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1. Introduction

Modern life and high population density is the main characteristics of cities. Urbanization
diffuses all over the world in recent centuries. Metropolitan areas are formed to provide
more industrial production as well as business communication. Furthermore, economies of
scale arising from spatial concentration of activity within industries in metropolitan area, i.e.
industry agglomeration (Rosenthal & Strange, 2001); population, resources, capital
concentrate into the cities. Industry agglomeration makes cities more adaptive to
uncertainty of business environment (Strange et al., 2006). Hence the most profit seems to be
created in metropolitan area in this globalization age. Nonetheless, natural resources are
rapidly produced into goods, consumed and transformed into side-products, e.g., solid
waste and a variety of pollutants, into the environment. Besides, more and more
infrastructures are developed in the progress of civilization, but only a few natural habitats
are preserved, leading to the decreases of biodiversity (van Bohemen, 1998; Mcdonald et al,
2008). Though people have convenient life in metropolitan area, however, the urbanization
is bringing about a great deal of critical global environmental changes. In particular, the
enhanced global warming, due to the urban growth, is threatening the human security and
the possibly irreversible changes on ecological systems in a variety of dimensions and scales
(Chung et al., 2009; Firman et al., 2011; Kataoka et al., 2009; Khasnis & Nettleman, 2005;
Robert & Cory, 2003). Thereby, it is imperative for the municipalities to develop adaptation
strategies for metropolitans in the context of human security, urban sustainability and urban
growth. In the progress of making urban growth policies, important factors should be taken
into consideration from the socio-economic, environmental, cultural, public health and
ecological perspectives regarding the potential threats of global warming.

Several types of environmental indicators are developed to diagnose the current situation
and formulate adaptation strategies against the global warming and associated issues of
urban sustainability. Normally, recent studies argued that the urban sustainability should
take the composite system ecology into consideration, implying that the interactions of the
stakeholders in the city have to be considered in the evaluation simultaneously (Mistch,
2003; Roseland, 1997). Also, several evaluation bases could be used to examine the
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performance of the environment system, e.g. the energy, monetary, material bases (Weng &
Fujiwara, 2011). A variety of environmental impact assessment tools, e.g., life-cycle
assessment (LCA), life-cycle cost (LCC) assessment and cost-benefit analysis (CBA), could
serve as efficient evaluation methods in the evaluation of countermeasures against the
global warming, given that credible parameters are available (Jeong & Lee, 2009). In fact
urban environment is a socio-economic-natural composite ecological system such that
public policies should consider all the dimensions simultaneously, reorganizing the urban
system into ecological network both for human system and natural system. Some attempts
have developed the Environmental Kuznets Curve (EKC) to analyze the relationships
between the economic and environmental quality, regarding driving factors of income,
consumption and policy interventions (Arrow et al., 1995; Azomahou et al, 2006; Magnani,
2000; Weng et al., 2010). Although more and more evidences showed that the EKCs explain
the relationships of several environmental pollutants, including the CO, emission, some
methodological issues of EKC have to be dealt with from the perspective of statistics
(Mtiller-Fiirstenbergera & Wagner, 2007). One reason is that the available socio-economic
and environmental data is not sufficient. Meanwhile, as for the conventional environmental
evaluation methods, the data availability would lead to the uncertainty of the quantification
outcomes, limiting the credibility of the interpretations. Hence, the dimensionless composite
environmental indicators could be an alternative tool for environmental evaluation. For this
purpose, the pressure-status-response (PSR) framework was established by the Organisation
for Economic Co-operation and Development [OECD] in 1993 to serve as an environmental
policy evaluation tool (OECD, 1993) and afterward, the driving forces are adopted as
driving forces-state-response (DSR) framework in 1996 (OECD, 1996). Also, Kessler and Van
Dorp (1998) proposed the adoption of environmental indicators under a strategic
environment assessment (SEA) framework, in which socio-economic and environmental
variables should be considered simultaneously. Subsequently, a driving forces-pressure-
state-impact-response (DPSIR) framework was proposed by European Environmental
Agency [EEA] as an extension of the PSR (EEA, 1999). Based on the aforementioned
frameworks, Hu and Wang (1998) argued the urban environment should be considered as a
socio-economic-natural composite ecological system; they adopted economic, cultural,
environmental, and infrastructure variables to simulate the linkages among the functional
modules in the evaluation of the performance of eco-reconstructing of eco-villages in China.
Button (2002) proposed an analytical indicator framework composed evaluating urban
environmental system; the indicators are composed of economic, environmental, social,
cultural, and political variables. Jago-on et al. (2009) analyzed the critical urban
environmental issues by using the DPSIR framework and proposed countermeasures for
Asian cities. Regarding global warming, Omann et al. (2009) conducted a DPSIR analysis
discussing the impacts of the climate changes on the biodiversity conservation. The
outcomes indicated that the driving forces from the modern human society, e.g., the socio-
economic and cultural attributes and the energy demands of transportation, bring about
significant negative impacts on the global warming and the related challenges of
biodiversity conservation. Also, Rounsevell et al. (2010) proposed a conceptual DPSIR
framework qualitatively analyzing the apparent driving factors of socio-ecological
indicators and their influences on the eco-services. A normal evaluation scheme is proposed
in the study arguing that the attributes and the influencing time-spatial scales of the driving
factors should be clarified, and thus possible quantitative impact analyses and efficient
countermeasures could be subsequently implemented.
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Regarding the quantification of indicator systems, Song et al. (2004) developed a hierarchical
indicator system to evaluate the ecological sustainability of inshore cities in China. In their
study, many socio-economic and environmental variables are categorized into three
functional groups: structure, function, and coordination. Variables were linked as an
ecological network, and the sustainability of each city was calculated and compared by a
composite evaluating indicator. In addition, Srebotnjak (2007) presented a quantitative
indicator system developing an integrated environmental performance index. She also
particularly argued the importance of the development and the utilization of credible
environmental statistics while the data availability is the main problem in environmental
evaluations. Furthermore, Pan & Kao (2009) developed an inter-generation equity indicator
(IGEI) to quantify the sustainability among generations in recent decades at a world scale,
under a pressure-state-response (PSR) framework.

