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Accessibility of Urban Form Towards a Low-carbon Society

—A Case Study in Kumamoto

Jun YE? Riken HOMMA® Kazuhisa IKIY

1. Introduction

A large amount of green house gases (GHGs) have been exhausted with the rapid
development of urbanization and human activity, and the reduction of environmental load
on energy consumption of daily transportation has caused extensive concern. A low-carbon
society (LCS)@® is a society which has a minimal output of GHG emissions into the
biosphere. GHGs specifically refers to CO,. The international community has come to the
conclusion that there is such an accumulation of GHGs (especially CO,) in the atmosphere
due to anthropogenic causes that the climate is changing. with negative impacts on
humanity in the foreseeable future.

Man-made C(0,, as a major component of greenhouse gas emissions. contributes
significantly to the imminent environmental challenges. Although cities are being
recognized as the major contributors to the global GHG emissions, they also form an
integral part of the sources of solutions. Previous researches indicated that it is necessary
to formulate and investigate a mid/long-term action projects on municipal level, such as the
urban morphology, traffic system, land use change, etc. to achieve a low-carbon society,
Some of the frequently proposed strategies such as more efficient use of fuel, improvement
of public transportation, education of citizens, and implementation of “car free day” were
put forward in European and American areas. ®In Japan, three types of representative
strategies were approached for realizing a low-carbon society: construction of an

institutional social system, maintenance of social capital on software and hardware, natural

@ Jun YE, Graduate Student, Graduate School of Science and Technology, Kumamoto University. Japan.
Yejun0070@ 126. com.

@ Riken HOMMA, Associate Professor, Research Center for Higher Education, Kumamoto University, Japan.

@ Kazuhisa IKI, Professor, Graduate School of Science and Technology, Kumamoto University, Japan. iki@arch.
kumamoto-u. ac. jp.

@ Maatta-Juntunen., H. . et al. Using GIS tools to estimate C(); emissions related to the accessibility of large retail
stores in the Qulu region, Finland. ]J. Transp. Geogr. (2010), doi: 10. 1016/]. jtrangeo. 2010. 03, 001.

@ Maatta-Juntunen, H. , et al. Using GIS tools to estimate C(), emissions related to the accessibility of large retail

stores in the Oulu region, Finland. J. Transp. Geogr. (2010), doi: 10. 1016/j. jtrangeo. 2010. 03. 001.
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environment management. Implement the low-carbon lifestyle, developing efficient market
systems for the carbon-emission tax, emissions trading and sharing the successful
experiences to the world—these were the main representative measures for constructing of
institutional social system. On the aspect of natural environment management. citizen's
participation and a connected ecological network with excellent natural environment were
constructed. Moreover, the genetic strategy concerning biomass resources was promoted
on the agriculture and forestry ground. The study on urban spatial structure of low-carbon
city becomes a hotspot in recent years,

With the large commercial facilities moving to the outskirts and the number of the
public transportation users decreasing, the vehicle usage and the environmental load
increase in recent years. Aiming at building Kumamoto City as a low-carbon city, there are
three key strategic guidelines of urban development and construction on the aspect of urban
structure, the formation of the interrelated urban structure between downtown and sub-
center residential area. the establishment of new vitasphere where daily life can be managed
with on foot and the bicycle, and the inhibition of transport energy consumption.

In 2011, Ye J. & IKI K. @indicated that strong correlation between the regional
geographical features and lifestyle of daily activity were evaluated. Previous researches
provided methods to analyze the internal relationship between the regional feature and CO,
emissions per person or total. The traffic energy consumption on the CO, emissions of per
trip and the total CO, emissions of each region from individual activities were calculated by
using Person-trip (PT) survey data in Kumamoto City. The study concluded that under a
precondition of taking full account of regional characteristics, it is a high feasibility to
achieve LCS with less CO, emissions by adjusting the city’'s social structure and urban
structure in the future transportation planning. The consequence of PT-C(), emissions in
the ordinary situation, the total amount of PT-CO, emissions exhausted from urban
activities were 3,517. 7 tons a day and 1,266,400 tons for one year in Kumamoto City.
Moreover, the situations of PT-CO, emissions per person were 5.3 kg a day and 1. 9 tons
per year. In previous study, four types of regional characteristics were sorted out, DID
district residential type, sub-center residential type, surrounding residential type and
suburban residential type. As a result of the gray correlation analysis, the most relevant
indicator was the minimum distance to the convenience store (0. 85), and the weakest one
was the employed population index (0. 65). From the viewpoint of PT-CO, emissions per
person and total of PT-CQ,, the effects of the traffic energy consumption reduction of the
proposal III (Sub-center residential type) (5.5%, 18.95%) was larger than proposal 11
(DID district residential type) (2.75%,13.96%) from the 2000 level by 2030. Sub-center

@  The Guideline of Low-carbon Society Planning. Tokyo: Ministry of Land, Infrastructure, Transport and
Tourism. 2005. 8.

@ YE I . IKI K. . HOMMA R. Research on Urban Structure Towards a Low-carbon Society: A Viewpoint on
Person-trip of Daily Activity in Kumamoto City, Japan. The 9th China Urban Housing Conference, (2011)162— 168,
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of city residential type was considered as a most suitable urban morphology towards LCS in
Kumamoto City.

