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Formulation of Urban and Regional Planning System Based on
Geographical Information System and Its Application
- A Case Study in Ishikawa Prefecture Area of Japan -

1. Purpose of This Paper and Research Methodology

In Japan the central government, local governments and private companies have formulated many
kinds of spatial data for computer system. Besides these kinds of spatial data, statistical data such
as population, regional area, land use, industry and employee, which are relating to the spatial
location, are also formulated relatively abundantly. If these kinds of statistical data could be
integrated to the spatial data as a geographical information system, spatial analysis and
presentations would be easily done using this system.

In order to formulate this kind of system for urban and regional planning, it is a great theme to
induce these spatial data to geographical information system. In this paper we formulate a data base
system for urban and regional planning, which utilizes existing spatial data provided by the central
and local governments, and examines the methodology for integration and management of data. In
future we will further proceed to formulate an effective planning system, which could be used for
information presentation, regional analysis, future forecasting and evaluating of alternatives.

This paper presents formulation methodology of data base system for urban and regional
planning and study a method for information presentation as a case study of system utilization.
Although this study is not necessarily original or final stage, it verifies its effectiveness for urban
and regional planning. Actually the study was done as follows. Concerning preservation natural
environment, structure of land use distribution such as forest, building area and others is analyzed
as macro level, and a spatial relationship between land use distribution and temperatures on ground
level as micro level. In order to do this analysis data from remote sensing data is induced as well as

data prepared by the central and local government.
2. Formulation of Database for Urban and Regional Planning

In this paper Ishikawa Prefecture area is used for a region and Kanazawa City area is used for an
urban area. Table-1 shows conditions of software and hardware of the computer system, which is
used for this study. Figure-1 shows the component structure of database formulated by using
ARCVIEW 3.2 of ESRI Corporation, which utilized spatial data prepared by the central and
regional government. Actually those kinds of data is utilized as follows, the digital map of vector

type prepared by the each local government(1997.7), aerial photographs which are used to draw the



digital map(1997.6), data of the basic study for urban planning(2002.2), the digital national land
information prepared by the central government, LANDSAT TM data as remote sensing
data(1997.4,), which is described TM data in this paper.

Figure-2 shows an interface image on CRT of this system.

2.1 Integration of Regional Space Data Prepared by The Central Government

The National Information Provision Project of the central government has provided the digital
national land information. This data have been originally prepared for national level regional
planning such as the Comprehensive National Development Plan, the National Land Use Plan and
others, and distributed to the government organizations, local governments and other public
institutions like as university by free on request. Recently the government decided to distribute
through Internet by free. The URL of home page of the Ministry of Land, Infrastructure and
Transport of Japan is http://www.nla.go.jp/ksj/index.html.

Table 1:Conditions of Computer System

Hardware Endeavor Pro-600L (CPU Pentium IIT) 1 GHz
oS Microsoft Windows Me
Software ARCVIEW Ver.3.2 ESRI production

Object model using Arcview system

I Urban and regional planning system (Project) l
1

[ I
|Script H Dochﬂ I Docuiwem I

I T T 1
[Chart  |[Layout || Table [ view ]
— _ [ - | I 1
Digital national information Aerial photograph| | | Remote sensing data Civic survey data
Ishikawa prefecture Kanazawa city Kanazawa city Kanazaw;va city
I f —— — j l
Land use Commercial | Industry Green || Bear Point Mesh Land use IFacility ”Use district
survey survey space area
1976 1979 ig;g National census House map Digital map
1987 1982 Ishikawa prefecture| | Kanazawa city Kanazawa city
1991 1985 1982 i
f 1 — ] ]
[1990 ][1995 ] [Plot | [Land we | [Building] [Block |

Figure 1:Component Structure of Database for Urban and Regional Planning
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Figure 3:Inducement of The Digital National Land Information on Mesh System

The digital national land information is described as text data with code number using the



Standardized Mesh Code System of Japan. These text data can be converted to spatial point data
according to code number and plotted in the plane rectangular co-ordinates. Then attribute data of
point data are written down as attribute data of third mesh polygon or forth mesh polygon using the

extension function of ArcView3.2.
2.2 Integration of Spatial Data Prepared by The Local Government

2.2.1 Digital map of vector type and Basic Survey for Urban Planning

The digital map of vector type prepared by Kanazawa City is formulated on the seventh plane
rectangular co-ordinates using ARCVIEW, and has data such as road line, building location,
district line, location of public facilities and others. The basic survey for urban planning is recorded
as attribute data on this map. The base map used for urban planning in Japan is a map of 1/2500,

which has a printout scale of 800mmx600mm (2kmx1.5km and three km® in real scale) .

2.2.2 Integration of Aerial Photographs as Background Scene

Aerial photographs of Kanazawa City were taken according to each mesh area based on the plane
rectangular co-ordinates. In other words, photographs were taken by focused on the center of each
mesh area and covered some adjacent area. Referring aerial photographs, we could get actual
images on the ground such as every building, road, river, forest and others clearly without any
omission and with amplified information. In order to integrate aerial photographs, names of each
aerial photographs and four corner point data of each corresponding mesh are recorded on a
management file of the system as shown in figure-4, because an image registration function had not
been set as standard equipment in ARCVIEW 3.2,

The House Map shows designated lines of land use zoning, upper limit of building coverage
ratio and building floor ratio and lot line, which are not recorded on the digital map of vector type,
and we could get information about land use of each building and lot, which could be used for
detailed district planning. The image data of the House Map issued Kankoh Ltd. in 1998 was used

for the system.
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Figure 4:Integration of Aerial Photographs by Coordinate

2.3 Integration of Remote Sensing Data by Conversion to Vector Data

LANDSAT TM data, which is a kind of remote sensing data, is converted to vector type data as
shown in figure-5. First, using ERDAS as GIS software, coordinate value of longitude and latitude
of each pixel and its Band values transformed in text type form. Then, utilizing one of functions of
ARCVIEW, point data are created from these longitude and latitude data and polygon data, which
is corresponding each pixel, are formulated by using script programming of Avenue. In order to
unification of coordination, longitude and latitude coordinate of TM data is transformed to the
seventh plane rectangular coordinates. Through this transformation a pixel of TM data is converted

to a polygon, which has a scale of 27.8 m X 34.4m.

(1)Point Data Having Coordinates Value (2) Creating Mesh from Point Data



(3)Mesh Data Having Band Value

Figure 5:Integration of Remote Sensing data

3. An Application of The System for Urban and Regional Planning

As described before, several data prepared by the central and local government are integrated to the
database-for urban and regional planning using ARCVIEW. In order to support planning, it is
important subject to present every planning information theme by manipulating relating data. As
shown in figure 6, EXEL of MICROSOFT Corporation and AMOS of SMALL WATERS are
unified to this system as analytical tools by script programming. Figure-7 shows an interface image
on CRT. In this paper an analysis on spatial information is done as a utilization example of this
system.

First, using the digital national land information distribution of land use such as buildup area and
forest in a part of Ishikawa Prefecture is analyzed. Second, relationship between ground
temperature and land use distribution in the central area of Kanazawa City using the basic survey
for urban planning and remote sensing data from a viewpoint of environmental preservation. This
analysis is done for study effectiveness of the system because relating theories have not fully

reviewed.

Object model using Arcview system

L Urban and regional planning system (Projecﬂ

{Script HDOCGUI‘ ‘Docurr_}cnt ‘
A

|Theme map ‘ {Analysis tools \ {Spatia] search
!
[ | I
EXCEL AMOS SPSS
Data edit cause-and-effect Statistics analysis
Graph model Factor

Figure 6:Unification of Statistical Analysis Software to The System



Figure 7:An Example of Interface Image on CRT Using SPSS

&

3.1 An Application Example One; Spatial Distribution of Land Use

An example of analysis this paper studied a part of Ishikawa Prefecture, which consists of 1,014
meshes. In order to analyze spatial land use distribution, data of the third mesh relating three time
points are analyzed using statistical methods such as the Cluster Analysis and the Principal
Component Analysis, in which seven factors shown in table 2 are used as variables. In this study a
number for clustering was conditioned as six and analysis was preceded. Through interpretation of
each principal component, analysis reveals some characteristics of land use distribution using the

Principal Component Analysis. SPSS Ver.6.1.3 is used for this analysis as statistical analysis

method.

Table 2:Land Use Categories on The Third Mesh

from The Digital National Land Information

)

farm land, forest, river and lake,
seaside

Commercial survey

Attribute data of commercial
statistics

Industry survey

Attribute data of industry statistics

data
(Polygon)

Source data (ASC II data) Contents Data type Data range
Administration district data Administration district Vector data Ishikawa
Land use survey Attribute data of Road, building, | Standard mesh | prefecture

An analysis is done referring results of the Principal Component Analysis and the Cluster
Analysis. Figure 8 shows an example of land use distribution grouped as six clusters. Figure 9 also

shows mesh score distribution categorized into six groups on orthogonal axes of the first principal




component and the second principal component.

Analysis reveals that the first principle component is interpreted as showing “distribution
tendency of forest area” and “land use tendency of buildup area”, and the second principle
component is interpreted as showing “distribution tendency of paddy field” and “land use
distribution of buildup area”. Referring plot distribution in Figure 8, it is recognized that meshes of
class one distributed relatively evenly, meshes of class two and three is distributed mainly in the
area of plain and meshes of class four distributed mainly in the coastal area. Distribution of the
meshes of class six concentrated in the central area of Kanazawa City.

As shown in figure 9, buildup tendency is recognized right-hand side of the first principle
component and upper-side of the second principle component. Meshes of class six have the
strongest tendency of buildup area, which are mainly located in the buildup area of Kanazawa City

as shown in figure 8.

& Land use [_ O] %]
il l'\‘;esulfi of cluster analysi 2] | |

[TTE
4w Mo
|

|

5 i
-

] Kanazawa city area ‘

] Rezional area

Figure 8:Mesh Distribution Grouped by Cluster Analysis
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Figure 9:Score Distribution of Meshes Using Results of SPSS

3.2 An Application Example Two; Relationship between Ground Temperature and Land Use
Distribution in The City Central Area

Relationship between ground temperature and land use is analyzed using data from the basic
survey for urban planning and TM data in the central area of Kanazawa City, where meshes of
class six are located. Ground temperature can be estimated using Band value'”. Distribution of five
rank of ground temperature is shown in figure 10. This study uses TM data at 12:38 on 25" April in
1997. Range between the highest temperature and the lowest temperature is about seven degree in
centigrade.

Each value corresponding land use categories in a mesh, which has the same shape and location
with a cell of remote sensing data, are estimated by using a spatial analysis function of ARCVIEW
and registered to the data base system as one of attributes of the mesh. Land use categories are
block, building area, forest and water area, bare land and greenery area. Figure 11 shows an

example of maps, which presents distribution of forest and water area.



-243
21.51 - 2291
2011 - 21.51
18.71 - 20.11
17.23 - 18.71

Figure 11:Distribution of Forest and Water Area

Area ratios of each cell, which correspond to a pixel of TM data, such as buildup area, street,
parking site, forest and water area and bare land, are used as analysis indices. Water area is counted
in a same category as it has effect to decreasing ground temperature, although there is not so much
water area in the study area. Designated land use zoning is also registered as an attribute of each
cell, which categorized as residential, non-residential and scenic. Figure 12 shows distribution of
land use as five levels of temperature rank. These tendencies are recognized as follows. Forest and
water area is higher in the rank one and two, which have lower temperature and is becoming lower
according from rank one to five. On the contrary, buildup area is becoming higher from rank one to

rank five. It is especially higher at rank three, four and five. Although bare land is higher at rank



three, it is distributed at other ranks in a certain level. Greenery area is higher at rank one and it

distributed at other ranks. Parking area is lower at rank one and two. Street area is distributed
relatively evenly between ranks.

