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Urbanization, together with the environmental degradation problems associated with it, is one
of the most significant causes of climate change. Since environmental issues impact the
stability of our planet, our cities should be ready and strive to turn green quickly. Therefore,
the assessment of urban and environmental sustainability is indispensable for making informed
decisions. This paper provides a comparative analysis of seven global sustainability
assessment tools for urban development, such as CASBEE for Cities, Green Star
Communities, the Global City Indicator, the Green City Index, ISO37120, One Planet Living,
and the International Eco-City Framework. The objectives of this study are as follows: 1) to
allow a better understanding of the drivers and objectives of each exercise; 2) to extract the
common environmental indicators from the global urban assessment tools; 3) to measure the
weights of those indicators; and then 4) to deduce the environmental indicators that are not
covered sufficiently in the tools. This investigation found that many of the indicators affecting
increased environmental risks have not been adequately covered and should be addressed and
included. Based on the above, the paper has developed a holistic green urban meter for
sustainable urban assessment by establishing a comprehensive assessment framework that
could increase the quality of life in the long term.

1. INTRODUCTION

The sustainability assessment of the built environment was
addressed with rating tools for buildings more than two
decades ago. Sustainability assessment systems for buildings
were first developed in Europe and North America before
being disseminated worldwide.

Despite high demand for and attention to green buildings,
such tools have been demonstrated to be insufficient in
guaranteeing the sustainability of the built environment. The
recent researches have discussed the importance of extending
the scale of evaluation from individual buildings to include
cities and societies.

Therefore, the recent introduction of community and urban
design assessment systems is represented an important
achievement of the sustainability assessment [1-3].

As perceiving sustainability in a holistic conception is
necessary to guarantee sustainable urban development, a
proper understanding of the concepts, methods of approaches,
tools, and techniques used in assessing the sustainability of
urban development is required [4].

2. MATERIALS AND METHODS

Seven assessment tools were studied as examples for cities’
sustainability assessment tools (Table 1). Each model was
identified based on three criteria: (1) the scale of the method
as a framework, index, guide, checklist, rating tool, and
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indicator; (2) its coverage level at the global, international,
national, and local levels; and (3) the spatial coverage (i.e.,
urban areas, neighborhoods, districts, and cities). Each tool
was analyzed and reviewed based on its objective and
indicators, the environmental aspect, and the assessment
methodology, as illustrated in Table 1.

2.1 CASBEE Urban Family, CASBEE for Urban
Development, and CASBEE for Cities

In Japan, CASBEE Urban Family includes only two rating
systems: CASBEE-UD and CASBEE for Cities [5]. The latter
was published in 2006/2007 by Japan. CASBEE for Cities, as
a basic tool, differs in terms of the building groups participated
in the assessment scope. CASBEE for Cities focuses on the
outdoor elements and situations associated with buildings and
surrounding it. The evaluation includes decisive elements of
urban and regional planning rather than the internal evaluation
of buildings [6-9].

2.1.1 The aim of CASBEE for Cities

CASBEE for Cities ensures consistency of environmental
design concepts, including buildings and the other elements in
the same project site, and this also includes the design and
planning, and the project implementation period. CASBEE for
Cities includes improving the integrated environmental
performance inside the cities by confirming the environmental
measures and impacts for a group of buildings. CASBEE for
Cities is planned for cities, regardless of the other tool,


https://crossmark.crossref.org/dialog/?doi=10.18280/ijsdp.160206&domain=pdf

CASBEE for buildings, intended for building assessment.
CASBEE for Cities uses the full environmental performance
assessment of a building complex on the city scale using two

assessment items: the Q3 (outdoor environment of the
development site) and LR3 (foreign environment) [6].

Table 1. The identification criteria of the selected assessment tools

Identification Criteria

Model .
Typology Coverage level Spatial Coverage
1 One Planet Living Framework International City
2 Green Star Community Framework National, local Neighborhood, City
3 International Eco-City Framework Guide International City
4 CASBEE for Cities Rating tool  Global, national, Local City
5 Global City Indicator Guide International City
6 1ISO37120 Index Global City
7 Green City Index Indicators Global City

[ Environmental Indicators of CASBEE for Cities J

*

Local
environmental
quality

Natural

conservation

co,
absorption

Resources

recycling

Figure 1. Environmental indicators of CASBEE for Cities [10]

2.1.2 Indicators of CASBEE for urban development

The three themes of CASBEE for Urban Development are
environment (Q1), society (Q2), and economy (Q3), the main
dimensions of which are listed in Table 2.

Table 2. Main dimensions of CASBEE for Cities [10]

Q1 Q2 Q3
R Impartially Traffic urban
esource ;

fairness structure

Nature Security/safet Growth
(greenery/biodiversity) Y y potential
I - . Efficiency
Artificial (buildings) Amenity rationality

2.1.3 Environmental aspect of CASBEE for Cities

This environmental aspect forms a third of the total
indicators, where it is represented in the Q1 category with four
indicators: (1) natural conservation, (2) local environmental
quality, (3) resources recycling, and (4) CO- absorption (see
Figure 1) [10].

