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GIS Based Modeling and Simulation System for Assessing CO2
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Abstract; This research attempts to estimate the environmental impacts caused by regional suburbanized activities
growth such as emissions, natural loss, and wastes. GIS based modeling and simulation system is constructed for
assessing CO; emission caused by the growth of suburbanized activities in the regional scale. Case study in Muko
River Basin Region, Hyogo Prefecture, Japan is carried out based on the GIS data of 1km grids as well as statistics data
for land use, population allocation, urban activities and other social economical activities in the Region. Comparative
analysis, modeling and simulation system for the environmental changes assessment of related impacts between 1975s
and 1995 in the Region are done as follows; First "regression models" to explain the correlation of the environmental
changes with several explanatory variables including population, urban activities and other variables are designed.
Secondly the environmental loads such as CO2 are estimated by regressed parameters and other indicators. Finally,
significant environmental impacts caused by the growth of urban activities and suburbanization effects are identified.
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1. INTRODUCTION:

One of the main challenges to Japanese environment management process and planning system in postwar Japan has
been the rapid increase of urban areas and activities. The growth of population and socio-economic activities in
expanding metropolitan regions in Japan, has led to serious environmental loads to the nature and its resources
preservation ability. The continues improvement of infrastructure such as railways construction and automobile express-
way network have resulted in the expansions of suburbanized areas and the areas of large scale urban facilities, which
consequently caused a lot of global environmental emissions such as CO2 as well as local contaminations!.

This paper presents a GIS based modeling and Heglonal aren of the
simulation system to assess the Environmental Impacts o ks Rover Bash
caused by the growth of suburbanization activates in
Hyogo Prefecture, a west part of Kansai Metropolitan
Region, Japan, focusing on Muko River Basin Region as
an objective for the study, fig. 1. The study attempts to
estimate the environmental impacts caused by the
growth of urban activities and suburbanization effects
based on GIS data base analysis. The analysis focuses on
studying the relation between the growth of urban
activities and related increase of environmental loads in
the Region. The models of the analysis estimate the
environmental impacts such as natural loss and CO2 Hyogo Prefecture Case study in Muka

o 0 th 1onal le of Muko Ri Regi (The west part of Kansei Metwopalitan Region: River Basin Region
mission region . . . . . .
emission in the regtonal scale of Muxo River Region Fig. 1 Regional Location of the case study of Muko River Region

2. MUKO RIVER BASIN REGION DATA SET PROCESSING

Kansa Metropolitan
Region of Japan

2.1 GIS Data-Base System for Regional Environmental Impacts Assessment

An integrated GIS based study is constructed for the modeling and simulation system as 1km grid statistics data to
analyze the environmental changes and related impacts caused by suburbanization effects of the intensive development
process of residential and commercial facilities with related emissions in these areas of Muko River Basin Region?,
based on a comparative analysis between 1975s and 1995s for the considered data as shown in fig. 2. Environmental
impact such as CO2 Emissions brought by increasing of commercial activities and automobile access to shopping areas,
and residential facilities are identified by 1km grid GIS data with their spatial patterns.
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The data considered in the analysis included
various types (lkm grid, Statistics, Coverage,
Spatial, Paper maps data and others) as follows:

(1) 1km grid GIS data for population, land use and

land cover categories, etc (1975 to 1995).

(2) Statistical 1km grid data (1975 to 1995).
(3) Japan Statistical Yearbook Data, 2003.
(4) Road Traffic Census and transportation Data in

Hanshin area, Hyogo Prefecture (1977, 1997).
(5) Other coverage data for the analysis.

The outputs of data analysis give key factors
for policy recommendations for future sustainable
development and regional activities management, as
shown in the framework in fig 3.

Fig. 2 An Integrated Data-base System for the Analysis

2.2 Framework for GIS-Based Modeling and Simulation System

The system was obtained by comprehensive
various categories and types of regional data inputs
for the analysis such as land uses, transportation
network, automobile trips for shopping, and
population allocation. Social activity data such as
commercial sales and large scale stores allocation
are also converted into 1km grid data as well as
transportation accessibility of automobile ways in
this RegionS. The data have been made for time-
series comparative analysis between 1975s and
1995s for estimating CO7 emission changes caused .