18.7%
18.9%
|

19.3%

4.5%
Rankl 60.3% 6.3%Jl19.9%

0% 20% 40% 60% 80% 100%
J Silva/water Green space Bl Bear area
| O Parking area Building B Road

Figure 12:Land Use Distribution of Five Ranks Using EXCEL
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Figure 13:Relation Structure between Ground Temperature

and Land Use Using AMOS



Relationship between ground temperature and land uses is analyzed by using the Covariance
Structure Analysis of AMOS as analytical method. Using this method, relationship structure
between ground temperatures is formulated and analysis is done. Figure 13 shows the result of
analysis of covariance structure. In a case of non-residential zoning, indices relating buildup area
become higher and indices relating natural environment become lower. These relationships

increase ground temperature.

4. Conclusion

In this study we tried to formulate a database system for urban and regional planning by utilizing
existing information, such as the digital national land information and the basic survey for urban
planning, which are prepared by the central and local government, and to analyze spatial structure.
Actually the study was done as follows. First, process and methodology for inducement of data to
the GIS system and treatment of attribute data were explained. Second, a supporting system for
urban and regional planning was formulated by unifying existing statistical analysis tools. Third, an

interface system was designed in order to manipulate the system easily for users.

Notes
Temperature of surface land (T) can be calculated by using LANDSAT TM data as follows.

o 17651x107 J0.017651x10 x 5.1292 x 10°(1.6023 — R)

-273.15
2x5.1292x107°

Ris a CCT value of band six of LANDSAT TM data, which shows an absolute radiation
luminance.
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E8E
Study on Development and Application of MAS for Impact Analysis of
Large-scale Shopping Center Development

1. Introduction

The commercial environment of many local cities in Japan is experiencing decline so local
governments have developed all kinds of city center generation policies to constrain this trend and
revitalize the central city commercial environment. Howerver, it is difficult to evaluate the potential
impact of current policies on the future of a city due to the uncertainty and complexity inherent in
an urban system, which arose from complex components of the urban system and complicated
interactions between the different elements. Therefore, tools, which can provide insight into future
impact of planning policies while embrace the complexity and uncertainty of the urban systems, are
in an imperative need. It has been demonstrated that Multi-agent System (MAS) is powerful in
exploring the uncertainty and complexity inherent in an urban systeml)’z). Recently in Japan, Some
researches began using MAS to analyze the phenomena of local city center decline in Japan. For
example, Yosuke Ando et al.”) carried out a research on city center vacancy in which they simulated
the emergence of vacant buildings and the effect of empty space on commercial space using agent
based model.

The purpose of this study is to explore MAS to simulate the potential impact of city center
generation policies. Different from most ‘game-playing’ MAS models which are based on pure
agents’ behavior disregarding urban planning institution, this study introduces the real land use
zoning and planning regulations as constraints for agent’s behavior, this is a big step forward for
using the MAS simulation for planning practice. In this paper, the policies specially refer to the
development regulations concerning the location sites and upper limitation of large scale shopping
centers, which attract much attention of local governments since their closing in city centers and
shifting to out-of-center location are commonly recognised as one of the major reasons for the
decline of city Centers. The MAS model in this study is called Shopsim-MAS which is designed to
simulate interactions between individuals that affected by the development regulations and to
investigate their global effects on city centers’ commercial environment. Within this model, a
planner, a developer, households and shops are regarded as agents. The shopping-market spatial
patterns emerging from interactions between shops and households are used for examination and

exhibiting the impact of different development regulations.

2. Method
Given our purpose outlined in the previous section, it is our first step to extract development
regulations used for regulating the location sites and floor space of large-scale shop centers

(hereafter called B-shops) from the Urban Planning Law of Japan and a local city’s center



revitalization bylaw. Based on these regulations, different policy scenarios can be easily defined by
users using Shopsim-MAS. Three possible policy scenarios are used to illustrate the application of
Shopsim-MAS for impact analysis of development regulations. In these scenarios different
B-shops’ location sites and floor space upper limitations are prescribed.

These policy scenarios are carried out in a virtual city which are represented by a digital urban
space. This space is constituted by cells which are heterogenous in terms of land use zoning status
that are represented by a set of codes in the model and associated with variables indicating whether
there is an existing large-scale shop or not. The ‘citizens’ of this virtual city are agents that are
thought related to the policy scenarios, comprising of a planner agent, a developer agent and shop
agents and household agents. The planner represents the local government who provides planning
information and initiates policy scenarios; the developer constructs large-scale shops under policy
constraints; new buildings of large-scale shops intensify the market competence and households
make decisions regarding where to go shopping according to their own preference measured by
maximum expected utilities. The shopping-market spatial patterns generated from local interaction
between shops and households in each policy scenario are compared and analysed, thus the impact

analysis of the development regulations are realized.

3. Development regulations for B-shops

Development regulations for B-shops are different between municipalities in terms of possible
location sites and floor space upper limitation and are written in various formats. In this study
regulations about B-shops’s location sites described in Urban Planning Law are applied, and local
regulations about B-shop development in Kanazawa City are also applied from 2002(see Table-1
and 2). In the urban planning area of this city, restrictions on B-shops’s location and floor space
upper limitation are different according to the planned zonning types defined in Commercial
Environment Planning. Table-1 shows rules of location candidate sites, floor space upper limitation
of B-shops that are stipulated in this city’s bylaw. In this paper, these regulations are inteperated

into possible policy scenarios that will be launched in the virtual city.

Table-1 Bylaw for planning B-shop’s location in Kanazawa City

Location candidate ] . . Elopr __ space upper
. Requirements on candidate sites limitation
sites 2
(m%)
CBD No limit
Central area Improvement areas along main | 20000
road
Other improvement areas 3000
Areas along the main road | 10000
Railway Station area connecting to station and other
major transport facilities
Cultural  preservation | Areas along main road 3000
zone Other areas 1000
Sub central area Areas along main road 5000




Other areas 1000
Neighborhood Areas along main road 3000
commercial areas Other areas 1000
Residential areas Areas along main road 3000
Other areas 1000
Industrial areas Areas along main road 3000
Other areas 1000
Table-2 Planning regulations on location of the B-shop
Urban Permitting State
planning Land use zone
area
1** low-rise exclusive residential district
2" Jow-rise exclusive residential district
1* mid-high exclusive residential district X
o mid-high exclusive residential district
o 1* residential district
Urbanization — —
Promoting Exc luswe.mdl%str%al district
Area Comr.nfermal d.15tr1f:t .
Quasi-industrial district
Industrial district o
2™ residential district
Quasi-residential district
Neighborhood commercial district
Urbanization | A
Control Area
White Land | — O
X B-shops are not permitted to locate in these land zoning district
@] B-shops can be permitted to located in these land zoning district
A In principle any development are prohibit in Urbanization Control Area.

4. Framwork of Shopsim-MAS

For examining the impact of B-shop development regulations, four types of agents are designed in
this model. Two types of agents directly affect physical infrastructure of the virtual city, including a
planner agent who makes planning decisions such as land zoning, development strategies, and a
developer agent who builds the new B-shop whose scale and location must be consistent with
planning policies. Our model employed the Decision Table? to describe the decision-making
process of the planner agent and developer agent. Besides the planner agent and the developer
agent, there are two kinds of agents living in this virtual urban space, which are shop agents and
household agents. New B-shops development will affect the supply of goods, market competition
and household shop choice. Household agents decide autonomously where to go shopping
according to their individual preference. Brief descriptions of the shop agent and the household
agent are done as follows because the impact of different development regulations on the city
commercial environment can emerge from the local interaction between shop agents and household

agents as different spatial patterns.

4.1 Shop agent

Shop agents are further classified into two types according to their floor spaces: B-shop agent and



S-shop agent. S-shop here means the small and medium-size shop. The developer locates a new
B-shop when he gets the development permission from the planner agent; S-shops concentrate in
the commercial area and no new S-shop is created in this simulation.

S-shops are assumed to have homogeneous attributes, i.e. they have same goods prices and floor
spaces. Households and B-shops however are heterogeneous. Existing B-shops’ floor spaces and
prices are given exogenously. The new B-shop’s floor space are set according to local planning
regulations when it is opened by the developer agent. Actually, the competition strategies of a new
S-shop in a real society will not open to public, thus we assume that the new B-shop will launch a
price strategy to compete with the existing shops in simulation as equation (1), in which
competitive impacts of the S-shops in terms of price and loaction and attractiveness of other

existing B-shops in terms of floor space are considered.
P, =K*EXP¢cb*d )+ Rnd* (S, - S,)/a )

Where:

The price of the new B-shop is P,; parameter X is a constant, equal to the price of small shops in
city center; parameter b is the price decline index, which is given exogenously; variable d,, is the
distance of the new B-shop from the city Center O; Rnd is a number between 0 and 1 generated by
computer following the uniform distribution, representing uncertain part of price derived from the
influence of difference between new B-shop’s floor space S, and all existing B-shops’ average

floor space S,, a is a exogenous constant and here its value is set equal to 500.

4.2 Household agent

The households have different estimates about distance, price, and shop’s floor space when they
decide where to go shopping. Through simulation, the market shares between B-shop and S-shop
will emerge as spatial pattern in the simulation world. The change of spatial ratio of S-shops’
market share to B-shops’could be used to assess scenarios initiated by the planner agent.

We adopt a standard random utility framework” for household shop choice. In every step,
households compare the expected shopping utility of optional shops, and choose where to go
shopping unless their demands have been satisfied. This model is used to estimate the market
shares of S-shops, B-shops and the new B-shop in simulation.

We assumed that:

(1) The goods sold in all shops are homogeneous, i.e. the household goes to buy the same goods at
all the shops.

(2) Each household has a constant demand for goods. When the total demands of all agents are
satisfied, the simulation process will be ended.

(3) Each step, a household wants to buy a unit of demand.

(4) A household only considers shops within a certain distance, his reachable distance .

(5) The shop with the highest utility is supposed to be chosen. When available shops are under equal



conditions in terms of utility, the household chooses one from them randomly.

The expected utility of household i associating with the alternative shop j is given by

U=V +&s @)

Vy= 21X - TCy (3)

f;(X) = By * X @

TC, = &, ea e (x, - x F + (v -y, /. ®)
Where:

Variable Vjis the deterministic part of the utility; Xy is the k-th attribute including price and
floor space describing store j presented to household i; £ is a function to evaluate the
attractiveness of the k-th attribute of shop j to household /; TC;; is a measure of the disutility
of travel between site of household i and site of shop j; f; is a specific taste weight of the
household 7 with respect to the attribute & of a shop; 4; is a parameter reflecting the attitude
of the household i toward the cost of travel, here it is set equal to —1; o is an exogenous
constant that represents the unit travel cost. Variable g; is the unobserved random component

of utility that is used to capture uncertainty of shopping behavior.