2.1.4 Assessment methodology of CASBEE for Cities

The method is basically similar to the CASBEE assessment
of buildings. Environmental quality is divided by
environmental load reduction, resulting in so-called built-
environment efficiency (BEE). Environmental quality
comprises ‘“natural environment (microclimates and
ecosystems),” “service functions of the urban area,” and
“contribution to the local community (history, culture,
scenery, and revitalization),” each with four to six
subcategories and two to four indicators underpinning them.

Environmental load reduction is substantiated by
“environmental impact on microclimates, facade, and
landscape,” “social infrastructures,” and “management of the

local environment,” again containing four to six subcategories
with concrete indicators. In terms of scoring criteria, CASBEE
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for Cities has two main indicators in assessment: Qup or the
environmental quality of urban development, which contains
three indicators (Qupl/environment, Qup2/society, and
Qup3/economy), and Lup or the environmental load of urban
development, as shown in Figures 2 and 3 [10]. The major
themes of Lyp include “CO; emissions from the traffic sector,
the building sector, and absorption in the green sector” [4].
CASBEE for cities rating benchmarks are shown in Table 3.

Scoring criteria in CASBEE-UD
. ' v
Qup Lup
Environmental quality Environmental load of
of urban development urban development

{ —— T P
Qupl ‘ Qup2 Qup3 Lyp total score & ’
| Environment Society Economy conversion to LRy,

Figure 2. Main indicators of CASBEE for Cities assessment
[10]
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City boundary City boundary

Figure 3. Assessment objects of CASBEE for Cities [10]

The results of the assessment are represented in different
ways in the assessment results sheet: block overview, CO;
emissions charts, radar charts, bar charts, consideration in
planning, and consistency in upper-level planning.



Table 3. CASBEE for cities rating benchmarks [10]

Poor C *
Fairly poor B- **
Good B+ Fx
Very good A falaiai
Excellent S Fkdkok

2.2 Green Star Communities

In Australia, the Green Star Communities framework was
launched in 2012. It assesses the planning, design, and
construction of large-scale development projects at the
precinct, neighborhood, and/or community scale. Green Star
Communities rates projects at such scales against the
following categories: Livability, economic prosperity,
environment, design, governance, and innovation [11]. It helps
decision makers and urban planners with sustainable outcomes
in the earliest stages: site selection, concept planning, detailed
planning, design, and site works.

2.2.1 The aim of Green Star Communities
The framework seeks to ensure that communities are on a
clear path to achieving the following [11]:
= Diverse, affordable, inclusive, and healthy places for
residents
= Business diversity and opportunities for economic
development and innovation
= Developments that provide value for money through
whole-of-life cost savings
= A reduced environmental footprint through the protection,
maintenance, and restoration of local natural environments
= A commitment to long-term sustainability
= More livable, prosperous, and sustainable communities
= More effective planning outcomes through the plan-
making process
= Reduced infrastructure delivery and asset maintenance
costs
= Community engagement and participation
= Collaboration with private-sector developers to ensure the
best possible community outcomes
= Credibility through the independent third-party verification
of best-practice outcomes or above

2.2.2 Indicators of Green Star Communities
After extensive consultation with industry stakeholders

Livability

Governance

Economic

from social planners to agronomists, the Green Star
Communities national framework and rating tool were
developed. The rating tool establishes benchmarks for
assessing the projects according to a framework, which
consists of five principles (see Figure 4). These principles
shape and define the sustainable community in Australia [11],
which form the vision and definition for a sustainable
community in Australia.

2.2.3 Environmental aspect of Green Star Communities

Although the Green Star Communities rating tool does not
rate buildings, it acknowledges that best-practice buildings can
contribute to making a community healthier and more
sustainable. Through the Env-6 “Green Buildings” credit, the
Green Star Communities rating tool rewards community
development projects that include certified environmentally
sustainable buildings, such as buildings that achieve the
“Green Star — Design,” “Green Star — As Built,” or “Green
Star — Performance” ratings [11].

2.2.4 Assessment methodology of Green Star Communities

The Green Star Communities rating tool classifies the “plan
of development” for the community and the plan of
implementation through the design and construction stages.
The rating tool can be applied to many different types of
communities, from industrial or commercial zones to
residential or mixed-use developments and infill as well as
brownfield and greenfield development projects that include a
minimum of four buildings [11].

Table 4. Benchmarks of Green Star Communities [11]

Rating Weighted Points Score Category

0 star 0-9 Assessed

1 star 10-19 Minimum Practice
2 stars 20-29 Average Practice

3 stars 30-44 Good Practice

4 stars 45-59 Best Practice

5 stars 60-75 Australian Excellence
6 stars +75 World Leadership

The project assessed by Green Star Communities achieves
the approved classification starting with one Star (with a
weighted point score ranges from 10_19 as it categorized as
Minimum Practice), before that the project is “Assessed" (with
0_9 points) (see Table 4).

e
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0 Integrated
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v
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gas strategy transport
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eSusminable o Waste o Light

management pollution

Heat island
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Figure 4. The five categories of the Green Star Communities rating system and the environmental indicators [11, 12]



Consequently, the scorecard, which is an interactive file,
must be used by projects seeking Green Star certification. This
scorecard represents a registration tool to the projects to follow
up their claims of the Green Star points.

