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1. INTRODUCTION

In December of 1935, Howard w. Odum completed a report to the Social Science
Research Council. Delayed in publication so that facts could be checked and
rechecked, it was entitled Southern Regions of the United States (Odum, 1936).
Odum’s report was heroic in its conception, scope and execution. It attempted a
comprehensive inventory of conditions in the South, based on a theoretical
framework taken from the emerging field of human ecology. This assessment was to
serve as the foundation of regional planning that would, he hoped, create the “new
South.” Social science could help construct this regional strategy, and one tool it
offered was social indicators.

Odum (whose sons, H.T. and E.P. Odum were to become central figures in the
rise of ecology) was a pragmatist as well as visionary; he realized that the region was
faced with dramatic change-in its natural resources, economy, people and culture.
Old myths and ideologies were obsolete; a new paradigm was necessary. Odum was

concerned with providing an accurate picture of the South’s “reality”:

This reality is of many kinds. A part is the facing of absolute facts rather than
substituting rationalizations which grow out of irrelevant comparisons or
defensive expianations of how things have come to be as they are. Yet another
form of reality must be found in the measurement of conditions in terms of
comparison with certain selected standards and with regional and national
variations...Furthermore, the greatest measure of reality can be found in the
balanced picture of basic facts rather than, and largely exclusive of, vivid
extremes (Odum, 1936:2).

Odum described an interdisciplinary framework for guiding the inventory,
organized around five key themes: 1) natural resources and agrarian culture, 2)
technological deficiencies and waste, 3) industry and wealth, 4) the
southern people, and 5) their institutions and folkways. He and his staff collected
data from a variety of sources on a large number of social indicators: the core analysis
includes data on 685 individual measures (see Figure 1). Additional data were
collected to make comparisons with other regions of the country; the

interpretation and assessment of conditions (organized around the key themes) are
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over 500 pages long. Yet Odum’s focus wason action, on the use of socioeconomic

facts to make practical decisions:

The main task. however, is not the catalogue of handicaps and the backward
look. but to turn regionai potential into regional reality and national power.
There is only one main question: how achieve [sic] the attainable ends in view?
(Odum, 1836:219).

Southern Regions of the Unit:d States became a landmark study in the fields of
regional science, social indicators and human ecology. It helped guide the souths
dramatic post-Civil War resurgence. To read the report in the 1990s with the western
U.S. in mind is to realize the contemporary potential of social indicators for aiding
decision-making in our region. We,’ too, face the challenge of change-in natural
resources, economy, people and culture. A new paradigm, ecosystem management, is
emerging. There is a significant 11 2ed for “basic facts,” an assessment of
socioeconomic conditions that ez:1 help resource management agencies “achieve
attainable ends.”

The purpose of this report is, to: 1) explain how monitoring social indicators can
contribute to ecosystem management, 2) provide a theoretical framework for
selecting relevant indicators, 3) provide a list of potential social indicators, and 4)
make recommendations for their monitoring as one part of the social science
contribution to the Interior Columbia River Basin Project (ICRBP).” The report
does not address other methods of assessing social conditions, such as ethnographic
community-based studies.

The paper is organized as follows. First, we provide a review of social indicators,
describing their development and use. Second, we explain their specific application
to ecosystem management, and their potential for monitoring socioeconomic
conditions within ecosystems, ecoregions, watersheds, and other biological units.

Third, we present a theoretical framework, derived from human ecology and focusing



on the human ecosystem as an organizing concept. A conceptual model is presented,
and key components of the model are described. Fourth, we present a potential list of ~
indicators, as well as their data sources. Fifth, we describe several ways these

specific indicators could be monitored to aid ecosystem management. Finally, we

make several recommendations for the development and application of social

indicators for ecosystem management, and for their use by the ICRBP.

1.1 Defining Social Indicators

Social indicators are statistics collected for policy analysis and decision-making.
Numerous formal definitions exist. Rossi and Gilmartin emphasize data collection
over time:

Social indicators are time-series that allow comparison over an extended per_iod

and ean be desegregated by relevant characteristics. Since they are time-series,

social indicators are measures that s..low the identification of long term trends,

periodic changes, and fluctuations ir. rates of change (Rossi and Gilmartin,

1980:15).
Other definitions stress the policy relevance and social values associated with
indicators. The U.S. Department of Health, Education and Welfare defined social
indicators as:

. ..a statistic of direct normative interest which facilitates concise,

comprehensive , and balanced judgments about the conditions of major aspects

of society. It is in all cases a direct measure of welfare and is subject to the

interpretation that, if it changes in the “right” direction. while other things

remain equal, things have gotten better, or people are better off (USHEW,
1969:97).

For the ICRBP, both the time-series character and policy relevance of social
indicators are particularly important. In this paper, social indicators are defined as
an integrated set of social, economic and ecological measures, collected over time and
primarily derived from available data sources, grounded in theory and useful to ecosystem
management and decision-muting.

