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ocal and regional land-use and
land-cover change is an impor-
tant ingredient in the larger
problem of global environmental
change. Land-use patterns, driven
by a variety of social processes, re-
sult in land-cover changes that af-
fect biodiversity, water and radia-
tion budgets, trace-gas emissions,
and other factors that, cuamulatively,
alter the global climate and bio-
sphere. Most research on global en-
vironmental change has focused on
the causes and impacts of global
climate change and ozone depletion,
with less attention to biodiversity
trends. Land-use and land-cover
studies have been entrained in this
work only secondarily, for example,
to calculate the rate of loss of tropi-
cal forests or to assess habitat frag-
mentation.
Land-use and land-cover change
is gaining recognition as a key driver
of environmental change. The re-
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Existing models should
be linked and then
modified with new

algorithms for
sociocultural behavior
and ecosystem response

searchers studying global environ-
mental change are calling for his-
torical reconstructions of land use
and cover, analysis of the social
forces behind land transformations,
and modeling approaches that can
be linked to other types of environ-
mental simulations, such as global
climate models (Jacobson and Price
1991, Stern et al. 1992).

An integrated agenda for land-
use/land-cover change research is
emerging (Stern et al. 1992, Turner
and Meyer 1991), and a new Inter-
national Geosphere-Biosphere Pro-
gram (IGBP) core project has been
initiated to assess and model re-
gional-to-global land-use/land-cover
change (Turner et al. 1993). As in
many efforts to understand com-
plex natural or social phenomena,
the emerging land-use research
agenda stresses simulation model-
ing as a tool that integrates theoreti-
cal and empirical analysis and offers
some level of prediction capability.

Efforts to model environment and
society interaction appear to be tak-
ing one of two strategic routes. The

first is to build new models from the
ground up, encapsulating into model
design (as suggested by Robinson
1991) the currently quite limited
theory on interaction between envi-
ronment and society. The second
route is to link existing simulation
models. Our sense of existing model
capabilities suggests that a hybrid-
ization of these two approaches will
be most productive, with research
groups linking existing models while
also modifying them with new algo-
rithms for sociocultural behavior
and ecosystem responses.

At this stage in development of a
land-use/land-cover component of
research on global environmental
change, it would be useful to think
through a strategy for linking and
modifying models in a way that in-
tegrates social and natural processes
and translates conceptual schema
into functioning simulation models.
In this article, we evaluate the state
of land-use studies and models, of-
fer a conceptual schematic for inte-
grated analysis, and suggest ways to
implement the conceptual models
using existing simulation models.
We provide a regional context to
this integration strategy by drawing
on previous research into agricul-
tural land use on the US Great Plains.

The status of land-use and
land-cover studies

Unfortunately, the field of land-use
studies is poorly prepared for its
new role in research on global
change. Like descriptive climatol-
ogy, which was little more than
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score-keeping when demand for a
more dynamic climatology devel-
oped in the 1970s, the study of land
use is largely comprised of theoreti-
cal classification and mapping ef-
forts. The needed transition from
conventional land-use studies to a
more analytical endeavor based on
theory and modeling will be diffi-
cult, but it should be aided by grow-
ing attention to the role of land-
surface processes in global change
and by development of fields such as
landscape ecology and of tools such
as geographic information systems.

One way to hasten this transition
is to link the theoretical aspects of
land-use study with the field’s de-
scriptive and classificatory arm.
Land-use has been depicted theo-
retically as an equilibrating process
in which land value (or rent) is es-
tablished by inherent characteris-
tics (soils, climate, and slope), loca-
tion (especially with regard to urban
centers and transportation access),
and supply and demand (Birch
1968). Economists have focused on
the demand side of land value, and
geographers and planners focused
on location and ownership, with
both groups neglecting biophysical
characteristics. Behavioral, cultural,
and political factors have also been
neglected in land-use studies, but
they are central to recent calls, as
part of research on global environ-
mental change, for elaborated stud-
ies on land-use change.