2.3 Global City Indicator

The Global City Indicators Facility (GCIF) has developed
and implemented a standardized global indicator set that
allows for performance evaluation on an international scale
(Global Cities Institute, 2007). The tool covers all sides of
urban life, giving a special importance to social and economic
measures of sustainability. While it does not measure pollution
or air quality and little mention is made of renewable energy
sources, the tool is well-established, and hundreds of cities are
already GCIF members. A notable strength of the GCIF
system is that it is easy to implement [13]. GCIF indicators
have become an invaluable tool for the exchange of reliable
information and learning among cities. The GCIF has
developed into a growing global network of over 250 cities
reporting on this standard across Latin America, Africa, Asia,
the Middle East, Europe, and North America [14].

2.3.1 The aim of the Global City Indicator

The Global City Indicator focuses on cities with
populations over one hundred thousand. This standardized
system of global city indicators allows for global
comparability of city performance and knowledge sharing.
The Global City Indicator’s database provides cities with a
free web-based system to enter city data, track progress over
time, and facilitate capacity building and knowledge sharing.

2.3.2 Indicators of the Global City Indicator

The Indicators for Sustainability report [15] from
Sustainable Cities International took a different approach to
the development of an indicator set compared to the other
frameworks mentioned thus far. It started with case studies of
several global cities of different sizes. From this information,
they chose indicators that were common to several cities and
easy to understand and implement and that covered multiple
related sustainability goals. The result is a set of core, flexible,
easy-to-implement core indicators for cities, regardless of size
or location. The indicators cover a wide range of sustainability
goals. Little weight is given to indicators of health and
governance; however, the report itself incorporates the
indicator list into an easy-to-use Toolkit for Cities. This
includes guidelines for evaluating the needs of a specific city
and establishing baseline targets as well as best practices
gleaned from case studies. Structured themes are organized
into two broad categories: city services and quality of life (see

Figure 5).

2.3.3 Environmental aspect of the Global City Indicator

The environmental aspect of the Global City Indicator is
highlighted in Table 5 among tool indicators. Those aspects
are represented in wastewater, energy, solid waste, and water
among city-services themes and represented in the
environment among quality-of-life themes.

2.3.4 Assessment methodology of the Global City Indicator

The Global City Indicators Program process includes
monitoring, reporting, validating and adjusting the indicators.
This is accomplished through a dynamic website
(www.cityindicators.org) that allows participating cities
around the world to standardize their set of indicators, analyze
their results, and share best practices on quality of life and
service delivery. Cities enter required data per the template on
the website (numerator and denominator space prescribed),
and the website automatically compiles indicators ensuring
data quality.

2.4 Green City Index

The Green City Index, developed by the German
technology enterprise Siemens, focuses on the environmental
dimension [16]. The considered aspects are COg, energy,
buildings, transport, water, waste, land use, air quality, and
environmental management, each of which are determined by
guantitative and qualitative indicators. The aspect of energy,
for example, is substantiated by the indicators energy
consumption, energy intensity, share of renewable energy, and
support of clean energy. The latter, as a qualitative indicator,
shall be evaluated by Economist Intelligence Unit6 analysts,
such as other qualitative indicators of the Green City Index.
The focus of the Green City Index lies on environmental issues
while neglecting economic and social aspects that should be
part of an assessment of urban sustainability [17].

2.4.1 Aim of the Green City Index

The Green City Index measures the environmental
performance of major cities and their commitment to reducing
their environmental impact. The cities were chosen with a
view to representing major countries and include capital cities
or leading business capitals selected on the basis of size,
geographical spread, and data availability. In cases where a
significant lack of data relating to a city was evident, the
comparison of major cities in Europe, Asia, Africa, and the
Americas in terms of their environmental performance and
policies aided the understanding of the strengths and
weaknesses of each city and its performance against its peers.

Themes Gl()b.“l C Themes
Indicator ‘
X facility i
. Core — ley Ql{:l'llt)' »—a (ETol-e
indicators services of live indicators
Supporting / \ Supporting
indicators indicators

Figure 5. Main categories of the Global City Indicators [13]
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Table 5. Themes of the Global City Indicators [15, 18]

City-Services Themes

= Education

= Finance

= Governance
= Recreation

Quality-of-Life Themes

= Civic Engagement

= Social Services Eﬁgngrm Y
. \T/\;ansrmrtatfn = Subjective Well-Being
. astewater = Culture
- *
Energy = Environment*
= Fire and Emergency = Social Equity
] aira\tllltf'nes = Technology and
Innovation
= Safety

= Solid Waste*
= Urban Planning
=  Water*

*The environmental aspect

2.4.2 Indicators of the Green City Index

The Green City Index includes approximately thirty
indicators within eight to nine categories depending on the
region. Its categories cover CO- emissions, energy, buildings,
land use, transport, water and sanitation, waste management,
air quality, and environmental governance [16].

