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Abstract.— This paper presents an integrated system to support urban
natural resource mcnagement. With the application of remote sensing
(RS) and geographic information systems (GIS), the paper emphasizes
the methodology of integrating information technology and a scientific
basis to support ecosystem-based management. First, a systematic
integration framework is developed and the major functionality of each
component is discussed. Next, an integrated urban storm water man-
agement system is discussed at an operational scale. Then, an applica-
tion of RS and GIS with hydrologic modeling to improve storm water
management is introduced. The preliminary results have shown that
the integrated system has great potential to support urban sustainable
development.

Introduction

Many urban areas are growing at a record pace. Urban-
ization affects all components of the environment, from air
quality, water quality (surface water and groundwater)
and soil quality to wildlife habitat. Sustainability has
become the primary goal of both economic development
and natural resource management. Many valuable urban
resources have been adversely impacted. Ecosystem man-
agement is an attempt to optimally balance economic
development and protection of environment.

A growing problem confronting natural resource man-
agers is the management of several interdependent re-
sources, each of which has multiple uses and multiple
users with multiple value systems (McCormick 1999). The
application of advanced information technology can not
only speed up information retrieval and organization, it
can also improve our understanding of complex ecosys-
tem dynamics, better assess urban resources and protect /
restore natural systems. Thus, remote sensing technology
and GIS can directly benefit the assessment of natural
resources. The powerful tool of GIS spatial analysis can

monitor multiple attributes at different scales from mul-
tiple sources, and thus assess ecosystem change. Integra-
tion of RS and GIS with a modeling and simulation (MS)
system can provide a new environment for risk analysis
and decision-making support.

Integration of RS, GIS and MS
with Decision Support System

Peine et al. (1999) summarized the principles and prac-
tices of ecosystem management for sustainability. WEF
and ASCE (1998) detailed urban storm water runoff qual-
ity management. However, very little discussion can be
found on integration of RS and GIS with a decision support
system in ecosystem management. We think it is impor-
tant to develop an integration framework first, to system-
atically describe the system’s components, their function-
ality, inputs/outputs, and sub-system coupling. Figure 1
shows a functional integration of urban resource manage-
ment with application of RS, GIS, and simulation tools.

As illustrated in Figure 1, the proposed integrated
system consists of five sub-systems: RS, GIS, tabular data-
bases, modeling/simulation, and multiple criterion analy-
sis. The coupling of the sub-system’s inputs and outputs
can be described as follows:

1. Remote sensing technology can provide spatial
and temporal pixel information on land use, re-
sources and site activities; this information can
couple directly with a GIS geo- referenced data-
base.

2. The tabular databases, compiled from multiple
sources, link to a GIS database with multiple
attributes to assess an ecosystem in light of spatial
information.

3. GIS processes and displays spatial data for envi-
ronmental analysis, identifies the ecosystem indi-
ces, and records the site activities. Then, GIS is
used to organize the resource assessment and the
input files for modeling and simulation.
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4. Modeling and simulation cover the relationship
of the regional environment, economy, social val-
ues and biological diversity. Under the given con-
ditions, the regional models simulate scenarios
and their environmental impacts, risk, cost, ben-
efits, and then investigate ecosystem stability and
sustainability.

5. Following regulations, a multiple criterion analysis
system evaluates each scenario’s consequences, risk,
cost and benefits, resolves any conflicting objec-
tives. Finally, it generates decision support reports.

As described above, GIS plays a central role in informa-
tion management, as well as serving as a powerful tool in
processing and visualizing spatial data.

Three major advantages of this integrated system can
be identified. The spatial data collection from RS is funda-
mentally different from the traditional point measure-
ments, in addition to the automatic manner in which it is
acquired. Monitoring and modeling have been integrated
with management to improve the scientific basis of ecosys-
tem management. GIS can visualize a complex ecosystem
at different scales, as well as spatially distributed environ-
mental impacts.

Based on this framework, a preliminary research plan is
introduced. It has implemented the above major compo-
nents to support urban storm water management.

An Integrated System at an
Operational Scale

The integration framework developed in previous sec-
tion fits the general form of ecosystem management. To
demonstrate its characteristics in watershed management
practice at an operational level, an urban storm water
management is taken as an illustration.

In a watershed, the hydrologic cycle integrates the
physical, chemical and biological processes of a basin’s
ecosystem. Urban watershed-based management tradi-
tionally concerned approaches for water quantity related
issues (conveyance oriented flood control and erosion
control). Recently, water quality issues have been em-
phasized. Ecosystem-based management tries to pro-
tect and restore the ecological integrity of urban re-
sources. Figure 2 shows a detailed functional diagram of
an integrated urban storm water management system,
which exactly follows Figure 1’s structure, but at an
operational scale. Figure 2 provides detailed informa-
tion on the state variables, input/output couplings,
parameters, model components, categories of analysis
and actions.