The broader driving forces be-
hind land-use and land-cover change
have been codified by two focused
efforts: the Human Dimensions of
Global Environmental Change pro-
gram (Stern et al. 1992, Turner et al.
1993) and the University Corpora-
tion for Atmospheric Research/Of-
fice of Interdisciplinary Earth Stud-
ies Snowmass Workshop on land-use
and land-cover change (Meyer and
Turner in press). The roster of forces
runs from the most obvious, such as
population, technology, and con-
sumption, to the more subtle, such
as attitudes and values. But few stud-
ies demonstrate how such factors
play out in an actual landscape. We
draw on this roster in our effort to
create a conceptual model of land-
use change, using the US Great Plains
to provide an environmental and
social context.
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Ecological and social systems
in the Great Plains

The US Great Plains provide an ex-
cellent natural laboratory for exam-
ining the interaction of society and
landscape given the solid base of
existing regional ecological, agri-
cultural, and social research that
exists (Burke et al. 1991, Riebsame
1990). The Great Plains are a natu-
ral grassland covering a roughly rect-
angular area bounded by the prai-
ries and forests of the Mississippi
Lowlands to the east, the Rocky
Mountains to the west, the boreal
forests in Canada to the north, and
the desert shrublands of Texas and
New Mexico to the south.

The Plains have experienced sig-
nificant land-use change over the
last century, as the original grass-
lands were transformed by dryland
and irrigated agriculture and live-
stock grazing, and as population
and development ebbed and flowed
with the region’s economic fortunes.
Today, the region is characterized
by a rather simple land-use matrix:
more than 90% of the region is in
agricultural use, divided roughly
equally between cropping and graz-
ing, with the remainder devoted to
urban and suburban use, transpor-
tation facilities, energy development,
and nature preserves (Riebsame
1990).

A rich body of regional research
describes how these land-use pat-
terns have been shaped by climatic,
economic, social, and policy factors
(Kraenzel 1955). The dominant
theme in this work has been the
counterbalancing of aridity, as a
limit to agricultural potential, and
strong social and policy desires to
create an extensive agricultural ecol-
ogy and economy (Riebsame 1990,
Worster 1979). Changing market
forces, environmental impacts, and
challenges to government subsidies
for extensive cultivation of the re-
gion, however, have conspired re-
cently to weaken the ecological and
social logic of Great Plains agricul-
ture (Popper and Popper 1987,
Worster 1979). In attempting to cre-
ate a conceptual model of Plains
land use, we draw on two rich bod-
ies of related work, studies on re-
gional agroecological systems and
research on social systems.

Agroecosystems. The relationships
among climatic patterns, soils, and
agricultural and rangeland produc-
tion in the Great Plains have been
extensively investigated. Over the
past two decades, the relationships
have been successfully modeled (e.g.,
Burke et al. 1989, Sala et al. 1988).
Climate and soil are the dominant
controls of biological productivity.
Nitrogen is an important factor in
grass and crop production when
moisture is not limiting, and soils
generally become more sandy from
east to west across the Plains, thus
losing their water-holding capacity.

Within this matrix of climate and
soil controls, a mosaic of land uses
has emerged, dominated by heavily
modified grazing lands, some re-
sidual native grasslands, and dry-
land and irrigated croplands. The
eastern fringe of the original grass-
land was first cultivated by indig-
enous populations, but it was not
until after the US Civil War that
large-scale human settlement oc-
curred. People were lured to the
Plains by grants of land on which
they were encouraged to grow flax,
small grains, and corn.

Regional agricultural patterns
have been extensively described
(Smika 1992). The Great Plains is
the country’s dominant winter and
spring wheat production area (Smika
1992), with a landscape marked by
extensive, uniform blocks of wheat
in a matrix of grazing lands. Wheat
in the western Plains is grown in a
summer fallow rotation in which
each parcel is idled every other year,
often in alternating crop and fallow
strips orthogonal to the prevailing
wind. The fallowed land stores mois-
ture, enhancing subsequent crop
growth despite typical summer dry-
ness. Less than 10% of the regional
crop area is irrigated; much of the
irrigation is located along major riv-
ers or in the central Plains, where
groundwater is easily tapped. Graz-
ing lands intersperse the crop areas,
becoming more extensive from east
to west as crop cultivation becomes
more risky due to increasing aridity.