4.3 Spatial patterns and market shares

Based on the random utility model, spatial patterns, generated from household agents’ shopping
behaviors, are represented by different combinations of shop’s market shares. A shop’s market
share is measured by a fraction of cells where shopping rate of a household agent in the shop is
more than 80%. If without the random component in the utility, even though household agents have
different estimates of Xy, the spatial pattern can be figured out in the first step of the simulation
with a clear boundary between S-shop and B-shop’s m;clrket shares. The random component can
destroy the clear boundary and create different spatial patterns as shown in the Figure-1. However,
when S-shops and B-shops are located at the same place, the boundary will not exsit and a random
spatial pattern will emerge. According to the simulation results of the case that B-shop and S-shop
have different location, the smaller random component is, the clearer the boundary line appears.
Thus, differences between household agents expressed by the random component will cause
different spatial patterns. For checking the boundary between S-shop and B-shop’s market shares,
the smaller random component can deliver expected results because the impact from the differences
of household agents in this paper is not important. Hence, the random value 500 for the utility

model of both S-shop and B-shop are employed for further simulation.

5. Policy scenarios evaluation

In order to illustrate how MAS might be used to analyze impact of B-shop develop regulations on



inner city regeneration, three policy scenarios are formulated, which different in terms of location
sites and floor space upper limitation of B-shops. These scenarios are supposed to be performed in

a virtual city, which are the main components of the urban space of Shopsim-MAS

m Shopping rate in S-shops>80% O Shopping rate in the B-shop>80%
Rs=5000,Ry,=10000 Rs=2000,R;=2000 Rs=500,R,=500

Figure-1 The spatial patterns of shopping behaviours
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Figure-2 The hypothetical urban space spatial structure

5.1 The hypothetical urban space

This study concerns a hypothetical urban space of 2500 cells (50 X 50 ) where each cell mearsures
500 m X 500 m. The urban space comprises a central city and two neighboring cities. The model
assumes that the central virtual city has the typical characteristics of Kanazawa city in Japan,
namely with a traditional commercial center located in the heart of the city; with urban planning
area (1230 cells) divided into Urbanization Promoting Area (UPA) and Urbanization Control Area
(UCA) and with defined land use zones within UPA. All theses planning information is assigned to
each cell of central virtual city by the planner agent. The urban space spatial structure is shown in
Figure-2 (a) and (b). The 156" types of land use districts in Figure-2(b) are zones where B-shops

can be permitted to locate.

5.2 Process of simulation and policy scenarios
The shopping behaviors of household agents as described in subsection 4.2 are simulated for
producing market shares of shop agents in urban space in order to visualize the impact of the new

B-shop. The simulation process can be implemented as follows:



The user of Shopsim-MAS defines a policy scenario to be implemented.

® The planner agent sets the spatial structure and initiates this scenario.
S-shop agents and existing B-shop agents are created in the urban space. Household agents are
created and distributed to the whole central city urban planning area.

® The developer agent places the new B-shop in urban space according to defined scenarios.
The user sets the initial values of parameter including unit travel cost, reachable distance of
the new B-shop.

® Households then decide where to go shopping as described in subsection 4.2 until their
demands are fulfilled.

Based on the development regulations described in section 3, three scenrios are fomulated for
locating a new B-shop in the virtual city. 1) Center Activation(CA): To reverse the decline,
encourage large-scale shop to locate in the center commercial area without upper limitation for
floor space, but strictly restrict out-center location. 2) Railway Station Development (RSD): In
order to develop the railway station area into a comprehensive business area, B-shop can be opened
near the station, with an upper limitation of 10000 m°. 3) Neighbouring Commerce Promotion
(NCP): To improvement community convenience, encourage B-shop to locate in neighbouring

commercial area, with an upper limitation of 3000 m’.

5.3 Model test
As described in the household shop-choice model, the main exogenous parameters affecting
deteministic utilities of household agents are unit travel cost (c), reachable distance(y) and floor
space (S). In order to examine the operational characteristic of the shopsim-MAS, a sensitivity
analysis for parameter validation is conducted. Here each parameter is examined respectively and it
is argued that if one parameter is proved valid in affecting shopping behavior, it is self-evident that
all parameters can work together to impose such affection. The simulation is carried out under the
setting as follows. Households in one cell are supposed to be homogeneous and are regarded as one
agent; hence there are 1230 household agents in the simulation. Each household agent has 50
demands that indicates the number of shopping times in one month. There are two existing B-shops
and seventeen existing S-shop in the city center. The floor space of the first B-Shop is set as 10000
m? and the second B-shop’s is set as 20000 m’ referring to the floorspace stipulated in planning
regulations. In National Survey of Price (www.stat.go.jp), the floor space of a small scale shop is
under 450 m”. Here, the small shops in the center of Kanazawa city are considered to be smaller
and set as under 300 m’.The parameters have good expression in the simulation as shown in
Figure-3(a-c). Consequendly, sale amounts of shops are significantly affected by travel cost,
reachable distance and floor space that influents shopping utilities of households.

For calibration of Shopsim-MAS, the unit travel cost is set as 20en, average bus fare for one cell
space 500m; correspondently the reachable distance is set as 30 for 15000m. Commercial Statistics

Servey in 1985, Digital National Information (http://nlftp.mlit.go.jp) is employed for this tesing.



Figure-4 (a) shows the shops’ spatial distribution of Kanazawa city in 1985. The meshes with more
than 150 shops are identified as the city center, which accommodates 2006 S-shops and 4 B-shops.
The total floorspace of S-shops is 192445 m? and that of B-shops is 26483 m”. For model test, the
center area is mapped into 36 cells with 36 S-shops (the floor space of each S-shop is 300 m?) and
1 B-shop (1500m?), where the ratio of total S-shops’ floor space(10800 m?) to B-shops’ is 7.2,
almost same with the real floor space ratio of S-shops to B-shops. The setting of Household agents
is same with that in parameter examination. Figure-4 (b) shows the virtual shops’ positions based
on the real city and the simulation result. It can be seen that the performance of S-shops surpassed
much that of B-shops because of their obvious advantages in number and floor space. Table-3
shows the comparison between the real data and the simulation result, which are in consistent with
each other. Consequently, we can conclude that Shopsim-MAS can be employed as a promising

tool to simulate spatial patterns of market shares.
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Figure-4 Real shops’ distribution and virtual simulation

Table-3 Comparison of sale amout in real and virtual center

Mesh SizeShop(number)\Floor space (m”) [Sale amount Market share
Reality [S-shop(2006) [192445 186(billion en) 89%
(1km”)  [B-shop (4) 26483 22.4(billion en) 11%
\Virtual (S-shop (36) | 10800 55475(demand) 90%
(0.25km*)B-shop (1) 1500 6025(demand) 10%




Shops position Floor space = 3000 m* 5000 m? 10000 m? 15000 m”

m Shopping rate in S-shops>80% @ Shopping rate in existing B-shops>80% 0O Shopping rate in the new B-shops>80%

Figure-5 The spatial pattern of shopping rate of CA scenario

5.4 Comparison of different scenarios

Actually, there are some B-shops and S-shops in the center closed because of operating deficit
and many B-shops locating outside the city center of Kanazawa after 1985. However, it is difficult
to take into account all real shops in the simulation because of limited system capacity. Hence
scenarios analysis is conducted under simplified hypothetical conditions.

Three scenarios are simulated with the same parameter settings as in the parameter sensitivity
examination. The existing shops’ positions are only set as Figure-2 similar to the location of
B-shops in the eastern and southern Kanazawa City. The spatial effects of CA scenario is shown in
Figure-5 and 6. Spatial patterns in Figure-5 are represented by market shares in terms of shopping
rate. It can be seen that'market shares of center shops (including S-shops and the new B-shop) and
existing B-shops are seperated by a boundary, but market shares concerning S-shops and the new
B-shop appear a random pattern since both of them have the same location. S-shops are faced with
fierce competition after establishment of a new B-shop in the city center and they lost most of their
market share. From Figure-6, it can be learned that the larger the new B-shop is the more market
share of the center shops, but S-shops’ market share decreases. This indicates that CA scenario do
have effect in improving the market performance of center shops as a whole, but may cause severe
harm to the center S-shops at the same time if there is no limitation on B-shop’s scale.

To compare three scenarios, the developer agent is made to develop a new B-shop of same floor
space, 3000m?, in all these scenarios. The competition faced by S-shops in the scenario RSD and
NCP is not as strong as those in scenario CA, but market statistics reflect that both of RSD and
NCP provide no any help in promoting the center commerce development(Figure-7). In later two
scenarios the loss of market share of S-shops caused by the new B-shop is more than in CA
scenario, as show in Figure-8. This further indicates that the CA scenario might be an effective
measure to improve the activity of center commerce if there is a reasonable limitation on B-shop’s
floor space. Comparing with commercial zones in master plan of Kanazawa city, CA and NCP
scenario are accepted at the same time in the planning concepts, which might find a solution to the
conflict between the affluence of the commerical center and the expansion of the city. If the model

capacity can be extended to fit for the complex of reality, Shopsim-MAS can be employed as a



promising tool to analyze the dynamic process regarding B-shop planning .
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Figure-8 Spatial patterns of shopping rate in different scenarios
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6. Discussion and further research
In this paper, the use of MAS for impact analysis of large scale shopping center development
regulations is proposed and illustrated. First, by introducing real urban land use zoning to form

agent’s behaviour constraints, the Shopsim-MAS simulate the virtual urban space in a more



practical way in the context of urban planning. Second, the operational characteristic of the
Shopsim-MAS is examined through parameter sensitivity analysis and test with commercial survey
data(1985) of Kanazawa. During this process, Shopsim-MAS exhibits how market spatial patterns
emerge from the saling and shopping process indirectly affected by development policies, and how
these spatial patterns can be used to analyse the impact of development regulations. The impact of
the new B-shop on the commercial environment of the city center are visualized according to the
three scenarios, which indicate that to develop new B-shop in the city center might be an effective
measure to improve commercial activity of city Center as long as there is a reasonable limitation on
B-shop’s floor space.

As show in this paper, Shopsim-MAS proved to have a good performance in analyzing the
impact of large scale development regulations from aspects of location sites and floor space.
However, it does not necessarily mean Shopsim-MAS can be readily used in practice though we
believe it would be the case. There are still many challenges remaining for further research. For
example, the impacts of the dynamic competition between S-shops and B-shops on spatial market
patterns are left as an unsolved problem. The most important challenge is how to deal with large
amount data that required by micro-simulation and calibration in MAS. It is clear that a reasonably
complete urban simulation model will need enormous amounts of detailed data, not only including
land use, households and their characteristics, but also environmental and social-economic features.
Data for planning are generally available in GIS form, and may be readily integrated into the
database for model development. In future we will integrate the MAS model with GIS, and then

more satisfying outcomes can be expected.
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BIE
An approach to allocate households agents in a MAS model for the
urban simulation

1. Introduction

A number of published studies 112 have demonstrated that multi-agent system (MAS) models can
provide a detailed, decentralized and dynamic view of urban system, and can serve as a virtual
laboratory for urban planning policies. These studies share the common view of that heterogeneity of
agents result in different individual preferences and thus have a significant effect on model outcomes,
usually measured by aggregate patterns of clustering,.

However, most of these studies are based on assumptions that the household agents are distributed
uniformly or randomly and the heterogeneity of agents are resulting from the difference of social-
economic attributes such as education, income, etc. This kind of assumptions neglect that the spatial
distribution of households are affected by urban planning regulations such as zoning constraints and
pay no attention to the interdependence of households’ spatial distribution and their social-economic
attributes. The assumptions limit the usefulness of these models for investigating the concerned
urban phenomena through individual-level interaction. This paper is attempting to allocate
household agents in simulation space while considering the land use zoning constrains.