Figure 1. A functional diagram for ecosystem-based urban resource management.
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An Application of Integrated
Urban Storm Water Management

To demonstrate the characteristics of integration, a real
application is introduced in this section. One research
project in the Advanced Resource Technology (ART)
Group, of The University of Arizona, is to implement an
integration of RS and GIS with hydrologic simulation for
urban storm water runoff management. The research was
initialized from a project sponsored by NASA and the
City of Scottsdale, Arizona in 1997. The major components
of four subsystems in Figure 2 were implemented here.
The study site is a highly developed urban area located in
the city of Scottsdale. Multiple RS data were used, includ-
ing aerial photos and different  satellite images: Landsat
TM, SPOT and NS001. A high-resolution GIS database
was developed and digital terrain modeling was per-
formed in ARC/INFO and ArcView. RS and GIS were
integrated with a distributed hydrological simulation
tool (Zhang et al 1998). The urban storm water runoff
was simulated under a variety of conditions to improve
flood prediction (Zhang et al 1999a). The distributed

hydrologic simulations were modeled by the kinematic
wave approach and implemented in HEC-1. GIS/Av-
enue, an ArcView programming language, was used to
customize the information management system han-
dling the data exchange and user interface (Zhang et al
1999b).

Figure 3 shows the application of RS and GIS to assess
urban resources and monitor sensitive areas in an ecosys-
tem. The processed satellite image provided eight cat-
egories of surface information: trees, grass, bare soil,
gravel, water, asphalt, concrete and buildings. These RS
data provided preliminary watershed characteristics re-
garding land use and urban development. Complemented
with GIS data, RS data also identified and recorded some
site activities. Aerial photos and geo-referenced site
photos (integrated into the GIS database) detailed dis-
turbed areas and conditions at the sensitive sites. For
example, here is a construction site and the conjunction of
a storm sewage pipe and a natural channel, which was
partially blocked by deposited trash, used tires and other
debris.

Figure 4 shows the simulated storm water runoff at
different places within the watershed under the different
conditions.

Figure 2. A functional diagram for integrated urban stormwater management.
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Figure 3. RS and GIS assess urban resources and monitor sensitive areas.

Figure 4. An integrated urban stormwater runoff simulation.
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Summary and Discussion

An integration framework was systematically devel-
oped to support ecosystem- based management, with an
application of RS, GIS, modeling/simulation and multiple
criterion analysis. At an operational scale, an integrated
urban storm water management was illustrated. An appli-
cation of RS and GIS to improve storm water management
was introduced. RS directly benefits resource assessment
and monitoring. GIS plays a central role to process and
visualize the spatial data. Modeling and simulation are
tools that can evaluate alternatives, when the results of a
given action might not be apparent for several years. The
multiple criterion analysis tool evaluates predicted condi-
tions under alternative actions. The integration of infor-
mation technology and modeling tools provides a new
environment for research of complex ecosystems, as well
as a better scientific basis for management.

Acknowledgment

The authors are grateful to Dr. Fei Wu and Robert Czaja
(P.G.) for their time and suggestions in paper review.

Literature Cited

HEC-1 Flood Hydrograph package: User’s Manual. 1990,
US Army Corps of Engineers, Hydrologic Engineering
Center, 609 Second Street, Davis, CA 95616.

McCormick, Frank J. 1999, Principles of ecosystem man-
agement and sustainable development, in Ecosystem
Management for Sustainability, edited by Peine, Jhon
D., LEWIS Publishers, pp. 3-22.

Peine, Jhon D. 1999, Ecosystem Management for
Sustainability,  LEWIS Publishers.

WEF and ASCE, 1998, Urban Runoff Quality Manage-
ment, WEF manual No. 23, ASCE Manual No. 87.

Zhang, Xiaohui., G. Ball, P. Guertin, E. Halper and L.
Zhang. 1998. Remote Sensing Derived Hydrologic Data
And Digital Elevation Modeling of Basin-9 In City Of
Scottsdale, A technical report for NASA and city of
Scottsdale, ART-003-98-RPT, School of Renewable Natu-
ral Resources, University of Arizona, Tucson, AZ.

Zhang, Xiaohui et al. 1999a. Integration of remote sensing
and GIS with urban stormwater management, The 2nd
International Conference on Multiple Objective Deci-
sion Support Systems for Land, Water & Environmen-
tal Management, Brisbane, Queensland, Australia, Aug.
1 - 6, 1999, Proceedings in Press.

Zhang, Xiaohui et al. 1999b. Integration of GIS and RS with
urban hydrology, ESRI 19th International User Confer-
ence, San Diego, CA, July 26-30, 1999, Preceding in press.