In fact, local actions are of particular importance in the enhancement of sustainability
regarding the urbanization. In this sense, this study aims at developing a precautionary
indicator system (PIS), which is in aid of the formation of adaptation strategies of the global
warming mitigation. After the World War II, Japan made great economic development in
the past six decades. Some regionally nuclear cities have been formed all over Japan.
However, the current deficiencies of policies and future adaptation strategies are expected
to deal with facing the critical challenges of sustainable development, e.g., the urban growth
management and the global warming mitigation. In this study, by evaluating current social,
economic, and environmental system of urban area, the precautionary indicators are
developed to diagnose the current situation. Finally, strategies for developing a sustainable
city are proposed in the final part.

2. Research approach

In order to deal with the information hidden in an enormous amount of statistics, data
mining approaches are rapidly developed in recent decades. Mainly, data mining
approaches are based on the integration of statistical theories for pattern recognition, causal
relationships development, behavior analysis and system control & forecasting. In
particular, several methods show superiority for the purpose of data mining, including
regression analysis, multivariate analysis, indicator system techniques, artificial neural
network, and data envelope analysis (Chen et al., 2010; Ngai et al., 2009). Moreover, the
developing information system technologies, e.g., the geographic information systems and
the remote sensing technology, provide high quality data and platforms for data analysis
and integration.
The aforementioned approaches could be applied to establish the precautionary indicator
system of global warming from a variety of perspectives. In developing a precautionary
indicator system of global warming, several principles should be taken into consideration
in constructing a practicable and informative indicator system (Duke & Aull-Hyde, 2002;
Niemeijer, 2002; Solnes, 2003; Valentin & Spangenberg; 2000; Verdoodt & Van Ranst,
2006):
- The indicator system should have sufficient rational theoretical bases;
- The boundary of the indicator system should be identified clearly for the purpose of
nature hazard mitigation;
- Credible and consistent databases should be available to support the calculation of the
indicator system;
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- The interpretations of the indicator system should be direct and informative for all the
stakeholders, e.g. policy-makers and citizens.

Some PSR- or DPISR-like indicators have been established in the aforementioned literature.

Each indicator system has its specific application purpose and respective data requirement

at different scales. Based on the above principles, a modified DPSIR framework is

considered in this study to develop a representative precautionary indicator system.

Thereby the research flow of this study is represented in Fig. 1.

Environmental variables Socio-economic variables

Precautionary indicator system development

.

[ Analysis and evaluation

!

Strategies for global warming mitigation and human security improvement

N

Fig. 1. The research flow diagram of this study.

To meet the goal of reflecting the urban adaptation mechanisms in terms of global warming,
a three-layer hierarchical indictor system is induced to develop an evaluating indicator
framework. A composite urban system is divided into three levels of indicators, and finally
an overall score is estimated. The levels are decided by considering to the urban socio-
ecological networks using socio-economic and environmental variables, which serve as the
fundmental components of the indicator system. The variables are linked as a composite
socio-economic and ecological network, representing the levels of the urban growth and the
sustainability. According to the definition of Tanguay et al. (2008), the terms in the statistics
are identified as variables, and an indicator means composite information obtained from
specific variables.

The PSR analytical framework in this study is composed of three categories- “Pressure and
State,” “Function” and ”Coordination.” In addition, the driving factors and the responses
are emphasized within the flows among the components. By such manipulation, a
composite urban social-economic-natural system could be described by the intrinsic
relationships among the components and the flows, on the basis of system ecology, as
shown in Fig. 2.
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Fig. 2. The conceptual framework of the precautionary indicator system towards a
sustainable city.

The characteristics of the intrinsic relationships of the precautionary indicator system are
designed on the basis of the system ecology thinking and the research purpose. Some points
of view are assumed in the framework as follows:

The indicator system is to represent the intrinsic interactions of the socio-economic-
environment systems, implying that all the sub-systems are integrated by rationally
choosing the variables and determining the indicators” weights.

Each 1st-level indicator is composed of several 2nd-level indicators, which represent the
intrinsic properties. Each 2nd -level indicator is composed of some significant 3rd-level
indicators, which are specifically selected to represent the characteristics of the upper
level indicator, considering the data availability.

The first 1st-level indicator, “Pressure and State,” reflects the current pressure levels on
the social, environmental and ecological states. This category reflects the quality and
pressures of an urban system. Also, some available natural hazard variables would be
highlighted and linked to other common environmental variables.

The second 1st-level indicator, “Function”, denotes the main socio-ecological network
in an urban system. Like biological food-web, “Producer” in an urban system is
assumed as “Natural Supporting System” and “Public Supporting System”. They
provide the resource for both social society and biosphere. “Consumer” in an urban
system is assumed as “Production Capacity” representing the efficiency of the
production sectors. “Decomposer” in an urban system is assumed as the “Metabolism
Capacity”, which means the efficiency and performance of environmental loads
treatment. Finally, the linkages of socio-environmental-ecological networks are
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assumed to be highly affected by the “Information Exchange Intensity” in this study. In
each 2nd -level indicator, some representative variables are selected as well.

e In principle, the stronger the producer and decomposer are, the more robust an
ecological system would be. That is, the production sectors could be transformed into a
sustainable manner and the environmental quality could thus be self-regulated at an
optimal level through the intrinsic mechanisms. Thereby, a powerful natural
supporting sub-system and metabolism sub-system means that the potential of self-
resiliency would be large, and the environmental quality and human security can be
promoted. In this category, the social security indicators are particularly emphasized
regarding the human security.

e The third 1st-level indicator, “Coordination,” denotes the future potential indicator of
ecologically sustainable city. The importance of the culture and the industrial structure
are stressed herein.

e It is assumed that the driving forces are imposed and the responses are exchanged
interactively among the main parts.

e Each 3rd-level indicator is given an attribute in the calculation procedure. A larger
value of the 3rd-level indicator represents that the city has a better sustainable quality
with regard to this indicator, and thus the attribute is positive; otherwise, it is negative.
This attribute is determined by the domain knowledge of social and natural science.

