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Abstract: We used the SLEUTH urban growth model, closely coupled with a land transition model, to

simulate future urban growth in the Houston metropolitan area, one of the fastest growing metropolises

in the United States during the past three decades. The model was calibrated with historical data extracted

from a time series of satellite images. Three specific scenarios are designed to simulate the spatial pattern

of urban growth under different environmental conditions. Then first scenario depicts an unmanaged

growth with no restriction on environmental areas, such as forest, agriculture and wetland. The second

scenario assumes a managed growth with moderate protection. The last scenario simulates a managed

growth with maximum protection on forest, agricultural areas and wetland. The third scenario demonstrates

the most conserved natural land with the least urban development. This scenario should be the most

desirable for the future urban growth of Houston. 

Key words: Land Use / Land Cover (LULC) change, Urban Growth, SLEUTH Model, Houston CMSA

and Prediction. 

INTRODUCTION

In industrialized countries, the current pattern of

urban development is increasingly taking the form of

low-density, decentralized residential and commercial

development. This form of development, the

environmental and quality-of-life impacts of which are

becoming central to debates over land use and land

cover in urban and suburban areas is now commonly

known as “sprawl.” Many classic symptoms are loss

and fragmentation of the natural resource, declining

water quality and traffic congestion .[2]

Land cover is an important element of ecological

function . While urbanization has occurred, natural[25]

resource lands, such as forest, wetlands and agriculture,

have been replaced by land uses with more impervious

surfaces. Predicting future environmental consequences

requires being able to predict the spatial pattern of land

use change.

In recent years, spatially explicit simulation models

of urban growth patterns have emerged. The economic

versions of these models estimate land use transition

probabilities using discrete choice methods based on

the behavior of agents making land use decisions .[1]

The spatially explicit model of for the San Francisco[14] 

Bay and Sacramento areas is an example of a micro-

level model that makes use of data from a geographic

information system (GIS) to generate spatially

disaggregated predictions of land use change. These

modeling efforts require detailed parcel-level and GIS

data that are often not widely available. This limits the

ability to expand the models to a broader region or

transfer them to other areas together.

A relatively simple class of models, cellular

automata (CA), has gained attention from researchers

attempting to simulate and predict spatial patterns of

urban development. CA models require that space

should be represented as a grid of cells that can change

state as the model iterates. These changes are regulated

by rules that specify a set of neighborhood conditions

to be met before a change in state can occur . CA[1 7 ]

models are not only conceptually elegant but also they

have the potential to simulate the complex behavior of

systems, such as cities . CA models have been used[19]

to simulate different types of urban forms  and[26]

development densities  and to investigate the[27]

evolution of urban spatial structure over time .[24]

Although pure CA models have been quite successful
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at recreating patterns of urban development, they have

been criticized for their seeming inability to account for

processes driving urban change. Recently, advances

have been made in developing hybrid CA that can

incorporate process-based factors. 

, for example, incorporate microeconomic urban[23]

theory into a spatially explicit CA to investigate the

effects of alternative planning regimes on land use

patterns. As planning tools, CA urban models have

several benefits: they are interactive, potential outcomes

can be visualized and quantified, they can be closely

linked with CIS and raster based spatial data derived

from remote sensing platforms are easily incorporated

into the CA modeling environment .[7]

The amount of urbanized land in the USA

increased by 47% to 307,500 km , while the population2

grew by 17% between 1982 and 1997. The conversion

of land for development was estimated to have

increased from about 5,000 km  per year between 19822

and 1992 to 13,000 km  per year between 1992 and2

1997. In general, urban sprawl in the south has been

aggravated by a decline in population density in urban

centers .[10]

Population  growth  has  been  especially  rapid in

the  states  along  the USA-Mexico border . In[20]

Texas, population is projected to increase from 19 to

33 million by 2030, with over 70% of the growth

expected to occur along the central and southern

portions of the I-35 highway corridor and in the Lower

Rio Grande Valley . Houston was the fastest growing[5]

city in the United States in the 20  century. Houstonth

has also become one of the fastest growing

metropolitan areas in the USA, experiencing a 20%

increase in population from 1990 to 2000, reaching

approximately 2 million in 2000 and now being the

fourth largest city in the country . This growth can[8]

be  attributed  to  a steady growth in employment in

the  Houston area and less expensive housing among

20  metropolitan  areas with populations of more than

2 million and low cost of living.

