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Introduction

This century is marked by rapid urbanization. Some statistics predict that the

world’s urban population will reach five billion by 2030 (United Nations 2007).

This rapid urbanization not only has resulted in expanded land-use, but also has led

to population increases in urban areas and development-related environmental

impacts. Researchers, therefore, have begun to be concerned about the relationships

between urbanization, population dynamics, and development-related environmen-

tal impacts (Lambin and Geist 2001; Fontaine and Rounsevell 2009). In this

chapter, we introduce a simulation tool, spatial strategic plan support system

(SSP-SS), to support local decision-making of urban development, which includes

two separate parts for urban growth simulation and total amount of household

energy consumption and waste discharge. To represent the process of urban growth,

the constraint cellular automata (CA) approach is utilized, and an agent-based

model is employed for calculating the total amount of household energy consump-

tion and waste discharge.

Nowadays, urbanization is taking place at an unprecedented pace in China, and it

will continue over the next decades. According to some statistics, the total migra-

tion into urban areas during 1995–2000 amounted to 128 million and the amount of
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built-up urban area almost doubled from the 1990s to the 2000s (National Bureau

of Statistics et al. 1996–2005). This rapid urbanization will lead to the problems of

landscape deterioration and unexpected urban spatial change. Therefore, some prior

researchers have represented the process of urban growth in the past in order to

predict its possible spatial changes in the future (Cataĺan et al. 2008; Han et al.

2009; He et al. 2008). Meanwhile, some researchers began to focus on simulating

the phenomenon of segregation and suburbanization in order to better analysis the

spatial pattern of urban areas (Jayaprakash et al. 2009). Additionally, some other

researchers concentrated on revealing the relationship between landscape change

and household residential location (Fontaine and Rounsevell 2009; Brown et al.

2008). Meanwhile, it is a challenge to develop practical and effective planning tools

to support local governments in making decisions about planning policies. In this

chapter, we propose a planning support tool to investigate the impacts of strategic

spatial plans on urban growth.

In China, local governments attempt to determine future urban characteristics,

spatial development, and industry distribution by implementing strategic spatial

plans aimed at achieving objectives such as sustainable economic growth, land

reclamation, infrastructure construction, and urban development. Making a strate-

gic spatial plan will involve at least three local government planning departments,

namely the local economic and social development planning department, the land-

use planning department and the urban planning department. The planning work

they do is implemented independently by the economic and social development

commission, the land-use planning and management bureau and the urban planning

and management bureau. Local governments should have an integrated process for

making strategic spatial plans that integrates all three planning functions. Addition-

ally, when considering environmental issues arising from urban development, work

done by the environmental protection department cannot be ignored. Thus, how to

combine the work proposed by the four departments into a sensible overall plan is

a key factor in supporting local government decision-making.

In the Chuandong area of China, the local strategic spatial plan includes devel-

opment of a new city. The proposed new system, SSP-SS, is intended to assist local
government decision makers by enabling them to produce a visible, pellucid model

of the effects of local strategic spatial plans. As mentioned above, this system

simulates urban growth and integrates the economic and social development plan

with the land-use plan and urban plans while taking into consideration environmen-

tal issues, such as the total amounts of natural resources used and waste discharged.

In this chapter, we use the cellular automata (CA) approach to represent the process

of urban growth. Moreover, we employ an agent-based model to simulate popula-

tion change, resource use, and waste discharge. Much research has demonstrated

that the CA approach has advantages over other methods and can simulate urban

growth in a very realistic manner (Batty et al. 1997, 1999; Clarke and Gaydos 1998;