In this study, the aggregation procedures of the precautionary indicator system are

proposed as follows:

1. Normalize the values of each 3rd-level indicator using the following equations.

e If the variable is a positive driving indicator (i.e. the larger value of original
variable denotes a higher level of the urban sustainability):

— Ci3fdflfvcl’j _Ci3rdflcvel Vl 1 1
Qi3rd—/cvel’j S ,] ( )
Ci
3rd—level
whereQ; . is the normalized score of the i item of the 3rd-level variable in j region;
rd—level 7

issiosj 7 Cisy oy a0 Sc,.s .., are the original value of the i item of the 3rd-level variable
in j region, its average and its standard error, respectively.
e If the variable is a negative driving indicator (i.e. the larger value of the original

variable denotes a lower level of the urban sustainability):

Ci3d1):z/f_éisd - 1~
Q _ _( rd—leve, rd—Jevel ) Vl,] (2)

13rd—tevel 1] S
C.
3rd—level

2. Aggregate the upper level indicator by the weighted aggregation, the formula is:

Qm,]’ = ZV\/I x Qi,j vmlirj (3)

where W; is the weight of each lower level indicator; Q, ; denotes the value of the m
upper-level indicator of in j region, and Q; ; is the value of the i lower-level indicator in j
region.
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After implementing the normalization transformation, the values of each 3rd-level indicator
would obey a standard normal distribution, with a zero average and an unity standard
error. Thus, all the indicators could be compared at the same scale. After the articulation, a
larger normalized value of the indicator would imply the region is relatively more
ecologically sustainable among the regions of interest with respect to the indicator.

The aggregation indicator is calculated by weighted summation. In terms of the
determination of the weight of each indicator, expert consultation (i.e., the Delphi Method),
analytical hierarchical procedure (AHP), analytical network procedure (ANP) and principal
component analysis (PCA), could be considered (Hsu et al., 2010; Solnes, 2003; Song et al.,
2004; Srebotnjak, 2007). Moreover, the nonlinear fuzzy theory could be introduced into the
aforementioned methods. In this study the weight of each indicator is determined based on
the outcomes of Song et al. (2004) and adjusted by the author according to the research
purpose. In this sense, some variables associated with the global warming would be
highlighted in the precautionary indicator system. In principle, the larger weight means the
indicator with the higher degree of global warming,.

3. Data and results

Japan has experienced the processes of extensive industrialization and urbanization, and
now attempts to construct a sustainable society with particular focuses on the
development of low-carbon society, material-cycle society and symbiotic society. In order
to achieve the aforementioned objectives and to deal with the potential deficiencies, the
adaptation strategies of the metropolitan areas are necessary. For this reason, 18 major
cities in Japan are selected as the study areas to prepare required and feasible policy
measures from a comprehensive perspective. In this sense, the official statistics of socio-
economic and environmental variables in 2008 are utilized to develop the precautionary
indicator system (Yokohama City Government, 2011). The structure of the precautionary
indicator system is constructed according to the principles discussed in Section 2 and data
availability. 30 representive variables are particularly selected in the indicator system, and
the detailed definitions and the values of the variables are provided in Table 1 and Table
2, respectively.

In fact, it is difficult and tricky to select appropriate variables. In addition, the measurement
bases, such as the measure of area or capita, would have important implications. In this
study, normally, per capita variables are often used in constructing the socio-economic
relationships while area-specific variables are preferred in establishing the natural-
ecological-environmental relationships. Still, some particular considerations are imposed for
several variables considering the complex interactions. For instance, this study adopts the
spatial density of college students to reflect the degree of the potential on research and
regional development. Furthermore, no variables are selected as the adequate industrial
structure while the attributes and expectations may vary by regions.

Using the cross-section data in 2008 as shown in the Table 2, the calculation of the indicator
system is implemented hierarchically. First, each 3rd-level indicators are calculated using
Eq. (1) and Eq. (2), and the results are also shown in Table 2; secondly, the 2nd-level
indicators and the 1st-level ones are estimated by Eq. (3), sequentially. Consequently, the
overall score of each city can be obtained. A comparative analysis is performed based on the
outcomes.
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Table 1. The structure of the precautionary indicator system in this study.

The unit denotes that of the original variable.
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Table 3 shows the points of overall score and the 1st-level indicator of each city. Based on
the situation in 2008, Top 3 cities in terms of the global warming adaptation are Sapporo,
Hiroshima and Niigata; on the other hand, the last three ones are Fukuoka, Osaka and
Nagoya. The overall score and the 1st-level indicators give a comprehensive image of urban
system performance. Furthermore, the 2nd-level and the 3rd-level indicators can provide
information to make substantial strategy for global warming adaptation on a city level.
Table 4 gives the results of the 2nd-level and original indicators for each city.

The 1st-level indicator
City Overall Score Pressure and . o
State Function Coordination
Sapporo 0.452 (1) 0.959 (1) -0.184 (15) -0.689 (18)
Sendai 0.196 (4) 0.384 (3) -0.126 (12) 0.036 (5)
Saitama -0.129 (6) -0.277 (15) 0.115 (6) 0.022 (6)
Chiba 0.052 (9) 0.033 (10) 0.135 (5) -0.086 (8)
Tokyo
(special 0.011 (10) -0.710 (18) 0.528 (1) 2.789 (1)
wards)
Kawasaki 0.112 (7) 0.105 (7) 0.266 (3) -0.313 (14)
Yokohama 0.181 (5) 0.182 (6) 0.336 (2) -0.288 (13)
Niigata 0.294 (3) 0471 (2) 0.089 (7) -0.155 (10)
Shizuoka -0.073 (14) -0.067 (14) 0.048 (8) -0.473 (16)
Hamamatsu -0.019 (11) -0.013 (11) -0.083 (11) 0.139 (3)
Nagoya -0.732 (18) -1.055 (17) -0.312 (17) -0.055 (7)
Kyoto -0.033 (12) -0.050 (12) -0.048 (9) 0.115 (4)
Osaka -0.465 (17) -0.651 (16) -0.141 (13) -0.318 (15)
Sakai -0.068 (13) 0.078 (9) -0.319 (18) -0.192 (11)
Kobe 0.093 (8) 0.203 (5) -0.052 (10) -0.134 (9)
Hiroshima 0315 (2) 0371 (4) 0.137 (4) 0510 (2)
Kitakyushu -0.079 (15) 0.094 (8) -0.236 (16) -0.651 (17)
Fukuoka -0.107 (16) -0.059 (13) -0.152 (14) -0.258 (12)

Table 3. The overall score and the 1st-level indicators of the interested city.