This population growth is increasingly impacting

rural areas, especially those close to major urban

centers in the southern part of Texas, by accelerating

land subdivision and reducing the average size of land

parcels . In addition, increase in urban sprawl[5]

generally leads to greater traffic volumes, increased

pressure on local resources, less open space  and[12]

such land use changes often have a significant negative

impact on the affected ecosystems and the goods and

services that they provide. Ecosystem services represent

the benefits that living organisms derive from

ecosystem functions that maintain the earth’s life

support system and include nutrient cycling, carbon

sequestration, air and water filtration and flood

amelioration, to name a few .[6]

Changes in land use may significantly affect

ecosystem processes and services. Monitoring and

processing the impacts of such land use changes are

difficult for several reasons. Impact of land use

changes on ecosystems often become noticeable at the

regional scale however monitoring changes is difficult

because of the large volume of data and interpretation

required. In addition, accurately quantifying the impacts

of urban sprawl on changes in ecosystem services is

difficult because of the lack of information about the

contribution of alternate landscapes to these services.

The objectives of this study were: (1) to quantify

land use change in Houston CMSA from 1992 to 2002;

and (2) to predict land use change in study area from

2002 to 2030.

MATERIALS AND METHODS

Houston, the seat of Harris County, Texas, is

located on the upper Gulf coastal plain at 80 km from

the Gulf of Mexico. The Houston-Galveston-Brazoria

Consolidated Metropolitan Statistical Area (Houston

CMSA) consists of three Primary Metropolitan

Statistical Areas (PMSAs): Houston (Chambers, Fort

Bend, Harris, Liberty, Montgomery and Waller

Counties), Galveston-Texas City (Galveston County)

and Brazoria (Brazoria County) (see Fig. 1). The

Houston CMSA’s population of 4.8 million is 10 th

largest among U.S. metropolitan statistical areas. The

population is concentrated mainly around the city of

Houston.  The  city  of  Houston has a population of

1.9 million and is the fourth most populous city in the

nation (trailing only New York, Los Angeles and

Chicago) and the largest in the southern U.S. and

Texas. Houston is the only metropolitan U.S. city that

functions without a zoning plan . Houston CMSA[22]

encompasses an area of 22,735.80 km . 2

The City of Houston lies in three counties: Harris

(1,511.13 km ), Fort Bend (20.92 km ) and2 2

Montgomery (6.73 km ). Harris County contains part or2

all of 35 individual incorporated areas. Under Texas’

Municipal Annexation Act of 1963, cities have certain

powers over surrounding unincorporated areas, termed

the Extraterritorial Jurisdiction (ETJ). The ETJ is a

function of population, for cities over 100,000, it can

cover all unincorporated area within 8 kilometers of

any point on the city limits. Houston’s ETJ

encompasses 3,397.93 km , excluding the area of cities2

lying within it. 

Houston lies largely in the northern portion of the

Gulf coastal plain, a 64- to 80-kilometer-wide swath

along  the  Texas  Gulf Coast. Typically, elevation

rises approximately 0.19m per kilometer inland. The

northern and eastern portions of the area are largely

forested,  while  the  southern and western portions are
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Fig. 1: The Houston CMSA counties.

predominantly prairie grassland. Surface water in the

Houston region consists of lakes, rivers and an

extensive system of bayous and manmade canals that

are part of the rainwater runoff management system.

Approximately 25%-30% of Harris County lies within

the 100-year flood plain. Elevation ranges for each

county as follows: Brazoria 0-45m, Chambers 0-30m,

Fort Bend 4-48m, Galveston 0-13m, Harris 0-94m,

Liberty  0-82m,  Montgomery  13-133m  and Waller

24-109m. 

Houston’s land surfaces are unconsolidated clays,

clay shales and poorly-cemented sands extending to

depths of several kilometers. The region’s geology

developed from stream deposits from the erosion of the

Rocky Mountains. These sediments consist of a series

of sands and clays deposited on decaying organic

matter that, over time, was transformed into oil and

natural gas. 

The City of Houston was founded in 1836 and

incorporated  in  1837. The city grew slowly,

increasing in population to only about 45,000 by 1900.