& Regional sctivity managoment and
by automobile trips to shopping areas in the region ' tiak control of trpacts

N and estimation process
and related factors as outputs for the system, fig. 3. 5= epsat
Fig. 3 The Modeling Process inputs and outputs framework

3. DRIVING FORCES ANALYSIS Of ENVIRONMENTAL IMPACTS IN MUKO REGION

Urbanization and socio-economic activities growth in Muko River Basin Region constitute the major driving
forces of environmental impacts such as natural loss, air pollution, water contamination and CO» Emissions, which
result in considerable changes in the environment. Environmental impact elements brought by several regional driving
forces and regional management policies are identified by 1km grid data with their spatial patterns.

Monitoring of such changing of the environment, irnanized activities and sconomical
the population and urban activities changes are among gowth taths Regien |
the most critical information for future sustainable
development, and environmental and ecosystem
management. The analysis is carried out based on
considered data of population and suburbanized
activities in Nishinomiya, Takarazuka, Kita-Kobe, Lupacts
Sanda, Amagasaki, Itami and Ashia cities of Muko River ‘
Region. Spatial patterns of environmental indicators are
defined such as the loss of natural land covers, and
carbon dioxide emissions. The relationship between
driving forces of the environmental impacts is analyzed ;
by decomposing aggregated environmental impacts into Spatial policies
several elements attributable to the driving forces#, the
driving forces cause-effect analysis as shown in fig 4.

o, S+ Land wuse/Land cover changes a.ucgi

‘i - Impacts general J

Suburbanized actiyities Growth |

= ,
==—"Palicy option and recommendations|

Fig. 4 Cause-effect analysis for urban activities and related
environmental effects in Muko River Basin Region

3.1 Population Growth in Muko River Basin Region

The population in Muko River Basin Region increased from 1.5 in 1975 to 1.7 million in 19953, Fig.5 shows
the locational distribution of district of the increase and decrease of the population in two decades. While population
found grown in suburban districts, these are districts which lost the population in the downstream area, which can be
considered due to the inner city situation. The population growth in these areas brought several changes to land use and
land cover in the region which resulted in the loss of forests and green areas in the Region as shown in Figs 6 and 7,
which show the areas of natural loss are the same of the areas of suburbanized areas and activities growth.
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3.2 Urban Growth in Muke River Region

Figure 6 shows the distribution of the loss of the forest
areas and greens in the region in two decades. The areas of
natural loss are those which got the increase of population in
the middle stream areas of the Region. The opposite has
been happened in Fig. 7 which shows the distribution of the
expansion of urban areas in the Region in the same period.
These areas of urban expansion are those which found loss
of natural areas, got growth of urban activities and growth
of population in suburban districts. These are districts which
found grown the population in the middle stream areas led
to the increase of urban activities which resulted in

increasing of urban land uses as well as the expansion of e oo BB 5000 13000

. . e.e 5 .
suburbanized areas and activities®, Fig 8 and 9. Fig.5 Population changes in Muko Region 19755 — 19955
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Fig.6 Forest changes in Muko Region between 1975s and 1995 Fig.7 Urban changes in Muko Region between 1975s and 1995

These changes and expansion of suburbanized urban activities and areas consequently caused a lot of regional
environmental loads such as natural loss, CO2 emissions and local contaminations.

Person Populstion change and Lad use/Land Cover Changes time serles 1976-19¢5  10m2 Urban and non-urban areas changes time series 1975-1995
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Fig. 8 Population and Urban / non-urban changes relation Fig. 9 Urban / non-urban changes in Muko River Region

4. ANALYSIS MODELS AND SIMULATION SYSTEM

As various data are used for environmental impacts estimation, GIS-based modeling and simulation system is
constructed. The system is composed of three modules as shown in Fig. 10; database, models setting and simulation,
and results display for the outputs of the data modeling and simulation system. Environmental impact elements
attributable to management policies are identified and land use/land cover changes (LUCC) and activities are analyzed
in the Region in order to direct the future development polices, plans and strategies to the environmental managementS.

4.1 GIS-Based Analysis Models in Muko River Basin Region

GIS-based analysis models are constructed for environmental changes assessment and related impacts estimation
in suburbanized urban areas of Muko River Basin Region. Data for the regression models are established in GIS 1km
grid for suburbanized areas and the urban activities in the Region to be analyzed.

(1) Analysis Methodology

The analysis process depends on studying the correlation of changes of urban areas and suburbanization activities

- 549 -



in the Region with several explanatory variables regressed by the models. The models study the relation between the
growth of population and urban areas and related environmental impacts in the Region. First step of the analysis is to
establish "regression models" to explain the correlation of the environmental changes with several explanatory
variables including population, urban activities and other variables. Secondly, is to calculate the environmental loads
such as CO2 emissions, which are regressed by parameters of the analysis and other statistics for outputs simulations.

