Clarification .of several issues in the
human. dimensions of global environ-
mental change is essential to the crea-
tion of a balanced research agenda.
Global environmental change includes
both systemic changes that operate
globally through the major systems of
the geosphere-biosphere, and cumula-
tive changes that represent the global

__ accumulation of localized changes. An
understanding of the human dimen-

sions of change requires attention to
both types through research that inte-
grates findings from spatial scales
ranging from the giobal to the local. A

‘regional or meso-scale focus repre-
"sents a particularly promising avenue

of approach.
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The long sweep of human history reveals an escalating trajectory of
alterations and transformations of Earth — of the geosphere-biosphere
that sustains life as we know it." This trajectory has not been uniform,
however, but has been punctuated by periods of rapid increase in the
scales and rates of change, usually concentrated within specific regions
of the world.? The most recent of these broad, episodic ‘outbreaks’ of
transformation, mairﬁy in the last half century, differs from its predeces-
sors in magnitude, pace, and kind. It is truly global in scope, has
progressed with unprecedented speed, and involves major and novel
changes in the basic biogeochemical flows of the geosphere—biosphere.
The changes carry the potential, as anticipated by Vernadsky and
others, of altering the great systems of these spheres.” Nevertheless, this
episode shares at least two features with those in the past: much of the
human activity that drives these transformations is highly regionalized,
as are the emvironmental consequences, and alterations of the land-
scapes of Earth remain a significant component of change.*

These characteristics of human-induced alterations of Earth raise
issues that have yet to receive adequate attention in the emerging
discourse on global environmental change.’ Important among those
issues are the meaning of ‘global’, and the spatial scales of analysis to be
used in the study of human-induced environmental change. Clarification
of these issues is imperative for the maturation of emerging research
agendas. As the study of global environmental change expands to
include its human dimensions,® it will inevitably engage various fields of
study with traditions and perspectives that do not necessarily follow
those of the natural sciences. '

Before we address these two issues, a brief note is warranted about
the meaning of ‘environment’. Some segments of the social sciences and
humanities use the term to refer to the social environmeat or circum-
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Two iypes of global environmental change

Table 1. Types of global environmental change.

Type Characteristic Examples
Systemic Direct impact on globally funclioning {a) Industrial and land use emissions of
system . ‘greenhouse’ gases
{b) Industrial and consumer emissions
of ozone-depleting gases
{c) Land cover changes in albdec
Cumulative  Impact through worldwide distribution of (a}) Groundwater pollution and
change depletion
{b) Species depletion/genetic alteration
(bindiversity)
Impact through magnitude of change (a} Deforestation
(share of glabal resocurce) {b} Industrial toxic poliutants

{c} Seil depletion on pritme agricultural
lands

stances of human life. In this use, environment includes ‘[w]hatever is
outside the immediate focus of study’, and includes not only the
material conditions external to the individual — the interior of the home
or workplace or the neighbourhood — but the non-material as well —
household or workplace relations and settings.” In this sense, environ-
nient represents the ‘nurture’ side of the “nature v nurture’ dichotomy.
This broad meaning of environment is not the one that prevails in the
natural sciences and in those social science fields closely linked to them,
where the term refers exclusively to the physical conditions of Earth —
the components and systems of the geosphere—biosphere (eg soil, flora,
or climate), even if altered by human action. The stady of global
environmental change, including its human dimensions, clearly employs

" this second meaning of environment. This is so because physical change

itself constitutes a fundamental problem, and because the problem
needs to be bounded, at least in its initial stages.

Two types of global environmental change

‘Global’ has at least two meanings, but unlike tlhiose for environment,
both are appropriate for the study in question. In the first, or systemic
meaning, global refers to the spatial scale of operation or functioning of
a system (Table 1). A physical system is global in this sense if its
attributes at any locale can potentially affect its attributes anywhere
else, or even alter the global state of the system. This meaming has had
universal acceptance, if only implied, and has dominated much of the
discourse to date. Much of the initial attention of the International
Geosphere-Biosphere Programme (IGBP) has been focused on atmos-
pheric and marine systems — those in which human-induced perturba-
tions may alter the conditions of the systems themselves.® Well known
examples include the increase in the so-called ‘greenhouse’ gases that
may lead to changes in the heat balance of the atmosphere and oceans,
giving rise to new climatic zones and sea levels. The facts that the
atmospheric concentration of methane has, owing to human inputs,
doubled over the past 300 years, and that one-half of all the carbon
mobilized by humankind has been released since the middle of the
twenticth century, illustrate the need for attention to systemic change.’