Although most agricultural land-
use data for the Plains has been
arrayed by county units (and thus
are not readily linked to point or
small-area data for ecological vari-
ables), spatially arrayed regional
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land-use and land-cover data sets
are now being created. The Soil
Conservation Service is creating a
rich agricultural land-use and land-
condition database as part of its
Resource Conservation Act apprais-
als (USDA 1989), and Burke et al.
(1991) are creating a geographic
database of land use for the central
Plains by linking remotely sensed
data to land-use records collected
for regulatory and farm support pro-
grams. These developing databases
can provide the basis for spatially
explicit regional modeling.

Agrosocial systems. The social ele-
ments of Plains agriculture have been
the subject of a great deal of socio-
logical, anthropological, and geo-
graphical analysis. Perhaps nowhere
else in the United States has social
science focused so much on why
people have used the land in the way
they have (Lawson and Baker 1981,
Riebsame 1990).

Over the years, explanatory
themes have shifted from more nar-
row interpretations, such as climate
determinism (Webb 1931), toward
analysis of environmental percep-
tion (Saarinen 1966), natural haz-
ards (Warrick and Bowden 1981),
and changing social structures
(Ottoson et al. 1966). The climate
determinists tended to explain land
use as a simple function of the limits
imposed by aridity, whereas those
focusing on hazards, risks, and so-
cial structure have offered multi-
causal explanations of how percep-
tions and institutions were adjusted
as agricultural settlement proceeded
from east to west across the United
States toward more arid regions.

The common theoretical thread
to this work has been a human-
ecological model in which people
and institutions are likened to or-
ganisms adapting to their environ-
ment (e.g., Bennett 1982). In his
classic work on family agropas-
toralists in the northern Plains,
Bennett (1969, 1982) described the
intricate relationships between in-
stitutions (e.g., family, community,
and government agency) and re-
source management in the Plains
environment, arguing that agricul-
turists had adapted to environmen-
tal marginality by changing type,
timing, and technology of their ac-
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tivities and by manipulating the so-
cial and policy environment to meet
individual and collective goals.

At the regional scale, social ana-
lysts have maintained this ecologi-
cal theme by focusing on the envi-
ronmental fitness of Plains social
institutions (Kraenzel 1955, Ottoson
et al. 1966, Worster 1979). They
have paid special attention to the
hypothesis that the original settle-
ment pattern of towns, counties, and
infrastructure was a case of devel-
opmental overshoot, with popula-
tions exceeding what today would
be called carrying capacity. Believ-
ing that early settlement made too
many people dependent on an un-
certain and low-productivity envi-
ronment, Plains analysts explain
continuing regional out-migration
as a straightforward process of
downward population adjustment
to meet habitat capacity.

An enlarging rural sociology lit-
erature maintains this theme, but it
also looks for aspects of Plains soci-
ety that are more robust and resil-
ient (Murdock et al. 1987). Human-
ecological inquiry in the Plains has
been enlivened by recent debate on
the overall sustainability of regional
agriculture, with some observers
arguing that the region is on the
verge of a catastrophic social and
ecological collapse because institu-
tions have not fully adjusted to lim-
its of the environment (Popper and
Popper 1987, Worster 1979).

A conceptual model of Great
Plains land use

Questions about regional land-use/
land-cover change posed under the
rubric of global environmental
change can be illuminated by link-
ing the broad theory of land-use to
a detailed conceptual model of agri-
cultural land use on the Great Plains.
At the broadest level of abstraction
(Erhlich and Erhlich 1990), the driv-
ers of land-use change have been
conceptualized as

I = PAT

where impact (or change) is a func-
tion of population (P), affluence (A),
and technology (T). This formula-
tion embodies the conventional em-
phasis on economic factors (e.g.,

production and consumption).