Note: The number in the parentheses denotes the rank of each indicator in a specific

category.
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From Table 2-4 the comparative advantages and disadvantages of each city in 2008, in terms
of global warming adaptation and human security, could be observed under the assumed
intrinsic relationships of the precautionary indicator system. The upper-level cities in the
overall ranking primarily obtain high scores on “Pressure and State” while this perspective
is highlighted for the precautionary purpose in this study. Even the top 1 city, Sapporo, has
low rankings in the other two 1st-level indicators, the differences compared with other cities
are not too large. This is also one reason that the cities with high 1st-level scores would
occupy high rankings. Still, some important policy implications for the development of
adaptation strategies could be found by examining the scoring structure in Table 2-4. In
principle, some implications could be observed as the following:

Pressure and State

Sapporo, Niigata and Sendai obtain the highest scores in this category, implying that the
current pressures on global warming and human security are less than other cities in 2008.
Regarding global warming, cities in north areas, e.g., Sapporo, Sandai and Niigata, might
face less threatens of heat waves and the extreme weather than the sourth cities. Such
outcome implies the geological condition would be an influencing factor on the regional
climate stability. In view of the catastrophe pressures and climate change adaptation,
meteorologically, the adequate latitude condition of a city might shift to a higher level than
that of most current major cities in Japan. However, variables related to some sorts of
natural hazards, e.g., earthquakes and tsunami, are not included herein while it is difficult
to obtain appropriate quantitative precautionary variables in the existing statistics. On the
other hand, Nagoya, Tokyo (special wards) and Osaka get relatively low scores while the
current megacity scale is not suitable to relieve the pressures on global warming and human
security.

Regarding the “Population Scale” indicator, for lower-scoring cities, the control of high
population and household densities could be considered, while the later term seems to be a
characteristic of modern society (Weng et al., 2009). As for the “Environmental Pressure”
indicator, countermeasures on eliminating the resources and energy consumption and
controlling the heat island effect could be taken into consideration. Also, incentives for using
public transportation could be further designed. In fact, the public environmental education
should be promoted as well so as to change the unsustainable lifestyle. In terms of the
estimates of the “Catastrophe Pressure” and “Environmental Quality” indicators, as
mentioned earlier, the urban heat island effect should be noticed and controlled by
increasing green area inside the city while this argument is also highlighted in the “Natural
Supporting System” indicator. In addition, the promotion of the green roof at buildings
could be a multi-functional measure on pollution mitigation, stormwater runoff control,
energy saving and heat island effect mitigation (Cartera & Keeler, 2008). Meanwhile, the
restriction of private cars, incentives for using public transportation and the effective
management on the pollution sources would reduce the air pollutant emissions associated
with global warming and improve the urban environmental quality. In particular, the
spatial car density data shows a strong positive relation to the ambient NOx concentration
(the correlation coefficient is 0.84 for the original series). Economic instruments, e.g., car
taxes and pollutant emission credits, would be potentially effective policy measures. Some
strict emission standards of greenhouse gas could be suggested as well. Regarding the
human security in urban area, municipal governors should eliminate the occurrence of
crime and fire acccidents by launching strict regulations and frequent inspections.

www.intechopen.com
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Function

In fact, except for the “Natural Supporting System” indicator, the cities with high
population density may have sufficient financial supports to enhance the capacities on this
part. Therefore, Tokyo (special wards), Yokohama and Kawasaki have high scores on the
“Function” indicator. On the other hand, Kitakyushu, Nagoya and Sakai obtain relatively
low scores, implying that the natural service and the public governances should be
promoted to cope with essential tasks of adapting global warming and improving human
security.

In terms of the “Production Capacity,” this study chooses per capita income only as a
reference index. Some additional influencing factors might exist in this category, e.g., the
technology innovation towards global warming mitigation. However, some quantitative
variables might be difficult to be obtained. In addition, since the main purpose of this study
is to developing the precautionary indicator for global warming, the weight of this category
is not significant. In this sense, a moderate representative index might be sufficient.
However, the representativeness of this index might be biased sine many employees are not
inhabitants in the area where they work. As for the “Natural Supporting System” indicator,
mainly, an open natural space inside the city is expected to enhance the potential of the
service of natural systems. In addition, there is high potential to implement a variety of
ecological engineering approaches in urban area to increase the natural supporting capacity
(Chapman & Blockley, 2009). In addition, as aforementioned in the interpretation of the
“Pressure and State” indicator, constructing new urban parks and green roof (or roof
gardening) are effective measures. Regarding the “Public Supporting System” indicator,
concerning about the human security capacity, the development of the public health service
and the social security enhancement should be improved although the tasks might be low
priority in conventional urban governances. In order to distribute in-time emergent alarms
and implement reaction plans, the enhancement of the information change systems is
required. In addition, the practice of the emergency reaction plans should be performed
routinely. Though not strongly related, the metabolism capacity in large cities should be
promoted considering the improvement of all the perspectives of urban sustainability.

Coordination

In this category, Tokyo (special wards), Hiroshima and Kobe have high scores while
Shizuoka, Kitakyushu and Sapporo get relatively low scores on the “Civilization
Development Potential” indicator. Examining the detailed scoring structure in Table 1, the
low ratio of the public expenditure on education seems to be a main reason for this result.
Meanwhile, more public education facilities are expected in the low-score cities to provide
more opportunities for adult education. The public education facilities indeed could serve as
platforms for promoting the education for sustainable development (ESD), which highlights
issues covering global warming mitigation and human security improvement (UNESCO,
2011). Still, some additional indicators are required to take the sustainable industrial
structure into consideration in this part.

