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7.0 SUMMARY

This chapter focuses on the integration and development of environmental models that
include human decision making. While many methodological and technical issues are
common to all types of environmental models, our goal is to highlight the unique charac-
teristics that need to be considered when modeling human-environmental dynamics and to
identify future directions for human-environmental modeling. To achieve this goal, we
have separated this chapter into several sections. First, we propose and define a conceptual
framework for describing human-environmental models based on three critical dimen-
sions: time, space, and human decision making. Second, using our framework, we summa-
rize and compare whether and how different models (urban or rural systems, health,
epidemiology, pollution, or hydrology) include space, time, and human decision making.
This provides both an assessment of the models examined and a test of the framework.
Third, we discuss the theoretical implications for linking human-environmental dynamics
within the context of these three dimensions. Finally, we consider lessons learned and
future directions for developing human-environmental models.

This chapter is not a guide for readers to learn how to model human-environmental
systems. Rathér, readers will find this chapter useful for understanding the basic issues
that models of human-environmental dynamics must address; for developing the ability to
assess the strengths and weaknesses of various human-environmental models; and for
identifying future directions in modeling human-environmental systems. Ultimately, we
hope to convince readers that modeling human-environmental dynamics is a useful and
exciting activity that can complement biophysically based models and provide understand-
ing of human-environmental systems.
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7.1 INTRODUCTION

Models are often simplistic, but in many cases critical, abstract representations of the com-
plex dynamics of human-environmental systems. They can be categorized in several ways.
Models can focus on topics such as urban or rural systems, health, epidemiology, pollu-
tion, or hydrology (Landis, 1995; White and Engelen, 1993). Models can be used for many
purposes, such as research, decision making (policy, planning, and management), and edu-
cation (Costanza and Ruth, 1998; Ford, 1999; Grove, 1999). Models can also be categori-
zed by the methods and techniques used, which might range from simple regressions to
advanced dynamic simulations (Agarwal et al., 2000; Clarke and Gaydos, 1997; Clarke
and Gaydos, 1998; Lambin, 1994). ’

Given the possible variety and ever-growing nurber of human-environmental mod-
els, we do not attempt to provide Noah’s list of models. Rather, our goal in this chapter is
to provide a framework for categorizing and summarizing models of human-environmen-
tal dynamics that is both inclusive of purpose, method, and topic while permitting funda-
mental comparisons of models along the dimensions of time, space, and human decision
making. The framework we propose is not an end in and of itself. We anticipate that this
framework will provide the basis for assessing current progress in modeling human-envi-
ronmental dynamics and identifying and prioritizing directions for model development in
terms of topic, purpose, and methods.

This chapter is separated into the following sections. First, we propose and define a
conceptual framework for describing human-environmental models based on critical
dimensions of time, space, and human decision making. Second, using our framework, we
summarize and compare different examples of models (urban or rural systems, health,
epidemiology, pollution, or hydrology) along these dimensions. This provides both an
assessment of the models and a test of the framework. Third, we discuss the theoretical
implications for linking human-environmental dynamics within the context of these three
dimensions. Finally, we consider lessons learned and future directions for developing
models of human-environmental dynamics.

7.2 KEY FEATURES OF HUMAN-ENVIRONMENT MODELS

7.2.1 Time, Space, and Human Decision Making: A Framework for Reviewing
Human-Environmental Modeis

We propose a framework based on three critical dimensions for categorizing and summa-
rizing models of human-environmental dynamics. Time and space are the first two dimen-
sions and provide a common context in which all biophysical and human processes
operate. In other words, models of biophysical and/or human processes operate in a tem-
poral context, a spatial context, or both. When models incorporate human processes, a
third dimension-what we refer to as the human decision making dimension-becomes
important as well (Figure 7.1).
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Figure 7.1 The three dimensions of human-environmental models.

In reviewing and comparing human-environmental models along these dimensions,
there are two distinct and important attributes that must be considered: model scale and
model complexity. We begin with a discussion of scale since it is a concept that readers
will probably find most familiar from earlier parts of this book.