2. Method

The Shopsim > which we developed to explore the use of MAS for analyzing the potential impact
of the downtown regeneration policies, specially the planning regulations concerning the
development of large-scale shopping centers (B-shop) through simulating shopping spatial market
share of the downtown and B-shops. This system consists of various autonomous agents (planner,
developer, shop, household) who interact with each other acting in a virtual urban space represented
by cells. In order to enable the household agent’s shop-choice decision-making process more
reasonable for analyzing shop spatial market share we modified the household agents’ attributes and
the way to allocate household. Household agents are grouped in to three income types. The income
attributes of household not only will affect their shop-choice preference, but also their spatial
location. And what is more, the distribution of household agents in the virtual urban space display
the general population density character of the city, in other words, the density is higher in the center
than in the outer area of the city.

3. Factors affecting spatial distribution

3.1 Income types of household agents

The number of household agent is assumed has been known and is set by users in the Shopsim.
Household agents are group into three income levels in the Shopsim, denoted respectively by the
Rich, the Middle and the Poor. The sum of ratios equals to 1. It is assumed that there are three kinds
of spatial pattern by income types: Well-Mixed, Inner-Higher and Outer-Higher. Well-Mixed pattern
represents an ideal distribution pattern that households of different income mix with each other.
Inner-Higher and Outer-Higher pattern is defined according to the Rich distribution. The former
means that the Rich household agents intend to live in the downtown area, and the later vice versa.
Users of the Shopsim can adjust the ratios of different income-types, select the location pattern by
household income types for the simulation,

3.2 Land use zoning constraints



The zoning constraints on household spatial distribution are put into effect through two critical
variables: HSP, HFAR.

The variable HSP means the probability of a cell to be selected to hold households. The HSP is a
representation of housing-use ratio in each kind of zoning types in real world and its value is
designed based on existing study .

The variable of HFAR means the maximum number of household agents on a cell, or the household-
capacity of a cell. The value of HFAR for each cell in Urban Planning Area (UPA) is designed form
the maximum floor area ratio (Max. FAR) of the zoning type that cell belongs to.

In order to let household agents’ distribution obey the general population density pattern of the
cities, it is assumed the value of HSR and HFAR of cells in the downtown is higher than other cells
belonging to UPA (Table-1). The HSR of cells in Urbanization Control Area (UCA) is set as 50%
and the HFAR is either 1 or 0 with equal probability randomly.

Table-1. The zoning constrains related variables for the UPA

No Downtown Qut-Downtown

Land use zoning HSR HFAR | HSR HFAR
(%) (%) (%) (%)

1" low-ri lusi

1 ' o.w r1-se . exclusive 100 5 100 5
residential district

5 2“d. lcTw-ri.se ‘ exclusive 100 5 100 )
residential district

3 I 'mid—‘high.-ris'e exclusive 100 3 100 3
residential district
2nd s hioh o -

4 ‘mld.hlgl} rlée exclusive 100 3 100 3
residential district

5 1% residential district 90 4 90 4
2" residential district 90 4 90 4

7 Quasi-residential district 80 4 80 4

ighborhood ial

g N.elg. orhood commercia 70 4 70 4
district -

9 Commercial district 50 10 50 10

10 { Quasi-industrial district 70 4 70 4

11 | Industrial district 30 4 30

12 | Exclusive industrial district | 0 0 0 0

4. Allocation model of household agents

The process to allocate household agents is one of important components of the initialization of the
Shopsim. It is performed after setting up urban space (urban planning area and land use zoning)
using a cellular automata model, which set up the physical acting space for the households. To set
about initializing the Shopsim, users should decide the external variables’ values, including the
number, the income ratios and income-location pattern of households. The Figure-1 demonstrates the
relationship between objects in the process.



Interface

Figure-1. The class diagram for allocation model in Shopsim

5. Simulation results relating to households allocation
Our model has been implemented in Net Logo (http:/ccl.northwestern.edu/). Simulation results are
produced based on following basic inputs (Table-2). The Figure-2 shows the household agent spatial
distribution. The Figure-3 exhibits the spatial market shares of the downtown shops and B-shop.

Table-2. Basic parameters for the initialization
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Figure-2. The spatial distribution of household Figure-3. The spatial pattern of shopping
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6. Conclusion

In order to enable the simulation results of the Shopsim come closer to reality, which is developed
for exploring the impacts of large-scale shopping on the local city center under certain planning
regulations, we modified the household agents’ attributes and their allocation by considering zoning
constraints and location pattern by income.

We believe the work report here is a step forward towards generating a more realistic simulation
environment for the Shopsim, and maybe looked as a good reference for urban simulation models.
But we realize that more effort needs to be made to improve the quality and accuracy of the Shopsim.
In our future research, we plan to add dynamic location process of household in respond to urban
planning conditions change and the building of a large-scale shopping center.
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810 %
Decision Making for Large-scale shopping Centers Location Based on
Multi-agent System

1. Introduction

Last decade has seen downtown decline in many local cities in Japan. Large-scale shopping
centers (hereafter called B-shops) keep opening at out of center location is thought as one of major
reasons In dealing with this problem, planning authorities have drawn out a series development
regulations for regulating B-shops location, scale and form of B-shops’ development, in order to
prevent the adverse impacts on downtown. Generally, B-shops are only permitted locating in
commercial zones and their floor space cannot exceed upper-limitation that is usually different
between commercial zones. But it is difficult to ensure the B-shops’ development under constrains
stipulated by these regulations plans can really meet the objectives of downtown regeneration
policies. It is obvious that a preliminary insight into feasible B-shop development patterns will be
helpful for urban planners make better policies to guide B-shop development.

Multi-agent system (MAS) has been proved powerful in exploring the uncertainty and
complexity inhabited in urban system. Recently, multi agent simulation was applied for decision
making in the field of urban policy. Planner agent " are designed as a artificial agent in multi agent
simulation to draw a land use plan for future through interaction with the artificial stakeholders,
and MALUT? can be employed to evaluate compact city policy in which spatial equilibrium
condition in land use market can be reached through bid-rent theory, utility model for each type
agent in simulation. We suggested that MAS can be explored to analysis the effect of downtown
regeneration policies especially regulations concerning B-shops development through simulating
what happened if these regulations were carried out.

In our research project, a multi-agent system called Shopsim3) is developed to provide a virtual
laboratory for testing B-shop development plans and appraise possible impacts of the new B-shop
on the downtown of a hypothetical city. We -assumed that Urban Planning Law is carried in this
city and the commercial zones and upper-limitation in each zone have been given. This system
consists of various autonomous agents (planner, developer, shop, household) who interact with
each other concerning the development of B-shops and the city center. In this paper, we focused on
introducing the genetic algorithm method used by the city planner agent in the Shopsim, to foresee
suitable locations and floor space of new B-shops hoping that the future B-shops’ development can
not only cover broader city area to meet increasing shopping demand of citizens but to promote the
commercial well-being of the downtown.

Genetic algorithms (GA) are a kind of search and optimization algorithms inspired by theories of
the mechanics of natural selection and are implemented as a computer simulation in which a
population of abstract representations (called chromosomes) of candidate solutions (called

individuals) to an optimization problem evolves toward better solutions. Genetic algorithms find
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application in many fields like computer science, engineering, economics, etc. Genetic algorithms
are also proved efficient at finding solutions close to the optimum for complex spatial problems
concerning land use, for example, to generate alternative sketch maps for urban planning®, to
optimize highway alignment” and to plan multi-objective agricultural land-use®. In this papetr, a
genetic algorithm is suggested to find suitable solution from large amount of alternative B-shop
development plans constrained by development objectives and regulations and designed as a

decision-making tool for the planner agent.

2. B-shops’ development problem faced by Planner agent

In the Shoipsim, the planner agent represents planning authorities of a local city facing
downtown decline and is responsible for drawing up the regulations of B-shop developments and
initiating the process to examine the efficiency of the regulations. In this paper, it is supposed that
there have been a certain number of B-shops in the city and some of them had bad influence on the
downtown commercial center. the planner agent has formulated the regulations for B-shops
(commercial zones and floor space upper-limitation of the B-shop in each zone are already set) and
estimated the total B-shop development Quantity (in terms of floor space) for the coming year from
historical statistic data. Now the planner agent want to know beforehand under the constraints of B-
shop development regulations which kind of B-shop development plans is best feasible. Here, a
B-shop plan that will not cause adverse impacts on the downtown commerce is thought feasible.
The planner agent in the Shopsim solve this problem in two step:

Firstly, to formulate a number of coarse plans, and then select several plans with high feasible
probability. The criteria to select plans are based on planning regulations about location-sites and
upper-limitation for developing B-shops. Given the total B-shop development quantity (total floor
space), the objective of the planner in this step is to make the coming new B-shops accessible to as
many as possible household agents (in this study the households are supposed distributed uniformly
in the urban space), in other words, accessible to as much urban area as possible. This step is
realized using a GA approach and this paper is mainly devoted to discuss this step.

Secondly, the planner agents examined the possible impacts of these selected B-shop plans one by
one in Shopsim on commercial development of downtown. Based on simulation result, the planner
agent can decide which B-shop plans are best meet planning objectives. This step work is report

reported in another paper3) and is not main concerning of this paper.
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The hypothetical city is represented by a rectangular space and the downtown area is represented
by a circle space in Shopsim (Figure-1), and for illustration the number of existing B-shops and the

number of potential sites for the new B-shops are reduced to four and eight respectively. The

8!

g t

<~ Locations of existing B-shops
[i]. Potential Locations for new B-shops

@ Downtown area
Figure-1. Location of B-shops.

definition for the variables used in this paper is list in the Table-1.

Table-1. The definitions of variables.

Variable | Definition
TS The total floor space waiting for allocation.
m The number of existing B-shops (EB-shops)
n The number of potential locations (sites) for B-shops
k The number of planned new B-shops (NB-shops)
J The j-th existing B-shop
ih The i-th or A-th new B-shop
dij The Euclidean distance between the NB-shop 7 and existing B-shop /.
din The Euclidean distance between the NB-shop 7 and the NB-shop A.
R; The estimated trade area radius of the NB-shop /
Si The floor space allocated to the NB-shop /
P The area covered by the trade circle of NB-shop i
7z The threshold of minimum area used in GA function, denoting the
trade circle of total new floor space should cover
7 The area overlaid by the trade circle of NB-shop i and trade circle of
b NB-shop &
B The constant representing the threshold above which a shop will be
called a B-shop (set according to urban planning law.)
L The upper-limitation for NB-shop floor space in the potential location
: J
W, The weight of NB-shop I to get allocation of floor space (the percent
' of NB-shop’s floor space in Total floor space).
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G The total number of initial B-shop plans ( the number of chromosome)
f, The fitness value of g-th B-shop plan (the fitness of g-th chromosome)

l Set parameters for GA J

| Initialization (generate solutions) j

o

{ Calculate fitness for each solution |

v

I Rank fitness of solutions ]

the solution with the best fitness
is acceptable?

Yes
Nol{

| Selection

v

I Crossover |

Record the solution ]

| Mutation I

Number of record acceptable
solutions >=1?