2.4.3 Environmental aspect of the Green City Index

An expert panel developed a set of thirty indicators to
compare cities: sixteen quantitative indicators and fourteen
qualitative indicators. The set of indicators comprehensively
covers all major areas of urban environmental sustainability,
giving a significance importance on energy and carbon dioxide
emissions. Nevertheless, little attention is given to measures
of happiness, health, and quality of life. The indicators are
divided into quantitative indicators, which measure the city’s
current performance, and qualitative indicators, which cover
the aspirations and commitments of a city to sustainable
practices [19]. These include land use, energy, environmental
governance, air quality, sanitation, water, transport, waste, and
CO-[16] (see Figure 6).

2.4.4 Assessment methodology of the Green City Index

The Green City Index aims to closely follow their structure.
However, to be applicable in different areas throughout the
world, its methodology has been adapted to accommodate
variations in data quality and availability as well as
environmental challenges specific to the region. The index
records cities across eight categories: 1) energy and carbon
dioxide, 2) land use, 3) transportation, 4) waste, 5) water, 6)
sanitation, 7) air quality, and 8) environmental management,
and it consists of twenty-five individual indicators. Twelve of
the indicators are based on quantitative data and aim to
measure how a city currently performs—for example, its level
of CO, emissions from electricity consumption, the proportion
of the population living in informal settlements, the level of
waste production, and access to sanitation. The remaining
thirteen indicators are qualitative assessments of each city’s
policies, regulations, and ambitions. The set of indicators is
designed to use publicly available data (with a notable
exception of CO, emissions that are not well reported in many
European cities), and each indicator is normalized to allow
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comparison among cities. This indicator system was not
purposed for widespread use but could easily be adapted to
evaluate other cities.

[ Green city Index indicators ]
Waste & Environmental . "

[ Land use J [ Energy ] { governance ] [ Al quality ]
eMunicipal waste eEnergy eGreen action eNitrogen dioxide
production consumption plan sSulpher dioxide
s Waste recycling sEnergy intensity oGreen +Ozone
eWaste reduction sRenewable management. eParticular matter
policies energy spublic oClean air
eGreen land use consumption participation in policies
policies eClean & efficient green policy

energy policies
J J J
Water ] { Co, } { Transport } [ Buildings
eWater +Co, intensity eUse of non-car eEnergy
consumption *Co; emissions transport consumption of
#System leakage ¢Co; reduction #Size of non-car residential
e Wastewater strategy transport buildings
system treatment network eEnergy-efficient
eWater efficiency sGreen transport buildings
and treatment promotion standards
policies sCongestion sEncrgy-efficient
reduction buildings
J ) policies initiatives

Figure 6. Indicators of the Green City Index system [16]
2.5 International Eco-City Framework

Ecocity Builders and its network of partner consultants are
working to establish the International Eco-city standards (IES)
so that participating cities can evaluate their environmental
status in conjunction with a global network of local
governments and specialist experts committed to the entire
system improvement process [20].

2.5.1 Aim of the International Eco-City Framework

The International Eco-City Framework and Standards
initiative seeks to provide an innovative vision for an
ecologically restorative human civilization and amplify all
efforts toward greater ecological and social health.
Additionally, it seeks to unite people around a way of living
that provides the best possible cities for people to live in while
enhancing, not destroying, the biosphere. This entails a
practical methodology for assessing and guiding progress
toward the goal of the IES, which is to provide support and
criteria by which cities can adopt measures that would enable
them to successfully move toward becoming eco-cities. This
approach provides a network, tools, and a methodology for
cities to assess their performance relative to the IES [20].

2.5.2 Indicators of the International Eco-City Framework

The International Eco-City Framework provides a way to
visualize eco-city assessment along fifteen dimensions coded
for natural capital, social capital, and financial capital (Figure
7) [20].

2.5.3 Environmental aspect of the International Eco-City
Framework

These environmental indicators are highlighted in green in
Figure 7.



Environmental indicators of CASBEE for Cities !
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Figure 7. Indicators of the International Eco-City Framework (the environmental indicators are indicated in green) [21]

< One planet living indicators

l
J

Health & Equity & Culture & Land use and Sustainable
happiness economy community wild life water
Local & Sustainable Sustainable S Zero'carbon
sustainable food materials transport - ) )

Figure 8. Two headlines including the ten indicators in One Planet Living (the environmental indicators are in green) [23, 24]

2.5.4 Assessment methodology of the International Eco-City
Framework

The International Eco-City Framework was designed for a
wide range of users and charts a city’s steps forward—from
existing conditions to “threshold” eco-city status and beyond.
The framework helps people see how their city is doing on a
range of important measures, charted from ‘“unhealthy”
through multiple levels of “greener city,” “eco-city,” and the
whole-earth level, “Gaia” [21]. Although this framework
provides a much grounded high-level structure, it doesn’t go
as far as to specify benchmarks or even design indicators.