White and Engelen 1997, 2000; Wu and Webster 1998; Sui and Zeng 2001; Li and

Yeh 2002b; Fang et al. 2005; Shen and Kawakami 2008). Urban growth, however,

is a complex process influenced by many macro-scale driving forces. The pure CA

model is inadequate to take these political, economic, and cultural forces into
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account (White and Engelen 1997, 2000). To improve the CA model so that it can

represent the spatial complexity of the urban growth process, a constrained CAmodel

has been developed (Li and Yeh 2000). It can simulate urban growth as influenced by

local, regional, and global sustainability constraints. Despite its advantages in spatial

representation, the CA approach also has its own drawbacks. CA models are

arrangements of individual automata over tessellated space, where automata in neigh-

boring cells influence each individual automaton. Neighbors transfer information by

diffusion (Torrens and Benenson 2005). This results in one shortfall in the CA

approach; cells cannotmove andmake their own decisions (Torrens 2007). Therefore,

urban growth simulations tend to depend too much on how cells are assigned using

predefined neighborhood rules. Although CA-based models are good for representing

and simulating the spatial processes of urban growth that underlie decisions related to

neighborhood interactions (Batty et al. 1997), agent-based models (ABMs) are much

better at handling individual decisions.

For these reasons, we employ both constrained CA and ABM methods in the

SSP-SS simulation of urban growth and in calculating the total amount of resources

used and waste discharged in the Chuandong area. Moreover, work proposed by

different planning departments can be integrated in the SSP-SS, aiding local

governments in their strategic spatial planning and decision-making processes.

The whole chapter comprises five sections. In Sect. “A Systematic Approach for

Supporting Local Government Decision Making”, we introduce a systematic

approach for supporting local governments’ decision making. In Sect. “Description

of SSP-SS”, we give details about the models used to build the SSP-SS. In

Sect. “SSP-SS Implementation”, we describe SSP-SS implementation, and then an

analysis of the experimental results and conclusions are presented in “Conclusions”.

A Systematic Approach for Supporting Local Government

Decision Making

As mentioned above, in China, a strategic spatial plan will involve the work of

urban planning, land-use planning, and local economy and social development

planning departments. Moreover, related environmental assessments conducted

by the department of environmental protection should also be considered to take

into account the environmental consequences of implementing the plan. In planning

practice, however, these four departments are independent from each other, and

their work is always carried out under different frameworks.

In China, local development and reform commissions authorize large-scale

investment projects in urban areas in accord with local economic and social

development plans. The department of land management devises land-use plans

to be implemented in both urban and rural areas based on the land use demanded by

these large-scale investment projects. Then, the department of urban planning takes

its turn, planning and managing urban development. Obviously, this is a top-down
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relationship between the local economic and social development planners, land-use

planners, and urban planners. Ideally, these three planning divisions should cooper-

ate with each other instead of working in sequence. Moreover, to achieve local

sustainable development targets, the total amount of resources used and waste

discharged should not exceed the local resource supply and environmental carrying

capacities determined by the environmental planning department. Thus, a practical

strategic spatial plan should bring factors from across all four functions together.

The current situation, in which the four departments operate independently, results

in difficulty in coordinating planningwork and analysis of the impacts the plans have

on urban development. Hence, it is necessary to for local governments to develop an

integrated planning system for making decisions about their strategic spatial plans.

To find a solution for the problems noted above, we have developed the SSPSS

decision-making tool, which targets full integration of land-use planning, urban

planning, and economic and social development planning on the same platform. To

achieve this, we employed a constrained CA model to simulate the process of urban

growth driven by land development potential in the Chuandong area of China.

Economic investment is the direct driving force for urban growth, and we therefore

chose the locations of investment projects as the seeds (initial areas) for our urban

growth simulation. According to Chuandong’s local economic and social develop-

ment plan, there are two types of investment projects for new urban development in

the area. One is for highway construction and the other is for new urban center

construction. Based on this division, we generate two scenarios corresponding to the

two projects in order to reveal the different urban patterns resulting from the types of

investment projects recognized in the local economic and social development plan.

Evaluation of whether developments are a suitable use of land is a precondition for

local government’s production of a land supply plan. In this chapter, we assume that

local governments make land supply plans based on land-use suitability evaluation.

The spatial process of urban growth, then, can be evaluated using the probability of

land development using CA transition rules. Meanwhile, urban planning controls

related to each cell are employed to regulate development projects in urban spaces.

The factors of land-use types, population density, and landscape that are determined

by urban planning are regarded as institutional constraints for our urban growth

simulation. Hence, the three types of planning work conducted by the different

departments are integrated into the SSPSS to allow visualization of the spatial

process of urban growth based on the strategic plan.