This definition has several implications. Social indicators are not merely a

collection of facts or statisties, but result in an integrated set of measures. (Measures



are the numerical values used to calculate the indicator, such as the percent of
population of a certain age or the ratio of part-time to full-time workers.) Social
indicators are primarily developed from existing data sources, available over time
and repeatedly collected. They are organized around an explicit theoretical
framework that provides a rationale for selecting individual indicators and their
measures. The indicators reflect social, economic and human ecological concerns, i.e.
they are multidisciplinary. The indicators provide’ “usable knowledge,” i.e. they are
relevant to monitoring, decision-making, policy analysis, research and other

activities related to ecosystem management.

2. SOCIAL INDICATORS: A LITERATURE REVIEW
2.1 An Overview of Social Indicators

Even before Odum’s Southern Regions; social indicators were experimented with
by the U.S. government. President Hoover created the President’'s Research
Committee on Social Trends, which prepared a report on trends using social
indicators (PRCST, 1933). After Odum’s work in the 1930s, other government
agencies (such as the National Aeronautics and Space Administration and the
Department of Health, Education and Welfare) developed their own social indicator
reports for use in policy decisions and strategic planning.

In 1966, Bauer published an edited volume Social Indicators. It represented the
state-of-the-art at the time. There was an unsuccessful effort in the late 1960s to pass
legislation requiring a system of formal social indicators. In 1972, the Social Science
Research Council (SSRC) established a Center for Coordination of Research on Social
Indicators located in Washington, D.C. to disseminate information and facilitate
communication among the many researchers involved in social indicators research.

The social indicators “movement” declined in the 1980s, leading to the closing of

the SSRC’s center. Several factors appear to have contributed to this decline,



including a stressed economy that had less resources for research, a change in the
political atmosphere, and the lack of an overall theoretical framework with which to
construct a set of social indicators (Andrews, 1989; Bulmer, 1989; Ferriss, 1989:
Innes, 1989; Johnston, 1989).

Table 1 presents a list of examples of literature and data generated by the social
indicators movement. It suggests that while the theory and methodology for use of
social indicators remain immature, social indicators have been used by a variety of
organizations and professionals.

In addition to academic and governmental use, social indicators provide data and
background information to a growing body of non-academic media and writing.
Examples include The Rating Guide to Life in America’s Small Cities (Thomas, 1990),
Megatrends 2000: Ten New Direction-s for the 1990s (Naisbitt and Aburdene, 1990), The
Truth about Where You Live: 4n Atlas for Action on Tozins and Mortality (Goldman,
1991), Where We Stand (Wolff, et al., 1992), and The State of the USA Atlas: The
Changing Face of American Life in M2ps and Graphics (Henwood, 1994).

Social indicators research has also continued. Ray (1989) used social indicators to
measure social development. He argued that per capita income is inadequate as a
measure because it excludes factors outside the economic sphere, creates rankings of
social development that are contrary to common sense, and per capita national
Income measures economic, not social, development. He suggested that the
selection of indicators depends upon the context and availability of data. Similarly,
Lind (1992) describes the strengths and limitations of the Human Development
Index (HDI), and the indicators of which it is composed. The HDI, a tool proposed
by the United Nations Development Programme in 1990, is composed of three
indicators: gross domestic product (GDP) per capita, life expectancy at birth, and

adult literacy. Again, selection of indicators is demonstrated as critical.



Table 1. Examples of Literature Generated by the Social Indicators Movement

(adapted from Ferriss, 1989).

* . . . L] L[] * L] .

L] L[] [ ] . [ ] * . . L[]

Social Indicators 1973 (U.S. Office of Management and Budget, 1974)
Social Indicators {II (U.S. Bureau of the Census, 1981)
Science Indicators (National Science Board, 1985)
Health US4 1987 (U.S. Department of Health and Human Services, 1988a)
Educational Indicators (U.S. Department of Education, 1988a)
The Condition of Education (U.S. Department of Education, 1988b)
Youth Indicators (U.S. Department of Education, 1988c)
Aging America (U.S. Department of Health and Human Service, 1988b)
The Sourcebook of Criminal Justice Statistics (U.S. Department of Justice,
1988b)
Criminal Victimization of the United States (U.S. Department of Justice, 1988a)
Indicators of Housing and Neighborhood Quality (U.S. Bureau of the Census,
1988)
Current Population Reports (U.S. Bureau of the Census, 1985)
North American Social Report (Michalos, 1981)
Kerncr Report: Twenty Years Later (Harris and Wilkins, 1988)
A Common Destiny: Blacks in American Society (Jaynes and Williams, 1989)
The Aging Population in the Twenty-First Century (Gilford, 1988)
The Social Progress of Nations (Estes, 1984)
Trends in World Social Development (Estes, 1988)
The American Woman 1987-38 (Rix, 1987)
Social Stress in the United S:ates: Clues to Regional Patterns of Crime and Illness
(Strauss and Lansky, 1986)
Monitoring the Future: A Continuous Study of the Lifestyles and Values of Youth
(Johnson, Bachman and O'Malley, 1987)
Research on the Quality of Life (Andrews, 1986)
Other Sources:
Social Indicators Research
Demography,
American Demographics
SINET: The Social Indicators Network Newms
Journal of The American Statistical Association
INESNEWS (Intemational Indicators and Evaluation of Educational Systems)