2.6 One Planet Living

We only have one Planet Earth, but as a global society,
we’re living as if we have several planets and consume the
earth in ways that cannot be sustained. A lot of things have to
change, but if we work together, we can enjoy just as much
comfort, more security, and better health while living lives that
are enriching, fulfilling, and sustainable [22].

2.6.1 Aim of One Planet Living

One Planet Living aims for all humankind to lead happy and
healthy lives within the environmental limits of our planet
through an easy and attractive process. This simple framework
enables everyone, from the general public to professionals, to
collaborate on a sustainability strategy, drawing on everyone’s
insights, skills, and experience. It is based on ten guiding
principles of sustainability that can be used to create holistic,
joined-up solutions.

Therefore, the objectives of One Planet Living are as
follows: (1) to promote sustainable living by making it easy to
share and reduce the consumption of natural materials; (2) to
carefully consider every material and product and select it for
its positive social and environmental benefits or for reducing
its negative impact; and (3) to promote materials and products
that are not toxic to humans or wildlife at any stage in their
lifecycle, from the raw material stage to the manufacturing,
use, and end-of-life stages.

2.6.2 Indicators of One Planet Living
One Planet Living uses two main indicators to sustainably
live on planet Earth: (1) the ecological footprint, a method for
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calculating a wide range of our demands on land and sea; and
(2) the carbon footprint obtained from science of climate.
These indicators measure greenhouse gases including CO;
released from burning fossil fuels and practices used in
agriculture.

2.6.3 Environmental aspect of One Planet Living
The environmental indicators of this community are
represented in green in Figure 8.

2.6.4 Methodology of assessment in One Planet Living

The methodology of One Planet Living revolves around
putting a plan into action and monitoring its progress, as
shown in Figure 9, by defining targets that can be set as
tangible measures of progress to be achieved in a specific time
and linked to relevant indicators. Moreover, this enables
community groups that want to create a “shared vision” for a
more sustainable future that everyone in the local area can
work toward.

Context
Future
Trends /

Visioning
One Planet
Lifestyles /

Assessing
Benchmarking
Analysis

Figure 9. Methodology of assessment in One Planet Living
[23]

2.7 15037120

Officially, these data standards are known as 1SO37120, the
result of a collaboration with the International Organization
for Standardization, the Geneva-based agency that develops
global standards on products, processes, and services. As
dozens of cities pilot the new ISO framework for cities, two
more standards are under development on “smart” cities and
urban resilience. 1SO37120:2014 is the first ISO standard for
city indices. It is developed as part of an integrated set of
sustainable development standards in societies. 1SO37120,
published in 2014, defines over a hundred city indicators to be



used globally by cities to measure and compare their
performance. They cover seventeen themes, including
education, environment, health, safety, finance, and shelter.
This is a standard with a set of indicators assessing the
performance of cities’ service delivery and quality of life to
provide a holistic and integrated approach to sustainable
development and resilience. The Reference Framework for
European Sustainable Cities (RFSC) is a free-of-charge web
tool for European local authorities designed to help cities and
urban territories promote and improve their integrated urban
development actions [18, 25].

2.7.1 Aim of 1SO37120

This section defines the environmental theme indicators
listed in 1SO37120. Any city, municipality or local
government that wishes to measure its performance in a
verifiable and comparable way can use the 1SO37120
standards on city indicators (1ISO37120:2014). And that is
applied regardless of size, location or level of development:

- Help city leaders set perceptible goals, including quality

of service and quality of life

- Assess cities’ performance
Measure progress overtime
- Improve quality of life and sustainability
- Enabling cities to easily compare their locations with

other cities

2.7.2 Indicators of 1SO37120

The 1S0O37120 tool has defined more than 250,000
indicators, focusing on the following mentioned items in Table
6. The indicators of ISO37120 are categorized as “core”
(mandatory), “profile” (descriptive), and “supporting”
(voluntary). The International Eco-City Framework groups the
headings of the indicators according to “Urban Design,” “Bio-
Geo Physical Features,” “Socio-Cultural Features,” and
“Ecological Imperatives” [25].

Table 6. Main Indicators of 1ISO37120

Energy

Economy

Fire and emergency response
Governance

Health

Finance

Safety

Recreation

Wastewater

Water and sanitation
Education

Transportation

Environment

Solid waste

Shelter

Urban planning
Telecommunications and innovation

Indicators of 1SO
37120

2.7.3 Environmental aspect of 1ISO37120
ISO37120 addresses different indicators belonging to the
environmental [18] (see Figure 10).

2.7.4 Assessment methodology of 1SO37120

The main methodology centers on the resilience and
smartness of cities. On resilience, the framework started
gathering suggestions. The 1S037120 definitions and
methodologies were mapped of all 20,500 indicators to all
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cities of the SDGs, and the mapping was presented to the
United Nations Sustainable Statistics Division. 1ISO37120 can
assess cities’ performance and then measure progress
overtime, using the benchmarks indicated in Figure 11 (five
levels).