Finally, numbers of households or business owner are assumed to be consistent

with the population density as controlled by urban plans for the Chuandong area.

Correspondingly, the total resources used and waste discharged can be simulated

through an agent-based model. In this model, the interactions between local gov-

ernment agents and other agents are defined by rules that adjust individual resource

use and waste discharge to satisfy the total amount of resources used and waste

discharged. These total control demands are predefined as proposed by the depart-

ment of environmental protection.

As mentioned above, the urban growth simulation can be used to predict

resource use and waste discharge amounts that reflect the impact of implementing
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a spatial plan. It is possible for local governments to use urban growth simulation a

tool to assist in making decisions about strategic spatial plans.

Description of SSP-SS

Simulation of Urban Growth Using Constrained CA

As mentioned above, we assume that areas that have high development potential,

based on land-use suitability evaluations, urban plans, and economic and social

development plans, will be developed. In order to visualize the possible spatial

process of urban growth in the Chuandong area, reflecting a dynamic balance

between land supply and land-use demand that results from implementing strategic

spatial plan, we applied the constrained CA model built by Wu (1998) and Li and

Yeh (2000). In this model, the constraints include spatial constraint As reflecting the

land-use suitability evaluation, macro-social economic constraint Amac, reflecting

urban development projects outlined in the economic and social development plan,

institutional constraint Ains, and neighborhood constraint Anei (Long et al. 2008,

2009). In this simulation, the institutional constraint can be understood to be urban

planning. Investment projects for urban development determined by local economic

and social development plan can be taken as the macro-social economic constraint.

Additionally, the Moor Neighborhood scheme is utilized for this simulation and

each cell is defined as having four neighbors. The four spatial constraints can be as

expressed as

Vi;j
tþ1 ¼ f Vi;j

t;Amac;Aspa;Ains;Anei
t

� �

Vi;j
t : cell status at time t and in location ij

Vi;j
tþ1: cell status at time tþ 1 and in location ij

f : transition rule of cell status

(2.1)

Equation 2.2 details the rule governing transitions of cell status Vi,j as follows:

sij
t ¼ x0 þ

Xn�1

k¼1

xk � ak þ xn � an
t ¼ s0 þ xn � an

t

pg
t ¼ 1

1þ e�sij t

pij
t ¼ exp a

pg
t

pgtmax

� 1

� �� �

if pij
t � pthresholdðpijt;Developmentstagetþ1ÞStþiðijÞ ¼ Developed

otherwise StþiðijÞ ¼ Un Developed (2.2)
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Among the variables, sij
t reflects the development potential of cell (i, j) at time t as

influenced by the land-use suitability evaluation and the urban, economic, and social

development plans. In addition, x0 is a constant and s0 is the static part of develop-
ment potential during each simulation step. StþiðijÞ is the status of cell (i, j) at time

t + 1. xk is a parameter set reflecting institutional policies other than neighborhood

rule, such as land-use suitability. xn is a parameter reflecting neighborhood impacts,

an represents the spatial features of the neighborhood, ak reflects spatial features

excluding the neighborhood, and ptg is the global probability for transition. pg
t
max is

the maximum global probability during each step. a is a diffusion coefficient ranging
from 1 to 10, pij

t is the final probability, pthresholdðpijt;Developmentstagetþ1Þ is the
neighborhood of the cell and controls development speed, which can change

depending on pij
t and Dvelopmentstagetþ1 in order to make the development speed

in Dvelopmentstagetþ1 match the settings.

The basic principle of this transition rule is as follows. First, simulation initial

areas are determined. Then, the final probability of one cell will be employed to

decide if the cell can be developed or not by comparing with the threshold, which is

expressed as pthresholdðpijt;Developmentstagetþ1Þ.
As determined in the strategic spatial plan, the development periods in the

Chuandong area are divided into initial, mid-development, and mature stages.