Figure-2. The flow chart for planner agent to find feasible development
solutions using GA.

The objective of B-shop plans:

max(iP,. —iiZih) i=h. (1)
i=1

i=l h=1

Given the objective of B-shop plans and the total development quantity (TS), try to find a set of
feasible solutions to allocate TS among potential location sites, which must satisfied following

planning constraints;
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3. The GA for finding feasible B-shop development plans

3-1. Algorithm

The goal of the genetic algorithm in this study is to search feasible B-shop develop plans that
satisfied the planning objectives from a group of random generated alternative plans. The general
steps of the proposed algorithm are showed in Figure-2. Detail critical steps are given in the

following sections.

3-2. Coding new B-shop location solutions and initialization
To select k sites from n potential sites for new B-shops, the number of possible plan solutions will
be:

n!

ch=— Tt _
" k) @

So the total number of plan solutions will be:

n

n!
2 k(n—k) )

k=1

Before the search process, B-shop location solutions have to be coded into chromosomes
(denoted as Chrom.), a form of binary strings. If a B-shop is located at site j then the respondent
gene is unity, otherwise zero. Considering eight possible potential B-shop sites supposed in this

paper, there would be 255 possible B-shop development plan solutions.

Table-2. Generate initial solutions (Encoding).
[Potential I P B 4 6 7 B8

site

Chrom.1 {1 0 © [1 0 0 ©
Chrom.2 |1 0 {1 0 ©0 )1 |1
Chrom.3 1 {1 1 0 {1 0 |1
Chrom4 0 |1 0 1 10 |1 P
Chrom.10 |1 |1 0 0 |1 0 P
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< Locations of existing B-shops
[i] Potential Locations for new B-shops
@ Downtown area

B Locations with new B-shops

Firgure-3 The illustration of an B-shop location
solution.

Table-2 presents an example of the structure of chromosomes. Figure-3 illustrated the location-
site allocation solution represented by Chrom.1 The search process start with a certain number (e.g.
10) of randomly chosen chromosomes that constitute the first generation.

The floor space allocated to a new B-shop is done according to their location-sites concerning
their spatial distance to each other and to all existing B-shops. The radius of a new B-shop’s trade
circle is first estimated using an analogous method that suppose the radius is the half of average
distance to other B-shops (Figure-3.). And then the percent the new B-shop’s floor space occupied
the total development floor space, called the weight to get floor space for the B-shop, is calculated
based on its trade circle radius. Thus, the planner agent can figure out how much floor space should

be allocated to the new B-shop. The formulas used in floor space allocation are showed as

following:
k—.ld m d
4 .
. 2, ; ! ©)
oAk -1+m)”
v
W, =~
i » %)
}’}
i=1
S, =TS *W,, (8)
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3-3. Calculating fitness value

This step is used to evaluate feasibility of each B-shop plan. According to B-shop planning
objective, the more area new B-shop trade circles cover, and the fitter one plan is. Otherwise, we
have a threshold of minimum area Z used in GA function, denoting the trade circle of total new
floor space should cover. The fitness value of B-shop plan g is calculated out using following

formula:

k
fo=r. ©
i=1

3-4. Evolution operators
The roulette wheel approach is adopted for selecting parents. The probability of a chromosome

being selected is measured by following equation:

p,=1f,] 21, (10)

The better the chromosomes are, the more chances to be selected. Crossover is performed by
picking up one gene randomly from each parent and exchange a random point in the parent's
sequences and switching every number in the sequence after that point. For each gene that has been
modified by crossover, a random number ranging between 0 and 0.1 is generated. For the random
number that is smaller than the given mutation rate, this gene will be changed to either of other two

different numbers different from itself with equal chance.

4, Conclusion
This paper proposed an genetic algorithm to find feasible B-shop development plans that is
consistent with planning objectives and development regulations about location used as the planner
agent’s decision making tool based on an multi-agent system called Shopsim. This only the first
step work of the planner agent to examine the possible impacts of planning B-shops on downtown.
In this approach, the planner agent codes B-shop location plans into chromosomes, and calculating
their fitness values making use of environment provided by MAS. By experimenting with different
planning objectives, different development constraints and variations to the relative priorities
placed on each of the objectives, a set of development plans can be generated that provides a set of
feasible plans for the study area. Plans generated in this way then will be implemented and
evaluated in Shopsim through simulation to visualize the possible impacts on the downtown
commercial development if these plans were carried out in the city.

The present paper has focused on the development of the genetic algorithm for complex B-shop
development planning. The striking characteristic of this research is to arm the planner agent with

GA to make decision and to visualize the feasible plans and their possible impacts. The GA
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approach based on MAS is supposed as a promising useful tool for supporting B-shop planning
decision.

However, this study has some limitations. First of all, the proposed GA is only applied to an
artificial environment, so efforts need to validate applicability of the proposed method with the
real-world data set. Moreover, the method to allocate floor space for new B-shops is also just need
to further improvement, which is done according to the area covered estimated trade circles of new
B-shops. As further research, how to integrate this decision making process of large-scale shopping

centers location with multi agent system in Shopsim will be taken into account.
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ENE

Geo-simulation model using CA for visualization of formative years of
land use in urban partitions

1. Introduction

Recently many simulation models using CA (cellular automata) and MAS (Multi-agent System)
are constructed in the scope of simulating formative years of urban growth and urban pattern
(Michael Batty, 2004) at the level of regional or city areas, which are improved significantly in the
theory of urban modelling because of their effective model frameworks for simulating complex
spatial system. It has been demonstrated that CA and MAS are powerful in exploring the
uncertainty and complexity inherent in urban land-use and transport system (for example,
Masanobu Kii and Kenji Doi, 2005; Michelle Chabrol, et al, 2006). However, most of existing
research reports in the context of urban land use focus on urban sprawl, in which research
approaches are restricted within two-dimensional regular lattice for large-scale urban space. Few
are approached from small-scale urban space which is a district within a city area and some
research reports (Erickson, B. and T. Lloyd-Jones, 1997) show examples of emerging urban pattern
in an object-based model accounting for buildings and road segments presented in 2D and 3D,
which hint that CA is also likely to be employed for the small-scale urban space. There are very
few studies carried the geo-simulation on the level of urban partitions forward, which should be put
forward by employing irregular lots and intermittent blocks in urban space. For expansion of the
possibility of urban modelling using CA, we propose a new approach using CA and discuss about
its possibility in spatial micro simulation at the level of blocks and lots. What we are concerned is
regarding how to use CA to simulate urban partitions such as blocks and lots in urban space after
some designated urban redevelopment projects in which lots and street networks are readjusted and
buildings should be reconstructed by households and office owners.

With respect to the availability of CA simulation at the level of blocks and lots in planning
practice, for example, land readjustment projects is implemented in most of cities in Japan, where
new street networks are constructed and position and size of lots are readjusted. (With respect to
land readjustment projects which is implemented in most cities of Japan , the formative years of
land use after redevelopment always take dozens of years, when the former owners of the lots deal
compensation affairs with developers and new owners are late in building their houses because of
dealings in real estate. It is difficult to for planners and developers to image how project areas
would be after redevelopment. Planners note there is a significant difference between planning
concepts and the reality after construction. Therefore, tools, which can provide insight into future
while embrace the complexity and uncertainty of the urban partitions, are in imperative need.

Regarding urban space as simulation targets, there are several levels such as a whole city,

aggregated urban partitions such as census tracts and urban partitions such as lots and blocks. Most
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of research projects are endeavouring to simulate the formative years of urban growth or urban
sprawl phenomenon at the level of the whole city using automata-based modelling, based on
two-dimensional regular lattice and two-dimensional network or Voronoi partition of
two-dimensional urban space.

Basically, lots located in blocks that are severed by street network can be recognized as irregular
adjacent polygons and mutually influence each other between neighbours. Even though lots are
divided into two groups on different sides of a street, lots on both sides are also neighbours
whereby they influence each other. Accordingly, we assume that the concept of CA can be
introduced into simulation in urban partitions. Recently in Japan, Some research projects utilize CA
and MAS to analyse the phenomena of local city centre decline (Chen, P., Shen, ZJ. and
Kawamami, M., 2006, (Yosuke Ando et al, 2005) in Japan. For example, Yosuke Ando carried out
a research on city centre vacancy in which the emergence and agglomeration of vacant buildings
and the effect of empty space on commercial space are simulated in computer experiment.
However, a usual grid system is employeci as the proxy of urban partitions in city centre in order
that the simulation model can be operated as the same way as those at the level of entity city.

Reviewing the CA research projects, there are actually many kinds of simulation models in the
field of Geo-simulation already. Paul (Paul 2000) described the basic conceptions of cellular
models for urban modelling, which are about cell state, lattice, neighbourhoods and transition rules.
Before Paul, White and Engelen (1997) discussed about integrating of cellular automata model,
GIS and decision support tools for urban planning and policy making. For the earlier practical
studies of CA model, Batty (Batty, M. and Y. Xie 1994) discussed about a practical CA model for
dynamic urban sprawl, in which the effects of the spread parameter, the vacancy parameter and the
redevelopment process parameter are estimated respectively as threshold values in transition rules.
Another study (Fulong Wu 1996) integrates CA with heuristically-defined transition rules to
simulate land use conversions in the rural-urban fringe of a fast growing metropolis which
expanded the CA research not only about the urban sprawl phenomenon but also the urban pattern
based on different types of land use in simulation. Fuzzy set theory has been applied to capture
uncoordinated land development process. In another CA model development,
fuzzy-logic-controlled (Yan Liu, Stuart R. Phinn 2003) transition rules are introduced into cellular
automata model to simulate the process of urban development. Calibrating CA models to real
situations (Cldudia M. de A., M. Batty & others 2003) is highly problematic and to date, structure
for simulating urban change based on estimating land use change using elementary probabilistic is
discussed. Otherwise, CA model can simulate urban space respectively based on different
scenarios defined by different parameter sets. By providing a series of scenarios, it reveals many
possibilities of the inherent in certain development strategies that may be the future of the city.

Though few is making endeavours on simulation of urban partitions employing irregular
polygons, Erickson (1997), who remove some more of the inconveniencies of the standard CA

framework, simulated the spatial pattern of an English village in the form of buildings and road
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segments that are shown as irregular polygons. Benenson (2004) provided a GAS framework in
which direct and indirect geo-referencing of fixed and non-fixed GA is presented in
two-dimensions space, and indirect geo-referencing can be referenced by pointing in urban space.
Layers in CA model (Ivan Blecic, Arnaldo Cecchini and others 2003) was introduced as an
important innovative idea in urban simulation using CAGE (http://lamp.sigis.net/), in which
various relevant phenomena are simulated according to assigned rules designed in different layers.
Neighbourhoods in CAGE is defined as adjacent cells in one layer that can be based on regular
grids or irregular Voronoi partitions, and the criteria of Euclidean distance between cells and
predefined patterns (Von Neumann, Moore, Margolus, etc.) are comprised as special cases of
generic queries.

The plan regime is different between different nations and there are diversified planning
regulations on their urban system. Planning regulations regarding urban developments have control
power in the process of urban sprawl, thus they are taken into account as control conditions in
urban simulation. So far, research teams of WhatlF and UrbanSim argued about the structures of
urban simulation model that include planning regulations as control conditions in their simulation
process. Furthermore, Wu (Wu and Webster, 1998) explored the hypotheses that natural zoning
under free-market, government-regulated market and self-regulated market conditions is more
likely to lead to a socially efficient city than a planned city with prescriptive land use zonings.