Newsletter of the Clearinghouse on Health Indezes of the U.S. National Center for
Health Statistics

Jacob and Willits (1994) used secondary sources to construct indices of well-being

representing socioeconomic status, family status, health status, and alienation at the

county level. Data from a statewide survey of Pennsylvania residents were then

collected on how people evaluated their communities of residence. It was expected

that the indices of well-being would correlate with one another. This proved to be



statistically significant for socioeconomic, family, and health status, but not
significant for alienation, highlighting the need for care in selecting social indicators.
In addition, the 1990s have seen an increase in private firms that collect federal
data and produce it for distribution to researchers, managers, and the general public.
Proprietary data are collected by various corporations (i.e., fast food corporations,
business data; services, marketing research agencies, and so forth). A small but
significant information industry has developed around the dissemination of social

indicators information.

2.2 Social Indicators in Natural Resource Management

There are relatively few examples of the direct use of social indicators in natural
resource managemént. They have been used in developing social impact assessments
as required by the National Environmental Policy Act of 1969. -The U.S. Dept. of
Commerce, National Oceanic and Atmospheric Administration, and National Marine
Fisheries Service has published Guidelines and Principles for Social Impact

Assessment (1994), which describes the rationale and step-by-step process of
conducting a social impact assessment. It recommends using social indicators to
forecast changes likely to occur as the result of a particular project.

The 1984 publication Measuring the Social Impact of Natural Resource Policies
(Burch & DeLuca) presented a specific theoretical framework to guide selection of
indicators and explore relationships. This book was “intended for the environmental
planner, impact analyst, or student interested in the social dimensions of energy and
natural resource issues” (Burch & DeLuca, 1984). It presents a human ecosystem
model, and provides examples of the successful integration of social indicators into’
natural resource management projects, such as National Forest planning teams,

water development projects and studies of threats to national parks.



Machlis and Wright (1984) critiqued the sole use of biological indicators to
monitor biophysical change in biosphere reserves. They proposed a system of
indirect social indicators to compliment the biophysical monitoring and suggested
that carefully constructed social indicators, combined with biophysical
measurements, could track change ‘within biosphere reserves. Their suggested
methodology was tested for Olympic National Park Biosphere Reserve, where three
key variables (utilization of natural resources, industrialization, and tourism) were
used in a pilot monitoring effort. On the basis of this pilot project, Machlis and
Wright argued that social indicators could provide an inexpensive set of baseline data
that, with periodic updating, could be used to identify long-term trends. In addition,
social indicators could provide “early warning” of impacts upon the biosphere
reserve, and be used to compare different reserves.

A government example is The State of Canada’s Environment (Government of
Canada, 1991), a comprehensive inventory of Canada’s natural resources. It combines
social and biophysical indicators to provide an assessment of the environmental
integrity of the country. While the goal seems to be to discover the impacts humans
have on “the environment,” rather than viewing humans as an integral part of a
system, it nevertheless represents an attempt on the part of the Canadian
government to understand the interactions between humans and the resources upon
which they depend. Further, this document is to be updated every five years,

providing for time-series analysis.

2.3 Strengths and Limztations of Soctal Indicators

Social indicators, like other social science methodologies, have both strengths and
weaknesses. Social indicators allow for systematic comparison across spatial units
and over time. An example is the use of crime statistics to map high-crime

neighborhoods and chart the rise and/or decline of certain offenses. Social indicators
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can provide a concise description of socioeconomic conditions, such as the proportion
of people below the poverty line-what more pithy discourse on the fate of the
marginalized underclass? Social indicators are, by definition, easily accessible, and
often can be interpreted by non-experts. An example is the widespread
understanding of the Consumer Price Index (CPI). Finally, social indicators are
policy-relevant; they are useful in policy analysis, decision-making and program
evaluation. An example is the reliance of education reformers on Scholastic Aptitude
Test (SAT) scores in the development of their reform proposals.

Social indicators have weaknesses as well. As they are dependent upon accessible’
secondary information, they are often not available at levels or periods useful to
decision-makers. An example is the relative lack of community-level data for state or
regional-wide comparisons. The selection of indicators is far from value-free;
imbedded in the choice of an indicator (such as per capita income or library
circulation rates) is the assumption that the indicator is important, and that its
variation across spatial units and over time is meaningful. Hence, there is
considerable debate over what constitutes appropriate indicators (Alanso and Starr,
1987).