Resource Use and Waste Discharge Amount Calculations

Simulation of Agent Generation

Urban growth inevitably leads to population centralization in the urban area. Using the

constrained CA approach, urban growth can be visualized to aid local governments’

strategic decision-making. It is consider how the spatial changes will impact popula-

tion growth in the Chuandong area. To answer this question, we assumed that the total

population that will become concentrated in the new urban area will come from

the surrounding countryside and that the urbanization objectives of the local socio-

economic plan will be achieved. However, we do not simulate the process of moving

the population from the surrounding countryside and only generate agent numbers

based on the density proposed by urban plan. Therefore, if the simulation shows that

the total population scale can meet government urbanization objectives while

satisfying density requirements and the total inhabitable space in the Chuandong

area, the local government can gain insight on how implementation of the strategic

spatial plan can impact urban development. Simulating the movement of the popula-

tion from the countryside to the city in the urbanization process remains as a further

task that should be carefully investigated in the future.

Recently, the agent-based modeling approach has been applied extensively to

mimic individual behaviors in virtual societies. We use our SSP-SS tool, which

employs an agent-based approach, to generate agents and simulate resource use and

waste discharge. Agents, including households and business owners, are assumed to

migrate to each developed residential and commercial cell. Their numbers are
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controlled by the density proposed in the urban plan. According to the Chuandong

area urban plan, there is only one small industrial area where a single industrial

agent is located. Among the formulas in (2.3)–(2.5), Nr, Nc, Ni, and Nh, respec-

tively, stand for the number of households in residential, commercial, and industrial

areas and the number of households all developed areas. Drn and Dcn are the

population densities in residential and commercial areas, respectively. e is the

error term (a random value with a mean of 1 and a standard deviation of 0.5)

used to generate each area’s population density. S is the area of each different land

type, and Scell gives the real area of each cell.
P

NumCell represents the total

number of developed cells for each land-use type.

Based on the predefined population densities for the different types of land use zones,

the number of households in residential areas is calculated using (2.3) as follows:

Nr ¼
X

n¼1

ðDrn�ernÞ � Srn

Srn ¼ Scell�
X

NumCellr

Nr ¼
X

n¼1

ðDrn�ernÞ � Scell�
X

NumCellr (2.3)

The number of company owners in commercial areas is expressed as

Nc ¼
X2

n¼1

ðDcn�ecnÞ � Sin

Scn ¼ Scell�
X

NumCellc

Nc ¼
X2

n¼1

ðDcn�ecnÞ � Scell�
X

NumCellc (2.4)

Consequently, the total number of agents in all developed areas is expressed as

Nh ¼
X

x¼r;i;c

Nx (2.5)

Residential Resource Use and Waste Discharge

Local governments attach great importance to the principle of sustainable develop-

ment and environmental protection. The implementation of a strategic spatial plan

will lead not only to urban growth but also to population concentration in developed

urban areas. Thus, the great amounts of resources used and waste discharged by

agents should not be neglected when making strategic decisions. We utilize the

SSP-SS tool to reveal agents’ resource use and waste discharge while taking into
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account the interaction between local government agents and other agents under the

assumption that all agents achieve a consensus and cooperate to comply with the

planned total amounts of resources used and wastes discharged.

Some basic principles governing these calculations are: First, the initial values of

agents’ resource use and waste discharge are set for each agent based on the

different land-use types proposed by the local environmental department. Second,

limits on total resource use and waste produced proposed by the environmental

department are used in the initial step. Accordingly, the total amount of agents’

resource use and waste discharge will be calculated in each simulation step, and

adjustments will be made by each agent when the total resource use and/or waste

discharge amounts exceed control values proposed by the local government. A flow

diagram for this calculation is shown in Fig. 2.1. The model for calculating resource

start

Calculate the total volume of 
resource use and waste 

discharge

Bigger than Ethreshold or 
Wthreshold

Negotiate to reduce
Einitial

t and Winitial
t output

Cost of current resource use and waste
discharge bigger than WTP

Government increase 
charge price for waste 

discharge and resource use

Yes No

Yes No

Reduce Einitial
t and

Winitial
t to Einitial

t+1

and Winitial
t+1

Fig. 2.1 Calculation of resource use and waste discharge
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use is shown in (2.6). Ei
t stands for the resources consumed in industrial areas in

step t, Er
t stands for resources used by households in residential areas in step t and

Ec
t stands for resources used in commercial areas in step t. Et is the total amount of

resources used in step t; Einitial
t is the initial value of resources used by each agent in

step t; Einitial
t+1 is the updated value for each agent’s resource use, which has been

adjusted by agents’ interactions and governed by the control policy; and Ethreshold is

the value to which the total amount is limited.