. .

NO2 (nitrogen dioxide) concentration

03 (Ozone) concentration

Noise Pollution

R AR EEEEAEEsEEsESAEAEssESEESEEsEEsEsREsESsERsEEEREnE,
D N e N

)

)

] 3
S02 (sulphur dioxide) concentration ]

)

)

)

......................................................................................

Figure 10. Environmental indicators of 1SO37120
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46 core + 46 core + 46 core + 46 core +
0-13 14-29 30 - 44 45-54
Supporting Supporting Supporting supporting

Figure 11. Benchmarks of 1SO37120 [26]

3. RESULTS AND DISSCUSSION

3.1 A comprehensive review of the main features of the
environmental assessment tools

The quantitative comparison of the seven reviewed
sustainability assessment tools’ types of criteria and indicators
can assist users and tool developers in identifying shared
knowledge and directions for future research and
development. The sustainability assessment tools of urban
development were mainly compared according to the
environmental indicators (see Table 7). The comparison
includes a description of the assessment tools in the context of
the major indicators, the developer, the year issued, the aim,
the count of sub-indicators, and the used benchmarks for each
tool.

3.2 Share of mandatory indicators

The greater the number of mandatory criteria imposed on
the evaluator during the assessment process, the more efficient
and effective the evaluation. All the assessment tools include
mandatory indicators except for CASBEE for Cities and the
International Eco-City Framework, which appeared as
optional indicators only without any mandatory limitations.
1ISO37120 is indicated as the most efficient and effective tool,
where the share of mandatory indicators is 100%, followed by
the Green City Index with 53.3% (see Table 8).



Table 7. A review of the main features of the evaluated assessment tools [6, 10, 12, 17, 18, 25, 27-30]

1. Green Star Community 2. 15037120 3. CASBEE for Cities
_— . . . - Japan Sustainable Building Consortium
Created by Green Building Council of Australia World Council on City Data (JSBC) and Japan Green Building Council
(GBCA), (WCCD), USA
(JaGBCQC), Japan
Year 2012 2014 2011
Governance E.nergy
- Environment . .

Design . Q (urban planning, air, water, waste,
A Solid waste

Factors Livability carbon)

- . Transport
Economic prosperity . L (CO2 from energy and non-energy
. Urban planning
Environment oo sources)
Innovation Sanitation
Water
. Provide independent verification that a Sustainable development of | Assess built environment in terms of Q&L
Aim - A - - -
community project is sustainable urban communities within BEE
No. of Secondary 32 25,000 80
Factors
Classification National, local Global Global, national, local
By an interactive scorecard that must be

used by projects seeking Green Star

e Assess cities’ performance
Assessment certification. and measure progress BEE= score of Q/score of L
Method The scorecard provides a project scoring overtin’Fl)e g -
tool to keep track of the claims of their
Green Star points.
Aspirational (35-40 -
1-3 stars indicators) Fairlpoooro(rc()B—)**
Rating 4 stars Bronze (4695 indicators) yp ek
. - - Good (B+)
Classification 5 stars Silver (6075 indicators) I
L Very good (A)
6 stars Gold (76-90 indicators) Excellent (S)***+
Platinum (91-100 indicators)

Table 7. A review of the main features of the evaluated assessment tools [6, 10, 12, 17, 18, 25, 27-30] (continued)

. . . 6. International Eco-City L
4. Global City Indicator 5. Green City Index Eramework 7. One Planet living
Created by World Bank, USA Siemens, Germany Eco-City Builders, USA WWEF, Switzerland
Year 2008 2009 2020 2014
City services: governance,
health, education, recreation, Energy and CO2
energy, water, transportation, Land use Urban planning Zero waste
fire and emergency response, Transport .
- Clean air Zero CO2
finance, safety, wastewater, Waste :
Factors - - Pure water Sustainable transport
solid waste, urban planning Water . - .
. A L Material and resources Sustainable material
Quality of life: environment, Sanitation
L L - - management Local food
shelter, civic participation, Air quality : .
- - - Soil Sustainable water
culture, social equity, culture, Environmental
economy, technology and management
innovation
Provide a stable set of city Measure the

Unite people around a way
indicators with a globally

: e Defined targets that can be set
environmental of living on the planet that as tanaible measures of
. standardized methodology that performance of major provides the best possible g -
Aim o . - L R progress. They will be
enables global comparability of cities and their cities for people to live in achieved in a specific time and
knowledge sharing and city commitment to reducing | while enhancing the quality | | P P
. - : - linked to a relevant indicator.
performance their environmental impact of life
No. of
Secondary 115 30 15 69
Factors
Classification International Global International International
Certain categories of Assess how the city is doing Going beyond vague
The indicator themes are indicators can compare on a range of important definitions of sustainable
Assessment R - and assess cities in terms measures, charted from development through
organized into two main - - “ . L T
Method cateqories of their policies and unhealthy” through quantitative and qualitative
g ' environmental multiple levels, ending with | performance measures called
performance. “Gaia” common international targets
Unhealthy
Rating Not issued Not issued Green city Evaluation of environmental
Classification Eco-city development projects
Gaia level
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Table 8. Share percentage of mandatory indicators of the
assessment tools [8, 31, 32]