Another weakness is the potential instability of measurement criteria-the
potential for indicator data to be collected differently or redefined at different times.
For example, the number of rapes per 1000 female population is a potential indicator
of social disorder. However, if police departments, legal codes, and/or society change
the definition of rape (e.g., to include spousal rape), and if norms toward reporting
rape change (more victims being willing to report), the social indicator becomes
inconsistently measured and thus, may be less useful. In addition, certain

dimensions of social conditions are difficult to track with social indicators: examples
include ethical values, cultural concerns, social tensions within political units, and so

forth.
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Finally, social indicators are, as Odum noted, the “basic facts.” In and of
themselves they cannot provide explanations for why conditions are changing or what
structural constraints limit the amount of change. To carefully track an increase in
population is not to be able to explain the attractiveness of place or the rationale of
the migrant. Social indicators, then, are best used to provide baseline description and

monitor trends in social conditions.

3. RELEVANCE OF SOCIAL INDICATORS TO ECOSYSTEM MANAGEMENT

If social indicators are to be useful to natural resource managers in the 1990s, they
must be understood in the broader context of ecosystem management. Yet,
“ecosystem management” is not well defined. There are numerous definitions of
ecosystem management in the literature, as well as vigorous debate (see for example
the August 1994 issue of the Journal of Forestry). SOome ar gue that ecosystem
management is a significant paradigm shift for natural resource managers; others
(such as Forest Service Chief Jacl: Ward Thomas) suggest it is an evolution. There is
wide consensus that definitions of ecosystem management are in flux and
implementation of such management “on-the-ground” is fraught with ambiguity and
uncertainty.

We chose to use an adaptation of the definition and principles of ecosystem
management proposed by Moote et al. (1994), as shown in Table 2. Their definition
was the result of a review of the ecosystem management literature, including
“writings in the areas of adaptive management, conservation biology, ecosystem
management, integrated environmental management, and a miscellany of social

science literature” (Moote et al., 1994:1). They state:

ecosystem management is 8 management philosophy which focuses on desired
states, rather than system outputs, and which recognizes the need to protect or
restore critical ecological components, functions, and structures in order to
sustain resources in perpetuity (Moote et al. 1994:1).
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Table 2. Definition and Principles of Ecosystem Management (adapted from Moote,
et al., 1994).

Principles of Ecosystem Management

Ecosystem management is a management philosophy which focuses on desired
states, rather than system outputs, and which recognizes the need to protect or
restore critical ecological components, functions, and structures in order to sustain
resources in perpetuity.

Desired future conditions and the means by which we choose to achieve these
conditions are social values. Therefore, ecosystem management, like all forms of
management, is a socially defined process. There is nevertheless a recognized need
for human society to adapt its activities to protect crucial ecological processes.

I L Holistic Sci

Ecosystem management uses a holistic approach, rather than focusing on specific
system outputs. It attempts to conserve biodiversity from the genetic to the
community level. Ecosystems are recognized as open, changing, complex systems.
Ecosystem management focuses on the dynamic interrelations of system
components—including social, political, economic, biological, and physical features
—and requires better understanding »f each of these components and their
interrelations. Humans are recognized as a part of ecosystems.

>

Specific scales of management will be determined individually for each system,
based on societal values and goals. In general, however, ecosystem management
requires management on larger spatial and longer temporal time scales than has been
the norm in resource management. Ecosystem management means management
across ecological, political, generational, and ownership boundaries. .

Institutions for ecosystem management must reflect its experimental nature.
Organizations, laws, policies, and management practices need to be flexible, in order
that they may adapt to changes in social values, environmental conditions, political
pressures, available data, and knowledge. Adaptable institutions treat management
as a learning process in which decision-making to go forward in the face of
uncertainty. At the same time, it is recognized that institutional decision-making is
bounded by the currently defined legal limits of planning and management and by
socio-political factors.
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Four principles are central to this definition of ecosystem management: 1)
socially defined goals and management objectives, 2) integrated, holistic science, 8)
broad spatial and temporal scales, and 4) adaptable institutions. In addition, a fifth
principle (collaborative decision building) is presented by Moote et al. (1994). It
suggests public participation in the decision-making process (which the authors call
“joint organizational and community learning”) and open governmental structures
and processes are important components of ecosystem management.

Collaborative decision building is appropriate (and probably critical) in the
Columbia River Basin as an organizational strategy for land management agencies
and community institutions. However, .there are decision-making systems_ in many
parts of the world that have existed for centuries, as well as contemporary political
systems, where collaborative decision-building may not be appropriate, but
ecosystem management has been practiced and is appropriate. Thus, we do not
include this principle as a required component of all forms of ecosystem management.
3.1 The Importance of Scale

Issues of scale are important to social indicators for ecosystem management.
One of the principles of ecosystem management calls for larger spatial and longer
temporal scales than have been the norm in natural resource management. In
research, Allen and Starr (1982) recognized the importance of increasing the scale of
analysis, if ecology is to advance. Natural resource managers are often asked to
simultaneously consider local concerns and national environmental and economic
issues in their decision-malting.

Appropriate spatial scales of human activities range from an individual’'s personal :
dwelling to the planet. However, four scales seem critical for social indicators of .
ecosystem management in the U.S.: communities, counties, states and regions.