Et ¼ Etiþ Etr þ Etc ¼ Nti� Etiinitial� ei

þ Ntr � Etinitial� er þ Ntc� Etiinitial� ec

¼ Etinitial� ðNti�eiþ Ntr�er þ Ntc�ecÞ

¼Etinitial�
Xx¼i;r;c

Ntx�ex

if Et � Ethreshold

Etþ1 ¼ Etþ1initial �
Xx¼i;r;c

Ntx�exðEtþ1initial � Etinitial <0Þ

otherwise Et ¼Etinitial�
Xx¼i;r;c

Ntx�ex (2.6)

The model for calculating waste discharge is shown in (2.7). Wi
t stands for the

waste discharged by industrial agents in step t, Wr
t is household waste discharged

from residential areas in step t, and Wc
t stands for waste discharged from commer-

cial areas in step t. Wt stands for the total amount of waste discharged in step t,

Winitial
t is the initial value for waste discharged by each agent in step t, andWinitial

t+1

is the updated value for each agent’s waste discharge, which has been altered by

agents’ interaction based on agreement that the total waste to be discharged will be

controlled. Wthreshold is the value to which the total amount is limited.

Wt ¼ WtiþWtr þWtc ¼ Nti�Wtiinitial� ei

þ Ntr �Wtinitial� er þ Ntc�Wtiinitial� ec

¼ Wtinitial� ðNti�eiþ Ntr�er þ Ntc�ecÞ

¼Wtinitial�
Xx¼i;r;c

Ntx�ex

if Wt � Wthreshold

Wtþ1 ¼ Wtþ1initial�
Xx¼i;r;c

Ntx�exðWtþ1initial �Wtinitial <0Þ

otherwise Wt ¼Wtinitial �
Xx¼i;r;c

Ntx�ex

(2.7)

2 A Planning Tool for Simulating Urban Growth Process and Spatial Strategy 35



SSP-SS Implementation

Implementation Area

The Chuandong area belongs to Tongren City, which is in northeast Guizhou

Province, southwest China. The whole area is located in the middle of the Lingwu

Mountains next to Hunan Province. According to Tongren City’s latest local

economic and social development plan, it is going to develop a new urban area in

Chuandong. The new urban area will be located in the vicinity of 108� 230 to 108�

260 east and 30� 800 to 30� 830 north. The whole planning area covers about

18.7 km2. It is just 5 km from the local airport, Daxing Airport, and 10 km away

from the local railway station. The route for Provincial highway N201 crosses the

planning area. The spatial pattern of this new urban area was designed by the local

government’s department of urban planning. Its configuration is as shown in

Fig. 2.2 with the whole urban area to be divided into industrial, landscape, residen-

tial, and commercial zones. Meanwhile, the planned highway will play an impor-

tant role in the new urban development. Traffic conditions provide Chuandong area

with special development opportunities and challenges.

According to the local economic and social development plan, the total popula-

tion is planned to be 800,000 in the Chuandong area, and development will cover

about 20 km2. There are two development proposals for this new urban area that

have been permitted by the local government. One proposal is intended to acceler-

ate new urban development through investment in specific projects in Chuandong’s

new business district, as well as construction of two university campuses in the

urban center. As shown in Fig. 2.2a, the new urban area comprises the locations of

educational organs (T4), residential areas (T5), and commercial areas (T6). The

other development proposal is targeted to accelerate land-use development through

construction of the provincial highway, which already under way. The site of the

highway is shown in grey in Fig. 2.2. We will, therefore, introduce two urban

growth scenarios for the Chuandong area corresponding to these development

proposals. The first will take the urban centers in Fig. 2.2b as the initial area for

Development Area

Development Area

Slope

Initial development projects Geosurface – slop mapUrban plan

a b c

Fig. 2.2 Spatial pattern of land-use zoning in urban plan of Chuandong area
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development, and the second will take the highway construction site as its initial

land-use development area.