Globally systemic changes need not be caused by global-scale activity;
only the physical impacts of the activity need be global in scale,
manifested through the systemic adjustments that follow. The industrial
sources of CO,, for example, are highly concentrated on Earth’s
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surface. Currently, seven industrialized countries possessing 11% of the
world’s population produce 40% of carbon dioxide emissions.!® Yet
carbon dioxide, once released into the atmosphere, diffuses through the
troposphere, probably leading to global warming. Other cases may
require a widespread, perhaps worldwide, distribution of human activity
to trigger systemic change, as in the climatic consequences of albedo
change brought about by land-use transformations.

In the second — the cumulative — sense, ‘global’ refers to the areal or
substantive accumulation of localized change (Table 1).'* A change is
global in this sense if it occurs on a worldwide scale, or represents a
significant fraction of the total environmental phenomenon or global
resource. This meaning is not new; it underlies the consideration of solid
earth processes and terrestrial ecosystems, especially loss in biodiversi-
ty, by the US Commitiee on Global Change (National Research
Council/National Academy of Sciences and US affiliate to the IGBP).?
Changes of the cumulative type'include those that ‘aré local in domain,
but which are widely replicated and which in sum constitute change in
the whole human environment’.!* They involve both the landscapes or
‘faces’ of Earth, such as forest, grassland, and wetland conversions, and
those biogeochemical flows that remain below the globally systemic
scale in their movement, such as sulphur and nitrogen oxides, tropos-
pheric ozone, and water pollution.

If cumulative changes reach a global scale, it is typically as the
consequence of worldwide or widespread human activity that may not
be directly registered on the major geosphere-biosphere systems. The
loss of soil at one localé does not cause physical adjustments in world
soil conditions. Nevertheless, global soil losses, currently estimated to
destroy the productivity of as much as 60 000 to 70 000 km%year,
stimulate global-scale expansion of agricuitural land at the expense of
forest and pasture and the intensified use of synthetic resource substi-
tutes on the degraded lands.'* Anthropogenic impacts on freshwater are
typically confined within individual basins and aquifers, but widespread
shortages caused by excessive withdrawal (per capita use of water is
estimated to have increased fourfold over the past 300 years) or
pollution may sum up to a globally critical situation.'?

‘Systemic’ and ‘cumulative’ as used here characterize the physical
changes produced by human activities. The activities causing these
changes have been designated ‘proximate sources’ and “driving forces’. '
Proximate sources are the near-final or final human activities, such as
biomass burning or industrial emissions, that directly affect the environ-
ment, whereas driving forces constitute a complex, multi-tiered set of
actions and rationales (eg population change, urbanization, land tenure,
technological change) that give rise to proximate sources. Any proxi-
mate source may contribute to either or both types of global change,
systemic or cumulative. For example, biomass burning leads to systemic
change through CO, releases and albedo changes, and to cumulative
change through its impacts on soils and biotic diversity. Indeed,
systemic and cumulative change are so intertwined in some cases that
they must be examined in tandem (eg wetland conversmnfatmosphenc
methane/atmosphenc warming).

The greater attention given to human-induced globally systemic
change v cumulative change to date is understandable given its relative
historical novelty,!” its potentially life-threatening nature, our poor
understanding of the physical processes involved, and the widespread
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Two types of global environmenial change

concern over global climatic change. Bat if the human dimensions of
global environmental change are to be understood, attention to cumula-
tive change is essential. It is generally agreed within the natural science
community itself that certain types of cumulative change are critical in
their own right (eg loss of biotic diversity) and that some types of
cumulative change are intimately tied to globally systemic change (eg
forest loss). Understanding the ‘human dimensions’ of globally systemic
change moves us yet further into the cumulative realm because so many
facets of our experiences are embedded in that realm and because these
two types of change are so clearly related in both causes and effects. For -
example, understanding global land-use change, which is cumulative, is
essential to understanding global climatic change, which is systemic.
Moreover, society registers, perceives, and responds to environmental
change of any kind largely through the localized environmental condi-
tions of the cumulative type.