These scales are hierarchical. In most cases, a specific rural community is nested

Sa
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within a county which is clear political division of a state. Regions include several
entire states or portions of states (for example, the land area included in the ICRBP
is considered a region). The discrete spatial concepts of stand, habitat type, forest,
watershed, province and region are, as Allen and Starr (1982) generally note, based on
both biological characteristics and management convenience. Likewise, the spatial
divisions in the socio-political scales are a product of human perception and
convenience.

The definition of a human community is complex and varied (see Machlis and
Force 1988 for an extensive discussion). In the context of ecosystem management
(with its emphasis on landscape), communities of place with specific geographic
boundaries are appropriate. The short-term impacts of resource management
decisions are often felt most keenly at the community level. Communities, even
those within an individual county, may vary widely in response to management
activities. Human communities, just as plant and animal communities in the forest
ecosystem, are fine-scale ecosystems.

Counties are the most basic subdivision of states, and are a key unit in the
hierarchy of census geography (Myers 1992). They vary widely in land area, and
boundaries were not always determined by ecological features (e.g., rivers, mountain
ridges) or social considerations. However, they are an important administrative and
political unit in the United States, and significantly influence environmental change
(McGown, 1994). Counties are mid-scale human ecosystems.

States are also a unit in the hierarchy of census geography. They are useful for
making national-level comparisons. As a broad-scale human ecosystem, they give
context for understanding local impacts; state law (such as water law) has significant
impacts upon resource management. An even broader scale unit of analysis is the

region as defined by the ICRBP. Regions have considerable influence (often



15

indirect) on resource management (Odum, 1936: Field and Burch, 1988), and are
increasingly being employed as key planning units.

Temporal scales are also important in human ecosystems. Some are similar to
temporal scales in biological ecosystems, such as wildlife seasons. Others are
specific to human activities, such as fiscal years and elections. Ecosystem
management will involve many different landowners; not all make decisions on the
same time scale. An important temporal scale to the non-industrial private forest
landowner may be a lifetime; to the federal agency managing adjacent public land,
the most important temporal scale may be presidential election cycles. The ability of

. managers to implement activities may be related to the fiscal calendar of their
organizations. Social indicators that capture the various temporal cycles of human
activity are necessary.

We recommend that the county be used as the level of analysis for social
indicators to monitor the human ccosystem. This is for several reasons. First, good
guality secondary data are readily available at this scale, consistently collected at
regular intervals, and comparable across all counties’in the U. S. The county is a
major unit of analysis for most national census efforts, and is an exceptionally stable
geographic unit for time-series data (little change in county boundaries occur over
time).

Second, counties are an important administrative unit for government regulations
and policy related to both social and biophysical aspects of ecosystem management.
County. governments are increasingly taking on environmental management
responsibilities (remediation of Superfund landfill sites is an example), as additional
discretionary authority is granted by the states and mandated by the federal
government. In a study of counties in Washington, Oregon and Idaho, McGown (1994)

found that a significant proportion of counties were involved in activities associated
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with ecosystem management: comprehensive planning (93%y), monitoring water
quality (40%), and wildfire mitigation (25%) are examples.

Third, county governments are moving to expand their capability to deal with
environmental issues. Waugh and Hy (1988) surveyed county executives nationwide
and found four of the top five issues facing county governments were environmental:
solid waste, land use and zoning, water supply/sewage and toxic waste. In response,
counties are increasing the presence of technical staff to deal with environmental
management activities (McGown, 1994).

Fourth, county boards and planning and zoning commissions have significant
impacts on land use within ecosystems. These governmental units are de facto land
managers, addressing many ecosystem management issues. They develop
comprehensive plans, establish zoning ordinances, grant variances, and in many ways
impact human ecosystems.

Finally, county government is-the socio-political unit closest to the landscape
scale often discussed in ecosystem management-cities and towns are too small in
area and states include too many landscape types. Hence; the use of county-level

data is a plausible strategy in applying social indicators for ecosystem management-

3.2 Monitoring Human Change and Conditions

Monitoring has been, to various degrees, a component of natural resource
management and the environmental sciences. It is an essential part of contemporary
ecosystem management. Monitoring changes in the environment was significantly
expanded with passage of the National Environmental Policy Act of 1969 (NEPA),
which established the Council on Environmental Quality to produce annual reports
on the quality of the environment. The passage of the Forest and Rangeland
Renewable Resource Planning Act of 1974 (RPA), the National Forest Management,

Act of 1976 (NFMA) and the Federal Land Policy and Management Act of 1976
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(FLPMA) all contributed to the increase in monitoring mandates and requirements.
The planning processes adopted by the USDA Forest Service under NFMA and the
USDI Bureau of Land Management under FLPMA include monitoring and
evaluation. Monitoring changes in Auman conditions as a result of various land
management strategies has been sporadic and often atheoretical. Yet, managers are
often asked about the effects of management decisions on the lives of those who live
in and/or use the forest ecosystem. Managers may also be held accountable for real or
imagined changes that impact the lives of citizens. Hence, monitoring of
socioeconomic conditions is likely to have an increasing role in ecosystem
management. That is, the scope of monitoring must expand. As Staebler (1994:5)
suggests:

... ecosystem management is not a static program with a beginning and ending
date, but rather involves concepts and principles that evolve and adapt along
with changes in science, economics, and demographics.