SSP-SS Framework

As shown in Fig. 2.3, SSP-SS fits into a three-part framework of data importing,

data processing, and output.

In the first phase of the urban growth simulation, spatial patterns, geo-surface

information, and initial development zones within the Chuandong area must be

imported from GIS data. Among these data, the spatial patterns are plan drawings as

shown Fig. 2.2a, which is a plan proposed by VBN design Inc. but not the final

approved urban plan for the Chuandong area. Geo-surface information includes the

Data Process

Data Output

Determined by the
department of urban 
planning

Determined by the
department of Land
Management

Determined by the 
department of development 
and reform commission

Netlogo Determined by department 
of environmental protection

Space pattern

Geo-surface

Initial area

Thresholds for 
total amount 

control

GIS database

Data Input

Netlogo database Constraint CA model for
urban growth

Spatial data
processing

Agent data
processing

Agent-based model for
household resource use and

waste discharge

Government total amount
control of household resource

use and waste discharge

Total amount
control

Location of 
projects

Land use 
suitability 

Urban 
Planning

Fig. 2.3 SSP-SS framework
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results of land-use suitability evaluations, which we generated using remote sensing

data (Fig. 2.2c). The initial development areas (Fig. 2.2b) for our simulation are

based on the locations of the investment projects discussed above, for which

consensus was gained through deliberation among local officers, and abiding by

the local economic and social development plan. We believe that all the data can be

prepared by local urban planning, land-use management, and development

departments. As a case study, we prepared these data ourselves in order to be

consistent with planning practices in China for possible future application of this

model by local governments.

There will be two choices of how to launch investment projects in the initial

development phase in the Chuandong area, and therefore two urban growth

scenarios can be simulated, based on the different locations of areas to be developed

in that initial phase. One of the scenarios is that urban growth will be spurred by

construction of the highway (the gray in Fig. 2.2a). In the other scenario, growth is

promoted by developing the city centers, as shown in Fig. 2.2b.

As shown in Fig. 2.4, the constrained CA model can simulate Chuandong’s

urban growth process. Based on the simulated urban growth, resource use and waste

discharge can be calculated. Moreover, threshold values for controlling resource

use and waste discharge should be based on values determined by the local

environmental protection department.

Figure 2.4 details the flow of the simulation. First, data can be imported through

the “setup” procedure. Then, the simulation is implemented through the “urban

growth” and “environmental assessment” processes. Next, the results of the simu-

lation can be saved and output in the “display statistics” procedure. Users can then

analyze the results displayed on the system interface.

SSP-SS Implementation and Results

SSP-SS is implemented in the Netlogo platform authored by Uri Wilensky in 1999.

It is a programmable modeling environment suited for simulating natural and social

phenomena. It allows users to carry out experiments by changing parameter values

and observing updated results. The SSP-SS interface is shown in Fig. 2.5.

Sliders and switches in the interface allow users to change the values of

parameters. The sliders on the left from the top are respectively threshold of

development potential, agent numbers, a density parameter used to generate density

values in different land-use zones, average resource use, average waste discharge,

and the total limits on resource use and waste discharge. Sliders in the middle from

the top are respectively a slider permitting selection of one new initial development

area (developX and developY) and set policy parameters. Sliders from the top right

are global demand (developed cell numbers), development years, and other policy

parameter settings. There are some settings that allow the user to choose different

results that they want to display. These settings, as shown in Fig. 2.5, include space

potential, geosurface, and environment assessment.
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Setup

set space

go

Confirm
location for
initial area

Determine
space pattern

Urban Growth

Government
environmental
assessment

Display
Geosurface

Display statistic

Set patch
attributes

Plan 1
Green

Plan 2
Commercial

land use

Plan 3
Residential land

use

Plan 4
Industrial land

use

Launch Site

developing priority

land price

develop potential

road river
planning
land use

sloperoad bufferlandscape

Developed city
center

All developed
area

household
number in city

center

household
number in all

city

Scenario one

Scenario two

output

Fig. 2.4 Flow of urban growth simulation for the Chuandong area
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Results of First Scenario Simulation

Under the urban growth scenario characterized by urban center development, the

region formed by T4, T5, and T6 land-use categories is determined to be the area

where initial development will occur. According to the strategic spatial plan,

investment in urban center development will be divided into three stages, and we

therefore implemented the simulation in three stages as well: initial development,

mid-stage development and the mature stage where development is complete.

