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The Role and Value of Natural Capital in

Regional Landscapes

John C. Bergstrom

Several developments in recent years related
to the use, valuation, and management of nat-
ural resources provide the motivation for this
paper. First, increased urbanization during the
economic boom times of the 1990s has led to
acceleration of the conversion of natural and
undeveloped areas to unnatural and built-up
areas in many regions of the nation. As a re-
sult people concerned about the loss of nature
and various associated benefits in their com-
munities are pushing for public action to pro-
tect remaining natural and undeveloped areas.
The push for these protective actions sets the
stage for conflicts with other people who sup-
port continued allocation of natural and un-
developed areas to various types of urban-re-
lated development. Insight into the resolution
of such conflicts can be gained through a bet-
ter understanding of how natural capital con-
tributes to quality of life in different regions.

The second development motivating this
paper is the identification and definition of dif-
ferent regions for the purpose of natural re-
source management assessment and decision-
making. Within the wvarious disciplines
involved in natural resource management, in-
cluding economics, ecology, environmental
ethics, geography, and sociology, the impor-
tance of conducting resource assessment and
decision-making at appropriate spatial and
temporal scales is receiving increased atten-
tion. Within academia and public resource

management agencies regional landscapes
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such as urban or rural landscapes appear to be
gaining some favor as an appropriate temporal
and spatial scale of analysis for resource man-
agement and policy.

A third development motivating this paper
is the reexamination of aggregate growth mod-
els to better account for the contribution and
value of different forms of capital including
natural capital and the recognition that im-
proving individual and social welfare is more
than a matter of only increasing GDP-type
measures of growth. The focus of the paper is
on the contribution of natural capital to quality
of life growth in regional landscapes. This fo-
cus includes a discussion of the value and val-
uation of services provided by natural capital.

Quality of Life Growth and Natural
Capital

England (2000) and Whitely (2000) provide
very informative reviews of changes in eco-
nomic growth models since I.M. Keynes pio-
neering work in the 1930s. Traditional neo-
classical economic growth models, these
authors point out, are based on later work by
Solow (1956) and Swan (1956). The general
stylized form of these models is as follows:

(H Y = (K, LA,

where Y, represents aggregate output of com-
modities in year t, K, represents physical cap-
ital in year t, L, represents labor in year t, and
A, represents the state of technology in year t.

A limitation of the traditional neoclassical
economic growth model illustrated in (1) is
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that it does not explicitly account for the role
of different forms of capital. For example,
since it only measures physical capital, K,
does not include human capital. Components
of human capital include technical skills and
training, managerial skills and training, unique
individual gifts and talents, personal education
level, personal health, personal values, and
leadership abilities. With respect to (1), in-
vestment in human capital may increase the
productivity of L, resulting in an increase in
Y, (Manikiw, Romer and Weil, 1992; Castle,
1998; Whitely, 2000). K, in (1) also does not
include social capital. Social capital is the
unique ability of different types of communi-
ties to provide the social interaction and mu-
tual support and trust needed to mobilize in-
dividuals and groups to work together towards
particular outcomes (Coleman, 1990; Castle,
1998; Flora and Flora, 1993; Woolcock, 1998;
Wilson, 2000). One particular outcome that in-
dividuals and groups may work towards in a
community or region is economic growth. In
the context of (1), investment in social capital
may also increase the productivity of L,, lead-
ing to an increase in Y,.

The growth model shown in (1) is also lim-
ited in that the K  term does not generally in-
clude financial capital. Financial capital is the
unique amount, type and availability of sav-
ings and credit that individuals in a commu-
nity or the community as a whole can access
to purchase or finance goods and services. Ac-
cess to financial capital is an important com-
ponent of regional economic growth devel-
opment, often representing a major constraint
to economic development in rural areas (RU-
PRI, 1997). In the context of (1), ready access
to financial capital may increase an individu-
al’s or community’s ability to invest in other
forms of capital including physical, human,
and social capital ultimately leading to an in-
crease in Y.

Another limitation of (1), which brings us
more to the central topic of this paper, is that
the K, term does not make a clear distinction
between constructed capital and natural capi-
tal. Constructed capital is the unique combi-
nation of and connections between constructed
elements that constitute the “‘built environ-
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ment” found in a community or region. This
built environment includes buildings, roads
and bridges, power plants, water treatment
plants, and various other components of the
infrastructure and structure of a community or
region that contribute to economic growth and
development (Castle, 1998).

