency of natural capital and ecosystem 

services, focused on the complementary relationship between natural capital and human-made capital, 

highlighted preserving natural capital through ecological economics, explained the valuing of natural 

capital and shared potential research opportunities for practical solutions to managing natural capital.  



Natural capital and ecosystem services are critical to the functioning of the Earth's life-support system 

and human well-being. Natural capital provides a flow of useful services---recycling waste materials, 

maintaining air quality and preventing soil erosion. These services contribute to human welfare, both 

directly and indirectly, plus represent part of the total economic value of the planet (Costanza et. al 

1997). The human economy is unsustainable in the sense that it requires the consumption of natural 

capital. Planning policies for sustainable development need to prudently maintain natural capital and 

protect the integrated functions of ecosystem services.  
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