The purpose of this study is to explore the effectiveness of CA for simulating the potential
impacts of urban planning at the level of urban district. Different from most of CA models
simulating urban growth based on the two-dimension grid space, this study tries to introduce land
use zoning and street network as planning conditions into parameters of CA simulation model. In
this project, computer experiment is conducted in an example project area where the land
adjustment redevelopment project is implemented. Here, for the future image of urban districts
where urban redevelopment projects are carried out, we suggest a tool using CA in this project.
Consequently, the impact of land use zoning and street network as planning control what planners
draw in the project area can be foreseened if employing the simulation. Thus, planners can inquire
into the impacts from urban planning through the simulation if CA is verified available on the level

of urban district.

2. Research approach
2.1 Establishing data structure of urban partitions for CA simulation

As the purpose mentioned in the introduction section, the urban space of our simulation target
is urban partitions at the level of urban district composed of blocks and lots which are adjacent with
each other and influence with each other. As agued above, the spatial pattern of irregular blocks
and lots can be adopted in CA simulation because it has the basic characteristics of CA simulation
employing grid data, even though it may not have a regular grid net. However, there are differences

between them also. Many CA researches regarding urban growth are simulating the growth spatial
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pattern from a seed to the whole city, which do not need a boundary for urban growth in the
simulated space. On the contrary, blocks and lots are drawn in planning drawings and there is a
boundary for them naturally. Accordingly, the simulation cannot go over the boundary of an urban
district. Moreover, the formative years of land use is simulated but no urban sprawl phenomenon,
no birth and death of blocks and lots are necessary to be simulated.

Thus the simulated urban space can be edited using GIS as irregular polygons which are
representations of blocks and lots. As supplementary explanation, a street network whereby the
polygons severed by the lines of street network can be utilized as substitutions of adjacent blocks

on the urban space for keeping the information of CA neighbourhood regarding blocks.

2.2 Construction of simulation model with urban planning parameters
Because planning conditions have significant impacts on land use of each lot (M. Rachi, M.
Kawakami, 2000) including land use zoning, Front Street and lot position, and are different with
development control conditions in macro geo-simulation, these planning conditions should be taken
into account in the simulation model. Regarding geo-simulation at the level of macro, the urban
pattern of built-up area is the objective of simulation. However, the simulation model employed in
micro geo-simulation should output different types of land use as the simulation results. Whether
the lots occupied by buildings or not are not enough because lots are already in a built-up area. We
divide land use into four types that are residential, commercial, industrial and unoccupied lots. We
assume that each lot has probabilities of becoming any type of these land uses, which are defined as
quantity variables indicating different states of a lot which is consistent with different types of land
use. One among four types of land use in each lot comes out as the simulation result and the type of
land use occupies the lot, which the simulator chooses from max one of the four state values on
behalf of the types of land use employing a fuzzy model with if-then rules.
In the initial step of simulation, all lots are unoccupied but input with initial state value of each
type of land use that will grow up under the influence of neighbours, planning conditions and new
land use demand in the urban district. The simulation should represent the process of growing land

use in lots, and the land use change phenomenon between different types of land use.

2.3 Validation of simulation model in virtual space

Because the urban space is composed of irregular polygons, even if we erase the space between
streets, the urban district will not become a space with orderly matrix of cells. However, it is likely
to be seen as orderly matrix of CA grid data if we utilize a virtual space for simulation, where lots
are edited on a map as regulated polygons in the form of square with the same size. Thus, if
simulating in the virtual space, we can examine behaviours of the simulation model through the
spatial pattern in the regulated polygon grids with the methodology of CA.

Percolation model can be utilized to check if the simulation model satisfies CA theoretically.

The percolation probability has a causal relationship with the size and number of clusters whereby
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validation of the simulation model can be carried out through the spatial pattern outputted from the
simulation. On the other hand, parameters in simulation model are certainly important to control

the output of simulation. Thus, the parameter settings and their outputs can be tested for validation.

2.4 Calibration of simulation model in study area

Even though the simulation model has a good fitness with the theory of CA, it does not mean
that it will work in reality space. A calibration process is necessary to examine the effectiveness in
planning practice.

A study area is chosen as a measurement standard for calibration of the model, where a land
readjustment project was carried out in 1969. We investigate the land use change of each lot in
1969, 1974, 1980,1986, 1992 respectively, and define one step in simulation as about two months
in reality. After simulation, the ratio of each type of land use and the spatial pattern using cluster

based on percolation model in the study area are compared with those of simulation result.

3. Establishing a concept model

We establish the concept model for land use state of each lot as equation (1), in which i lot
and its neighbour » are considered as cellular automata. For simulating land use change in urban
partitions, we add Tr() as the influence from the internal economic for simulating the land use
conversion phenomenon between different types of land use in each lot and De(#) as the influence
from the external economic for simulating the increasing and decreasing demand of each type of
land use. In the simulation, the lot state value in each step ¢ decides the state value in next step f+1
according to the concept model as shown in equation (1). However, the state X(?) is a continuous
quantity that is calculted by eqution (1) but the type of land use L(?) is a discrete quantity that is

decided by transition rules.
X(t +1) = F(X(t), NX(t), De(t), Tr(t), p(t)) )

3.1 Neighbour

With respect to the neighbours of a lot in a block, the adjacent lots are the neighbours according
to Moore neighbourhood as constrained CA. Moreover, even though the surrounding blocks are
served by streets, they always influence each other in land use. As described in equation (2),
NX(t) is the state value of neighbour what is calculated for differenet type m of land uses
respectively. The state value of the neighbours is the sum of neighbour lots’ quantity and neighbour
blocks’ quantity that are differences between the average of the state values of the neghbour lots &
or blocks b and the state value of the lot or block itself, which are shown as equation (3) and (4). In
addtion, B is the block that the lot i is located. Xp(?) is average of the state values of all lots in the
block B.
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AxP(E) + AxP(t)
NX(t) = S AxP(t) + AxP () 2)
AXP(t) + AxS(t)

For control the degree of neighbours’ potential in simulation, a parameter G™(#) is employed

respectively according to different type m of land uses in equation (3) and (4).

AX[™(t) = G‘M)“”{ijl(?)k 27 () - x,-‘m(t)} 3)
AX(Bm)(t) ) G(m) (t){N—bl(—tS baly 'bi(B[(’m)(t) - xgm) (t)} (4)

3.2 External Land use demand

A city and its urban districts are economic entities. If the increase and decrease of land use
demand in an urban district can be reflected in the state value of lots, amount of external land use
demand that can be allocated in the district will be simulated while considering the limitation of
supply-side based on lots’ numbers and sizes. We use GT to control the state value of demand-side.
De(t) reflects the state of external land use demand, which takes a role on changing the
demand-side’s quantity in the state value of each lot and if GT were minus value, thus the demand
is decreasing.

The capacity of supply-side is controlled by the average state value of all lots in the district,
which refers to the model of Takizawa A. and et al (2000) as shown in equation (5). Otherwise, H

is employed in order to control the supply-side’s quantity of each lot to the demand-side.

GT(m) . x,gm)(t) . X(m)(t)

N
De’(m) (t) — = all (5)
1+H- L] ()

all

3.3 Internal Land use demand

Even though the land use conversion from one type to another type happens, which is considered
as a quite stable phenomenon in real urban district. The type of land use with the max state value in
one lot will decide which type of land use will occupy the lot, thus the adjustment of state values
between different types of land use will work as a role of improving the land use conversion. For
controlling the land use conversion phenomenon, the inflow or outflow of the state values between
different types will work. As shown equation (6), Tr(#) as a part of the state values are flowing in
from m+ type of land use and flow out to m- type of land use, however it does not flow between

neighbours. The parameter H in equation (6) is employed to control the state value of land use
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conversion. In addition, the equation (6) also refers to the model of Takizawa. and et al (2000).

D™ - X{™() X{T(E) ST X)X ()

Tri™(t) =
) 1+ H - x™)(t) 1+ H - x'™(t)

(6)

3.4 Planning parameters

The spatial distribution of land use types in district is affected significantly by planning
conditions (M. Rachi and M.Kawakami, 2000), such as land use zoning, front road, lot position and
so on. Thus we use parameters of planning conditions for controlling the state value wholly. The
parameter note mu is regarding land use zoning, mr is regarding front road and mc is regarding lot
position that is about whether the position of a lot is in the corner of a block or not. Furthermore,
we think that the impact from planning conditions is different with the shape of lots; the parameter
g is employed for controlling the impact from planning conditions, which is proposed in the
research report of Maniruzzaman K.M., Y. Asami and A. Okabe (1994). Parameter a is area of the

lot and parameter p is peripheral length of the lot.

P =( )? (7

z pm ) = (Pl(mU) + Pz(mr) + P3(mc)
=l 3

W | =

®

s |

3.5 Transition rule

As a whole, the transition rule employed in our project is shown as equation (9) and (10), which
includs the impact from neighbour lots and blocks, external and internal land use demand and
planning conditions of the lot.

When simulation starts, the initial land use type is set as 0 that means unoccupied, however, the
initial state value is set by random value between 0-1 that can be seen as the households’ trends if
we change CA process to Multi-agent system in the future.

Variable { is defined as a threshold for making decision if a lot will be occupied or not. Firstly,
when the sum of state value of a lot is larger than { ;,, the lot is occupied by the type of land
use with the max state value. Secondly, if the sum of state value of a lot is between { pi, and
max» the lot will keep its current type. Finally, when the sum of state value of a lot is larger than '
max> thus the lot is changed to the type of land use with the max state value. All of these rules are

described in equation (10).
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XMt +1) =

; a 9
(x™(t) + AXI(E) + AXEP(E) + DS () + Tri™(¢))- (é D P}’"’J ®
IS
If x(t)=0
if Sx™(t)< o then  Li(t)=0
m=1
if ix,.('")(t) ¢, and  x(t)=max(x, " (t)) then L(t)=1
m=1
(10)

elseif x,(t)=1

if Coin < ix,.('")(t) <¢max then  L(t) keep_its _land _use
m=1

if ix,"”)(t)zgmax and  x(t) =max(x,"(t)) then L(t)=/
m=1

How the state value of a lot will grow up in the process of simulation? The state values of lots

usually increase in a curve form with varied growth rates that will be shown in next section.

4. Model validation with percolation phenomenon

For model validation, A virtual urban district (Fig.1) is created for computer experiment.
Firstly, we check the trend of state value and each component in the simulation model. However,
the state value is not the simulation output, and thus the transition rule is utilized to find out which
type of land use is the simulation output of each lot. Secondly, we examine the parameters’
behaviours (Table 1) in simulation through the simulation output which is the ratio of each type of
land use. In the virtual district, there are only one type of land use zoning, one street network
including one main street, one collector street and many neighbourhood streets. The lots are

homogenous and allocated regularly in the equable blocks.