Natural capital is the unique combination
of and interactions between biotic and abiotic
elements of nature that constitute ecosystems
and natural resources found in a community
or region. Components of natural capital or
capacity include ambient air, surface water,
ground water, minerals, soil, rainfall, temper-
ature, humidity, wind, vegetation, fish and
wildlife, insects and microorganisms, and var-
ious types of natural ecosystems. Natural cap-
ital is a major but often overlooked contributor
to economic growth and development in a
community or region (Castle, 1998; England,
1998; England, 2000; Katz, 2000).

Recent authors have emphasized the con-
tributions of the various types of capital men-
tioned above in the process of economic
growth and development from temporal and
spatial perspectives (Castle, 1998; Hite. 1991).
Building from these conceptual frameworks,
the growth model in (1) is modified in a land-
scape context as follows:

(@) Y, = Y(C,, Fy Hy, Sy Ny A,

where Y, represents aggregate output of com-
modities in year t in landscape j, C; represent
the aggregate level of constructed capital in
year t in landscape ). F; represents the aggre-
gate level of financial capital in year t in land-
scape j. H,; represents the aggregate level of
human capital in year t in landscape j (total
labor pool plus job skills. training, etc.), S;
represents the level of social capital in year t
in landscape j, N;; represents the level of nat-
ural capital in year t in landscape j, and A
represents the state of technology in year t in
landscape j.

The traditional goal of economic growth
and development has been to increase the ag-
gregate output of marketed commodities such
as manufactured goods. Thus traditional eco-
nomic development measures of Y,; in (2) in-
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clude total gross output for a region or gross
domestic product (GDP) for the nation as
whole that reflect the market value of goods
and services resulting from economic produc-
tion. The implicit social welfare assumption
behind the economic development goal of in-
creasing gross output of marketed commodi-
ties is that as Y, increases in a region the ag-
gregate well-being of people in the region
increases as well.

Philosophers throughout recorded human
history have debated what factors are most im-
portant in the determination of human well-
being. The phrase from Judeo-Christian scrip-
tures claiming that “man does not live by
bread alone” summarizes the pluralistic sen-
timent shared by people from a broad array of
cultural, philosophical, and religious back-
grounds that individual and social well-being
is not just a function of the material commod-
ities we consume. Over the past three decades
a small number of ‘‘out-of-the-mainstream”
economists have gone on record challenging
the assumption that increasing the level of
gross output of marketed commodities in re-
gion always leads to social well-being im-
provements in the region (Easterlin, 1974;
Hueting, 1980; Daly and Cobb, 1989; Daly,
1987; Ayres, 1996).

Even “mainstream’ neoclassical economic
theory recognizes that production and con-
sumption of material goods is a means to an
end and not the end itself. Neoclassical eco-
nomic theory teaches us that material goods
and services are produced to meet individual
needs and wants generating individual utility
or satisfaction. We then learn from standard
welfare economics theory that community or
social well-being is some function of the util-
ity of individuals in the community. However,
specification of a theoretically-sound social
welfare function that is widely acceptable to
people on ethical grounds has remained elu-
sive.

An overarching problem of concern to in-
dividuals across all walks of life is how to
enhance one’s own quality of life. Various pri-
vate and public agencies and organizations
also express the desire to improve the quality
of life of people in a particular community or
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region as their major motivation for being in-
terested and involved in community or region-
al development.

Because of the shared concern across di-
verse individuals and groups over one’s own
quality of life and the quality of life of others,
a potential pluralistic end goal of individual
and group action is to enhance the quality of
life at individual and aggregate scales. There
is no doubt that individual and aggregate qual-
ity of life is function of production and con-
sumption of marketed goods and services. It
is also a function, however, of many types of
nonmarket goods and services that are not pro-
duced and sold in regular economic markets.

At the aggregate level let the overall qual-
ity of life in a regional landscape be specified
as follows:

3y  QOL, = f(Yy, Zy.

where QOL,; represents the overall quality of
life in year t in landscape j, Y,; represents the
aggregate level of marketed goods and servic-
es in year t in landscape j, and Z; represents
the aggregate level of nonmarket goods and
services in year t in landscape j. Y, in (3)
includes all of the familiar goods and services
that are bought and sold in the marketplace
including food, houses, clothes, cars, books,
movies, etc. Z,; in (3) includes goods and ser-
vices that are important determinants of qual-
ity of life, but that are not commonly bought
and sold in the marketplace including environ-
mental quality and amenities, noncommercial
recreation and leisure activities, and personal
health and safety.

As is the case with Y, the various types
of capital mentioned above influence the quan-
tity and quality of nonmarket commodities
that can be “‘produced” or generated in a re-
gion, or in equation form:

(#)  Z; = Z(C,, F, Hy Sy Nyl A

Substituting (2) and (4) into (3) results in
the relationship:
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(5)  QOL, = f(Y(Cy. Fy, Hy. Sy, Nyl Ay),

Z(C1j~ Ft,jHuv Sljv NUIA”)).