Managers need an integrated set of socioecological measures, collected over time and
grounded in theory, to monitor a dynamic program with evolving management
practices. Accurate knowledge of conditions is the first prerequisite to

understanding ecosystem change, which itself is a prerequisite for action.

4. THEORETICAL FRAMEWORK

The basis of a human ecological approach to social indicators for ecosystem
management is a sound theoretical model. The model should be: 1) derived from
strong theory and empirical studies, 2) relevant to a wide range of resource
management situations, 3) applicable at various temporal and spatial scales, and 4)
able to explicitly link social and biological systems.

The foundation of our model is the concept of the human ecosystem. We begin

with a brief history of the concept. Next, we present an outline of its critical

LT
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elements, followed by a more detailed description of the individual components and

their interaction.

4.1 The Roots of Human Ecology and the Human Ecosystem Concept

The ecosystem concept was formally defined by Sir Arthur Tansley in 1935, and
brought into common application by Eugene Odum’s use of the ecosystem as an
organizing concept in his 1956 text Fundamentals of Eéology. Several contemporary
histories of the ecosystem idea have been published, notably Frank Golley’s A
History of the Ecosystem Concept in Ecology (1993) and Joel Hagen’s An Entangled
Bank (1992). Both limit their discussions to biological ecology.

The roots of a human ecology lie primarily in general ecology, sociology, and
anthropology, as documented by comprehensive literature reviews (Micklin, 1977;
Field and Burch, 1988). The application of general ecological principles to human
activity was sparked by sociologists at the University of Chicago, where in the 1920s
and 380s, the field of sociology experienced rapid growth. Sociologists Park and
Burgess drew analogies between natural and human communities, describing
society’s symbiotic and competitive relationships as an organic web (Faris, 1967).
Simultaneously, anthropologists such as Julian Steward and others began to employ
the ecosystem as a tool for organizing field work and research. While the Chicago
“school” treated the community (and for them that meant the city) as a key unit of
analysis, its limited focus on spatial relationships and urban life eventually led to a
search for a more holistic framework.

That search (active in the 1950s and 60s) led to what has been termed “ the POET
model.” This model defined the human ecosystem as the interaction between
population, organization and technology in response to the environment (Duncan 1964,
Catton, 1982). These are human ecology’s “master variables”; their interaction is the

human ecologist’s central concern. In the 1980s and early 90s, Bill Burch at Yale and
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his students employed the human ecosystem as a theoretical framework for studying
energy policy (Burch and DeLuca, 1984), threats to national parks (Machlis and

Tichnell, 1985), and anthropogenic impacts upon biodiversity (Machlis, 1992).

4.2 The Human Ecosystem Defined and Described

In this paper, the human ecosystem is a cohkerent system of biophysical and social
factors capable of adaptation and SUstainability over time. For example, a rural
community can be considered a human ecosystem, if it exhibits boundaries, resource
flows, social structures, and continuity over time. Human ecosystems can be
described at several spatial scales, and these scales are hierarchically linked. Hence,
a family unit, community, county; region, nation, even the global population can
fruitfully be treated as human ecosystems.

While the scale of human ecosystems can vary, there are several essential
elements. Figure 2 outlines these elements. A set of eritical resources are required, in
order to provide the system with necessary supplies. These resources are of three
kinds: 1) natural resources (such as energy, wood or wa'ter); 2) socioeconomic resources
(such as labor or capital); and 3) cultural resources (Such as myths and beliefs).

These resources are the “supplies” necessa.fy to keep the human ecosystem
functioning; their flow and distribution are critical to ecosystem functioning and
sustainability. Some of the critical resources may be indigenous to the local area (and
used locally or exported), others may be imported from adjacent or far away locales.
For example, eastern U.S. sources of investment capital in rural western
communities, and national media sources of local information are integral parts of
rural human ecosystems—as are other distantly produced but critical supplies.

The flow of these critical resources is regulated and used by the social system, the
general social structures that guide much of human behavior. The social system is

composed of three subsystems. The first is a set of soctal institutions, defined as
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collective solutions to universal social challenges or needs. For example, the
collective challenge of maintaining human health leads to medical institutions,
which ean range from modern hospital systems to rural health cooperatives,
preventative care and traditional shamans. Other social institutions deal with such
universal challenges such as justice (law), faith (religion), and sustenance (agriculture
and resource management).

These institutions require eritical resources, transform them for various uses, and..
regulate and distribute the resources throughout the human population. Hence,
natural resource organizations such as forest districts and processing plants require a
supply of labor, transform that labor into products (such as dimension lumber) and
regulate the ‘use of that labor (determining the timing and amount of work applied to
provide logs to the mill).