Although the evaluation outcomes come out only by using the data in 2008, the results are
informative for the decision-makers and citizens. The related stakeholders could find
potential directions to improve upon the current situation in the comparative analysis.
Based on the previous observations, concrete adaptation strategies of global warming
mitigation and human security improvement for each city are proposed in Table 5.
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City Proposal
P d .
S::f;ure an Improve the greening of roads
Build water storage facilities and facilitate the water resources
Sapporo Function management against potential droughts;
Improve the spatial homogeneity of the resources of public health;
- Improve the public investment on education;
Coordination . .
Improve the regional research capacity
Pressure and  |[Improve the greening of roads and promote the utilization of public
State transportation systems
Increase the resource (doctors and facilities) of public health care;
. . Improve the capacity of crime crack by increasing the manpower;
Send Funct . . '
chdat uhetion Establish efficient alarm networks for natural hazards and human
security
N Improve the regional research capacity;
Coordination prov & . pactty . .
Improve the resources and infrastructures of public education
Manage the utilization of car by imposing a higher car tax for
instance;
Pressure and  |Promote roof gardening, improve the drainage systems, and
State establish detention ponds to prevent from potential stormwater;
Create natural surfaces to eliminate potential heat waves, by roof
gardening for example
Saitama Increase the natural surfaces and promote green roof or green
buildings by revising built environment regulations;
Function Create urban parks;
Increase the resource of public health care;
Improve the capacity of crime crack and hazard security, by
increasing the manpower for instance
A Improve the regional research capacity;
Coordination P & . pactty . .
Improve the resources and infrastructures of public education
Pressure and  |Encourage energy/natural gas saving by using economic incentives
State and adjusting the prices for instance
Chiba Function Improve the regional research capacity
. Improve the regional research capacity;
Coordination P & pactty

Improve the resources and infrastructures of public education

Table 5. Proposals towards sustainable city for interested cities.
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City

Proposal

Tokyo

(special wards)

Pressure and
State

Control the population/household density;

Encourage water/natural gas saving by using economic incentives
and adjusting the price levels for instance;

Promote roof gardening, improve the drainage systems, and
establish detention ponds to prevent from potential stormwater;
Control NOx pollution: implement more strict pollution
countermeasures such as making more strict emission standards and
eliminating pollutant emission sources.

Increase the natural surfaces and promote green roof or green

Function buildings by revising built environment regulations;
Create urban parks;
Coordination |Under stable development

Pressure and
State

Manage the utilization of car by imposing a higher car tax for
instance

Increase the natural surfaces and promote green roof or green

Yokoh. . 4 . . . .
OXONAMA I Ryunction buildings by revising built environment regulations;

Create urban parks

Coordination  |At an appropriate level
Improve the greening of roads and promote the utilization of public
transportation systems;

Pressure and . . - .

State Encourage the water saving by using economic incentives and
adjusting the price levels for instance;

Niigata Improve the greening of roads
. Establish efficient alarm networks for natural hazards and human

Function .
security

Coordination  [At an appropriate level;
Encourage the increase of newborn babies;

Pressure and [/ .

State Promote roof gardening, improve the drainage systems, and
establish detention ponds to prevent from potential stormwater
Increase the resource (doctors and facilities) of public health care;
Improve the capacity of hazard security by increasing the

Shizuoka . manpower;

Function - .
Improve the prevailing of sewage services;
Establish efficient alarm networks for natural hazards and human
security

N ional ity;
Coordination Improve the regional research capacity

Improve the resources and infrastructures of public education

Table 5. Proposals towards sustainable city for interested cities. (conti.)
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City

Proposal

Hamamatsu

Pressure and
State

Improve the greening of roads and promote the utilization of public
transportation systems;

Prevent from Oxidant pollution: survey the possible precursors’
emission and eliminate the sources.

Function

Increase the resource (doctors and facilities) of public health care;
Improve the capacity of crime crack and hazard security, by
increasing the manpower for instance;

Improve the capacity of hazard security by increasing the
manpower;

Improve the prevailing of sewage services;

Establish efficient alarm networks for natural hazards and human
security

Coordination

Improve the regional research capacity;
Improve the resources and infrastructures of public education

Nagoya

Pressure and
State

Encourage energy saving by using economic incentives and
adjusting the price levels for instance;

Manage the utilization of car, e.g. by imposing a higher car tax;
Create natural surfaces to eliminate potential heat waves, by roof
gardening for example;

Prevent crime and fire accidents

Function

Increase the natural surfaces and promote green roof or green
buildings by revising built environment regulations;

Create urban parks;

Improve the capacity of crime crack and hazard security, by
increasing the manpower for instance;

Improve the recycling and reuse of general waste (the original data
might be questionable due to the natural hazard occurred in the year)

Coordination

At an appropriate level

Kyoto

Pressure and
State

Encourage the increase of newborn babies;

Promote roof gardening, improve the drainage systems, and
establish detention ponds to prevent from potential stormwater;
Create natural surfaces to eliminate potential heat waves, by roof
gardening for example

Improve the capacity of crime crack and hazard security, by
increasing the manpower for instance;

Function . . .
Establish efficient alarm networks for natural hazards and human
security

Coordination |Improve the public investment on education

Table 5. Proposals towards sustainable city for interested cities. (conti.)
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City Proposal
Control the population/household density;
Encourage water/natural gas saving by using economic incentives
and adjusting the price levels for instance;
P Promote the reduction of general waste generation;
ressure and ) . . ;
State Manage the utilization of car, e.g. by imposing a higher car tax;
Prevent crime;
Control NOx pollution: implement more strict pollution
countermeasures such as making more strict emission standards and
Osaka eliminating pollutant emission sources.
Increase the natural surfaces and promote green roof or green
buildings by revising built environment regulations;
F ) Create urban parks;
unction . . .
Improve the capacity of crime crack and hazard security, by
increasing the manpower for instance;
Improve the recycling and reuse of general waste
Coordination |Improve the public investment on education
Pressure and En'cou.rage natu?al gas saving by using economic incentives and
State adjusting the price levels for instance;
Manage the utilization of car, e.g. by imposing a higher car tax
Sakai Improve the capacity of crime crack and hazard security, by
Function increasing the manpower for instance;
Improve the recycling and reuse of general waste
Coordination  |At an appropriate level
Prevent crime and fire accidents;
Pressure and . . . ,
State Preyept from O?ad'ant pollution: survey the possible precursors
Kobe emission and eliminate the sources.
Function Improve the recycling and reuse of general waste
Coordination |At an appropriate level
Pressure and Create natural surfaces to eliminate potential heat waves, by roof
State gardening for example
Hiroshima Increase the resource (doctors and facilities) of public health care;
Function Establish efficient alarm networks for natural hazards and human
security
Coordination |At an appropriate level
P Encourage the increase of newborn babies;
ressure and : S .
State Improve the greening of roads and promote the utilization of public
Kitakyushu transportation systems
Function At an appropriate level
Coordination |At an appropriate level
Pressure and  |Create natural surfaces to eliminate potential heat waves, by roof
Fukuoka State . gardening for exan.lple
Function Improve the recycling and reuse of general waste
Coordination  |At an appropriate level