Equation (5) shows that quality of life in a
regional landscape in a given year is a func-
tion of the levels of constructed capital, finan-
cial capital, human capital, social capital, nat-
ural capital, and state of technology in year t
in the landscape. The different types of capital
and state of technology influence quality of
life through their interrelated effects on the
levels of marketed and nonmarket commodi-
ties utilized by people in the regional land-
scape in a given period.

Functions and Values Supported by
Natural Capital

Natural capital is conceptualized as an asset
within a particular regional landscape during
a given period. A regional landscape includes
given levels of all of the different types of
capital discussed in the previous section. Thus
functions and values of natural capital within
a particular regional landscape are subject to
ceteris paribus conditions with respect to the
quantity and quality of other types of capital.

Natural Capital Functions

As an asset, natural capital within a particular
landscape has various functions that support
goods and services of value to people. For ex-
ample, functions of natural capital include soil
development through the interaction of vari-
ous chemical cycles that operate within eco-
systems. In a regional landscape that includes
agriculture, soils are used as commercial in-
puts in agricultural production processes. Nat-
ural capital provides commercial inputs into
many other types of economic production
found in regional landscapes. For instance,
any commercial production processes requir-
ing a water input are dependent on natural
capital functions that support the availability
of water quantity and quality in a regional
landscape. For the most part regional devel-
opment policy in the United States has histor-
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ically emphasized the goal of maximizing the
use of natural capital, especially in rural areas,
as commercial inputs (Bromley and Hodge,
1990; Bergstrom, 1998).

Natural capital also functions to provide
“places” within a regional landscape which
support what philosophers and sociologists re-
fer to as “‘values of place” (Norton, 1994). For
residents of a particular region, natural capital
supports places to live and work. In a rural
landscape these residents include “long-time”’
residents who work locally in traditional jobs
in the agricultural. natural resource extraction,
and manufacturing sectors. In many rural areas
of the U.S. there has also been an influx of
“new” residents who work in local or non-
local nontraditional jobs in the recreation and
tourism, high technology, business service
sectors, or are retired and living off of transfer
payments from pension funds, retirement ac-
counts, and other nonlocal sources of income
(McGranahan, 1999).

Natural capital also supports places to visit.
In many rural areas of the country where the
natural capital within the landscape has high
amenity value, recreation and tourism catering
to nonresident visitors is a booming business.
Most of this recreation and tourism is nature-
based—e.g., hunting and fishing, camping,
hiking, boating, lake and river swimming, wa-
ter skiing, off-road touring, snow skiing, and
snowmobiling. Another type of tourism sup-
ported by natural capital in rural areas is ag-
ricultural tourism, or agtourism. Agtourism in-
cluding such activities as visiting dude ranches
has been an established business activity in
many parts of the country and is taking hold
in other areas of the country (Bergstrom et al,
1990; Duffy-Deno, 1997).

Another broad function of natural capital
in a region is the provision of “‘space” within
a particular regional landscape. Space here is
defined from a human interaction perspective,
as in the phrase ‘““you’re in my space.” Spe-
cifically, space refers here to the physical dis-
tance between people as they engage in vari-
ous life activities (e.g., work, play) and the
interrelated frequency of interaction between
people as they engage in these activities. The
availability of more space between people
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within rural landscapes characterized by abun-
dant natural capital is one of the draws for
people living in more crowded regions to visit
and move to these rural areas.

The provision of flora and fauna habitat is
often identified as an important function of
natural capital by philosophers, ethicists, econ-
omists, ecologists, biologists, and other social
and physical scientists. In recent years the
preservation of natural capital within land-
scapes as habitat for endangered plant and an-
imal species has been a contentious natural re-
source policy issue. Heated debate between
and among residents and nonresidents of the
Pacific Northwest over the preservation of
“old growth” forest landscapes to provide
habitat for the endangered spotted owl is a fa-
miliar and obvious example.

Another function of natural capital is pro-
vision of unique physical terrain within a land-
scape. Physical terrain includes mountains,
rolling hills, gorges, valleys, plains, marshes,
and beaches. Use and management of physical
terrain features may also be a controversial
area of natural resource policy at certain times
and regions in the United States. Clashes may
arise, for instance, between and among resi-
dents and nonresidents of rural areas over the
preservation and management of unique phys-
ical terrain features of rural landscapes. De-
bates in both the eastern and western United
States over mining practices (e.g., strip min-
ing) that temporarily or permanently alter the
appearance of physical terrain and the entire
landscape are cases in point.