Galveston, located on the Gulf of Mexico, 80 km south

of Houston, was the economic center of Texas

throughout the nineteenth century. Galveston was a key

commercial port for cotton in the U.S. 

Two events early in 1900s stimulated Houston’s

first phase of significant growth. First, the Galveston

Hurricane of 1900 that killed about 6,000 people

destroyed much of Galveston, contributing to its

decline as the commercial center of the State. Second,

the discovery of large oil reserves at Spindletop in

1901, 145 km east of Houston, led to Houston’s rapid

growth. In the 19  century, new investment onth

transportation  infrastructure began with the railroad

and port projects. In the 20  century, federal and stateth

intervention in the Houston economy expanded to

include the funding of petrochemical plants, gas

pipelines, refineries and research and development in

the petrochemical industry. The decision to locate the

National Aeronautics and Space Administration

(NASA) complex was another boost to the Houston

area in the 1960s. Houston ship channel and its port

were the two areas that received considerable attention

in the 19  and 20  centuries . Major improvementsth th [22]

were needed along Buffalo Bayou, the San Jacinto

River and Galveston Bay if Houston would like to

have central role as a shipping port in Texas. With the

improvements of the waterway, large ships were

pulling into Houston and taking its principal product

directly to Europe. In addition to that, combustion

engine production demanded petroleum and oil began

to play an increasing important role in the Houston

economy.

SLEUTH Model: The Urban Growth Model (UGM) is

a C program running under UNIX that uses the

standard gnu C compiler (gcc) and may be executed in

parallel. The land cover transition model is included

within the code and will be called and driven by the

UGM. The land cover transition model is tightly

coupled with the urban code, but the UGM can run

independently of it. Together, these coupled models are

referred to as SLEUTH. The name SLEUTH is an

acronym for the input image requirements of the

model: Slope, Land use, Exclusion, Urban extent,

Transportation and Hillshade . [11]

SLEUTH is adopted because of its success with

regional scale modeling, its ability to incorporate

different levels of protection for different areas and the

relative ease of computation and implementation. Each

cell in the study area for urban extent layer had only

two possible states: urbanized or non-urbanized. The

land use layer had seven different possible states:

unclassified, urban, agriculture, forest, water, wetland,

other. The transportation layer had four possible states:

non-road,  2-lane roads, 3 or 4-lane roads, more than

4-lane roads. Whether or not a cell becomes urbanized

is determined by four growth rules, each of which

attempts to simulate a particular aspect of the

development process. In their original application of the

Clarke urban growth model, a predecessor to SLEUTH,

in the San Francisco Bay area,  stressed the utility of[4]

the model in simulating historic change, the description
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of which can help in the explanation of growth

processes at a regional scale and in predicting future

urban growth trends. The model was successful in

simulating  urban  change  between  1900  and 1990

for  the  San Francisco area and was later applied to

the Baltimore/W ashington corridor , where[3 ]

calibrations and long term predictions for both San

Francisco and Baltimore/Washington were presented,

allowing for an effective comparison to be made

between the growth patterns and processes of the two

urban systems.

SLEUTH simulates four types of urban land use

change: spontaneous growth, new spreading center

growth, edge growth and road-influenced growth. These

four growth types are applied sequentially during each

growth cycle, or year and are controlled through the

interactions of five growth coefficients: dispersion,

breed, spread, road gravity and slope (Table 1). Each

coefficient has a value that ranges from 0 to 100. In

conjunction with the excluded layer probabilities, the

five growth coefficients determine the probability of

any given location becoming urbanized. The user-

defined excluded layer specifies areas that are

completely or partially unavailable for development.

Water and unclassified areas, for example, would have

an exclusion value of 100, indicating that it is 100%

excluded from development. If a cell that is chosen for

potential urbanization has an exclusion-value of 50, it

has a 50% probability of being urbanized in any given

simulation. For more detailed information about how

the model works please see .[4]

Implementation  of the model occurs in two

general phases: (1) calibration, where historic growth

patterns are simulated, (2) prediction, where historic

patterns of growth are projected into the future. For

calibration, the model requires inputs of historic urban

extent for at least four time periods, at least two

historic land use layers, a historic transportation

network for at least two time periods, slope and an

excluded layer. 