Based on the previous studies, the general objective of this study is to propose a
procedure for assessing the accessibility to public service facilities as one aspect of
sustainable development of low-carbon urban structure in Kumamoto City and conduct in-
depth discussions on how to improve the accessibility of urban form. Three steps have been
set for this research. First., GIS tools (SANET) are applied to take the spatial analysis of
public service facilities (bus stops, convenience stores, hospitals, supermarkets, post
offices and banks) in Kumamoto City. Second. implement a method to measure and
calculate the accessibility of public service facilities in this study to evaluate the sustainable
development of low-carbon urban structure. Third, a public service facility layout planning

is proposed on areas where public services are inadequate and the accessibility is evaluated.

2.Study Area

Kumamoto City is the capital Kumamoto City Kumamoto Prefecture

city of Kumamoto Prefecture on the
center of Kyushu Island in

southwestern Japan. It is the 15th

largest Japanese city and is well
known for being the site of
Kumamoto Castle, one of the finest

castles in Japan. Greater Kumamoto

metropolitan area has a population P 4 L
of 1,460,000, as of the 2000
census. It has now developed into a Fig. 1 Location of Kumamoto City

modern metropolis with broad

streets lined with high-rise buildings. A well-developed local public transport system is
provided by the local government. Trams run to a few suburbs near the downtown area. A
large bus terminus provides access to both local and intercity destinations. JR Kumamoto
station also provides rail links to Japan's extensive rail network. Kumamoto City covers
389. 53 km® as total area, and has a populations of about 730,000(March 1, 2010) with the
1,880 km” as density.

3.Data Sources and Methodology

The data sets used in this study comprise road network, population and housing
census data (2005), the location of the existing public service facilities data in the study
area, have been digitized. The road network data which contains accurate data on the

location of all roads and streets was supplied by Infrastructure Planning and Management
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Laboratory in Kumamoto University. The population and housing census data was
obtained from the statistics bureau, the ministry of internal affair and communications.
The existing public service facilities include bus stops. convenience stores, hospitals,
supermarkets, post offices and banks, etc. The location data of those facilities was got
from Kumamoto GPMap in 2010.

3.1 Spatial Analysis

In this study., SANET method is used to conduct the spatial analysis in Kumamoto
City. SANET is the Plug-in Program which statistically analyzes spatial patterns of events
that occur on/alongside networks. SANET provides a collection of ArcGIS-based tools for
analyzing events that occur on or alongside a network. Three tools are used in this study:
Kernel density estimation, global auto nearest neighbor distance method and global cross
nearest neighbor distance method. For a given set of points on a network, Kernel density
estimation estimates the density function of the points over a network and it can be showed
on 3D by ArcScene. The global auto nearest neighbor distance method and global cross
nearest neighbor distance method test the complete spatial randomness (CSR) hypothesis
in terms of the shortest-path distance from every point in a given set of points placed on a
given bounded network to its next nearest point in the set. Note that in the literature, the
global auto nearest neighbor distance method is simply referred to as the nearest
neighborhood distance method. The global cross nearest neighbor distance method is
sometimes referred to as the conditional nearest neighborhood distance method. In general,
it is assumed that type B points are temporal, while type A points are stable over time;
The CSR hypothesis means that points are independently and identically distributed
according to the uniform distribution over the network, or points follow the homogeneous

binomial point process on the bounded network.

(a)Shortest path analysis (b)Optional network analysis

Fig.2 Accessibility to public service facilities

3.2 Accessibility to Public Service Facilities

Accessibility refers to how easy it is to go to a site. In network analysis, accessibility
can be measured in terms of travel time, distance, or any other impedance on the network.
ArcGIS network analysis allows us to solve common network problems. such as finding the

best route across a city, finding the closest facility, identifying a service area around a
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location, ete. The closest facility solver measures the cost of traveling between incidents
and facilities and determines which are nearest to one other, reports the shortest distance.
In this study, we chose the shortest path analysis method to analyze the arrangement
model. The shortest path used for analysis is the shortest distance from the housing unit to
the service facilities. It is an important index for the accessibility evaluation. Accessibility
analysis to locate service facilities include two parts, the distance to the nearest facility and
how many optional network facilities within a certain range. In this study, we indicated less

than 800m is the vitasphere where daily life can be managed on foot and by bicycle.
3.3 Proposal for the Location Plan

The proposal for the location plan is considered on the basis of the shortest path
analysis derived from the network analysis. The following points have been applied to the
new facility location plan.

(1)Based on the accessibility of different facilities in each ward in Kumamoto City,
two types of facilities (mobile facility and fixed facility) are considered on proposal for the
location plan to improve the accessibility in those areas.

(2)New community facilities will be considered and located in housing lots or vacant

lots. Based on these points, the new location plan is shown by the GIS.

4. Results and Discussions

4.1 Spatial Analysis of Facilities

In this study, two types of Kernel
density estimation were conducted by
using ArcGIS network analysis, the
normal one on 2D and spatial one on 3D
along the Network (bus route) (Fig. 3,
Fig. 4). As convenience stores for
example, Kernel density in central city
is higher than other wards, on the East
ward and North ward, the density of
convenience stores follow a gourd-
shaped distribution along the bus line
route Network Kernel Density of
Supermarket,  monetary facilities,

medical facilities in Kumamoto City

also follow a gourd-shaped distribution

1 Fig.3 Kernel density estimation convenience stores 2D
along the bus line route.
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