Tablel. The basic parameter setting

Parameters R C 1

. Ipl: land use zoning (quasi-industrial
Land use zoning

district) 1.0000  1.0000 1.0000

p21: main street 0.9000 1.1000 1.0000

Front road p22:collector street 0.9000 1.0000 1.1000

Ip23:neighbourhood street 1.0400 0.9100 0.9500

. p31:corner 0.9000 1.1010 0.9990
Position

p32:nocorner 1.0210  1.0000 0.9950

D:parameter of transition from other
use 0.0010 0.0010 0.0010

Land transition
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S:parameter of transition to other use | 0.0010  0.0010 0.0010
Land demand |GT:parameter of land demand 0.0500  0.0500 0.0500
H:parameter of controlling land demand and transition | 1.0000  1.0000 1.0000
G:neighbour impact 0.0100 0.0100 0.0100

Note: R=residential use, C=commercial use, I=industrial use. Land use zoning is definited as
quasi-industrial district here where all kinds of land use can be permitted equitably, thus the
parameters are set as 1.

Street and parcels

Access to main street

Access to collector street
[:::] Access to neighbour street

Fig.1. The virtual district for simulation

4.1 State value in simulation

How the equations listed up in the last section will act in simulation? Even though the
components are designed respectively and we understand the behaviour of each component,
however, we do not know how it will work together. For this, we examine how the state values of
each component will change theoretically through a computer experiment.

This simulation starts in each lot respectively with a random initial state value. In our computer
experiment conducted with the base parameters shown in Table 1, one step is two months and 100
steps are about sixteen years that is the average formative years of land use in land adjustment

projects in Japan.

4.1.1 State value

As shown in Fig.2, the average of residential state value x™ (%) of all lots is growing up from the
step 1 to 100. Coincidentally, the standard deviation x® () is also growing up and the state values
of all lots in the virtual district are becoming more and more variant. The sate value is composed of
the impacts from neighbour blocks and lots, land use demand; we examine them respectively in the
reminder. In addition, the average of state values regarding commercial and industrial use has the
same trend as those of the residential state; however, one of the types of land use state value is also

possible to go down if we change the base parameter set to improve only one type of land use

—121—



parameters significantly.

60.000

50.000 r

40.000 -

30.000 F Average of state value (R)

20.000

10.000 tandard deviatiorn
of state value (R)

0000 1 1 1 1 1
1 11 21 31 4] 51 61 71 81 91

Simulation step (t)

Fig.2. The average of residential state value in simulation

4.1.2 Neighbourhood

As shown in Fig.3, the neighbour component NX(#) of residential, commercial and industrial
states are plotted together. The figure shows that nx™ (1) is going down gradually while ™) is
growing up, because the numbers of neighbour streets are more than that of the main street and
accordingly the commercial state is not advantageous to the residential state. Coincidentally, the
collector streets are advantageous to the industrial state, however, there are also a few in the district
and the nx™” (1) is also going down.

As far as the base parameter set is used in this simulation, the positive impact of residential state
is the highest and the commercial state is the lowest among the three types of land use. However,
the impact from neighbourhood is measured according to subtraction of a lot’ state value and the
average of its neighbour state value, the graph can also behaviour like complicated periodic wave if

we change the parameters of different types of land use respectively to adjust the impact from

neighbourhood.
0.05
i l//
25 190

005 1 e R Neighbour

~— C Neighbour

| Neighbour
0.1

Simulation Step (t)

Fig.3. The average of neighbour state value including blocks and lots
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4.1.3 Land use demand

With the growth of the state value x™ (1), the external demand De™ (1) also grows up as Fig.4. We
can control the demand through adjusting the parameter GT™, and it will grow up if we define the
GT™ parameters with a positive quantity. On the contrary, if the parameter is defined as minus
quantity, then it will go down. In this simulation, the GT™ of base parameter set is given a small
quantity and accordingly the impact of external demand is limited in a small extend, thus it has no

enough influence comparing with the state value.

2.500
2.000 r
Average of De value (R)
1.500
1.000
0.500 Andard deviation
of De value (R)

0.000 ' )

1 11 21 31 41 51 61 71 81 91

Simulation step (t)

Fig.4. The average of state value of external land use demand

0.05

—— Tr(R) Value
—Tr(C) Value
e Tr(I) Value

smnted §%
25 50 75—t

-0.05

Simulation Step (t)

Fig.5. The average of state value of internal land use demand

For presenting the internal demand of land use conversion, the transition of state values between
three types of land use is taken into account in the simulation, in which the conversion patterns are
C-R-I, I-C-R, R-I-C, which mean that the state value of residential use is infused from the
commercial use and flows out to the industrial use, the state value of commercial use is infused
from the industrial use and flows out to the residential use, the state of industrial use is inflused
from the residential use and flows out to the commercial use. According to simulation based on the
base paremeters set, the change of 7 Y™ (1) is plotted in Fig.5, Actually, even though there are many
patterns of land use conversion, only the pattern C-R-I-C is employed in this- simulation. From
Fig.5, as opposed to the 7+ (¢) which is going down stably, 7+®(®) and T+ (1) are changing in

complicated periodic waves and the residential state and commercial state are changing state
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quantities with each other within the lot.

Based on the base parameter set, the internal demand of land use conversion is limited to a small
extend which have no special impact on the total state, therefore there is no significant land use
conversion phenomenon in the simulation.

Actually, the state value is not the final output of simulation. Therefore, only the
behaviour of each component is not enough and we should watch how the components

work together.

4.2 Ratios of different types of land use as aggregated simulation output
The simulation is outputed through the transition rule employing an if-then process, thus the
state value will not decide the output directly. Even though we check the state values and describe
their behaviors in the last section, we still don’t know how they will act on the output. Basically,
the parameters will change the state value and the if-then process makes the output.
The simulation output is aggregated as ratios of each type of land use through an if-then process
according to the transition rule, which are shown as Fig.6. In addition, it is difficult to study the
relation between the simulation output and state value; however, given we try to output the types of

land use, the state value has its limitation.

100 ==

90 e
80 AR U ———
70 Residential ‘\
Commercial \
60 . .
Industrial .
50 - = = - Unoccuppied .

40
30
20

Rate of land use tpyes (%)

Simulation step (t)

Fig.6. The simulation output based the base parameters set

4.2.1 Planning conditions

Firstly, the role of parameters of planning conditions can be made explicit while changing their
value. These parameters include land use zonings, front road, lot position and so on, which are
divided into three types of parameters according to the types of the land use. As shown as Fig.7, the
parameter of residential use defined for land use zoning is adjusted to 1.08 that is larger than 1 in
the base parameter set, correspondently the ratio of residential use plotted in Fig.7 become larger
than that plotted in Fig.6. Enlarging the residential parameter produces more residential lots of

which the residential state value become the max state among the three types of land use state.
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Fig.7. P(R)=1.08 (comparing with the base parameter set, P(R)=1)

4.2.2 Neighbourhood

Regarding the impact of neighbourhood, there are also three types of parameters utilized for
residential, commercial and industrial use. Certainly, if the residential parameter is enlarged, thus
the ratio of residential use in simulation become more. In the case of residential use, the differences
between the role of planning condition parameters as shown as Fig.9. Concretely, if we set the
parameter for residential use as 2 larger than the number of the base parameter, the simulation
producted out two periodic waves of residential and unoccupied use. The waves emerge because
the neighbour residential states are subtracted quantities from the average of residential state values
of neighbourhood, which will decrease if the residential state value of the center lot itself becomes
larger than the average of residential state values in the neighbourhood. Therefore, the neighbour
residential state enlarges or diminishes the residential state value of the centre lot, thus there is a
balance between the centre lot and neighbours and finally they reach a stable periodic change of

ratio of residential use in this simulation.

100

90 . Residential
.80 r Commercial
® 0 + ¢ Industrial
3 .-~ ied
% o L 3 noccuppie
Q Y ~
3 50 | mnmmwmmmﬂnmmmww
- A
§ a0 }
s {
e 30 F
)
2 20

10

0

0 25 50 75 100
Simulation step (t)

Fig.9. G(R)=2 (Comparing with the base parameters set G(R)=0.01)
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Fig. 10. GT=20 (Comparing with the base parameters set GT=0.05)

4.2.3 External land use demand .
As shown in Fig.10, the external demand parameter GT is enlarged as 20 than 0.05 in
the base parameter set, thus the three state values of land use are larger than thresholds in
the earlier stage and land use types are outputted earlier in the simulation. However,
while simulation processing, the state values grow up and become larger than the external
demand state vaiues. Therefore, the parameters of planning conditions and neighbourhood
begin to work and the ratios of different types of land use go different ways as plotted in
Fig.10. In addtion, if the new external landluse demand increases or decreases, we can
adjust the parameter as positive or minus quantity in the simulation and the output of this

simulation will be in different forms.

100 =

'
90 Residential
80 L Commfrcml
= . Industrial
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s 30 F A
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0 . ; .
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Fig.11. D=S=10 H=1 (comparing with based the base parameters set DS=0.01, H=1)

4.2.4 Internal land use demand

The internal demand parameter controls transition of a lot’s internal states in the simulation,
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which ean be recognized as a response to external economic growth in land supply-side. In the case
of the parameter is set as 10 in the simulation, the land use coversion is reproducted very well as
shown Fig.11,. If the parameter is defined as a small quantity of 0.01 in the base parameter set,

there will be no land use conversion phenomenon in the simulation that is similiar to the reality.

4.3 Spatial pattern and percolation model

As argued in the last two sections, the simulation model can be employed to control the impacts
from planning conditions, land use demand, neighbourhood which are recognized as important
factors of land use formulation in urban district. Furthermore, we check the behaviours of state
values and each component of the simulation model, and examine the simulation output in which
the land use of each lot will be confirmed according to the maximum state value among three types
of the land use. On the other hand, spatial patterns of the simulation results can be employed to
check whether the simulation model works well or not. Therefore, the simulation model is an
approach to visualise the spatial pattern of land use and how to valid it is the next task. Here, we try
to use percolation model which is one kind of CA models to understand which kind of spatial
patterns are generated from the simulation and valid the simulation model through the percolation

probability and clusters.

4.3.1 Land use patterns and twe-dimension bond percolation

In the simulation, the lots in the virtual district are occupied gradually from 20-60 steps as
shown in Fig.6. The spatial patterns of land use in serveral steps are visualised in GIS and shown in
Fig.12. For employing percolation model for the model validation, we divided the lots into
occupied lots and unoccupied lots and check the spatial patterns in different steps of simulation
respectively through clusters and percolation probability. Concretely, two-dimension bond
percolation model can be applied for validation of the model through the spatial pattern of the
occupied lots. The ratio of occuiped lots can be used as percolation probability and the occupied
lots that connected with each other can be agregated as clusters and the number of lots in one

cluster can be seen as cluster size.

H M. P .
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Simulation step 20 Simulation step 40
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Simulation step 50 Simulation step 60

Simulation step 80 Simulation step 100
|:| 0 Unocuppied m 1 Residential - 2 Commercial 3 Industrisl

Fig.12. Spatial patterns of simulation

Table 2. Clusters and percolation phenomenon

Occupied
Cluster size Sim20 Sim40 Sim50 Sim60 Sim80 Siml100
= 1 1 17 7
2 5
3 1
4 2
5 1
6 2,
7 1
8
9
10
11 1
12
22- 1 2 1 1 1
Cluster number without roa 1 31 9 1 1 1
Perolation:probaniiisy 03 312 648 941 1000  100.0
(occupied rate)

However, there are two methods to calculate the clusters according to methods to deal with the

street network, in other words, to calculate with the street network or without the street network in

spatial pattern. In the two-dimensions space, all the lots are simulated based on the neighbourhood

in which blocks are included too. Moreover, the street network is also relative to the front road

parameter of each lot. Therefore, we chose the way without street network to calculate the clusters.