A major function of natural capital is pro-
vision of a natural water supply system. With
respect to water quantity, natural capital sup-
ports surface and subsurface water supplies
through watershed run-off into rivers and
lakes, and the seepage of surface water into
subsurface aquifers. With respect to water
quality, natural capital elements (e.g., plants,
soil) help to filter out chemicals in surface and
subsurface water supplies which are potential-
ly harmful to human, plant, and animal health.
The function of natural capital as a natural wa-
ter supply system within particular landscapes
is an especially important issue from a region-
al economic development perspective.
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Natural Capital Values

The conceptualization of elements of nature
within a regional landscape as a type of cap-
ital focuses attention on the anthropocentric,
instrumental value of the goods and services
supported by natural capital. It is acknowl-
edged here that elements of nature have value
beyond their instrumental value to humans
(Bergstrom, 1998). However, a discussion of
these values is beyond the scope of the present
paper. Thus the discussion of values in this
section will be limited to values supported by
natural capital in a regional landscape that di-
rectly or indirectly benefit people.

The commercial input function of natural
capital, for example provision of water as a
commerctial input, primarily supports the value
people derive from consuming commercial
goods, or material consumption value. The
“place to work™ function also supports ma-
terial consumption value as well as job satis-
faction value and security and stability values
derived from access to steady employment.
The “‘place to live” function supports job sat-
isfaction value, security and stability values,
cultural values, historical values, recreation
and leisure use values, aesthetic appreciation
values, and mental, physical and spiritual
health values. The “‘place to visit” function
supports cultural values, historical values, rec-
reation and leisure use values, aesthetic appre-
ciation values, and mental, physical and spir-
itual health values. In addition to material
consumption values the natural water supply
function also supports recreation and leisure
use values, aesthetic appreciation values, and
mental, physical and spiritual health values.

The functions of natural capital to provide
“space”, flora and fauna habitat, and unique
physical terrain support recreation and leisure
use values, aesthetic appreciation values, men-
tal, physical and spiritual health values, and
existence values. Existence value is defined as
the value people place on the mere existence
of something regardless of current or future
use. Existence value may be a large portion of
the value placed on certain elements of natural
capital within a particular regional landscape
such as endangered animal and plant species.
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For analysis and discussion purposes it is use-
ful to categorize the various values of the
goods and services provided by natural capital
into two broad categories: commodity values
and amenity values. In the arena of natural
capital use and management, commodities,
commodity interests, and commodity values
are frequently used terms. In these cases com-
modity takes on a more specific meaning than
the use of the term in econemic theory to refer
to goods and services in general. When gov-
ernment agencies such as the U.S.D.A. and
land-grant university administrators talk about
commodity values they are referring primarily
to values associated with the production and
consumption of “‘private good’ commercial
products using land as a commercial input in-
cluding food and fiber products, timber prod-
ucts, and mineral products. Commodity values
would include material consumption value and
some portions of job satisfaction value and se-
curity and stability value.

Natural capital amenity values are defined
here to be the direct benefits people receive
from the sights, sounds, smells, and presence
of functions and services around them which
are supported by natural capital. A key part of
this definition is that amenity benefits are de-
rived directly from natural capital and not
from consumption of commercial products
produced using natural capital inputs. Through
commercial inputs, natural capital provides in-
direct benefits to people through the consump-
tion of final commercial products such as
food, fiber. and timber products. Thus material
consumption value would not generally fit the
definition of natural capital amenity value.
Cultural values, historical values, recreation
use values, aesthetic appreciation values, ex-
istence values, job satisfaction values, security
and stability values, mental health values,
physical health values, and spiritual health val-
ues would all have significant amenity value
components. Previous studies have been con-
ducted to measure amenity values of natural
capital in the form of agricultural and forest
Jand (Beasley et al., 1986; Bergstrom et al.,
1985; Bowker and Didychuk. 1994; Crosson.
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1985; Halstead et al., 1984:; Hite and Dillman,
1981; Kline and Wichelns, 1996; Rolston,
1985; Rosenberger and Walsh, 1997).

Market and Nonmarket Values and
Valuation

Some natural capital amenity value compo-
nents are captured in market prices and trans-
actions while other components are not. For
example. amenity values associated with rec-
reation use may be captured at least partially
in prices landowners charge people to lease
natural capital in the form of rural land for
consumptive and(or) nonconsumptive recrea-
tional activities. Also, amenity values associ-
ated with aesthetic appreciation may be cap-
tured at least partially in the price of rural land
sold for residential purposes.