Assessment Tool M T SMI
CASBEE for Cities 0 80 0%
Green Star Communities 7 33 21%
Global City Indicator 10 115 8.6%
Green City Index 16 30 53.3%
1S037120 250,000 250,000 100%
International Eco-City 0 15 0%
Framework
One Planet Living 10 69 14.5%

(M) = Total number of mandatory indicators, (T) = Total number of indicators
in the tool, (SMI) = Share of mandatory indicators = M/Tx100

3.3 Deficiency of urban sustainability assessment tools

Table 9 shows the merits and limitations of each studied
urban assessment tool. Almost all the merits revolved around
addressing the environmental load on the city, focusing on
core indicators and basic services and improving decision-
making processes. Hence, the prominent disadvantages are the
non-standardization of indicators and such indicators being
qualitative.1SO37120 is the best tool of all the studied tools in
terms of improving the decision-making process for city
managers, while the Global City Indicator and One Planet
Living lack the non-standardization of indicators.

3.4 Common categories and sub-indicators among
assessment tools

By using EFA and CFA analysis, the common factors
among the main and sub-indices of the seven assessment tools
can be extracted in the form of a major categories and sub-
indicators matrix, as shown in Table 10. Each sub-indicator is
experienced for each tool with respect to its application: fully
applicable (dark gray), semi-applicable (gray), and not
applicable (light gray). Both categories (resources and energy

and water) are almost fully applicable; on the contrary, the
category of hazards and risks is almost non-applicable.

Also, this investigation represents an evaluation of each tool
where it shows the deficiencies in some important sub-
indicators that are highly recommended by this paper to be
covered in the environmental assessment. For example, no
coverage of the effect of the urban heat island exists in
CASBEE for Cities, the Global City Indicator, the Green City
Index, the International Eco-City Framework, One Planet
Living, and 1SO37120. The desertification and shading
treatment are not covered enough in all tools, with the
exception of One Planet Living. The percentages of the
attainment of the coverage ratio among the seven studied tools
are represented in Table 10. Red indicates that this indicator
has not been completely achieved or has a weak percentage,
which means that it is highly recommended. Blue indicates
that the indicator is applied at an average rate (about 57%),
which also indicates that it is recommended. Green indicates
that the indicator has been covered at a large percentage
among the tools (see Table 10 and Figure 12).

The sub-indicators highlighted in red in the “coverage ratio
among tools (%) “column in Table 10 is detailed in Figure 12.
From this figure, we can deduce that hazards and risks
category have deficiencies in several indicators: wind hazards,
earthquake, sand dunes, and avalanche and collapse. Acoustics
and vibrations also have not been covered at all among the
seven tools. At a little higher degree of coverage, sub-
indicators  represented in  hazards assessment and
management, flood risk, heat exhaust, heat island reduction,
desertification and shading treatment, public health, and public
comfort are represented in a low percentage among the global
tools. Many of these sub-indices are of considerable
importance because they reflect many contemporary
environmental challenges. These sub-indicators are involved
in the developed green meter.

Table 9. Merits and deficiency features of the studied assessment tools

Assessment Tool Merits Deficiency Features
CASBEE for | Addresses the environmental load on the city along . . . .

i : . . - No considerations for energy resources and footprint calculations
Cities with the indoor quality of city
Global City | Simple metrics: Focuses on core indicators and | Nonstandard indicators to be suitable for the conditions of almost
Indicator basic services all global cities

Green City Index data quality and availability as

Adapts methodology to accommodate variations in
well
environmental challenges specific to the region

as

Half of its indicators being qualitative assessments

International Eco-
City Framework

Provides support and criteria by which cities can
adopt measures that would enable them to
successfully move toward becoming eco-cities

Provides a very grounded high-level structure yet does not go as
far as to specify benchmarks or even design indicators

One Planet Living simple framework of principles

Links the science of ecological foot printing to a

Standardized data may not correspond to the data provided by the
statistical bureau

Entails more effective governance and delivery of

1SO37120 services and informed decision making for | Exaggerated number of assessment criteria
policymakers and city managers
. . . Subdivision standards that set excessive block lengths and road
Green Star | Involves rating tool credits that change over time as - - : . -
. . L corridor widths, reduce pedestrian access, and specify other site
Community best-practice changes (e.g., storm water criteria)

layout provisions that reduce walkability and accessibility
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Table 10. Matrix of the main indicators and sub-indicators among the studied assessment tools