A final distinction is useful to emphasize the importance of addressing
cumulative change. In addressing the human dimensions of change, the
‘geocentric’ focus of natural scientists should be supplemented by an -
‘anthropocentric’ perspective that evaluates physical changes primarily
in terms of their importance to society. Both systemic and cumulative
change, of course, can be addressed from either perspective. This
distinction, however, contributes to enlarging and clarifying the range of
concern over global environmental changes and may identify some
globally systemic changes as less important than some cumulative ones.
From the anthropocentric point of view, significant global environmen-
tal change is any change of worldwide or major significance to human
society. From this perspective, the dominant problems in global en-
vironmental change may be cumulative ones. A holistic perspective that
integrates the geocentric and anthropocentnc perspectives may prove
the most valuable for global change studies.!

Defining the bounds of human-dimension studies

How do we distinguish the study of global environmental change from
that of environmental change in general? We must recognize that the
distinction is arbitrary in as much as systemic and cumulative environ-
mental changes stem from and affect human activities on all spatial
scales. But whereas the endeavours of both the natural and social
sciences will surely draw upon understanding and knowledge from all
scales of change and associated nature—society relationships, practical
considerations direct certain fields of research to emphasize certain
forms of environmental change and, hence, related human activities in

the initial phases of study.

The distinctiveness of current environmental change is the increasing
ability of humankind to affect or alter directly the basic physical systems
that sustain the geosphere-biosphere. Globally systemic change, there-
fore, is the obvious point of departure for the IGBP and its national

‘affiliates.® The human linkages here tend to emphasize those activities
. — production and consumption in the industrialized world —

that most
directly affect the biogeochemical flows of those systems. As noted,
however, systemic change cannot be adequately understood apart from
the cumulative changes related to it.

One key to the initial focus of study, therefore, is the identification of
the specific kinds of cumulative environmental changes that contribute
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most directly to systemic change, such as those altering land uses and
their impacts on land cover and hydrological cycles. For the most part,
this method of bounding global change studies — identifying systemic
change and those cumulative changes most clearly iinked to it — has been
that followed by the US Committee on Global Change, if only implicit-
ly. Social scientists would benefit greatly from assessments detailing the
strength and directness of the contribution of the myriad of environmen-
tal changes to systemic change. Such an effort is currently inhibited,
however, by inadequate understanding within the natural sciences of
many specific kinds of environmental change, and thus their rela-
tionships to globally systemic change are not well known.

A second focus for the social sciences should use the anthropocentric
perspective on global environmental change as a means of balancing the
natural science emphasis on the geocentric perspective, with the goal of
merging the two into a holistic one.?® The choice of topics within this
focus should be guided not by linkages to systemic change per se but by
the anthropocentric significance of the physical transformations. This
perspective will further illuminate the role of cumulative change in
global environmental change in general, perhaps demonstrating it to be
of importance equal to or greater than that of globally systemic change.

Spatial scales of human-dimension studies

To address adequately the human dimensions of global environmental
change poses a formidable challenge. A reconciliation of two competing
trajectories in the social sciences will be required — of those tending
towards understanding through broad, macro scale social forces that
affect nature—society relationships with those tending towards undes-

-standing through the complexity of these relationskips in their local

space—time comtexts. The macro approach searches for those forces
whose operation across the globe makes possible general explanations
that have broad applicability for understanding and dealing with global
change. The micro approach asserts not only that the human activities
that drive and mitigate environmental change and the human impacts of
global change vary significantly by region or place, but also that
historical or local contextual factors are so influential that understand-
ing must be grounded in the specifics of the case.?* Elements of this
approach characterize Soviet studies of anthropogenic landscape mod-
ification, which have examined in detail the regional interactions
between human activities and regional biogeochemical procésses and
underlying landscape changes.*

Study of the human dimensions of global change requires that such
scale issues be broached, if only because the world community will
demand a foundation on which to tackle environmental problems on all
spatial scales. Clearly the macro and meso scales require analysis,
because we know less about them and because so many of the
nature—society processes arc shared among locations. On the other
hand, studies at the micro scale will provide a major opportunity for
holistic analysis not possible or extremely difficult on larger scales.?