The second subsystem is a series of social cycles, which are the temporal patterns
for allocating human activity. Tie is both a fixed resource as well as a key
organizing tool for human behavior. Some cycles may be physiological (such as
diurnal patterns); others institutional (permitted hunting.seasons). Still others may
be specific to the individual (such as grave-yard shifts) or environment (such as
climate change). Social cycles significantly influence the distribution of critical
resources. An example is the set of collective rhythms within a community or culture
that organize its calendar, festivals, harvests, fishing seasons, business days and so
forth.

The third subsystem is the social erder, which is a set of cultural patterns for
organizing interaction among people and pups. The social order includes three key
mechanisms for ordering behavior: personal identities (such as age or gender), norms
(rules for behaving) and hierarchies (of wealth or power, for example). Hence, certain

predictions about interaction are created when one can identify the age, gender,



22

status and power of individuals or groups, and such expectations allow the social
system to function.

The social order (individually, collectively and in relationship to social
institutions and social cycles ) provides high predictability in much of human
behavior. Taken together, social institutions, social cycles and the social order
constitute the social system. Combined with the flow of critical resources, this
creates the human ecosystem at a particular scale. Each of these elements
substantially influence the others. For example, changes in the flow of energy (such
as an embargo and resultant rationing) may alter hierarchies of power (those with fuel
get more) and norms for behavior (such as informal sanctions against wasting fuel).

Adaptation is continuous in human ecosystems (Bennett, 1976); social institutions
adapt to changes in resource flows and in turn alter such flows. The result is a
dynamic system that changes over time. For example, political institutions may
adapt to the increased demands on forest resources by altering decision-making
processes (such as increased public participation), and by altering the resource flow
(as when the legal system issues injunctions against timber-cutting). Adaptation is
used here in a non-valued sense; what is adaptive (or advantageous) for one
institution or social group may be maladaptive (or harmful) for another (Bennett,
1976; 1993).

Finally, a particular human ecosystem may be hierarchically nested within
human ecosystems at different scales. Hence, the rural community as a human
ecosystem may be linked to a larger watershed, region or state, and to smaller human
ecosystems such as clans or households. Changes in a human ecosystem at one scale
may have effects at larger and smaller scales. For example, a rise in rural
unemployment may impact family health conditions, increase demands upon
community doctors, and deplete state medical funds. Figure 8 illustrates the

dynamic model, emphasizing scale linkages and adaptive change over time. It is this
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model (both the equilibrium and dynamic versions) that provides an organizing
framework for the key components discussed below. These components (or variables)
in turn provide the rationale for selecting a comprehensive set of social indicators for

ecosystem management.

4.3 Key Components in the Human Ecosystem

In this section, we identify and describe the key components in human
ecosystems (see Figure 2), suggest ways they can be measured, and give selected
examples of how they may influence other components and the human ecosystem as a

whole.

Natural Resources

4.8.1 Energy

Energy is the ability to do work and/or create heat. As Cottrell (1955) notes, the
energy available to humans “limits what we can do, and influences what we will do.”
Energy is a critical natural resource, and its influence upon social systems is well-
documented (see for example Rosa et al., 1988). Energy flows vary by type of source
(hydroelectricity, petrol, natural gas, solar, nuclear, wood and so forth) as well as
quality (high or low entropy) and flow (continuous, cyclical or interruptable). Energy
can be measured by heat output (keal) or economic value ($/kcal). Changes in energy
flows can dramatically alter social cycles and the social order (witness the oil
shortages in 1973 and 1979), and can force social institutions (such as the recreation
industry or agriculture) to make significant adaptations.
4.3.2 Land

Land includes both surface and underground features. Land is a critical resource,
both for its economic and cultural value (Zelinsky, 1973), and can be characterized by

ownership patterns (public or private), cover (vegetation or plant community types),
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use (such as agricultural, forestry, urban, and so fortb) and economic value. Changes
in the resource can often be measured in hectares/land cover-land use type. Such
changes often follow restricted trajectories, as forested land is altered to agricultural
and then urban uses (Turner et al.,1990). Such changes powerfully influence many
social institutions (sustenance and commerce are examples), and alterations in land
use often are reflected in altered hierarchies of wealth, power and/or territory
through shifts in land tenure and property rights.
4.3.3 Water

Water includes surface and subsurface supplies. Ground water (quickly renewed)
and aquifers (a form of capital stock not easily renewable) can both be integrated into
human ecosystems. Water resources can be characterized by quality, flow (acre-
feet/second), distribution patterns and cyclical trends (such as wet years or drought
periods). For much of the western U.S., the aridity of the landscape makes the
control and distribution of water a critical function, and a major source of economic,
social and political power (Reisner,1986). Changes in water quality can impact social
institutions such as health and commerce; water rights are crucial to maintaining

social order; access to water influences wealth.