2) Models setting
Simulation

Inputs 1) Database

3) Result Display

Analysis Coverage i
518 Spatial Data Mo&_iels szettmg En(lji(s)szion
Statistic Data Estimation Model N Y
Estimation

Decision o
Explanatory | anage Data Set Models Display results on GIS Outputs
variables Aggregate Data Calculation of changes

Fig. 10 Estimation Process and Simulation System of Environmental Impacts Assessment in Muko River Basin Region

(2) The Urban Regression Model

The urban regression model designed for studying the urban activities and suburbanization effects in Muko River
Region, Fig.7 shows urban areas changes in 1km grid map between 197S5s and 1995s in the Region. The model explain
the correlation of urban areas changes with several explanatory variables including population, urban land use
categories such as residential, commercial areas, industrial and other urban facilities, as shown in Eq.1. The urban areas
in the model are inked to population (P), residential areas (R), and urban activities factors (A), which lead to the growth
of urban area and drive the urban expansion and related impacts, where (U) is total urban area in the zone of analysis.

U :a0+a1§j——P"Ri +a, i—P"A" M
where PL i

U : total urban area of the urban zone
Pi : total population of the grid i
Ri : the residential area in the grid i

Ai : total urban activities in grid i
Li : total land of grid i (urban and non-urban)
i - the grids No. from 1 to k

The expansion of urban activities in the Region between 1975s and 1995s are analyzed based on the regressions in

Egs. 2, 3. R and R? of the regressions for the two decades give a strong correlation between urban change and related
explanatory variables regressed by the model, which give the factors of the expansion of suburbanized areas in the

Region. Table 1 shows the estimation results of the regression analysis for time series changes.

_ k P.R; k P, A; 2) Table 1. Estimation results of the regression
Ulhys = %0t a1 X +ay L - : -
;L i i L ‘ Variable Coefficient Coefficient
2 estimate 1975 estimate 1995
(R=0.87, R = 0.75) Constant 528.442 912.925
¥ P.R. £ P A, X1 0.008 0.015
U =, + O LU ST, Lt X2 0.025 0.043
( )ons 0T % Zl I 2 ZI I3 3 Zonet -1.467 -0.957
_ i 2 ! Zone 2 -0.030 -0.291
(R=0.79, R" = 0.63) Zone 3 0.178 0.130
. i Zone 4 1.679 1.848
The changes of urban areas for time series between 1975s and Zone 5 0317 -0.179
1995s in the selected zones in Muko River Basin Region are estimated Zone 6 -0.026 ‘(;)-359
using the following Eq. (4) ZO;: 7 '%236 6_3797
AU U U R 0.75 0.63
= — t. value 2.024 0919
(¢ Doss (o )1975 @

(3) The Sales Regression Model

The sales regression model is designed to explain the correlation of sales amount (S) with several explanatory
variables including population (P), retail floor space (R), trip distance and time length from residential area surrounding
commercial areas (d). The relationship between sales changes, population growth, retail development, time distance
reduction and related CO2 emission changes are analyzed and data are simulated for CO2 emission and factors relation.
Carbon dioxide emission and its changes for three decades are estimated by designing the analysis regression model and
simulation system for CO2 calculation and analysis of emission changes in Muko River Basin Region.; Fig.8 shows
sales changes between 1975s and 1995s.
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\\AA\,. i
B Sales decreasing 10.000y I
100.000 — 1400.000
S8 1400.000 - 4800,000

100.000 — 1400.000
1400.000 —

B 4800.000 - 8700,000 M 4300000 - ® Large stores 1975
BN 8700.000 — 11700.000 W A700 A00 — 11700 AN
W >11700. 000 S >11700. 000 @ Large stores 1995

Fig. 11 Sales changes in Muko Region between 1975 and 1995 Fig. 12 Muko Region Boundaries and commercial classification

The commercial areas in the Region are classified into two major categories namely, large scale stores, and
arcades, as shown in Fig. 9. The analysis focuses on studying the grid areas, which include such categories and related
CO7 emission levels change between 1975s and 1995 as an influenced area by automobile trips for shopping from
surrounding residential areas within buffer zone of 10km and 15-20 min accessibility time.