Many natural capital amenity values, how-
ever, are in the nature of nonmarket values,
meaning that they are not reflected in market
transactions and prices. The nonmarket nature
of certain natural capital values results from
characteristics of nonrivalry and(or) nonexclu-
siveness (Randall, 1983). The extent of non-
rivalness in the consumption of natural capital
values is dependent on congestion levels. Fig-
ure 1 classifies the natural capital values in a
particular regional landscape according to the
degree of rivalness and exclusiveness assum-
ing relatively low human congestion. In this
case the bulk of amenity values fall into the
nonrival, nonexclusive cell and the nonrival,
exclusive cell. Primarily because of the non-
exclusive characteristic, values in the nonrival,
nonexclusive cell are in the nature of nonmar-
ket values. An example is the value people
derive from viewing natural “‘open space’ or
“green space” from public, uncongested high-
ways. Values or goods in the nonrival, non-
exclusive cell are known commonly as pure
public values or goods.

Because they can be made exclusive, the
values in the nonrival, exclusive cell can po-
tentially be privatized and captured in market
trade and prices. For example, at least sections
of a large farm, ranch, or natural area can be
closed-off from public access or view. The
aesthetic appreciation values derived from
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Rival

Nonrival

Material Consumption

Private Consumptive Recreation Use

Individual Job Satisfaction
Exclusive

Private Nonconsumptive Recreation Use
Private Scenic Appreciation

Private Cultural Value

Private Historical Value

Private Security and Stability

Private Physical Health

Private Mental Health

Private Spiritual Health

Public Consumptive Recreation Use

Nonexclusive

Public Nonconsumptive Recreation Use
Public Scenic Appreciation

Public Cultural Value

Public Historical Value

Public Security and Stability

Public Physical Health

Public Mental Health

Public Spiritual Health

Existence Value

Figure 1. Nartural capital value classifications

viewing these private areas becomes a type of
private good or value. Specifically, as long as
human congestion is low, values in the non-
rival, exclusive cell may be classified as un-
congested private goods. The benefits provid-
ed by uncongested private goods may be
capitalized into the market value of the land
sold for residential and(or) recreation and
tourism purposes.

As more and more people access or use a
good or value, congestion eventually sets in
causing values in the nonrival, nonexclusive
cell to move into the rival, nonexclusive or the
rival, exclusive cell. For example., as greater
numbers of people travel public highways or
move into the countryside to enjoy open-ac-
cess natural capital amenities such as aesthetic
appreciation values. these values may move
from being nonrival to rival in use and enjoy-
ment. In the rival, nonexclusive cell, values
are still available on a nonexclusive basis, but
because of congestion people can no longer
enjoy amenity values on a nonrival basis. In
the same way, at a certain congestion level the
values in the nonrival, exclusive cell that were
formally available on a nonrival basis will be-
come rival. shifting these values into the rival,
exclusive cell. The rival, exclusive cell con-
tains pure private goods or values. Examples
include private, exclusive quail or pheasant

hunting preserves in the Southeastern U.S.
The quantity and quality of quail or pheasant
on these preserves available for hunting are
carefully regulated. Access by a limited num-
ber of hunters is strictly enforced and is very
expensive.

Figure 2 lists potential techniques for val-
uing different types of public and private
goods. These techniques can be applied to
measure natural capital amenity values cate-
gorized by degree of rivalness and exclusive-
ness. Natural capital values in the nature of
pure private goods can be valued using tradi-
tional market price valuation techniques. The
economic impacts of expenditures associated
with these values can be measured using eco-
nomic impact analysis techniques such as in-
put-output analysis. The noneconomic social
effects of these values can be assessed using
various types of social effects or impact as-
sessment. Natural capital values in the nature
of uncongested private goods also can poten-
tially be valued using market price valuatior
techniques. Economic impact analysis and so-
cial effects assessment can be used to assess
economic and social impacts associated with
uncongested private goods and values.

Because of the lack of market prices, non-
market valuation techniques must be em-
ployed to measure the economic value of nat-
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Rival

Nonrival

Pure Private Goods

Uncongested Private Goods

Exclusive Market Price Valuation Techniques Market Price Valuation Techniques
Economic Impact Analysis (e.g., CGE, Economic Impact Analysis (e.g., CGE,
Input-Output) Input-Output)
Social Effects Assessment Social Effects Assessment
Congested Public Goods Pure Public Goods
Revealed-Preference Extramarket Revealed-Preference Extramarket
Nonexclusive Valuation Techniques (e.g., travel cost ~ Valuation Techniques (e.g., travel cost

method, hedonic price method)