= é L|8J =< o
L 2. | ¢ SH o |52 B
w.|GCEl 2|28 go| & || S
Major categories and sub-indicators o S| 2 S |2 g asS| & |gE g
2 SE| ¢ |E8x|gd 8 L g g
O ©) 3 T > O - OO S}
& |E% o
Category 1. Ecolog
1 Demography 28.6
2 Microclimate 57
3 Ecology strategy and monitoring 71
4 Landscape and distribution of green spaces 57
5 Heat island reduction N 143
6 Desertification and shading treatment 14.3
7 Biodiversity -I -I 42.8
Category 2. Resource and energy
1 Energy strategies and management - 100
2 Energy of buildings 85.7
3 Infrastructure energy 57
4 Natural and renewable resources 57
5 Saving energy 429
6 Monitoring energy and performance 71
Category 3. Land use and infrastructure
1 Mixed use F 42.9
2 Functions relationship/ environmentally compatible design 71
3 Greenery 71
4 Land use scheme 57
5 Built environment 100
6 Rehabilitation of urban areas 28.6
7 Infrastructure networks 28.6
Category 4. Water
1 Water quality 100
2 Drinking water consumption 42.9
3 Water pollution 57
4 Water recycling 100
5 Rainwater harvestin 71
atego Alr Qua ana 0
1 Good air quality 100
2 Acoustics and vibrations 0
3 Ventilation 42.9
4 Urban heat reduction 71
5 Carbon, CO2 emission 100
6 Heat exhaust 14.3
Category 6. Material Management
1 Sustainable Material
2 Local material
3 Material selection according to environment and health
4 Reused and recycle materials
5 Low-emitting materials

1 Classification, treatment and recycling
2 Solid, organic waste
3 Wastewater management
4 Hazardous waste management

Category 8. Hazards and Risks
1 Hazards assessment and management 14.3
2 Flood risk 14.3
3 Wind hazards 0
4 Earthquake 0
5 Sand dunes 0
6 Avalanche and collapse 0
7 Natural risks 28.6
1 Adapting to climate changes 42.9
2 Environmental policies 85.7
3 Public health 14.3
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4 Public comfort - 14.3
5 Sustainability awareness 28.6
6 Innovative practice 42.9

Fully-applicable

Semi-applicable

Not-applicable

-

Almost covered

Recommended

Highly recommended

Category 1: Ecology

Category 2: Resource and energy

[ Biodiversity ] Saving energy J

§[ Demography ]§ .....................................................................
[ Heatisland o ] Category 3: Land use and infrastructure

[ Desertification and shading treatment ] 3 Mol L ]

----------------------------------------------------------------------- d Rehabilitation of urban areas ] 3

Category 4: Water [ Infrastructure networks I

F [ Drinking water consumption

Category 6: Material Management

Category 5: Air Quality and Emissions H [ Sustainable Material ]
[ mailaticn ] [ Low-emitting materials ]
é [ Heat exhaust ] E i [ Material selection according to environment & health ] é

Acoustics & vibrations

Category 8: Hazards and risks

Category 7. Waste Management

Hazardous waste management } :

Natural risks

Hazards assessment & management

Flood risk

‘Wind hazards

Earthquake

Sand dunes

Avalanche and collapse

[ ]
: [ ] :
: [ Sustainability awareness  ;
[ ]

[ ]

Category 9: Environmental Management

Adapting to climate changes

Innovative practice

Public health

Public comfort

[ 249% || 286°% || 143% ||

0 %

.

Figure 12. Sub-indicators highly recommended by the developed urban meter (The percentages refer to the extent of their
application among the studied tools)

4. CONCLUSIONS

Seven global assessment tools have been selected for a
critical review of their characteristics, organizations,
components, processes, and procedures. The reviewed tools
are widely used for assessing the sustainability of urban
development in different regions of the world. The assessment
tools for urban sustainability have become an important part
of the sustainability plan as they can enable urban
communities to become green and eco-friendly. The aim of the
review is to highlight the environmental aspect of the studied
assessment tools in terms of aim, organizational structure,
indicators, environmental aspect, assessment methodology,
sub-indicator count, and benchmarks. This paper introduces an
overview of the most popular models used in the assessment
and evaluation of urban communities. CASBEE for Cities,
Green Star Communities, the Global City Indicator, the Green
City Index, 1SO37120, One Planet Living, and the
International Eco-City Framework have been analyzed to
compare the existence and impact of the sustainability
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assessment criteria addressed in the seven systems. While
most of the models have addressed the comprehensive aspects
of development—social, economic, and environmental—this
paper finds that the evaluation of the environmental aspects of
the urban community is considered the basis for the stability
of urbanization in facing climate change throughout that stage.

This investigation found that while the assessment tools
show a wide coverage of environmental context, disparities are
apparent in the scope of the topics that have been covered by
the indicators and sub-indicators included in the global
sustainability assessment tools. Therefore, many indicators
affect the increase of environmental risks and should be
addressed. The assessment criteria and certification methods
of the mentioned assessment tools have been identified and
assigned to nine eco-friendly city criteria: ecology, resources
and energy, land use and infrastructure, water quality, air
quality and emissions, material management, waste
management, hazards and risks, and environmental
management (see Figure 13).
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Figure 13. The main indicators of the developed green urban meter
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