According to local social-economic conditions given in the strategic spatial plan,

there will be a population demand of 800,000 people in the Chuandong area.

However, because the strategic plan does not explicitly describe economic demand

with regard to industrial structure or commercial use at this stage, we took only

simulated household resource use and waste discharge estimates for our analysis.

The standard daily household waste discharge is about 14.6 kg/10 persons

according to the statistics from the city of Statistic Bureau of Shanghai (2000).

We assumed a standard daily household resource use of 20 kg/10 persons. Due to a

lack evaluation data judging the environmental carrying capacity and energy supply

capability in the Chuandong area, we assumed that the total resource use and waste

discharge thresholds are respectively 1,470,000 kg and 30,000 kg. If the total

resources used or wastes discharged exceed these thresholds, household will reduce

their daily resource use and/or waste discharge in order to meet the total limit

prescribed in the simulation. The results of the initial stage simulation are shown in

Fig. 2.6.

As shown in Fig. 2.6, promotion of city center development induced rapid

growth in the number of households, which increased from 30,000 to 200,000

over the total urban area. This occurs even though, except for the development of

university campuses in the urban center, there is no explicit development potential

determined by the strategic spatial plan. Thus, the developed cells tend to be

Fig. 2.5 SSP-SS interface in Netlogo
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centralized in the urban center area. In Fig. 2.6, areas shown in red and orange are

the regions with high population density and large resource use and waste

discharge.

As the simulation continues we assumed that a population of 300,000 would be

needed at the beginning of mid-stage development. As shown in Fig. 2.7, formation

of the new urban center has been basically achieved. The more colorful areas in the

T4, T5, and T6 zones show that the population is higher there than in the areas

promoted for T2 and T3 land uses. This means that households are mainly

centralized in the urban center.

When the simulation reached the mature stage, the number of households rapidly

increased to more than 800,000 over the whole area. As shown in Fig. 2.8, urban

development in the urban center area has improved even more and the population

density has increased to 600 persons/ha. Moreover, the city center is connected with

Fig. 2.6 Simulated urban growth in the initial stage under the first scenario

Fig. 2.7 Simulated urban growth at mid-stage under the first scenario
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Daxing Airport via the highway. At this stage, the development of the new urban

area in Chuandong has been achieved. Compared with Fig. 2.2, it can be seen that

the simulated space patterns of Chuandong’s new urban area basically match the

planned space pattern.

The simulation also shows that if the developed area in Chuandong were

increased to 24 km2 the population density would increase to 500 persons/ha in

the T4, T5, and T6 land-use areas, and would reach 400 persons/ha in the T2 and T3

areas. The population would reach 650,000 in the city center and more than 800,000

over the entire area (Fig. 2.9). As shown in Fig. 2.10, the total daily household

resources used and daily waste discharged are respectively more than 1,000,000 and

200,000 kg, which do not exceed the total control limits.

Fig. 2.8 Simulated urban growth in the mature stage under the first scenario
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Fig. 2.9 Household numbers in the first scenario
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Results of Second Scenario Simulation

Under the urban growth scenario characterized by the development of the highway,

we took the areas shown in gray in Fig. 2.2 as locations where initial development

would occur. Except for the initial area, all other simulation conditions and

parameters were the same as in the first scenario.

In the simulation’s initial stage, areas around the highway developed first, with

people attracted to the area because of the road. Meanwhile, households gradually

centralized into areas along the highway as shown in Fig. 2.11. Population density

increased to 600 persons/ha in the urban center and 350 persons/ha in the surrounding

areas. Although the number of households around the highway nearly doubled by the

end of the initial stage, the spatial pattern in the urban center is still not clear. Thus,
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Fig. 2.10 Total daily household resource use and waste discharge at each simulation stage

Fig. 2.11 Simulated urban growth in the initial stage under the second scenerio
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we see that construction of the city centers, should be strenuously promoted to induce

formation of the urban center and growth of the entire urban area.