Other researchers have recognized
the need to expand the notion of
driving forces to encompass all
realms of social life (Meyer and
Turner 1992, Stern et al. 1992,
Turner and Meyer 1991), especially
people’s aspirations, perceptions,
and attitudes and features of social
and political institutions, such as
how land is traditionally divided
within families or how the govern-
ment taxes inheritance. These fac-
tors—which we label sociocultural
here—had been neglected because
they are difficult to quantify and to
operationalize in mathematical
simulation models.

Research on Great Plains agricul-
ture suggests that a more-detailed
conceptual schema for land-use
modeling must have four compo-
nent realms: driving forces in the
human environment, driving forces
in the physical environment, land-
use decision processes, and ecologi-
cal processes. Our attempt to create
such a schema (Figure 1) includes
these realms and also reflects exist-
ing modeling capabilities. We link
the physical and human realms by
modules representing existing mod-
els of agroecological processes and
of farm and ranch management. The
conceptual schema is designed not
only to organize our thinking but
also to provide guidance to a hybrid
approach to land-use simulation
modeling in which existing com-
puter simulation models are linked
and modified.

The physical-environment realm
of the integrated model (Figure 1) is
comprised of the traditional factors
of climate, soils, and biogeochemi-
cal cycles. These factors feed into
three ecological-process domains of
an existing agroecosystem model:
soil water dynamics, plant produc-
tion processes (crop and grass
growth), and soil organic matter
dynamics (especially carbon fluxes).

The human environment side of
the conceptual model encompasses
the broad driving forces of policy
(e.g., price supports and conserva-
tion programs), economy (e.g., de-
mand, input costs, and commodity
prices), and technology (e.g., pro-
duction options and their likely
adoption), as do other models. But,
we suggest more attention to a ros-
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Figure 1. A conceptual model of Great Plains agricultural land use, anchored by
large-scale driving forces in the physical (left) and human (right) environments and
centered on land-use decisions and ecological processes encapsulated in simula-

tion models.

ter of sociocultural factors, such as
community norms and environmen-
tal attitudes and perceptions, which
have been neglected in previous mo-
deling efforts. Community norms,
perceptions, and life-style choices
are critical to how the driving forces
are translated into goals and means
at the farm or ranch level, where
actual land-use choices are made.

Useful modeling of land use must
also explicate the interactions and
feedbacks among land use, technol-
ogy choices, and ecological pro-
cesses. For example, farmers choose
among cultivation practices that re-
quire varying levels of soil fertility
and plant production and that si-
multaneously affect soil fertility and
other biogeochemical states. Re-
duced tillage practices, by retaining
more crop residue than conventional
approaches, can increase soil organic
matter. This increased fertility and
water-holding capacity, once recog-
nized by farmers, affects choices
about chemical inputs and future
uses of land parcels. These feed-
backs, portrayed by arrows linking
the four main elements of Figure 1,
must be explicitly modeled to achieve
the needed integration of natural
and social processes in future simu-
lation models.
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Making the conceptual
model operational

Modeling skill varies across the so-
cial and ecological realms of Figure
1. Interactions among climate, wa-
ter, soil, and agricultural produc-
tion are fairly well understood and
expressed in validated simulation
models. Resource-use decision mod-
els are based on well-described eco-
nomic processes, and, indeed, land
use is often explained exclusively in
economic terms because of the ease
with which monetary values and
transactions are quantified. Simula-
tion models validated for Great
Plains conditions exist for each of
these processes. We describe these
models and suggest how they might
be modified and linked to form the
base of a new, integrated land-use
model.

Agroecological models. A subset of
general ecological models, agroeco-
logical models are designed specifi-
cally to simulate human-dominated
ecological processes under condi-
tions of cropping and grazing. They
are used to calculate biomass pro-
duction, carbon flux, and other eco-
logical aspects of natural vegetation
and crop covers. For example, the

Century Agro-Ecosystem Model (de-
veloped at Colorado State Univer-
sity; see Paustian et al. 1992, Parton
et al. 1987, 1988) simulates eco-
logical processes for an agricultural
land-use model because it integrates
climate, soil, and cultivation prac-
tices. Moreover, because this model
requires land use as input, it is well
suited to link social and ecological
processes.