Input Data: Unsupervised classification (ISODATA) is

applied to Landsat Thematic Mapper (TM) and

Multispectral Scanner (MSS) imageries. This allowed

us to map urban extent for 1974, 1984 and land use

for 2002. 1992 land use map is acquired from EPA

MRLC National Land Cover Data (NLCD) website .[9]

The original data were at 30m resolution in TM and

60m in MSS imagery. Because high resolution TM

images produced an array that exceeded the available

computational resources of our Linux PC and SUN

UNIX machine, the data were therefore resampled to

a lower resolution of 100 meters to reduce the size of

the array while maintaining the spatial extent of the

study area. 

Five time steps for transportation were also

prepared (Table 2). Roads layers for 1974, 1984, 1990

and 2002 were developed using the primary road

network and TXDOT road maps. 2025 road map is

developed by using TxDOT Texas Corridor Plan. Slope

and hillshaded are created from National Elevation

Dataset  (NED)  which  was  downloaded  from Texas

Table 1: Sum mary of growth types simulated by the SLEUTH model

Growth Cycle Order Growth Type Controlling Coefficients Sum mary Descriptions

1 Spontaneous Dispersion Randomly selects potential new growth cells

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

2 New Spreading Center Breed Growing urban centers from spontaneous growth

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

3 Edge Spread Old or new urban centers spawn additional growth

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

4 Road-Influenced Road-Gravity, Dispersion, Breed Newly urbanized cell spawns growth along transportation 

network

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Throughout Slope Resistance Slope Effect of slope on reducing probability of urbanization

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Throughout Excluded Layer User-Defined User specifies areas resistant or excluded to development

Table 2: Input dataset for SLEUTH

SLEUTH Inputs Input Data Types Input Data Years

Urban Landsat M SS, TM , ETM 1974, 1984, 1992, 2002

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Lulc Landsat TM , ETM 1992, 2002

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Road Shapefiles 1974, 1984, 1990, 2002, 2025

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Excluded Landsat TM

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Slope NED

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Hillshade NED
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Table 3: Confusion matrix and kappa coefficient for the 2002 predicted urban extent 

Reference Data Points (OBSERVED URBAN 2002)

Classified Data Points Nonurban Urban Row Total Producers Accuracy Users Accuracy

-------------------------------------------------------------------------------------------------------------------------

Nonurban 227 3 230 99.13% 98.70%

-------------------------------------------------------------------------------------------------------------------------------------------------------

Urban 2 24 26 88.89% 92.31%

-------------------------------------------------------------------------------------------------------------------------------------------------------

Column Total 229 27 256

Overall Classification Accuracy = 98.05%

Kappa (Khat) Coefficient = 0.89

Fig. 2: The Houston CMSA 2002 predicted urban

extent

Natural Resources Information System (TNRIS)
website. For the calibration phase, the excluded layer

consisted of water, which was 100% excluded from
development, as well as federal, state and local parks,

which were 90% excluded from development. All input
files were rasterized at a 100-meter resolution to the

spatial extent of the study area. 

Model Calibration: The goal of calibration is to derive
a set of values for the growth parameters that can

effectively model growth during the historic time
period, in this case from 1974 to 2002. This was

achieved in the SLEUTH modeling environment
through a brute force Monte Carlo method, where the

user indicates a range of values and the model iterates
using every possible combination of parameters. For

each set of parameters, simulated growth is compared

to actual growth using several least squares regression

measures, such as the number of urban pixels, urban
cluster edge pixels, the number and size of urban

clusters and other fit statistics, such as Leesallee
metric. The model calculates these statistics internally

and writes the results to a log file that can be
manipulated by the user to evaluate the performance of

different parameter sets. For each set of parameter
values in a Monte Carlo iteration, the model calculates

measurements of simulated urban patterns for each
control year in the time series. These measurements are

then averaged over the set of Monte Carlo iterations
and compared to measurements calculated from the

actual historic data to produce least squared regression
measures . The Leesallee metric  is the only[21] [15]

metric that specifically measures spatial fit. SLEUTH
model calculates a modified Lee and Sallee index by

taking a ratio of the intersection and the union of the
simulated and actual urban areas . A perfect spatial[3]

match would result in a value of 1. As  point out,[3]

achieving high values for this index is challenging.