The two-dimension bond percolation is similar but not same to the spatial pattern in our simulation

because the percolation probabilities of the two models are different things. A new modified

percolation model is need to be developed if we try to validate our simulation using bond
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percolation model in this stage.

4.3.2 Model validation through probability, clusters of spatial patterns

As usual, the bond percolation model has a general characteristic with percolation probabilities
of 0, 0.25, 0.5, 0.75 and 1 which are always companied with the number of clusters of 0, 25, 8, 2
and 1. In this simulation, the probability is decided by a transition rule which is a if-then process
definied in eqution (10), thus it is not homogenous in the simulation space while being calculated
as the ratio of occupied lots. As shown in Table 2, we present the cluster number, cluster size and
probability. If we check the cluster numbers and probabilities in Table 2, it can be seen the

simulation result is very similar to the bond percolation model.

Table 3. Spatial land use pattern of different land use

R | C | 1

Number of adjacent lots Sim40 Sim50 Sim60 Sim10{Sim40 SimS0 Sim60 Sim10§Sim40 Sim50 Sim60 Sim100

0 28 19 1 8 15 14 8 7 8 5 3

1 4 4 5 9 11 1 2 2 1

2 4 1 1 1 1

3 2 1 1

4 3 1 1

5 1

6 3 2 2

7 3

8 1 1 1

9 1

10 1 1 3 2

11 1

12 3

13 6 4

14 3 1

15 2 7

16 1

17 2

Total number 43 43 20 18 14 23 26 23 8 10 7 4

Ratios of land use types 21.0 478 713 787] 74 133 201 198] 28 37 28 15

It is reasonable to check the cluster numbers in the way without street network while validating
the simulation employing percolation model. But it is not enough to validate the spatial pattern only
from the aspect of the spatial pattern of occupied. If we check the different types of land use, the
parameter set utilized in simulation improves the residential use within the neighbourhood street,
and improves the commercial use along the Main Street and collector Street. As a result, more
residential lots are generated than commercial lots in the simulation space. As shown in Fig.12 and
Table 3, the probabilities of residential use are certainly higher than those of commercial use. The
emergence of industrial use and commercial use are constrained in the simulation space occupied
by residential use. Consequently, the probabilities of industrial use are limited within the 1.5-3.7%,
and those of commercial use are within 7.4-20.1%, they are separated by the residential use and
certainly generated more clusters in simulation while comparing with the characteristic of bond

percolation model. On the other hand, when the probability of residential use is at a low level, there
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are also more clusters comparing with the bond percolation model. For validation of the simulation
model, more sophisticated percolation model that can be applied for different types of land uses is

remained as a further research in the future.

5. Model calibration in study area

As described in the above, the simulation model is validated through clusters and the probability
of percolation model, in which the ratios of different types of land uses employed as percolation
probabilities have significant impact on the spatial pattern or percolation phenomenon measured by
the cluster size and number. Therefore, it can be said that the simulation works well with the
percolation model of CA theory. In this section, we want to calibrate the model with a real urban
district. Firstly, we have a study area chosen from the Kanazawa city of Japan, the area painted
with blue color is employed to the simulation which is planned as a quasi-industrial zone. Secondly,
we check whether the simulation output has a similar result with the real district or not by the

perocolation model.

Land use zone

The 2
residential zone
Quasi-industrial
zone

Main street
SHRER (EEMAERR - BR)

Fig.13. Study area (blue area is simulation area)

5.1 Study area in Kanazawa city

As shown in Fig.13, there are a main street and a collector street in the study area where a land
readjustment project was carried out in 1969 and the formative year of land use from 1969 to 1992
is shown in Fig.14.

In the simulation, one step is calcuted as two months and 100 steps are close to the period of
1969-1992. Even though the simulation process is not exactly the same with the real process but
they are similiar with each other. In the simulation, the paremeters employed are show as Table 4.

The parameters of land use zoning are all set as 1.0000 because the quasi-industrial district in Japan
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allows most of land use types to be built. With respect to the parameters of the front road and lots
position, we use the same parameters with that in the base parameter set. Regarding the parameters
of land use demand, we adjust them in order that the curves of land use change can be reproducted
as a stable line like the situations of the real society. However, the problem here is the parameters
of land use demand are set as the same in all of the simulation steps and not set to be consistent
with the real situation which we do not know well. If we change the demand parameters carefully
in different periods, we might get a perfect simulation result, and it is remained as a further

research topic in the future.
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Simulation steps (1) 2 months in one step

Fig.15. Simulated land use formulation process

Table 4. Parameter set for simu_lation.

A ‘Parameters R C I

~ Land use zoning pl: Quasi-industrial district 1.0000 1.0000 1.0000
~ |p21: Main street 0.9000 1.1000 1.0000
Front road P22:Collector street 0.9000 1.0000 1.1000
p23:neighbourhood street 1 1.0400 0.9100 0.9500
. p31:corner 0.9000 1.1010 0.9990

Position )
p32:nocorner 1.0210 1.0000 0.9950
. D:parameter of transition from 0.0501

Land transition

- lother use 0.05000.0500 0
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S:parameter of transition to other

use 0.0500 0.0500 0.0500
Land demand GT:parameter of land demand 0.1000 0.1000 0.1000
H:parameter of controlling land demand and transition 10.000 10.000 10.000
G:Neighbour impact 0.0500 4.0000 3.0000

Note: R=residential use, C=commercial use, I=industrial use.

5.2 Percolation phenomenon and real city

As shown in Table 5, the simulated ratios of different types of land use based on the parameter
set are reproducted well and almost consistent-with the real district. We compare the spatial pattern
empoying percolation phenomenon between the simulation result and the real district. The size and
the number of adjecent lots measured as cluster size and number are almost the same with the real
city, it can been said that the simulation output and the real spatial pattern are very similar with
each other.

From a perspective of percolation model, if different types of land use are examined
respectively, we understand that the R, C, I and the unoccupied have their own percolation
probabilities respectively. All of them are under critical probability and no fractal phenomenon
occurs in the urban space. Larger the probability is, and bigger the cluster size is. However, the
clusters’ number of different type land use have not stable relation with the percolation

prababbilities as shown in Table 5.

Table 5. Comparison of spatial land use pattern.

R C [ Unocuppied
Size of adjecent lots| Real Simulated Real Simulated Real Simulated Real Simulated
0 6 5 11 9 3 0 6 8
1 3 5 3 6 0 2 0 2
2 1 3 4 2 0 0o o0 1
3~5 4 2 3 4 1 1 2 0
6~8 2 2 2 2 0 0 0 0
9~11 2 1 1 0o 0 0o o0 0
12- 1 1 1 1 0 0 0 0
Total number 19 19 25 24 4 3 8 11
Lot number 84 83 82 82 7 8 15 15
Ratios of land use
447 44.1 43.6 436 3.7 43 8 8
types

We can make a conclusion that the real city and the simulated result have the same
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characteristics, and both of them can be explained by percolation model of CA theory. Futhermore,
we can compare the spatial patterns with each other as Fig. 16, which show a land use pattern in the
real district and a visualized map of the simulation result. It can be said that they are consistent

with each other very well, even though there are some differences between them.

£ A1 B [
AT

(a) Real spatial pattern (quasi-indusrtial district)

A"

(b) Simulated spatial pattern (quasi-indusrtial district)
Residential use |
B ndustrial use (] Unocuppied

Fig.16. The comparison of spatial pattern bewteen real society and simulation

Commercial use

6. Alternatives - possibilities of scenario analysis
Regarding the land readjustment redevelopment project, what we can propose are alternatives

about the land use zoning, district plan and its street network. For the application possiblities of this
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simulation model in the planning practice, the posibilities of scenarios analysis is showed here
regarding the land use zoning alternatives. Certainly, if we replan the street network, the simulation
will reproduce different results based on different infrastructures and different land plots in the
study area. Moreover, if we reset the parameters regading the front road and position of land lots,
the simulation will reproduct different result. Here, only for presenting the posibilities of scenario
analysis, we conducted a computer experiment in the case of alternatives regarding land use zoning.

The scenario analysis can be carried out through changing the parameters only as Table 6.

Table 6. Parameters for alternatives

Parameters R C I
Land uselAlternative 1.0600 0.9800 0.9600
zoning 1 IP1: The 1st residential district
Alternative[P1: Neighborhood commerciall 1.0000 1.0500 1.0000
2 district
~ 100
g 90 t Unoccupied
@ 80
a 70
= 60 | Residential
S 50 |
50| —
S 20 | Commercial <H_/""
s 10 | /_/./—‘__>|ndustr ]
o 0 = T
0 25 50 75 100

Simulation step (t)

IW.W” 7
T |
Wy |7 zes

Residential use EE Commercial use
B  Industrial use 1 Unocuppied

Fig.17. The simulation result of as alternative 1
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Fig.18. The simulation result of as alternative 2
As shown in Table 5, the alternatives are planned as different types of land use zonings with
the real plan in the study area, in which the alternative 1 is the 1st exclused residential district with
parameters, 1.0600 for residential use, 0.9800 for commercial use and 0.9600 for industrial use, and
the alternative 2 is the neighbour commercial district with parameters, 1.0000 for residential use,
1.0500 for comercial use and 1.000 for indurtial use. The parameters of alternatives ate set as
different values with the quasi-industrial district where all types of land use can be built freely in
the Japanese planning system.

As shown in Fig. 17-18, we can watch the significant differences between them in the formative
years of land use and their spatial patterns. Comparing with the quasi-industrial district, the
alternative 1 has more residential use in the area and the alternative 2 has more commercial use in
the area reflecting the impacts from the changing of the parameters for different types of land use

zoning. Consequently, scenario analysis can be conducted by changing parameter sets for different

planning conditions according to planners’ proposals.
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7. Conclusions

In this paper, we explore how to apply CA theory to simulate the land use patterns while
considering the potential impacts from planning conditions, neighbourhood and land use demand in
an urban district. Different from most of urban growth models using CA, the data employed in this
project is irregular polygons which are blocks and lots in urban space. Accordingly, the simulation
area is an urban district with a street network, urban partitions including blocks and lots, which is
limited within a urban development area and certainly there are no sprawl phenomenon.

A simulation model considering the impact from planning conditions, land use demand and
neighbourhood is constructed and the behaviours of the parameters are examined. Furthermore, the
model is validated with spatial patterns of each type of land use through percolation model. Model
validation is conducted as a computer experiment in a virtual district with 324 lots and 18 blocks,
which is assumed to be redeveloped by a land adjustment redevelopment project.

Model calibration is conducted in a real urban district where a land readjustment project is
implemented during 1969-1992, with 188 lots and blocks. According to the real conditions, we set
parameters for a quasi-industrial zone which is experiencing a statable growth process without
obvious land use conversion between different types of land use. The simulation result match the
spatial pattern of the real urban district very well.

As decribed in the above, we simulate the formative years of land use using CA and inquire into
the impacts from planning conditions, neighbourhood and land use demand. As a result, CA is
verified available in this kind of micro geo-simulation. However, even though the percolation
model for model validation is available at the level of occupied or unoccupied lots through clusters
and the percolation prabability, a more sophisticated percolation model is necessary for checking
the spatial patterns carefully at the level of different types of land use in simulation space.

For further research in the future, multi-agent system should be introduced to this simulation for
taking into account the households’ behaviors and their decision in the land use, and the building

use and their volumes.
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