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Abstract This paper presents a comprehensive literature review on the progress in Dynamic Urban Ecosystem Modeling

DUEM  summarizing various perspectives such as the history method procedure and software development and
availability that are pertinent to the urban ecosystem modeling area. DUEM represents a multi-disciplinary research area
which covers many related scientific disciplines including landscape ecology urban demography sociology —urban
planning environmental planning environmental economics disaster prevention science urban hygiene and public
health. The history of the DUEM area can be traced back to the 19" century when researchers started to study the process of
urban expansion and evolution. Since then researchers throughout the world have developed a wide range of modeling
approaches to help understand the dynamics and evolution of urban ecosystems. Before 1960s the ecological and
environmental aspects of urban development have rarely been considered in an urban system modeling study. This trend
started to change in 1960s which was manifested by the fashion of developing comprehensive urban ecosystem models that
simulate not only the social-economic but also the ecological and environmental components in urban systems.

Based on the difference in mathematical formulation and system representation all the existing urban ecosystem models
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can be roughly classified into four broad categories 1 mathematical mechanistic models 2 eco-cybernetics based
sensitivity models 3 system dynamics model and 4 multi-objective models. In addition to these four branches of
methods other types of modeling approaches such as the ecological footprint method the scenario analysis method and the
entropy-based approach have also attracted wide attentions from researchers. Despite of their difference in appearance all
these modeling methods follow a same general procedure which involves six steps including model definition model
formulation computer realization calibration/validation model performance evaluation and model application.

Since the day researchers began to research the possibility of using mathematical models to study urban systems
numerous modeling systems have been developed. Some of these models are developed through direct computer programming
with general computer languages and the others are developed using popular simulation and optimization software packages
such as the VENSIM STELLA DYNAMO and Matlabs Simulink toolbox. Table 1 in the present paper lists a number of
the most widely applied urban ecosystem models along with information regarding their developers and applicability.

This paper further addresses the issue of uncertainty in urban system modeling indicating that an urban system
modeling is always subjected to uncertainty originated from the entire model development and application process. Due to
the significant implication of uncertainty it is proposed that special efforts need to be dedicated to improve the capability of
handling model uncertainty in a DUEM study. Finally this paper summarizes potential research directions for the DUEM
area suggesting that technologies and methods need to be extended to both macro and micro scales to achieve further
advancement in this area. In addition to develop hybrid approach through integrating advanced artificial intelligence

technologies and geographical information systems might offer another promising way for model improvement.
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Table 1 Frequently used model description and comparison@
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Model Developer b ¢ d Model description
CUF-1 John Landis 1/6 vV x ] vV f
CUF-2 John Landis 5/6 vV x S % 2
CURBA John Landis 0/6 v x N % s
DELTA David Simmonds 5/0 vV vV E vV u
DRAM/EMPAL ~ S.H. Putman 4/6 vV vV E vV 5
GSM Joe Tassone 5/6 Vv x S vV o

iterion Plan. /

INDEX ® Criterion Plan 5/6 V vV E v .

Eng. Inc.
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Dr. Bryan
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Markov Philip Emmi 1/0 2 X N vV m
MEPLAN lan Williams 5/6 vV vV S vV 2
METROSIM Alex Anas 5/6 V x N x "
SAMAM/LAM  Flanning 5/6 V X N vV
o Tech. LLC. 14
SLEUTH Keith C. Clarke 5/6 vV vV S vV s
Smart Growth Criterion Plan. /

5/6 S

INDEX ® Eng. Inc. v v X e
Smart Places Paul Radcliffe 5/6 Vv Vv N VvV 07
TRANUS Modelistica 5/6 vV vV ] x 8
UGrow Wilson W. Orr 5/6 x x N vV 19
UPLAN Robert Johnston 5/6 vV X S Vv 20
UrbanSim Paul Waddell 5/6 Vv Vv S Vv o1

Dr. Richard

hat if
What i E. Klosterman 5/6 v v S v 22
N None S Some E Extensive a Urban/nonurban land-use categories addressed b Written documentation
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policies might alter urban development {2 Same as CUF-1 but addressed some of the theoretical holes of the former f3 Evaluating alternative urban
growth patterns and policies on biodiversity and natural habitat quality change 4 Projects changes in urban areas including the location of households

population employment and the amount of real estate development 5 Reflecting the interactions of employment and housing {6 Projecting population
and development effects on land cover 7 Measuring land-use plans and urban designs with community goals and policies 8 Projecting long-range
economic and technological change on housing transportation public policies land uses and infrastructure {9 Integrating multi driving variables on land
use {10 Examining human impacts on land use environmental and natural resource sustainability {11 Exploring changes in demand for various types of
residential housing within a community f12 Comparing policies on land use and transportation f13 Economic and policy forecasting of transportation and
land use systems 14 Future land use scenario analysis of alternative development concepts 15 Examining urban growth impact on land use and the
natural environment f16 Assessing transportation and land-use alternatives and their impact on travel demand land consumption housing and employment
density and pollution emissions {17 Using environmental performance indicators to assists the simulation and evaluation of land-use and transportation
alternatives {18 Combining land-use transportation policies and various activities in land market 19 Projecting long-term response to transportation and
fiscal policies f20 Scenario Analysis of alternative patterns on various fiscal conditions {21 Shaping the interactions between land use transportation and
public policy on a community’s development trends and natural environment 22 Projecting future land use capacity and demand determining land use

suitability in community planning
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