At the macro scale (global and continental), attention must be paid to
the intricate associations between worldwide trends in social and
environmental phenomena. What variables, for example, are associated

- with deforestation at a global scale, and what facets of society underlie

them? Relevant variables surely include population and technological
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change, level of and inadequacies in market development, and socio-
economic organization, although the specific terminology varies by
study.?* Examination of variables at this scale of analysis imposes
innumerable data problems which must be overcome and which will
require a level of resources that the social sciences do not yet command
(nor does it match even that proposed for the natural sciences).>®

Examining these individual relationships alone, however, is not
sufficient. Exploration should also be made of the development and
usefulness of a systemic framework for understanding nature-society
relationships that parallels globally systemic environmental change. At
issue here are societal attributes which operate as a worldwide system
and which are associated with global environmental change. Several
candidates for study exist, such as global industrialization or flows of
investment or information, but much work is needed to determine the
overall workings of these systems and the strength, directness, and
spatial scales with which they interact with environmental change.
Examinations using a macro approach should illuminate processes of
interdependence and interaction that might be masked on smaller
spatial scales of study. '

In contrast to this ‘global scale’ approach, there is a rich tradition of
nature-society studies on smaller spatial scales, such as regions or
places.” These place-specific studies inform us that site and situation
create a multitude of ways by which Earth is sustained, altered, or
transformed, allowing for a more complete understanding of the way in
which global forces are played out in specific places and cultures. The-
meso-level or regional scales offer a powerful entry into understanding
global change, since they connect micro- and macro-level processes.
They illustrate the unevenness of the processes and impacts of change,
even of the systemic kind, and yet do not focus our attention so
parrowly that linkages to the global scale or broader patterns are
obscured. Particularly useful are regional comparative studies that seek
both the similarities and differences in various facets of the human
dimensions of change, such as the role of population growth in
deforestation under different socioeconomic, political, and technologi-
cal conditions.?® This approach allows studies to be topical, but at the
same time holistic.

Spatial variability is not only important in detailing the nature of
change by locations; it also suggests the probability that critical nature—
society relationships in global change, including the important variables

. within them, may vary with the spatial scale of the analysis. In some

instances, subglobal conditions will parallel the global; in others, nested
sets of explanations will be required that fit the local condition to the
regional and the regional to the global. It is precisely these types of
connections that must be carefully articulated, not only to understand
the human dimensions of global change, but also to match on the social
side the sophistication of the physical-science inputs to the various
modelling and projection efforts called for by the international and
national global change committees.

In addition, attention to such issues of scale will illuminate other
facets of the human dimension, such as the pathways to human-induced
environmental change, systemic or cumulative. For example, initial
studies® suggest three pathways: intraregional, inter- or transregional,
and regional-global (Figure 1):

® ‘Intraregional’ change is produced within a region by human
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Figure 1. Regional pathways to global
environmental change: systemic and
cumulative.
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proximate sources that also occur within the region. It may, by an
additive process, reach sufficient magnitude that some aspect of
the regional environment is transformed, while not registering
direct physical effects on other regions. Examples include loss of
biomass or species, or groundwater depletion. This path can lead
to global environmental change only if it is replicated on a
sufficient spatial scale or involves a significant portion of the
world’s resource.

@®  ‘Infer-’ or ‘transregional’ change is produced in one or more
regions by human activities or changes taking place in another
tegion or other regions. Examples might include acid rain, the
impact of wetland conversion on migratory species, or the con-
tamination by upstream activities of a major riverine network. By
itself, interregional change is neither globally cumaulative nor
systemic, although it may, as with the intraregional pathway, reach
the globally cumutative level if widely duplicated elsewhere.