k. PR,
N ;i = Oy + a, Z —:l‘—‘z— (5)
i=1 =
where / v
S: sales (10,000 Yen) Ry: retail floor space in grid I(m2)
k: grids from 1 to k around retail grid D;;: time distance between i and j (min)

PJ-: population in grid j (person) v

The sales changes of commercial areas between 1975 and 1995 are analyzed using the regressions in Eqs 6 and 7.
R and R? of the regressions give strong correlations of sales with the related explanatory variables. The sales amount in
the model is inked to several factors, which lead to the changes of sales and drive the related impacts of shopping trips.

k PR, Table 2 Estimation results of statistics regression
Si (tO )1975 =agy tay Z 2 Case Coefficient Coefficient Case Coefficient Coefficient

=t d if (6) estimate estimate estimate estimate

2 1975 1995 1975 1995

(R=0.88 R*=077) Constant 25224926 6308773 Zone 19 1.043 1047

« P.R Zone 1 0.253 -0.333 Zone 20 1.095 0.503

S. (t)l —a. +a 3 Jhi Zone 2 0.694 -1.179 Zone 21 -0.357 1.932
#1995 0 "Wizoa2 Zone 3 1.626 0.052 Zone 22 0797 1.343

i M Zones 0175 0939  Zone2d  -0.368 1979

= 2. Zone 5 0.618 -0.744 Zone 24 -0.781 1.167

(R=086R"=074) Zone6  -0.041 0815 Zone25  -0727 0917

The changes of sales between 1975 and 1995 %‘mez ‘3;729? ?‘l‘gg %‘me ;s 3733163 '?f{‘ls

. . . one .. -1 One . B
are given by the following Eq. (8), which 7,/ g7g9 0016  Zone28 0.632 0.762
indicated that sales amount increased in some Zone 10 0.641 22415 Zone 29 -0.615 0.955
areas in the region. The regression results are %‘me i; -gégg -g-?’llg Zlon63310 -{’féf _(1)’(1)13
. . . one -Und - one . -V,

used as inputs for the simulation model to 7 . \5 g 0.147 Zone32  -0.172 -0.928
calculate CO2 emission. Table 2 shows the Zone 14 -0.004 1233 Zone 33 0.735 0.885

estimation results of the regression. Zone 15 0.923 0.379 R 0.88 0.86

AS S S Zone 16 -0.387 0.356 R2 0.77 0.74

. = . - . Zone 17 1.821 -0.594 t value 3.731 5.493

: i(t)oos i(to ors ®  Zoneis 0275 0710

4.2 GIS-based Assessment of CO, Emission in Muko River Basin Region

Emission of Carbon dioxide and its changes between 1975s and 1995s caused by automobile trips to commercial
areas in the Region are estimated by designing CO» calculation model and simulation system based on the outputs of
the regression models, as shown in Eq. (9). The impacts of CO2 emission are divided into three main factors namely;
suburbanization increasing impacts, population increasing impacts, and shopping related impacts.

(1) CO2 Calculation Model and Simulation System
The CO2 emission in the shopping areas, which caused by automobile shopping trips is recognized as one of the
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most serious urban problems in the Region as a result of urban areas expansion, and suburbanization effects. The
outputs of the regression are simulated for estimating CO2 emissions based on the rate of car using density from all
traffic 28.7% for 1975, and 38.4% for 19958 (Road traffic census 1977, 1997).

R ILY
Y S, x10* d; w[L)xaxi, xv x L )
i = i % £ i 0 °

k: grids No. from 1 to k around retail grid

S§;- annual sales of grid i (10,000 Yen) E: living expenditure for one time shopping trip (Yen/person)
P population of grid j (person) A! automobile rate from all transportation

R{ retail floor space of grid i (m2) L, distance length from i to j (km)

d,-j: time distance from grid I to grid j(min) Z}I CO2 exhaust unit (8-CO2/person "km

e:
Y} the amount of CO2 exhausts (t-CO2)

The car average speed zones on road accessibility to retail areas in grid ( i ) from surrounding residential areas in
grid (j ), which used for time distance calculation (d;;) from grid j to i, are divided into two major zones in the Region
as shown in Table (3). The CO2 emissions caused by automobile shopping trips in the Region are calculated based on
the model shown by Eq. (9). Changes of CO2 emissions in the suburbanized areas in the Region for time series between
1975s and 1995s are estimated using the Eq. 10.