Stated-Preference Extramarket

Valuation Techniques (e.g., contingent

valuation method)
Economic Impact Analysis

Social Effects Assessment

method, hedonic price method)
Stated-Preference Extramarket
Valuation Techniques (e.g., contingent
valuation method)

Economic Impact Analysis

Social Effects Assessment

Figure 2. Valuation techniques for values associated with different types of public and private

goods

ural capital values in the pure public good cell.
The travel cost method may potentially be
used, for example, to quantify public noncon-
sumptive recreation use values derived from
countryside landscapes. It may be possible to
use the hedonic price method to quantify non-
rival, nonexclusive aesthetic appreciation val-
ues which are capitalized into the value of nat-
ural capital in the form of land sold for
residential and(or) recreation and tourism pur-
poses. The contingent valuation method can
potentially be used to quantify the commen-
surable portions of all natural capital values in
the nature of pure public goods. To the extent
enjoyment of pure public good values involves
actual expenditures, the economic impacts of
these expenditures can be measured using eco-
nomic impact analysis. Noneconomic social
benefits derived from enjoying pure public
good land values can be assessed using social
effects or impact assessment.

Congested public goods in the rival, non-
exclusive cell will not generally have market
prices. Natural capital values in the nature of

congested public goods must therefore be
measured using nonmarket valuation tech-
niques. For example, the travel cost method
may be used to measure the economic value
of nonexclusive recreational use in a congest-
ed National Forest. If congested public good
values are capitalized into the value of natural
capital in the form of land, the hedonic price
method can potentially be used to quantify
these amenity values. The contingent valua-
tion method can potentially be used to mea-
sure all congested public good values. As with
pure public good values, if actual expenditures
are associated with congested public good nat-
ural capital values, the economic impacts of
these expenditures can be measured using eco-
nomic impact analysis. Noneconomic social
effects can be measured using social effects or
impact assessment techniques (Bartik, 1988;
Cheshire and Sheppard, 1995; Correll et al.,
1978; Garrod and Willis, 1992; Lee and Fujita,
1997; Lee and Linneman, 1998: Rosenberger
and Walsh, 1997; Young and Allen, 1986).
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Aggregate Values by Landscape Type

The aggregate natural capital value for a par-
ticular landscape is the sum of the different
natural capital values for that landscape. The
magnitude of aggregate natural capital value
and the portion of aggregate natural capital
value represented by different types of ame-
nity and nonamenity values will vary across
different landscapes. Consider first an urban-
ized landscape characterized by high human
development and congestion. In this landscape
aggregate natural capital (including land) val-
ue is dominated by pure private good values
and congested public good values. Amenity
values in the form of pure public goods and
uncongested private goods are relatively
sparse in this landscape.

Aggregate natural capital value in a sub-
urban landscape is also dominated by pure pri-
vate goods and congested public good values.
Although more of the pure private goods val-
ues may be in form of private amenity values,
most of the pure private good value is made
up of material consumption value. Congested
public good values include, for instance, the
use of congested public parks and other nat-
ural areas for recreation. These areas will not
likely be as congested as similar areas in the
urbanized landscape, but are congested none-
theless. Natural capital values in the form of
uncongested private goods and pure public
goods are still relatively low on average. Sub-
urbs on the rural fringe will likely have higher
levels of amenity values in the form of pure
public goods and uncongested private goods
as compared to suburbs on the urban fringe.

On the other extreme from an urbanized
landscape, consider a frontier/natural land-
scape with relatively little human develop-
ment. In this type of landscape natural capital
amenity values in the form of pure public
goods will be relatively abundant. Because of
the lack of human development, pure private
good values, amenity or otherwise, will be
sparse. Natural capital amenity values in the
form of uncongested private goods will also
be relatively abundant. There will be few con-
gested public goods in this type of landscape.

In a traditional agrarian economy landscape
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human development is evident mainly through
the presence of farming and natural-resource
extraction operations such as fishing, timber
harvesting, and mining. Because land and oth-
er natural resources are still relatively abun-
dant in relation to human use and congestion,
amenity values in the form of pure public
goods and uncongested private goods are rel-
atively abundant. The higher levels of com-
mercial economic activity and human activity
lead to higher levels of pure private goods and
congested public goods.