The general version of Century
has thus far been applied to temper-
ate agroecosystems (Paustian et al.
1992), savanna woodlands, and tem-
perate and tropical forest systems
(Sanford et al. 1991). It simulates
plant production, soil organic-mat-
ter dynamics, and nutrient (nitro-
gen, phosphorus, and sulfur) cycling
at a monthly time scale, based on
such inputs as data on precipitation,
air temperature, soil texture, and
land treatment.

The grassland version of Century
has been tested extensively using
soil carbon and nitrogen, plant pro-
duction, and live biomass data from
grasslands in the Great Plains and
Russia (Burke et al. 1989). Com-
parisons of observed and simulated
annual plant production at the
Konza Tallgrass site in Kansas and
at the Central Plains Experimental
Range in eastern Colorado include
burned and unburned sites and sites
that have been fertilized and/or irri-
gated. These comparisons show that
Century simulates within 25% of
observed values the plant produc-
tion and seasonal peaks in live bio-
mass under the different treatments.

Century’s agriculture submodel
has been tested using observed data
on plant production, soil carbon,
and nitrogen from several long-term
agricultural experimental sites. At
Pendleton, Oregon, and at a site in
Sweden, the model successfully simu-
lated the impact of different types of
organic matter additions on crop
production and carbon and nitro-
gen levels in the soil (Paustian et al.
1992).

Metherell and Cole! have suc-
cessfully used Century to simulate

1A. Metherell and C. V. Cole, 1993, personal
communication. Natural Resources Ecology
Laboratory and Agricultural Research Ser-
vice, USDA, Colorado State University, Fort
Collins, Colorado.
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the effect of different tillage prac-
tices (no-till, stubble mulch, and
moldboard plow) on soil carbon and
nitrogen levels and corn and wheat
yields at Sidney, Nebraska, and Weld
County, Colorado, based on his-
toric management documented by
Greb et al. (1979). Metherell and
Cole were able to simulate the yield
increases observed throughout the
Great Plains since approximately
1930 and to evaluate the contribu-
tions to this trend by new tillage
practices (e.g., stubble mulching),
improved varieties (e.g., with in-
creased harvest factor), and in-
creased fertilizer application.

Finally, Century has been used to
simulate the potential impact of cli-
matic changes on soil carbon stor-
age and plant production in the
southern Great Plains (Burke et al.
1991, Schimel et al. 1991). These
studies found that increased air tem-
perature causes soil carbon and ni-
trogen levels to decrease, nutrient
cycling rates and plant production
to increase, and increased nitrogen
gas fluxes (N,, N,O and NO,). The
results suggest that potential losses
of soil carbon and nitrogen from
grasslands under global warming
would be small compared with
changes in soil organic-matter lev-
els due to land-use changes, such as
transforming grasslands into crop-
lands (Burke et al. 1991).

Models of farm and ranch manage-
ment. The land-use inputs necessary
to an agroecological model must be
calculated by simulating the choices
made by farmers and ranchers in the
context of market, policy, and so-
ciocultural forces. Agricultural econ-
omists have developed models to
explain and predict farmers’ resource
allocation decisions using two chief
methods.

The econometric approach uses
multiple regression to simulate re-
'sponse to a classic set of variables
such as crop prices or land produc-
tivity. Although this method has
been quite successful at simulating
farm activities, it poorly captures
conditions outside the range of his-
torical observations and is thus ill-
suited to analysis of response to
significant environmental changes
such as global warming.

The other approach, called opti-
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mization modeling, attempts to
mimic farmer decision making based
on a priori rules. Optimization mod-
els assume that producers make
profit- or utility-maximizing choices
within an environment consisting of
natural resource characteristics, avail-
able technologies, constraints on pro-
ductive resources, input and prod-
uct prices, and the constraints and
incentives of government policy (see
Day and Sparling 1977, Hazell and
Norton 1986 for detailed historical
reviews and critiques of optimization
methods).