With an earlier version of the model, they did not
report values of the Lee and Sallee statistics that

exceeded 0.3, although recent applications of SLEUTH
have achieved values that approach 0.6 . We[18]

achieved a value of 0.51 for leesallee for this particular
research. 

Calibration was performed in three phases: coarse,
fine and final. Coarse and fine calibration phases are

done on our Linux machine, however, final calibration
was done at USGS Rocky Mountain Mapping Center

in Denver, CO by Mark Feller. It was done on a
Beowulf PC Cluster with a 16-node system. All

calibration (coarse, fine, final) process took
approximately 2 months. 

Leesallee metric was used as primary metric to
evaluate the performance of the model. After each

calibration phase, the top set of leesallee scores
determined the range of values used in the subsequent

phase of calibration. 
To perform a spatial accuracy assessment, the

model was initialized with 1974 urban extent and
growth was predicted out to the year 1992. One

hundred Monte Carlo iterations were performed and an
urban extent of 2002 was produced (Fig. 2). This is

compared with 2002 observed urban extent (Fig. 3). 
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Fig. 3: The Houston CMSA 2002 observed urban

extent

The confusion matrix is calculated for the observed

versus predicted urban areas in 2002. As you can see

in the Table 3, we have found high overall

classification accuracy, 98% and a high kappa

coefficient, 0.89, between observed urban area and

predicted urban area.

Prediction: SLEUTH requires the following inputs for

prediction phase: urban extent, land use/land cover

(LULC), roads, excluded layer, slope and a hillshade.

Three future growth scenarios were simulated: (1)

Unmanaged growth, (2) Managed growth with

moderate protection and (3) Managed growth with

maximum protection. The excluded layer served as the

primary instrument to differentiate between three policy

scenarios.  The  future  transportation  network,  Texas

Corridor, which is planned to be completed in 2025,

was also created and incorporated into the model for

the year 2025. 

RESULTS AND DISCUSSIONS

The unmanaged trend scenario reflects that there is

no protection against development. Natural resource

land was not protected except city and county parks.

Unclassified pixels, water and parks are fully excluded

from development. However, wetland, agricultural land,

forest and floodplain were not protected. The managed

growth with moderate protection scenario, however,

reflects a stronger commitment to spatially focused

growth and resource protection. In the excluded layer

higher levels of protection were assigned to wetlands,

agricultural land, forest land and floodplain. The third

and last scenario, managed growth with maximum

protection, implies a more extreme set of protection on

resource land. The data elements for the excluded layer

are similar to those in the managed growth with

moderate protection case, but protection levels are

higher. 

Data layers and probabilities of exclusion or levels

of protection, for each scenario are summarized in

Table 4 below.

The  results  of  the scenario predictions (Figs. 4

to 6) show higher dispersed development patterns for

the unmanaged than the managed growth scenario with

moderate protection, while the managed growth with

maximum protection scenario shows highly constrained

growth over the whole region, with most occurring in

and around existing urban centers. Unmanaged growth

trend shows similar to low-density development

patterns. This is predicted to lead to substantial land

consumption throughout the study area with a

simultaneous loss of resource lands. Due to the higher

levels of protection, the growth rates for the managed

growth  scenarios  are reduced, producing a much

lower predicted loss of resource lands as illustrated in

Figs. 4 to 6. 

As seen from Fig. 7, third scenario would save

1000 km  forest land compare to unmanaged scenario2

and about 500 km  compare to moderate scenario.2

Urban  sprawl  seems to affect forested land more than

Table 4: The growth scenarios and levels of protection

Excluded From Development (in percent)

-----------------------------------------------------------------------------------------------------------------------------------

Growth Scenarios Agriculture Forest Floodplain Wetland Parks Water Unclassified

Unmanaged 0 0 0 0 100 100 100

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

M anaged with M oderate Protection 40 40 40 60 100 100 100

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

M anaged with M aximum Protection 60 60 60 80 100 100 100
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Fig. 4: Unmanaged growth scenario prediction

Fig. 5: Managed with moderate protection scenario

prediction

Fig. 6: Managed with maximum protection scenario

prediction

Fig. 7: Comparison of three scenarios for future

predictions in Houston CMSA

other resource lands. Spatial distribution of the

predicted forest loss is illustrated in Figs. 8, 9, 10 for

unmanaged growth scenario, managed growth with

moderate protection scenario and managed growth with

maximum protection scenario respectively. 