@®  ‘Regional-global’ change includes those cases in which the activity .
in a region or set of regions contributes directly to systemic global
change, such as methane releases from changes in wetlands -or
chlorofluorocarbon (CFC) emissions from industrial activities.™
This pathway almost invariably involves interruptions or additions
to the biogeochemical flows of the geosphere—biosphere.

The category to which a particular change will be assigned will depend
on the spatial scale of the region that is adopted for analysis, on the
nature of the process itself, and on the location of the proximate source
of change relative to the regional boundaries chosen. Suppose, for
instance, that areas as large as the continents are employed as the basic
regional units. Ther most human impacts on freshwater (eg pollution of
and withdrawal from rivers) will fall into the intraregional category, as -
will sediment transfer and even such atmospheric impacts as acid rain,
unless they occur near the regional boundary. If the subnational state or
provincial unit is adopted as the rough scale of regional division, on the
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other hand, then many of these impacts will shift into the inter- or
transregional category, because they routinely overflow the bounds of
these smaller urits. :

The classification of some other processes will be largely unaffected
by the scale adopted, particularly those physical changes largely
anchored in place (eg mineral depletion or soil salinization), which will
consistently fall under the intraregional category, and those highly fluid
changes that are globally systemic (eg CO, and CFC emissions) and are
assigned to the regional-global class. These problems notwithstanding,
the role of such exercises is to determine whether typologies of
pathways or other facets of environmental change are related to broader
patterns in associated human driving and mitigating forces and re-
sponses to global change in general.

These pathways address the spatial patterns of the physical linkages
between proximate sources and environmental changes. They are also
relevant to the spatial scales of social linkages that run from the deeper

human driving forces of change to the human actions that constitute -
proximate sources. Consideration of these driving forces further high-

lights the significance of the regional approach. Examples are market-
based demand and local population pressures, which vary in strength
across the globe and by resource and environmental setting, in addition
to influencing environmental changes that are distant from them
(interregional or regional-global change). Several well known examples
can be cited. Albedo changes in the North American Great Plains are,
in part, a response to agricultural land-use changes which, in turn,
supply national and international (but not local or subnational} agri-
cultural demands.®® Albedo changes in the West African Sahel, by

-contrast, are a response to land-use changes created by the intersecting

dynamics of international markets and local subsistence needs.?

Considered from a geocentric perspective, the physical scale of an
environmental problem - intraregional, interregional, or regional-
global — may seem to dictate the proper scale of management, with only
the last category requiring globally coordinated social responses. The
systemically interconnected nature of many social processes, however,
enlarges the range of physical changes that have,; or can have, effects
wider than their direct spatial reach. Regulation of localized forms of
industrial pollution can diminish a country’s attractiveness to global
investment. The depletion of resources at one locale can increase
pressure on other sources of supply. Localized environmental disasters
or degradation may prompt migration to other areas. And, of course,
the social and cultural differences across space would mediate different-
ly the human impacts of even a uniform global physical change.

Conclusion

The arguments advanced here address problems implicit in the rapidly
growing literature on global environmental change. Clarifying basic
distinctions and definitions at an early stage may prevent much later
confusion, particularly given the need to incorporate the expanding
research effort on human dimensions with the better established en-
vironmental fields. Indeed, it is interesting how little of the effort on
global environmental change (eg literature, symposia, committee and
workshop reports) to date has addressed these issues.

The term ‘global environmental change’ can refer legitimately to
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either of two types of change: globally systemic change that occurs
within a fluid worldwide physical system, and globally cumulative
change that reaches the global scale through the worldwide aggregation
of more localized changes. A well founded research programme on the
human dimensions of global change requires balanced attention to both
types. While considerable attention must be given to cumulative
changes that link strongly and directly to systemic changes, a broadén-

“ing of the scope of human-dimensions research may well lead to the

identification of sets of ‘independent’ cumulative change of such signifi-
cance that they also must become part of the core of global change
studies.

These two types: of change in both their physical and their human

« dimensions, may vary significantly by spatial scale, and should be
addressed at a range from the macro to the micro. For the reasons

noted, however, the macro- and meso-scale approaches deserve special
attention. Ultimately, studies that examine human driving forces and
societal responses on differing scales, and the linkages among scales,
appear to hold particular promise for deeper insights and theory
building.
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