The earliest optimizing tool was
the farm-budget model, which cal-
culated net farm income for various
land-use and technology mixtures.
The analyst made a priori assump-
tions about crop species and rota-
tion patterns, production technol-
ogy, and prices of inputs and
products. The simple budget ap-
proach has been supplanted by math-
ematical programming techniques
that incorporate not only crop and
technology choices (Anderson et al.
1977, Hazell and Norton 1986) but
also can reflect considerations of
production and price risk, tax policy,
and credit within multiyear simula-
tions (Baum and Richardson 1983,
Day 1987).

Farm management models useful
for integrated land-use modeling
must simulate interrelated farm
management choices, primarily se-
lection of crops and rotations, and
also choices of input levels and pro-
duction technologies. Mathematical
programming models for typical
Great Plains farm and ranch types
have been developed (Burt and
Allison 1963, Carrande 1992,
Young et al. 1982). More recently,
using a method called discrete, sto-
chastic sequential programming
(Rae 1971), Young and colleagues
modeled crop and technology choice
and water use on lands irrigated
from the Ogallala Aquifer in eastern
Colorado. Their approach explic-
itly incorporates probabilistic out-
comes and the cumulative effect of
sequential decisions into the analy-
sis by extending static, single-stage
linear programming to multistage,
stochastic modeling. Taylor and
Young (1993) have shown that this
approach, incorporating probabili-
ties of rainfall and surface-water

supplies, can explain observed crop-
ping patterns and irrigation deci-
sions better than a conventional
static programming model.

Modifying and linking
ecological and social models

Agroecological models such as Cen-
tury are naturally compatible with
farm and ranch management mod-
els, inasmuch as the former need
inputs about land use and technol-
ogy, whereas the latter require in-
puts on fertility, production, and
other ecological processes. Artifi-
cial fertilization is rather easily in-
put to the agroecological model, and
production can be readily input to
farm management models, as sug-
gested by arrows in Figure 1. But a
remaining difficulty in this data ex-
change is the need to account for
temporal and geographic scale dif-
ferences among social and natural
processes.

Our conceptual model combines
changes that operate at scales rang-
ing from the hourly and daily (e.g.,
water dynamics) to the decadal (e.g.,
land-cover change). Ways to handle
these differences must be developed.
It may be necessary to run multiple
versions of the model in an ensemble
representing different response time
scales, with accounting subroutines
to keep track of the changes accru-
ing at different time frames, for ex-
ample, in soil fertility, vegetation
cover, or government policy, and to
reintroduce these changed condi-
tions into future runs of the model.
Ability to manage geographic dif-
ferences in land-use modeling awaits
further integration of geographic
information systems and simulation
modeling (Leeetal. 1992). Although
Century has been linked to a geo-
graphic information service (Burke
etal. 1991), decision models have not.

Despite the complexity of mul-
tiple temporal and spatial scales,
however, the greatest challenge to
integrated land-use modeling lies in
incorporating nonquantitative so-
ciocultural factors to create more
realistic and complete representa-
tions of farmers’ decision making.
Unlike knowledge of ecological and
economic processes, most social sci-
ence insights into how people trans-
form their environment have not
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been translated into simulation mod-
els. Sociocultural factors, such as
community norms, perceptions, and
personal goals, have received little
attention by modelers (Day 1987).

The task of modeling sociocul-
tural forces is difficult because hu-
mans act both as individual decision
makers (as assumed in most econo-
metric models) and as members of a
social system. Sometimes these roles
have conflicting goals (Etzioni
1988). A unifying hypothesis that
links the ecological and social
realms, and an important reason for
pursuing integrated modeling, is that
humans respond to cues both from
the physical environment (e.g., soil
erosion) and from sociocultural con-
texts (e.g., conservation policy) and
behave to increase both economic
and sociocultural well-being (Knop
1987a,b). This pattern of behavior
is important to consider, because
economic models tend to aggregate
individual action but neglect the
emergent properties of collective
values and actions.