A relatively new type of landscape emerg-
ing in the United States is the exurban land-
scape. The exurban landscape is an agrarian
economy landscape or a frontier/natural land-
scape experiencing an influx of new residents
from urban areas who have skipped over the
suburbs to move to an area where they can
enjoy the relative abundance of natural capital
amenity values in the form of pure public
goods and uncongested private goods, while
continuing to work in jobs closely related to
their urban careers. In fact, many of these peo-
ple may continue to physically commute or
“telecommute’ to jobs headquartered in urban
areas. Some may start new careers in their new
rural landscape home, but in nontraditional ar-
eas such as the recreation and leisure industry,
arts and crafts industry, cottage industries, or
the high-tech industry. The increased econom-
ic activity spurred on by exurban residents in-
creases the level of pure private goods and
congested public goods in the landscape. Nat-
ural capital amenity values in the form of pure
public goods and uncongested private goods
are still relatively abundant.

Figure 3 summarizes the mix of commod-
ity values and amenity values supported by
natural capital typically found in different
landscapes. Moving from an urbanized land-
scape to a frontier/natural landscape, public
good values and amenity values typically rise,
and private good values and material con-
sumption values typically fall. The magnitude
of aggregate natural capital values will rise
and fall across landscapes according to how
the sum of the different types of material con-
sumption values and amenity values change
across landscapes. Empirical assessment of
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different values would be needed to determine
how aggregate natural capital values change
across landscapes.

Moving to a larger scale. an interregional
landscape is made up of a mix of various
types of landscapes. Aggregate natural capital
value for an interregional landscape is the sum
of commodity values and amenity values as-
sociated with each individual type of land-
scape within the broader interregional land-
scape. Comparison of aggregate natural capital
value across different interregional landscapes
would also require empirical assessment of
commodity and amenity values.

Natural Capital Values and Quality of
Life in Different Landscapes

Natural capital contributes to individual and
group quality of life in a regional landscape
through the values discussed in the previous

section. As shown in equation (5), however,
quality of life is a function of all types of cap-
ital present in a regional landscape, not just
natural capital. How does the quantity of qual-
ity of other types of capital affect the contri-
bution of natural capital to quality of life in a
regional landscape?

It should first be recognized that within a
particular regional landscape, the mix of dit-
ferent types of capital will differ. For example,
in a frontier/natural landscape, natural capital
will be relatively abundant compared to other
forms of capital. In this type of landscape the
marginal value of natural capital in the gen-
eration of nonmarket commodities will be rel-
atively low whereas the marginal value of nat-
ural capital in the generation of market
commodities will be relatively high. There-
fore, to increase quality of life in the frontier/
natural landscape there will likely be strong
incentive to allocate relatively more natural
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capital into the mix of capital needed to pro-
duce market commodities with high commod-
ity values.

As a region moves from a frontier/natural
landscape to a more developed landscape, nat-
ural capital becomes relatively more scarce
compared to other forms of capital. For ex-
ample, in an urbanized landscape the total mix
of different types of capital present in the
landscape contains relatively little undevel-
oped natural capital. In this type of landscape
the marginal value of undeveloped natural
capital in the generation of nonmarket com-
modities will likely be relatively high and the
marginal value of natural capital in the pro-
duction of market commodities will likely be
relatively low. Therefore, in an urbanized
landscape there would likely be strong incen-
tives to allocate relatively more of the remain-
ing undeveloped natural capital into the mix
of capital needed to generate nonmarket com-
modities with high amenity values.

Incentives and pressures to allocate natural
capital to support commodity or amenity val-
ues in different landscapes will also be influ-
enced by substitute and complement relation-
ships between the different types of capital
shown in equation (5) in the generation of
quality of life. In the production of market
commodities natural capital and other forms of
capital are generally considered substitutes ac-
cording to neoclassical economic theory. In
the case of nonmarket commodities with rel-
atively high amenity values, natural capital
and other forms of capital appear to be more
in the nature of complements than substitutes.
In order to enhance quality of life in a more
urbanized landscape this complementary re-
lationship would provide additional incentive
and pressure to allocate scarce natural capital
to the support nonmarket commodities and
amenity values.

Summary and Conclusions

Natural capital can be thought of as an asset
with a number of major functions. These func-
tions include provision of commercial inputs,
a natural water supply system, unique physical
terrain, flora and fauna habitat, space, and a
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place in which to live, work, and visit. The
functions of natural capital support economic
and noneconomic values ranging from mate-
rial consumption value to nonuse values in-
cluding existence value.

Two general categories of natural capital
values are commodity values and amenity val-
ues. Commodity values are derived from com-
mercial commodities produced using natural
capital inputs. These commercial commodities
include food and fiber products, timber prod-
ucts, mineral products, and manufactured
goods. Amenity values are derived directly
from natural capital and have large noncon-
sumptive or passive-use components. Natural
capital amenity values include recreational use
value, scenic appreciation value, existence val-
ue, and certain types of cultural, historical, and
health values.