The predicted forest loss area by each Houston

CMSA county is illustrated in Fig. 11.

It’s predicted that urban area will cover

approximately 7,000 km  by 2030 in unmanaged2

scenario in the Houston CMSA. With the maximum

protection scenario, around 2,000 km  of land could be2

saved from development (Fig 12).
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Fig. 8: Predicted forest loss in unmanaged growth

scenario by 2030.

Fig. 9: Predicted forest loss in moderate protection

scenario by 2030.

Fig. 10:Predicted forest loss in maximum protection

scenario by 2030

The results from this regional scale assessment

have  provided  interesting  insights  into  the future

of  the  region.  Given these findings, SLEUTH could

be  an  appropriate  model  for  regional assessments

of  urban  land  use  change,  the results of which

could  be  used to guide more localized modeling

efforts. The visualization of potential land use change

has proven to be a powerful tool for raising public

awareness  and facilitating discussion. Reports about

this research were published in several well-known

media  sources, such as the Washington Post

newspaper  and appeared on the website for the[13]

Chesapeake Bay Foundation, a prominent regional

environmental group. The results for the unmanaged

trends scenario are especially important to public

discussion since they demonstrate the potential losses

in  resource  lands that could occur if the observed

rates  of land use change were to continue into the

future.  Moreover,  as  efforts  to improve the health

of  the  Houston  CMSA  progress,  the   need  for

the regional-scale  land use change assessments is

becoming critical. SLEUTH may be a tool that can

meet  these needs and this has been recognized by

state and regional agencies to explore the use of

SLEUTH as a potential tool for modeling

environmental vulnerability. 
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Fig. 11: Predicted forest loss by 2030 for Houston CMSA counties for the three growth scenarios

Fig. 12: Comparison of urban areas in the Houston CMSA for the three growth scenarios

The excluded layer proved to be an effective tool

for exploring different policy scenarios and illustrates

the advantages of linking the modeling process to a

GIS. All data integration and manipulation was

performed within GIS, allowing for the precise

designation of target conservation areas, such as

wetlands. For each scenario, all land within the study

area  was  ranked in terms of conservation using a

grid-based model. The resulting excluded layer was

easily integrated into the model. Translating various

policies into exclusion probabilities was done by [1 6 ]

and was not an intuitive process. It consisted of an

informed qualitative ranking of each conservation

policy. These rankings of low, medium, or high were

then translated into generalized exclusion probabilities.

In our scenarios, we have used Mid Atlantic RESAC’s

policy exclusion probabilities. 

Although the excluded layer is ideal for simulating

the effects of conservation or regulatory policies,

SLEUTH does not have an adequate mechanism to

simulate the potential impacts of incentive policies. By

encouraging denser and more compact development in

areas that have existing urban infrastructure, it is hoped

to decrease the amount of new development occurring

in outlying areas. 

We also obtained significantly higher values for

the Leesallee measure than , but this is likely due to[3]

the fact that we were working with a shorter time
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series, 28 years compared to 200 years. We also

worked with land cover data that were obtained from

a single source, satellite imagery, while  had obtained[3]

data from variety of cartographic sources. The satellite

data is more advantageous to the SLEUTH modeling

environment and probably contributed to the higher

values we obtained for the Leesallee metric. 

Conclusions: Increasing urban growth through the

world has aroused concerns over the degradation of our

environment. Therefore, understanding the dynamics of

urban systems and evaluating the impacts of urban

growth on the environment are needed and they involve

modeling. In regions where regional approaches to land

use management are being developed, a realistic

modeling system that can be used to explore different

regional futures is critically needed. Because of an

ability to simulate the complex behavior of urban

systems, CA models represent a possible approach for

regional scale modeling. Furthermore, consistent,

regional data sets derived from satellite imagery and

other sources can be readily integrated into the CA

modeling environment. Our research explored the

suitability of utilizing one CA, the SLEUTH model, for

regional planning applications. 