By stressing the city center construction, we were able to induce the spatial

pattern of the urban center to become clearer by the end of the simulation’s mid-

stage. Meanwhile, since urban growth was promoted by both highway development

and the city centers construction, urban development sprawled across the entire

area. Figure 2.12 shows that most of the areas near the highway and the urban center

have been developed. Moreover, in the mature stage, the colored areas became even

more aggregated, showing that the number of households, as well as the amount of

resources they use and waste they discharge, will have increased even further there.

The local government should be sensitive to urban development near the highway

and should separate the urban area from the highway with a green belt.

Figure 2.13 shows that, compared with Fig. 2.11, Chuandong’s spatial pattern

becomes more compact as development proceeds. Displaying aggregation of devel-

oped urban areas, the colored areas are more intense than in the previous two stages.

This indicates a boom in household mobility and increased household resource use

and waste discharge. Urban growth under the second scenario can be summarized

by noting that the spatial pattern tends to be different (as shown in Fig. 2.11) from

the pattern devised for the strategic urban plan if development of the urban center is

not strenuously promoted.

Through last stages of the simulation, the purpose of urban development in

Chuandong area, namely meeting population and land-use demands, have been

basically achieved through the promotion of highway development and campus

construction. In order to make the spatial pattern of the Chuandong area more

compact, development around the highway should be restricted in a rational way,

inducing newly developing areas to aggregate around the city center (Fig. 2.14).

The simulation also showed that if the developed area in Chuandong reached

20 km2 the population density would increase to 600 persons/ha in the T5 and T6

areas, while in the surrounding T2, T3, and T4 areas, densities of 350 persons/ha

Fig. 2.12 Simulated urban growth at mid-stage under the second scenario
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could be achieved. As Fig. 2.15 shows, total household resource use and waste

discharge are nearly 1,400,000 kg/day and 260,000 kg/day, respectively, which do

not exceed the control limits.

Conclusions

The SSP-SS tool, which integrates constrained CA and ABM models, is able to

describe potential spatial urban growth processes. Using this tool, the planning

work proposed by local urban planning, land management, and environmental

protection departments and development and reform commissions can been com-

bined in the same platform to visualize possible spatial patterns of urban growth.

Fig. 2.13 Simulated urban growth in the mature stage under the second scenerio

0

200000

400000

600000

800000

1000000

1200000

1400000

Initial Stage Mid-stage Mature Stage

Houshelds in City
Center

Households in Whole
City

Fig. 2.14 Numbers of households in the second scenario
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In this chapter, we have focused on how to apply the agent-based model as a tool

to aid local governments in investigating growth possibilities through urban

modeling in planning practice rather than in model building and validation. We

employed the SSP-SS tool to integrate urban and land-use plans with an economic

and social development plan on the same platform in order to study the dynamic,

interactive influences between the three plans. These influences are reflected in the

different outcomes for various spatial strategy plan scenarios in the urban growth

process. As a result, it is possible to bring population and land-use demand into an

economic and social development plan. This allows urban regulation planning and

land-use suitability evaluations found in land-use plans to be used together to gain

insight into the impact urban policies laid out in strategic spatial plans can have on

urban growth. We also integrated resource supply capability and waste discharge

carrying capacity drawn from Chuandong’s environmental plan into the Netlogo

platform for investigating environmental issues in the urban growth process.

In this research, all the data were prepared by the research team to test whether

an accurate dataset could be imported into the system. With the success of this

attempt, we can try to validate the model in planning practice. For this purpose,

historical datasets for estimating parameters and a planning dataset including urban,

land-use, and socio-economic development plans are necessary. This remains as

further work in this research stream. Finally, we did not present modeled behaviors

in this chapter nor was interaction between agents validated in the estimation of the

total control amounts of resources used and wastes discharged. These should be

considered carefully in future work.
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