Table 5. Proposals towards sustainable city for interested cities. (conti.)
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In addition, applying the ideas of the EKC, a quadratic equation is preliminarily established
to fit the possible relationship between the overall scores and the area of the regions. The
ordinary least squares (OLS) method is used to estimate the parameters, and the results are
statistically diagnosed to confirm the statistic credibility of the model. As shown in Fig.3, the
results of the F test and the t test denote that most of the parameter estimators are
significant; the Durbin-Watson (DW) statistic shows that no significant serial correlation
problem exist in the error term. However, only about 17% of the model variances are
explained by the current one; one reason is that the equation only considers the influencing
factor of area, on the basis of the concept of EKC. Still, the developed equation could
provide a preliminary estimation for the optimal area of a sustainable city for the research
purpose. In Fig. 3, the results imply that 987.26 km? would be the optimal area according to
the methodological assumptions and data in 2008. Besides, the area of the top 2 cities in the
ranking is close to this optimal value, supporting the current outcome. On the other hand,
satisfactory results are not obtained in developing the function of the overall scores and the
population scales of the interested regions. Given that more rational weights of the
indicators, the result suggests that the coupling of the indicator system and the EKC could
be an informative tool to analyse the optimal development scale from a variety of
perspectives with the current available statistics, and thus this methodology could aid
future urban design towards sustainable development.

y(Overall Score)
0.6
5]
04 | m Overall Score
= (]
02 | = =

7 x(area, (km?))
( ‘:208 fA00 B 600 800 1,000 1,200 14080 1,600

02 y=-5.86%10"x" +1.16%10" x —0.394
(-1.64) (2.01*) (-2.14*)
04T . =-5.86%107 (x - 987.26)* + 0.204
06 |- adj R’ =0.168,F =2.72", DW=1.48
(5]
-0.8

Fig. 3. The relationship between the overall scores and areas for the study regions. Note:
Values in the parentheses are t statistics for the parameter estimator; * and ** denote
significance at the 10% and 5% levels, respectively.

In fact, some deficiencies in this study are expected to be improved at the next step. First, an
additional analysis on the weights in the current precautionary indicator system is required.
Second, the aggregation process in the precautionary indicator system actually assumes that
the intrinsic relationships among the variables are linearly. In this sense, the weights of the
indicators serve as the coefficients in a linear equation in each category. Therefore, the
potential collinearity among the indicators in the current indicator system has to be further
examined given that a more credible spatial-temporal panel data. Third, regarding the
cooperation and competition among the cities, some neighboring cities may have strong
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interactions to form a regional economy. For example, in the eastern Japan, several major
cities comprise of the informal Kando regional economy. In this sense, the current
methodology of the development of indicator systems should take the interactions among
stakeholders into consideration by adopting import/export flows. Still, the current
methodology could provide adaptation strategies to a certain extent with a small data
requirement.

4. Conclusion and future prospect

Considering the composite socio-economic-environmental relationships, this study makes
an attempt to develop a precautionary indicator system to quantify the degree of the risks
with regard to global warming and human security in urban areas. An normalization
procedure considering the attributs of impacts is proposed to develop the indicator system.
Regarding the improvement of the current methodology, two parts could be further studied.
Firstly, considering the manipulability of the calculation, the behaviors of the variables are
assumed to obey the standard normal distribution in this study while some might not.
Further distribution tests could be implemented for the recognition of the behaviour of each
index. Secondly, the weights within the hierarchies could be re-structured by using the AHP
or ANP-like methods, e.g.,, AHP, fuzzy-AHP, or ANP methods, so that all the stakeholders’
view points could be taken into consideration.

Using the official data in 2008, the preliminary empirical results provide concrete adaptation
strategies for the major cities in Japan. Furthermore, every city could find some solutions to
improve their capacity regarding the global warming and human security. In addition,
concerning the catastrophe pressures and the climate change adaptation, the adequate
latitude condition of a city might shift to a higher level than that of most major cities in
Japan. Furthermore, using the overall scores of the precautionary indicator systems, a
preliminary EKC is established to discover the optimal size of a city, showing that a city in
the area of around 987.26 km2? would be adequate for the purpose of global warming
adaptation and human security improvement with regard to city governances.
Consequently, as shown in the demonstrated EMC example, more attributes on the city
scales could be exploited based on the established indicator sytem using a comprehensive
data. Based on the outcomes of this study, the precautionary indicator system and the
proposed adaptation strategies regarding the global warming mitigation and human
security improvement would contribute to the facilitation of the current urban planning for
sustainable development.

5. References

Arrow, K, Bolin, B., Costanza, R., Dasgupta, P., Folke, C., Holling, C. S., Jansson, B. O.,
Levin, S., Miiler, K. G., Perrings, C., Pimentel, D. (1995). Economic growth, carrying
capacity, and the environment. Science, Vol.268, No.5210, (April 1995), pp. 520-521,
ISSN 1095-9203

Azomahou, T. Laisney, F.,, Nguyen Van, P. (2006). Economic development and CO2
emissions: A nonparametric panel approach. Journal of Public Economics, Vol.90,
No.6-7, (August 2006), pp. 1347-1363, ISSN 0047-2727

Button, K. (2002). City management and urban environmental indicators. Ecological
Economics, Vol.40, No.2, (February 2002), pp. 217-233, ISSN 1470-160X

www.intechopen.com



Global Warming Impacts — Case Studies on
90 the Economy, Human Health, and on Urban and Natural Environments

Cartera, T., Keeler, A. (2008). Life-cycle cost-benefit analysis of extensive vegetated roof
systems. Journal of Environmental Management, Vol.87, No.3, (May 2008), pp. 350-
363, ISSN 0301-4797

Chapman, M. G., Blockley, D. J. (2009). Engineering novel habitats on urban infrastructure
to increase intertidal biodiversity. Oecologia, Vol.161, No.3, (September 2009), pp.
625-635, ISSN 1432-1939