Model Scale. Real-world processes operate at different scales (Allen and Hoekstra,
1992; Ehleringer and Field, 1993). When we discuss the temporal scale of modeis, we usu-
ally talk in terms of time step and duration. Time step is the smallest unit of analysis for
change to occur for a specific process in a model. For example, in a model of forest
dynamics, tree height may change daily. Duration refers to the length of time that the
model is applied. Change in tree height might be modeled daily over the course of its life
from seedling to mature tree by using a duration of 300 years. In this case, time step would
equal one day and duration would equal 300 years.

When we discuss the spatial scale of models, we talk in terms of resolution and
_ extent. Resolution refers to the smallest geographic unit of analysis for the model, such as
the size of a cell in a raster system. Extent describes the total geographic area to which the
model is applied. Consider a model of individual trees in a 50-ha forested area. In this
case, an adequate resolution for individual trees might be 5 m and the model extent would
equal 50 ha.

Most readers will find this discussion relatively straightforward and familiar. But
how do we discuss human decision making in terms of scale? To date, the social sciences
have not yet described human decision making in terms that are as concise and widely
accepted for modeling as time step and duration, and resolution and extent. Like time and
space, however, we propose that an analogous approach can be used to articulate scales of
human decision making in terms of two components: agent and domain.

Agent refers to the human actor(s) in the model who are making decisions. The indi-
vidual is the most familiar human decision making agent. But there are many human mod-
els that capture decision making processes at higher levels of social organization, such as
household, neighborhood, county, state or province, or nation. These can all be considered
agents in models and can be linked. For example, Figure 7.2 illustrates an example of a
hierarchical approach to agents and domains for the study of urban ecosystems. While the
agent captures the concept of who makes decisions, the domain describes the specific
institutional and geographic context in which the agent acts. Representation of the domain
can be articulated in a geographically explicit model through the use of boundary maps or
GIS layers.



Sec. 7.2 Key Features of Human-Environmental Models 163

KEY
Strength of Ties
STRONG 4—>

CITYICOQUNTY

MEDIUM ===

HOUSEHOLD

Figure 7.3 Spatial representation of a hierarchal approach to modeling urban systems (Grimm et
al., 2000). Figure shows three levels of spatial scale for the Central Arizona-Phoenix (upper) and
Baitimore ecosystem (lower) studies.
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In a model of farmer behavior (agent = individual) the farm is the domain within
which farmers make decisions. In this example, we might also model other agents operat-
ing in the same region (e.g., other parcels), such as nonfarming households, public land
managers, or conservation groups, whose boundaries would also be depicted by the same
domain map. Institutionally, agents overlap spatially, since the farmer might receive exten-
sion advice about her livestock from an agent of the Department of Agriculture; have her
cows inspected by the agent of an Department of Health; and receive financial subsidies
from an agent of the Forest Service for planting trees in riparian buffer areas.

Using another example and a different scale of human decision making, consider a
state forester (agent = state) who writes the forest management plan for the state forest
(domain = state boundary) and prescribes how often trees (resolution) in different forest
stands (extent) should be harvested (time step) for a specific period of time (duration)
within state-owned property. In this case, the human decision making component to the
model might include the behavior of the forester within the organizational context of the
state-level natural resource agency.

Model Complexity. The second important and distinct attribute of human-environ-
mental models is the approach(s) used to address the complexity of time, space, and
human decision making found in real-world situations. We propose that the temporal, spa-
tial, or human decision making (HDM) complexity of any model can be represented with
an index, where a low score signifies only simple processing and a high score signifies
more complex behaviors and interactions. Consider an index for temporal complexity of
models: A model that is low in temporal complexity is a model that has one, or possibly a
few, time steps and a short duration. A model with a middle to high score for temporal
complexity is one that has many time steps and a longer duration. Models with a high
score for temporal complexity are ones that have a large number of time steps, a long dura-
tion, and the capacity to handle time lags or feedback responses among variables, or have
different time steps for different submodels.