Y ; changes (10)

=Y50) Yygo)
Yy (‘ - ‘0)= Yiaes Y~ Yy )

t: time of estimation

where:
Yij" the amount of CO2 exhausts (t-CO?2)

Table 3 Average speed of cars in Muko River Basin Region Table 4 Changes of CO2 ion around commercial areas on

areas (kimv/h) * Muko River Basin from 1975s t0 1995s
Area zone 1977 1997 co2 Emisston in Emission in
South-Hanshin area jssi 1979/1km grid 1995/1km grid
NISHINOMIYA, 293 29 level (t/km2) No. % No.of %
TAKARAZUKA 1- 100 20 5882 16 47.06
North-Hanshin Area 100 - 200 6 17.65 8 23.53
(SANDA, KOBE-KITA,NORTH 40.6 44.1 200 - 300 3 882 3 17.65
NISHINOMIYA) 300< 2 588 3 8.82
*Road traffic census (1977, 1997)8 Total 31 100 33 100

5. RESULTS AND DISCUSSION

The regression model for sales changes analysis and CO2 calculation model estimated that CO2 emission rate
caused by automobile trips for shopping is increased 1.3 times from 1975s, to 1995s. The outputs results of the analysis
are displayed on GIS for CO; emission changes between 1975 and 1995 as shown in Figs13 and 14. The results of the
comparative analysis for CO2 estimation between 1975 and 1995 indicate that the increase of CO2 emissions caused by
increasing of automobile trips to shopping areas as shown in Figs. 13, 14 and 15. CO2 emission rate in the commercial
zones of levels ranged from 100-200 t-COz increased from 6 to 8 zones, for levels from 200-300 t-CO; increased from
3 to 6 zones and levels more than 300 t-CO3 increased from 2 to 3 zones, as given in Table 4 and Fig. 15 which show
the changes of emission rate between 1975s and 1995s in the Region.

¥

1km grid of commercia .

1km grid of commercial
CO2 Emission rate
1-100

o

lkm  Skm 10km

1km  5km 10km
| oo m——|

A
Fig. 13 CO emission rates around shopping areas in 1975

Fig. 14 CO2 emission rates around shopping areas in 1995
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The results of the regressions and the CO2 Changes on Commercial areas/lLkm Grid
comparative changes analysis indicate that the areas in MUKO River Basin Region between 19755 and 19955

where COz emissions increase are significantly =)

increasing in population in Kita-Kobe, the southern .

Nishinomiya and southern Takarazuka. The results reas of significant increade

indicate that CO2 emission from commercial areas )3 of CO2 emisSiofanslsssnman b
R .‘ *

b

increased about 1.3 times in the whole region
(352626 t. in 1975) and (4584.04 t. in 1995).
Although sales amount in some commercial areas
are decreasing for the time series between 197Ss
and 1995s, the emissions of COz caused by
automobile shopping trips are still increasing.
It is considered to be as a result of increasing ®

the consumption potential by growth of population Grids of Commercial areas (Large stords and Arcades) km2

in the suburbanized areas in the Region. Fig. 15 CO2 emission rates changes around shopping areas for time
series between 1975s and 1995

’ ¢

.
‘u, 9

-t
Mean
b AL
.

» * .
*%%0usasspAteas ¢f significant decrease

of CO2 emispion
SANDA NISHINOMIYA TAKARAZUKA ASHIY

6. CONCLUSION

The results of the comparative analysis for changes between 1975s and 1995s, and data simulation indicate that the
environmental loads are increasing by growth of population and suburbanized activities. The growth of population and
urban activities resulted in expansion of suburbanized areas and loss of natural areas and other related environmental
impacts. The expansion of suburbanization areas and activities resulted in increasing CO2 emission rate about 1.3 times
by automobile shopping trips. CO2 emission increased in suburbanized areas as a result of retail area density
distribution of commercial areas in the region.

The results of the regression and simulation guide to key factors for policy recommendations for the future
sustainable development, and environmental management in the regional scale:

1) The need to plan for urban activities and density distribution control of services areas in order to reduce the

environmental loads in the regional scale.

2) The expansion of suburbanized areas in the region guides to plan for reducing time distance from residential

areas to the other urban areas in order to reduce CO2 emissions by automobile trips.

3) The urgency of the need to reduce CO2 emission in urban areas may grant and guide to control the retail areas

growth and to direct the development plans and strategies for growth management, and urban activity control.
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