A tactical modeling decision is
needed. The current land-use mod-
elstypically translate economic value
into choices by comparison with a
priori performance criteria (goals)
and limiting functions (constraints).
Rather than try to create new algo-
rithms to handle, for example, atti-
tudinal biases or attempts to abide
by ill-defined community norms, we
suggest using what is known about
such sociocultural forces to modify
the values of the objective functions
already modeled. For example, the
conventional economic criteria of
maximized return on investment or
end-of-period net worth might be
relaxed in light of studies indicating
that farmer behavior is neither
strictly economically or ecologically
rational (Day 1987, Lovejoy and
Napier 1986). Rather, a set of alter-
native goals have been documented,
especially providing a desired level
of consumption for the family, in-
creasing chances of farm survival in
bad times, enhancing the likelihood
that the farm will stay in the family,
meeting conservation goals often set
by local custom, and abiding by
community norms of farm manage-
ment, especially with regard to debt
and the use of family labor.

The need, of course, is to docu-
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ment local and regional customs and
constraints and to adjust the perfor-
mance and constraint parameters of
the objective models accordingly.
For example, sandy soils or wet-
lands can be constrained from culti-
vation by farmers who abide by lo-
cal customs of environmental
conservation, even if market forces
dictate their use. Or the optimiza-
tion routine can be constrained from
simulating changes in crop choice if
community norms or government
policy limit the acceptability of al-
ternatives. Finally, requirements for
positive financial return might be
relaxed, given goals and strategies
for staying in farming or holding
onto the farm despite negative cash
flow in order to pass it on to chil-
dren. Such goals and means become
the proximate causes of land-use
change, as conceptualized by Stern
et al. (1992) and Turner and Meyer
(1991).

The knowledge needed to adjust
objective models in this way can
come only from interviews with or
participant observation of farmers
and ranchers, with the obvious pre-
scription that future field studies
include inquiry into custom and cul-
ture as well as resources and fi-
nances. This strategy of collecting
nontraditional data from land users
and using it to modify model pa-
rameters demands new research
techniques. The traditional question-
naire or farm-budget analysis does
not suffice, and land-use research-
ers need to apply the enlarged roster
of qualitative tools now available
(Strauss and Corbin 1990).

Assessing regional change
and sustainability

Integrated land-use models are needed
to assess the effects of changes in
major driving factors (e.g., climate,
prices, policy, and people’s attitudes).
Some questions about regional land-
use and land-cover change in an agri-
cultural context that could be ad-
dressed in this way are:

® How much and what kinds of
land are likely to switch in and out
of production under different mar-
ket and policy conditions?

® What land in different ecological
classes is treated with cropping and

grazing technologies that are eco-
logically sustainable (e.g., as mea-
sured by soil carbon balance)? Which
of these land uses appear to be so-
cially acceptable and sustainable?

® What lands are most likely to
switch out of production in a wors-
ening climate and decreased govern-
ment subsidy?

An obvious application of inte-
grated land-use models to research
on the human dimensions of global
environmental change is to assess
regional effects of climate change
under different economic and policy
situations. The agroecosystems mod-
ules would be used to simulate crop
yields and soil fertility associated
with global warming scenarios, and
these would be introduced, along
with economic and policy changes,
into the farm management models
to drive simulated land-use adjust-
ments. Rather than prediction per
se, the value of such modeling ef-
forts comes from sensitivity analy-
ses that assess the impacts of climate
change across a range of economic
and policy contexts. Such simula-
tions would begin to identify the
fingerprint of potential future envi-
ronmental and social change in re-
gions such as the Great Plains, and
they would provide a firmer basis
for global change monitoring and
policy prescriptions.

Finally, integrated land-use models
could also be used to explore the no-
tion of regional sustainability. The
long-term sustainability of Great
Plains agriculture is in doubt, regard-
less of the potential for climate change
(Popper and Popper 1987, Riebsame
1991). We think that conflicting evalu-
ations of regional development arise
because sustainability has not been
well defined and because analysts tend
to focus on purely ecological or social
factors, not their interaction. Indica-
tors of sustainability (e.g., soil fertility
and farm survival) should be calcu-
lated under different scenarios of tech-
nology, markets, and policy. Sensitiv-
ity analyses based on both traditional
and innovative measures of sustain-
ability could move researchers beyond
arguments over definitions, while pro-
viding a foundation for assessing more
encompassing sustainability goals such
as ecosystem health and rural commu-
nity well-being.
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