The Houston metropolitan area was used as our

study area. The study indicated the usefulness of

cellular modeling and geographical information systems

for urban scenario planning. Three scenarios have been

designed and simulated in this research. The first

scenario simulated the continued growth (unmanaged)

trend if the urban sprawl is allowed to continue. The

second scenario projected the growth trend with

moderate environmental protection. The last scenario

simulated the development trend with maximum

environmental protection. The three scenarios of future

urban growth simulation predict the general trends

under different conditions nicely. Results from first

scenario indicate that Houston metropolitan area would

lose considerable amount of open space and natural

land, such as forest. The second scenario results are

not encouraging as much as the last scenario. The

growth rate is controlled and natural land is conserved

most with the last scenario. The results are

encouraging, although more accurate simulations could

be achieved if more growth constraints were

considered. The role of remote sensing and GIS in

cellular automata-based urban modeling is necessary,

especially for input data preparation, model calibration

and verification, urban pattern analysis and also growth

impact assessment. 

SLEUTH provides key functionalities like

interactive scenario development and the ability to

visualize and quantify outcomes spatially. The

availability and consistency of historic data sets,

especially those that are earlier than satellite

availability, is a potential issue for some applications.

Empirical calibration of the model using Landsat TM

image maps of past change aided the model predictions

of future change. Calibration at high level of spatial

detail remains a computationally intensive process,

requiring sufficient use of a parallel computing

environment and may prevent the use of the model by

local or nongovernmental agencies where computing

resources may be a limiting factor. Despite these

considerations, we found SLEUTH to be a useful tool

for assessing the impacts of alternative policy

scenarios.

Concerns over the degradation of the environment

we live in are raised because of an increasing urban

growth throughout the world. Modeling and simulation

are required to understand the dynamics of complex

urban systems and to evaluate the impacts of urban

growth on environment. 

Houston was selected as the study site because

Houston is the only major metropolitan area in the

U.S. that functions without a zoning. This research

focuses on modeling urban growth and land use/land

cover change in Houston metropolitan area using

SLEUTH urban growth model. For the past 3 decades,

Houston has been one of the fastest growing

metropolises in the U.S. and has emerged as

commercial, industrial and transportation urban center

of the south. 

Calibration of the SLEUTH model for Houston

indicates a very high spread coefficient, which means

that the predicted mode of growth in Houston is

“organic” or edge growth. Houston has been

experiencing “organic” or edge growth. Among

Houston PMSAs, Houston PMSA was the major

metropolitan area that drove the population and urban

growth in Houston CMSA. The Galveston and Brazoria

PMSAs  did  not show increase in both and they

reflect very small part of Houston CMSA. According

to our county level analysis, Harris and Galveston

counties  contain  the  highest percentage of urban

land  in  proportioned their area. Urban growth rates

for Harris and Galveston are higher than other six

counties in Houston CMSA. We also developed three

environmental scenarios in our study area. The third

scenario provides the best protection for Houston

CMSA and protects most of the resource land. Without

any protection on resource lands, Houston CMSA is

estimated to lose 2,000 km  of forest land by 2030,2

about 600 km  of agricultural land and approximately2

400 km  of wetland. Approximately half of all resource2

land could be saved by the third scenario, managed

growth with maximum protect.



Res. J . Soc. Sci., 2: 72-82, 2007

82

REFERENCES

1. Bockstael, N.E., 1996. Modeling economics and

ecology: the importance of a spatial perspective.
American  Journal  of  Agricultural  Economics,

78: 1168-1180. 
2. Burchell, R.W ., N.A. Shad, H. Philips, A. Downs,

S. Seskin, J.S. Davis, T. Moore, D. Helton  and
M. Gall, 1998. The costs of sprawl-revisited,

Transit  Cooperative Research Program, Report
No. 39, Washington, DC, pp: 268. 

3. Clarke, K. and L.J. Gaydos, 1998. Loose coupling
a cellular automaton model and GIS: long-term

urban growth prediction for San Francisco and
Washington/Baltimore. International Journal of

Geographical Information Science, 12: 699-714.
4. Clarke, K.C., S. Hoppen and L. Gaydos, 1997. A

self-modifying cellular automaton model of

historical urbanization in the San Francisco Bay

area. Environment and Planning B: Planning and

Design, 24: 247-261.

5. Conner,  J.R.  and  L.  James, 1996. Environment

and natural resources: trends and implications.