The classification of natural capital values
into private or public values is an important
distinction to be made for empirical valuation,
natural resource use and management, and re-
gional development policy. A major determi-
nant of the private or public good nature of
natural capital values is their degree of exclu-
siveness and rivalness. Rival and exclusive
values such as material consumption value are
in the nature of pure private goods. Nonrival
and nonexclusive values such as existence val-
ue are in the nature of pure public goods. In-
between classifications include nonexclusive,
rival values and exclusive, nonrival values. An
example of a nonexclusive, rival value is pub-
lic consumptive recreation use such as public
fishing. An example of an exclusive, nonrival
value is private nonconsumptive recreation
use, such as private bird watching under low
human congestion.

Natural capital commodity values fall pri-
marily into the rival, exclusive category. Mar-
ket price valuation techniques can therefore be
used to quantify these values. Under condi-
tions of high human congestion some natural
capital amenity values may fall into the rival,
exclusive category. However, because of the
lack of established markets for these values
market valuation techniques may not be read-
ily applicable to these values.

Most natural capital amenity values fall
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into the exclusive, nonrival category, nonex-
clusive, rival category, or nonrival, nonexclu-
sive category. Revealed or stated preference
nonmarket valuation techniques must be used
to quantify values associated with pure public
goods in the nonrival, nonexclusive category.
Values in the rival, nonexclusive category are
typically associated with congested public
goods. Because of the nonexclusive nature of
these values. revealed or stated preference
nonmarket valuation techniques must be used
to quantify these values. Values in the exclu-
sive, nonrival category are typically associated
with uncongested private goods. Because mar-
kets may exist for uncongested private goods,
values associated with these goods perhaps
can be quantified using market valuation tech-
niques.

The economic impacts of values associated
with pure private goods such as commodity
values can be measured using economic im-
pact analysis techniques. To the extent that ac-
tual market expenditures are incurred to enjoy
values associated with pure public goods, con-
gested public goods, and uncongested private
goods, economic impact analysis techniques
can also be used to measure the impacts of
these values on local and regional economies.
The enjoyment of amenity values of different
types often involves actual market expendi-
tures. Thus economic impact analysis can and
has been used to measure the economic im-
pacts of amenity value expenditures on local
and regional economies. Social effects assess-
ment can be used to assess the noneconomic
effects of all types of natural capital values on
individuals and communities.

The distribution of natural capital values
associated with different types of private and
public goods varies across regional land-
scapes. A highly urbanized landscape typically
provides a high proportion of pure private
good values such as commodity values and a
low proportion of pure public good values in-
cluding amenity values. On the other extreme,
a frontier/natural landscape provides a low
proportion of pure private good values such as
commodity values and a high proportion of
public good values such as amenity values.
Landscapes in between these extremes includ-
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ing suburban, agrarian economy, and exurban
landscapes provide more balanced mixes of
private and public good values and commodity
and amenity values. The aggregate value of
each type of landscape must be determined on
a case-by-case basis through empirical valua-
tion.

An interregional landscape is made of dif-
ferent mixes of specific landscapes including
urbanized, suburban, agrarian economy, exur-
ban, and frontier/natural landscapes. The ag-
gregate value of natural capital in each re-
gional landscape is a function of the natural
capital values provided by each landscape and
the interaction of values between landscapes
in the region (e.g., substitute and complement
effects). Holistic empirical valuation studies
which account for value interactions between
different landscapes must be conducted to de-
termine the aggregate value of a particular in-
terregional landscape.

The contribution of natural capital to qual-
ity of life in a regional or interregional land-
scape is dependent upon the level of natural
capital in a landscape relative to the levels of
other forms of capital in a landscape. In more
urbanized landscapes where undeveloped nat-
ural capital is relatively scarce there is likely
to be strong incentive and pressure to allocate
remaining undeveloped natural capital to the
support of nonmarket commodities with high
amenity values. In agrarian or frontier/natural
landscapes where undeveloped natural capital
is relatively abundant there is likely to be
strong incentive and pressure to emphasize al-
location of undeveloped natural capital to the
production of market commodities with high
commodity values. Because quality of life is
ultimately something that is subjectively de-
termined in the “eye of the beholder™, all in-
dividuals and groups will not agree on how
natural capital should be used and managed in
a particular landscape. Thus better knowledge
of the role and value of natural capital in re-
gional landscapes can help inform natural cap-
ital use and management decisions. However,
better knowledge alone will not resolve what
may turn into bitter natural capital use and
management disputes between people whose
primary interests are market commodities and
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commodity values and other people whose pri-
mary interests are nonmarket commodities and
amenity values.
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