An index of spatial complexity would represent the "spatial explicitness” of a model.
There are two general types of spatially explicit models: spatially representative or spa-
tially interactive. A model that is spatially representative can incorporate, produce, or dis-
play data in at least two and sometimes three spatial dimensions—northing, easting, and
elevation—but cannot model topological relationships and interactions among geographic
features (cells, points, lines, or polygons). In these cases, the value of each cell may
change or remain the same from one point in time to another, but the logic that makes the
change is not dependent on cells neighboring it. In contrast, a spatiaily interactive model
is one that explicitly defines spatial relationships and their interactions (e.g., among neigh-
boring units) over time. A model with a low score for spatial complexity would be one
with little or no capacity to represent data spatially, a model with a medium score for spa-
tial complexity would be able to represent data spatially, and a model with a high score
would be spatially interactive in two or three spatial dimensions.

What might we use to characterize an index for model complexity of human decision
making? We use the phrase HDM complexity to describe the capacity of a human-environ-
mental model to handle decision making processes. In Table 7.1, we present a classifica-
tion scheme for estimating HDM complexity using an index from 1 to 6. A model with a
low score for human decision making complexity (1) is a model that does not include any
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Table 7.1 Six levels of Human decision making Complexity

Level

] No human decision making — only biophysical variables in the model

2 Human decision making assumed to be determinately related to population
| size, change, or density

3 Human decision making seen as a probability function depending on socio-
economic and/or biophysical variabies beyend population variables without
feedback from the environment to the choice function.

4 Human decision making seen as a probability function depending on socio-
economic and/or biophysical variables beyond population variables with
feedback from the environment fo the choice function.

5 One type of agent whose decisions are overtly modeled in regard to choices
made about variables that affect other processes and outcomes.

6 Multiple types of agents whose decisions are overtly modeled in regard to
choices made about variables that affect other processes and outcomes. The
rmodel may also be able to handle changes in the shape of domains as time
steps are processed or interaction between decision making agents at

multiple human decision making scales

v

human decision making. In contrast, 2 model with a high score (5 or 6) is a model that
includes one or more types of actors explicitly or can handle multiple agents interacting
across domains, as shown in Figures 7.2 and 7.3. In essence, Figures 7.2 and 7.3 represent
a hierarchical approach to social systems where lower-level agents interact

to generate higher-level behaviors and higher-level domains affect the behavior of lower-
level agents (Grimm et al., 2000; Grove et al., 2000; Vogt et al., 2000;).

7.2.2 Application of the Framework

The three dimensions of human-environmental models—space, time, and human
decision making—and two distinct attributes for each dimension—scale and complexi-
ty—provide 'the foundation for comparing and reviewing human-environmental models.
Figure 7.4 presents the framework with the three dimensions represented and the models
located in terms of their spatial, temporal, and HDM complexity along each axis.

Human-environmental models can be placed somewhere within the three dimen-
sional space of Figure 7.4 to represent graphically their comparative focus, strengths, and
abilities. Consider a time series modeling effort. Suppose a hydrologist is interested in
modeling the quantity of water held in a city’s reservoir over time and wants to use historic
data on reservoir levels and other relevant information to forecast levels in the future.
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Figure 7.4 A framework for reviewing human-environmental models.

He or she may decide that the appropriate analytic technique for this question is to
develop a regression or autoregression model. Often, time series statistical analyses focus
on variations over time (such as reservoir water levels) without considering spatial or
human decision making complexity. Such modeling approaches might have a high score
for temporal complexity but would have a low score for spatial or human decision making
complexity (Figure 7.4, A). Continuing with our reservoir example, a time series model
that explicitly included human decision making, such as household decisions over water
consumption in response to changes in water costs or to drought-based conservation prac-
tices, would have a higher complexity score along the human decision making axis (Figure
7.4, B).

/)X modeling approach that would have a high score for temporal complexity is based
on dynamic systems software (for example, STELLA, ModelMaker, Powersim). This type
of software allows a modeler to represent systems as stocks, flows, and processes and to
run the model over a series of time periods (Costanza and Gottlieb, 1998; Hannon and
Ruth, 1997). STELLA does not have its own spatial modeling capabilities; and if a model
based on STELLA does not include a human component, it would have a low score for
both the spatial and human decision making complexity (Figure 7.4, A). STELLA modeis
have the capacity to explicitly model human decision making; consequently, the complex-
ity score for any STELLA model along the human decision making axis depends on the
specific processes included in the model.








































































