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Introduction
During recent years, models of land use change and urban growth have drawn
considerable interest. Spatial modeling has become an important tool for city planners,
economists, ecologists and resource managers oriented towards sustainable development
of regions, and studies have attempted inventories and comparisons of these models
(Agarwal et al., 2000; EPA 2000). As with any model, there is an explicit need to
calibrate and parameterize the model to fit the dataset. But should modelers take into
account that an urban area is a transition zone between two metropolitan areas or is
influenced by a larger region in the calibration process? And how does incorporating the
influence of these areas change the parameter space, and hence the spatial output of the
model? Inclusion of outside influential areas into local urban models is not a new idea
(Haake, 1972), but perhaps the study of how their inclusion changes the parameter space
of current models may be. Advances in computing, especially the advent of
parallelization and the cost effective strategy of 'clusters' have significantly deflated the
geocomputational cost of modeling larger spatial areas at fine resolutions, so inclusion of
possibly influential, but outside, areas is not as much of a taxing task as it once was.
Capitalizing on these advances, this research focuses on the relationship between spatial
extent and parameter space, and how calibration of an urban cellular automata model at a
increased spatial extent can allow for forecasts that are more typical of the local-regional
interactions taking place.

Research Approach
The SLEUTH urban growth and land use change model has been applied in several
contexts and has shown its robust capabilities for simulation and forecasting of landscape
changes (Clarke et al. 1997). The model, based on cellular automata, can make use of
several different data layers for parameterization, e.g. multi-temporal land use and urban
extent data, transportation network routes, and digital elevation model data. Application
of the model necessitates a complex calibration process to train the model for the spatial
and temporal urban growth patterns using historical information (Silva and Clarke, 2002).

Calibration of the model derives five parameters that govern growth: diffusion, breed,
spread, slope, and road. Once the model is calibrated, and the coefficients derived, it can
be used forecast urban growth, in yearly time steps, under a variety of alternative
assumptions.
The San Joaquin Valley (SJV) is one of the most rapidly urbanizing areas of
California (USA), and is heavily influenced by the San Francisco-Oakland-San Jose (Bay
Area), Sacramento, and Los Angeles Metropolitan areas (Figure 1). While the SJV is one
large geographic region that has experienced many of the same growth pressures
throughout history, the philosophy about growth and its management is not uniform
across the region. For this reason the study area was calibrated and modeled using
SLEUTH at three spatial extents: entire SJV, regional, and county. The three regional
areas (Bay Influenced, Agricultural Heartland, and Oil Empire) were based on their
proximity to existing metropolitan areas and economic background.

Figure 1. Location of the San Joaquin Valley in California relative to influential major metropolitan areas
(red). On the left is the entire San Joaquin Valley; the center shows the three regions within the San
Joaquin Valley, and; the right shows each of the individual counties that comprise the San Joaquin Valley.

Using historical urban extent, land use, and transportation data dating from
1940, the model was calibrated for each of the possible study areas (A total of eleven
since the Oil Empire doubles as a solitary county) to find the parameter space.
As
expected, there were different coefficients for each calibration; growth was not uniform
across the SJC, its regions, or counties over time. Using its specific parameter set,
growth for each county was forecast from 2000 until 2040. This was repeated for the
same county, but using the parameters of the region the county was a part of, and then
using the parameters of the SJV. The spatial differences between these were then
mapped and analyzed.

Future Research Implications
Results of this work show that a difference in the parameter space creates a different
spatial model output, and that using different parameter spaces for modeling can aid in
determining if the influence of urban areas outside the specific area of study promote or
discourage growth. Because of decreased geocomputational costs, a larger spatial extent
was able to be used in the calibration process, providing more information about the
local-regional urban dynamics than would have been achieved through just local scale

calibration. Urban and land use modelers may find that increasing the spatial scale of
calibration in their models to incorporate the regional influences will not be a
geocomputationally taxing task, and one that may provide more insight into the dynamic
interactions taking place between urban areas.
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