Chen, H. W., Chang, N. B.,, Chen, ]J. C, Tsai, S. J. (2010). Environmental performance
evaluation of large-scale municipal solid waste incinerators using data
envelopment analysis. Waste Management, Vol.30, No. 7, (July 2010), pp. 1371-1381,
ISSN 0956-053X

Chung, J. Y., Honda, Y., Hong, Y. C, Pan, X. C,, Guo, Y. L, Kim, H. (2009). Ambient
temperature and mortality: An international study in four capital cities of East
Asia. Science of the Total Environment, Vol.408, No.2, (December 2009), pp. 390-396,
ISSN 0048- 9697

Duke, J. M., Aull-Hyde, R. (2002). Identifying public preferences for land preservation using
the analytic hierarchy process. Ecological Economics, Vol.42, No.1-2, (August 2002),
pp. 131-145, ISSN 1470-160X

European Environment Agency [EEA]. (1999). Environmental Indicators: Typology and
Overview, Report No. 25. Copenhagen: EEA, Retrived from
< http:/ /www.eea.europa.eu/ publications/ TEC25 >.

Firman, T., Surbakti, I. M., Idroes, I. C., Simarmata, H. A. (2011). Potential climate-change
related vulnerabilities in Jakarta: Challenges and current status. Habitat
International, Vol.35, No.2, (April 2011), pp. 372-378, ISSN 0197-3975

Hsu, Y. L., Lee, C. H. Kreng, V. B. (2010). The application of Fuzzy Delphi Method and
Fuzzy AHP in lubricant regenerative technology selection. Expert Systems with
Applications, Vol.37, No.1, (January 2010), pp. 419-425, ISSN 0957- 4174

Hu, D., Wang, R. (1998). Exploring eco-construction for local sustainability: An eco-village
case study in China. Ecological Engineering, Vol.11, No.1-4, (October 1998), pp. 167-
176

Jago-on, K. A. B., Kaneko, S., Fujikura, R., Fujiwara, A., Imai, T., Matsumoto, T., Zhang, J.,
Tanikawa, H., Tanaka, K., Lee, B., Taniguchi, M. (2009). Urbanization and
subsurface environmental issues: An attempt at DPSIR model application in Asian
cities. Science of the Total Environment, Vol.407, No.9, (15 April 2009), pp. 3089-3104,
ISSN 0048- 9697

Jeong, L. J., Lee, K. M. (2009). Assessment of the ecodesign improvement options using the
global warming and economic performance indicators. Journal of Cleaner Production,
17, 13, (September 2009), pp. 1206-1213, ISSN 0959-6526

Kataoka, K., Matsumoto, F., Ichinose, T., Taniguchi, M. (2009). Urban warming trends in
several large Asian cities over the last 100 years. Science of the Total Environment,
Vol.407, No.9, (April 2009), pp. 3112-3119, ISSN 0048- 9697

Kessler, J. J., Van Dorp, M. (1998). Structural adjustment and the environment: the need for
an analytical methodology. Ecological Economics, Vol.27, No.3, (December 1998), pp.
267-281, ISSN 1470-160X

Khasnis, A. A., Nettleman, M. D. (2005). Global warming and infectious disease. Archives of
Medical Research, Vol.36, No.6, (November-December 2005), pp. 689-696, ISSN 0188-
0128

www.intechopen.com



Developing Urban Adaptation Strategies for
Global Warming by Using Data Mining Techniques: A Case Study... 91

Magnani, E. (2000). The Environmental Kuznets Curve, environmental protection policy and
income distribution. Ecological Economics, Vol.32, No.3, (March 2000), pp. 431-443,
ISSN 1470-160X

Mcdonald, R. I, Kareiva, P., Forman, R. T. T. (2008). The implications of current and future
urbanization for global protected areas and biodiversity conservation, Biological
Conservation, Vol.141, No.6, (June 2008), pp. 1695-1703, ISSN 0006-3207

Mistch, W. J. (2003). Ecology, ecological engineering, and the Odum brothers. Ecological
Engineering, Vol.20, No.5, (October 2003), pp. 331-338, ISSN 0925-8574

Miiller-Fiirstenbergera, G., Wagner, M. (2007). Exploring the environmental Kuznets
hypothesis: Theoretical and econometric problems. Ecological Economics, Vol.62,
No.3-4, (May 2007), pp. 648-660, ISSN 1470-160X

Niemeijer, D. (2002). Developing indicators for environmental policy: data-driven and
theory-driven approaches examined by example. Environmental Science and Policy,
Vol.5, No.2, (April 2002), pp. 91-103, ISSN 1462-9011

Ngai, E. W. T, Xiu, L., Chau, D. C. K., (2009). Application of data mining techniques in
customer relationship management: A literature review and classification. Expert
Systems with Applications, Vol.36, No.2, (March 2009), pp. 2592-2602, ISSN 0957-
4174

Organization for Economic Cooperation and Development [OECD]. (1993). OECD Core Set
of Indicators for Environmental Performance Reviews. OECD Publishing,
Retrieved from
<http:/ /fao.org/ag/againfo/programmes/en/lead/toolbox/Refer/gd93179.pdf>

OECD, (July 30, 1996). Developing OECD Agri-Environmental Indicators, Mimeograph.
Paris, France.

Omann, I, Stocker, A., Jager J. (2009). Climate change as a threat to biodiversity: An
application of the DPSIR approach. Ecological Economics, Vol.69, No.1, (November
2009), pp. 24-31, ISSN 1470-160X

Pan, T. C, Kao, J. J. (2009). Inter-generational equity index for assessing environmental
sustainability: An example on global warming. Ecological Indicators, Vol.9, No.4,
(July 2009), pp. 725-731, ISSN 1470-160X

Robert, B. E, Cory, R. (2003). Socio-economic indicators and integrated coastal management,
Ocean and Coastal Management, (2003), Vol.46, pp. 299-312, ISSN 0964-5691

Roseland, M. 1997. Dimensions of the eco-city. Cities, Vol.14, No.4, (August 1997), pp. 197-
202.