4.3.4 Materials

Materials include basic products derived largely from natural resources.
Examples include fertilizers (petrol as a source), dimension lumber (wood), silver and
other minerals (ore) plastic (oil), and glass, concrete and denim. The variety of
materials used by human ecosystems varies by culture, stage of economic
development and consumption patterns. Common measures include economic
value/unit and/or the flow of raw product (by ton, pound, ounce or milligram). Much
of the sustenance and commerce institutions are based on the-production,

distribution and exchange of materials. When flows are altered, norms for use can be



26

impacted (conservation incentives increase with price), and certain materials may be

critical for specific institutions, such as precious gems for industrial use. |

4.3.5 Nutrients

Nutrients include the full range of food sources used by a human population. The
range of tolerance for nutrient gain or loss is relatively small in Homo sapiens,
making food a critical resource on a continuous basis. Such resources may vary by
culture (religious proscriptions may make certain foodstuffs unedible) as well as
climate, and both the caloric value and nutritional supplies (such as amino acids) are
critical. Modem human ecosystems include a wide range of imported foods (witness
espresso coffee beans from Brazil being brewed in Montana gas stations), and few are
self-reliant even for short, seasonal periods. The need for food resources certainly
influences sustenance institutions such as agriculture, and food carries mythic
connotations (the spiritual value of salmon to several indigenous tribes in the
northwest; the turkey as a celebratory poultry). In addition, both wildlife and
domesticated stock may have important social values that extend beyond nutrient
values. Hence, changes in nutrient flows can alter human health, social norms and

cultural beliefs.

Socioeconomic Resources
4.3.6 Information

Information is a necessary supply for any biophysical or social system.
Information flow (and its potential for feedback) is central to general systems theory
(von Bertalanffy 1968), sociobiology (Wilson, 1975; 1978), and human ecology
(Hawley, 1950; Burch and DeLuca, 1984). Information may be coded and transmitted
in numerous ways: “body language,” oral traditions, electronic (digital data), print
(local weeklies, national dailies, newsmagazines), film, radio and television. It can be

measured by both transmission rates (such as amount of local radio programming)
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and/or consumption patterns (such as paper circulation rates). Information flow can
significantly alter numerous components of social systems (such as educational
institutions or hierarchies of knowiedge); its impact upon other critical resources
(such as land) is also substantial (for example, the importance of maps in resource

management).

4.3.7 Population

Human population growth is a dominant factor influencing much of human
ecology (Hawley, 1986), both historically (Turner et al., 1990) and within
contemporary nation-states, regions and cities. Growth may include natural increases
(births over deaths/ year) as well as migration flows. While many conservationists
and some demographers treat population as a ecosystem stressor (usually with such
value-iaden terms as “threat,” “crisis,” and so forth), population’ is also a supply
source for many critical factors within human ecosystems, such as labor, knowledge
and social institutions. (Of course. like other resources, oversupply of population can
stress the human ecosystem.) Hoivever, by treating population as a socioeconomic
resource, the model avoids focusing solely on the consumption impacts of people, and
includes as well their creative actions (accreting knowledge, providing labor, and so
forth).
4.3.8 Labor

Labor has many defmitions; in the human ecosystem model it is defined as the
individual’s capacity for work (economists sometimes label this as labor power;
Thompson, 1983). Applied to raw materials and machinery, labor can create
commodities, and is a critical socioeconomic resource. There are many measures:
labor time needed to create a unit of economic value (hrs./$100 value), labor value
(measured in real wages), labor output (units of production per worker or hour labor),

or surplus labor capacity (unemployment rates) are examples. Labor is critical to
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human ecosystems both for its energy and information content; that is, both
relatively unskilled yet physically demanding labor (such as harvesting crops) and
specialized, sedentary skills (such as resource planning or stock brokering) have
economic and sociocultural importance. Changes in labor (such as increased
unemployment) can impact a variety of social institutions and hierarchies (such as
health care and income distribution).
4.3.9 Capital

To economists, capital can have a range of meanings. A narrow definition treats
capital as the “durable physical goods produced in the economic system to be used for
the production of other goods and services” (Eckaus, 1972). Other definitions include
‘human capital’, financial capital and so forth (McConnell, 1975). In the human
ecosystem model, capital is defined as the economic instruments of production, i.e.
financial resources (money or credit supply), technological tools (machinery) and
resource values (such as undergrouni oil). These instruments of production supply
the basic materials for producing (with labor inputs) commodities. Capital is a
critical socioeconomic resource; its influence over production, consumption,
transformation of natural resources and creation of by-products (such as pollution) is
significant. Capital is often measured in dollar values, either for commodities
produced or the stock of capital on hand. Changes in capital, either in its mix of
sources (a new processing plant or mill) or output (a reduction in profits earned by the
plant or mill) can alter other institutions as well as hierarchies of wealth, class

identities and other features of the human social system.

Cultural Resources
4.3.10 Organization

In the human ecosystem model, organization is treated as a cultural resource, for

it provides the structural flexibility needed to create and sustain hu