Texas  Agricultural  and Natural Resources

Summit  on  Environmental  and  Natural

Resource Policy for the 21  Century. Texasst

AandM University, College Station, Texas.

http://agsummit.tamu.edu/Publications/pubprintver

sion.htm

6. Costanza, R., R. d’Arge, R. de Groot, S. Farber,

M. Grasso, B. Hannon, K.  Limburg,  S.  Naeem,

R.V. O’Neill, J. Paruelo, R.G. Raskin, P. Sutton

and M. van den Belt, 1997. The value of the

world’s ecosystem services and natural capital.

Nature, 387: 253-260. 

7. Couclelis, H., 1997. From cellular automata to

urban models: new principles for model

development and implementation. Environment and

Planning B: Planning and Design, 24: 165-174.

8. Demographia, 2003. Demographics, development

impacts market research and urban policy.

Demographia at http://www.demographia.com/db-

uscity98.htm.

9. EPA – NLCD, 2007. National Land Cover Data

http://www.epa.gov/mrlc/nlcd.html 

10. Fulton,  W.,   R.   Pendall,   M.   Nguyen  and

A. Harrison, 2001. Who sprawls most? How

growth patterns differ across the U.S. Survey

Series, Center for Urban and Metropolitan Policy,

Washington DC: The Brookings Institution at

http://www.brook.edu/es/urban/publications/fulton.

pdf.

11. Gigalopolis,  2007.  Project  Gigalopolis: Urban

and  land  cover   modeling.   Santa  Barbara,

C A :  U n i v e r s i t y  o f  S a n ta  B a r b a r a  a t

http://www.ncgia.ucsb.edu/projects/gig/.

12. Holtzclaw, J., 1999. Sprawl campaign index. Sierra
Club at http://www.sierraclub.org/sprawl/.

13. Huslin, A., 2002. Study forecasts huge loss of land
by 2030. The Washington Post (2002, 1 May), B1.

14. Landis, J., 1995. Imaging land use features:
applying the California Urban Futures Model.
Journal  of  the  American  Planning  Association,
61: 438-457.

15. Lee,  D.R.  and  G.T.  Sallee,  1970.  A  method
of  measuring shape. The Geographical Review,
60: 555-563. 

16. Mid. Atlantic RESAC, 2003. Regional Earth
Science Application Center. Modeling future
growth in the Washington, DC-Baltimore region
1 9 8 6 -20 3 0 .  R E SA C  at http ://www.geo g .-
umd.edu/resac/. 

17. O’Sullivan, D., 2001. Exploring spatial process
dynamics using irregular cellular automaton
models. Geographical Analysis, 33: 1-17.

18. Silva, E.A. and K.C. Clarke, 2002. Calibration of
the SLEUTH urban growth model for Lisbon and
Porto, Spain. Computers, Environment and Urban
Systems, 26: 525-552.

19. Torrens, P.M. and D. O’Sullivan, 2001. Cellular
automata and urban simulation: where do we go
from here. Environment and Planning B: Planning
and Design, 28: 163-168.

20. U.S. Census Bureau, 1993. Population: 1790 to
1990. Washington DC: United States Census
Bureau at http://www.census.gov/population/
www/censusdata/urdef/html.

21. U.S.   Geological   Survey,  2003.
http://www.usgs.gov/ 

22. Vojnovic,  I.,  2003.  Laissez-faire  governance
and  the  archetype  laissez-faire  city  in the
USA:  exploring  Houston. Geografiska Annaler,
85: 19-38.

23. Webster, C. and F. Wu, 2001. Coase, spatial
pricing and self-organizing cities. Urban Studies,
38(11), 2037-2054. 24.White, R. and G. Engelen,
2000. High resolution integrated modeling of the
spatial dynamics of urban and regional systems.
Computers, Environment  and  Urban  Systems,
24: 383-400.

25. Wickham,  J.D.,  R.V.  O’Neill,  K.H.  Riitters,
E.R. Smith, T.G. W ade and K.B. Jones, 2002.
Geographic targeting of increases in nutrient export
due to future urbanization. Ecological Applications,
12: 93-106. 

26. Yeh, A.G. and X. Li, 2001. A constrained CA
model for the simulation and planning of
susta inab le  urban forms by using G IS .
Environment and Planning B: Planning and Design,
28: 733-753.

27. Yeh, A.G. and X. Li, 2002. A cellular automata
model to simulate development density for urban
planning. Environment and Planning B: Planning
and Design, 29: 431-450.