Rosenthal, S. S., Strange, W. C. (2001). The determinants of agglomeration. Journal of Urban
Economics, Vol.50, No.2, (September 2001), pp. 191-229, ISSN 0094-1190

Rounsevell, M. D. A., Dawson, T. P., Harrison, P. A. (2010). A conceptual framework to
assess the effects of environmental change on ecosystem services. Biodiversity and
Conservation, Vol.19, No.10, (September 2010), pp. 2823-2842, ISSN 0960-3115

Solnes, J. (2003). Environmental quality indexing of large industrial development
alternatives using AHP. Environmental Impact Assessment Review, Vol. 23, No.3,
(May 2003), pp. 283-303, ISSN 0195-9255

Song, D., Xiao, D., Shen, Y. (2004). Assessment for the level of ecological city in inshore
regions in China. Progress in Geography, Vol.23, (July 2004), pp. 80-85, ISSN 1007-
6301 (in Chinese)

www.intechopen.com



Global Warming Impacts — Case Studies on
92 the Economy, Human Health, and on Urban and Natural Environments

Srebotnjak, T. (2007). The role of environmental statisticians in environmental policy: the
case of performance measurement. Environmental Science and Policy, Vol.10, No.5,
(August 2007), pp. 405-418, ISSN 1462-9011

Strange, W., Hejazi, W., Tang, J. (2006). The uncertain city: Competitive instability, skills,
innovation and the strategy of agglomeration. Journal of Urban Economics, Vol.59,
No.3, (May 2006), pp. 331-351, ISSN 0094-1190

Tanguay, G. A., Rajaonson, ]J., Lefebvre, J.-F., Lanoie, P. (2010). Measuring the sustainability
of cities: An analysis of the use of local indicators. Ecological Indicators, Vol.10, No.2,
(March 2010), pp. 407-418, ISSN 1470-160X

UNESCO [United Nations Educational, Scientific and Cultural Organization], (2011).
Education for Sustainable Development (ESD). April 1, 2011, Available from:
<http:/ /www.unesco.org/new/en/education/themes/leading-the-international-
agenda/education-for-sustainable-development>.

Valentin, A., Spangenberg, J. H. (2000). A guide to community sustainability indicators.
Environmental Impact Assessment Review, Vol.20, No.3, (June 2000), pp. 381-392, ISSN
0195-9255

van Bohemen, H. D. (1998). Habitat fragmentation, infrastructure and ecological
engineering, Ecological Engineering, Vol.11, No.1-4, (October 1998), pp. 199-207,
ISSN 0925-8574

Verdoodt, A., Van Ranst, E. (2006). Environmental assessment tools for multi-scale land
resources information systems: A case study of Rwanda. Agriculture, Ecosystems and
Environment, Vol.114, No.2-4, (June 2006), pp. 170-184, ISSN 0167-8809

Weng, Y. C, Fujiwara, T., Matsuoka, Y. (2009). Municipal solid waste management and
short-term projection of the waste discard levels in Taiwan. Journal of Material
Cycles and Waste Management, Vol.11, No.2, (May 2009), pp. 110-122, ISSN 1438-4957

Weng, Y. C., Fujiwara, T., Matsuoka, Y. (2010). An analysis of municipal solid waste
discards in Taiwan based on consumption expenditure and policy interventions.
Waste Management and Research, Vol.28, No.3, (March 2010), pp. 245-255, ISSN 0734-
242X

Weng, Y. C., Fujiwara, T. (2011). Examining the effectiveness of municipal solid waste
management systems: An integrated cost-Benefit analysis perspective with a
financial cost modeling in Taiwan. Waste Management, Vol.31, No.6, (June 2011), pp.
1393-1406, ISSN 0956-053X

Werner, P., Werner, G., Kristina, V. (2006). Survey of environmental informatics in Europe.
Environmental Modelling and Software, Vol.21, No.11, (November 2006), pp. 1519-
1527.

Yokohama City Government. (2011). Comparative Statistics in Japanese Major Cities. March
1, 2011, Available from: <http:/ /www.city.yokohama.lg.jp/ex/stat/daitoshi/>.

www.intechopen.com



Global Warming Impacts - Case Studies on the Economy, Human

s Health, and on Urban and Natural Environments

AMD OM URBAN AND NATURAL

ENVIRGHMENTS Edited by Dr. Stefano Casalegno

Edbtmd by Sttans Casalegno.

ISBN 978-953-307-785-7

Hard cover, 290 pages

Publisher InTech

Published online 03, October, 2011
Published in print edition October, 2011

This book addresses the theme of the impacts of global warming on different specific fields, ranging from the
regional and global economy, to agriculture, human health, urban areas, land vegetation, marine areas and
mangroves. Despite the volume of scientific work that has been undertaken in relation to each of each of these
issues, the study of the impacts of global warming upon them is a relatively recent and unexplored topic. The
chapters of this book offer a broad overview of potential applications of global warming science. As this
science continues to evolve, confirm and reject study hypotheses, it is hoped that this book will stimulate
further developments in relation to the impacts of changes in the global climate.

How to reference
In order to correctly reference this scholarly work, feel free to copy and paste the following:

Yu-Chi Weng (2011). Developing Urban Adaptation Strategies for Global Warming by Using Data Mining
Techniques: A Case Study of Major Metropolitan Areas in Japan, Global Warming Impacts - Case Studies on
the Economy, Human Health, and on Urban and Natural Environments, Dr. Stefano Casalegno (Ed.), ISBN:
978-953-307-785-7, InTech, Available from: http://www.intechopen.com/books/global-warming-impacts-case-
studies-on-the-economy-human-health-and-on-urban-and-natural-environments/developing-urban-adaptation-
strategies-for-global-warming-by-using-data-mining-techniques-a-case-stu

INTECH

open science | open minds

InTech Europe InTech China

University Campus STeP Ri Unit 405, Office Block, Hotel Equatorial Shanghai

Slavka Krautzeka 83/A No.65, Yan An Road (West), Shanghai, 200040, China

51000 Rijeka, Croatia FE EBMIERFEK6SS LiEEPrREB ARG DA 4058 TT
Phone: +385 (51) 770 447 Phone: +86-21-62489820

Fax: +385 (51) 686 166 Fax: +86-21-62489821

www.intechopen.com



© 2011 The Author(s). Licensee IntechOpen. This is an open access article
distributed under the terms of the Creative Commons Atiribution 3.0
License, which permits unrestricted use, distribution, and reproduction in
any medium, provided the original work is properly cited.




