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Urban population has been increasing at an unprecedented rate accommodating more

than half of the world population in cities. Massive human intervention in the tropical

region contributes to loss of environmental integrity amplifying challenges like air pollution,

deforestation, water scarcity, local extinction, and destruction of natural landscapes. To

shape the international community’s attitude toward economic, social, and environmental

development regarding environmental integrity different methods- Reducing Emissions

from Deforestation and Forest Degradation (REDD+), Clean Development Mechanism

(CMD)—are introduced. However, these methods have some limitations along with

opportunities. This paper reviewed and analyzed existing methods in order to promote

environmental integrity in the rapidly growing urban settings. Based on the drawbacks of

current methods a new Environmental Integrity Index (EII) is proposed where indicators

are selected while considering social, economic, and environmental aspects. The index

aims to combine data from field surveys, GIS and remote sensing, and economic

and social analysis. We anticipate that this proposed index can support planning for

sustainable cities by promoting environmental integrity and balancing biological and

ecological components in a highly intricate urban system.

Keywords: sustainable cities, sustainable urban planning, decision support system, sustainability indicators,

urban climate, Southeast Asian landscapes

INTRODUCTION

Urban population has been increasing at an unprecedented rate accommodating more than
half of the world’s population in cities (United Nations, 2014). Although countries with good
infrastructure manage the pace of urban growth in a good manner, developing countries—
mainly in Asia—face various social, economic, and environmental challenges associated with
rapid urbanization (Sridhar and Wan, 2014). Among the difficulties faced by the fastest growing
developing countries are a range of environmental problems, which are manifested in terms of
pollution, traffic congestion, and other public health issues (Cohen, 2006). These anthropogenic
activities consequently impact the environmental equilibrium by creating fragmentation, changing
the urban climate and increasing hazards to human health.

Globally, cities are increasingly facing many environmental health challenges including air and
water pollution, contamination of soil, traffic congestion, noise, and poor housing structures that
are exacerbated by unsustainable city and country planning and urban development schemes
(Vardoulakis et al., 2016). Due to the global environmental change resulting from an increase in
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the frequency and intensity of extreme weather events (e.g.,
heat waves, tropical cyclones, and heavy rainfall), and increasing
anthropogenic disturbance (e.g., forest fires, deforestation, and
illegal logging), the detrimental effects of such phenomena
are also playing a role in changing the ecological balances
in the urban settings (Heal et al., 2013). Additionally, these
processes are also exacerbating urban heat island effects
(Heaviside et al., 2015) thereby increasing energy consumption
and ultimately affecting public health (Vardoulakis et al.,
2015).

Researchers around the world have suggested initiatives
to deal with these effects. Some have engaged stakeholders
for collaborative assessments in identifying the causal agents
for urban complexities (Macmillan et al., 2016), while others
have conducted surveys for a new approach to address
the complexities that worsen urban environmental health
(Nieuwenhuijsen, 2016). Woods et al. (2016) demonstrated a
multi-criteria decision analysis to prioritize environmental health
hazards in a city, while Salmond et al. (2016) valued ecosystem
services as an alternative approach. The approach used by
Tulloch et al. (2015) for threat mapping may also be applied
toward finding a solution in planning for a sustainable city
by minimizing the increasing threats to that region. Ecological
integrity has become a popular approach for sustainable
management purposes (Westra et al., 2000; Borja et al., 2009).
Ecological integrity is used to measure the ecological condition
of an environment (Andreasen et al., 2001; Hargiss et al., 2008).
Despite these varied approaches, no multi-metric integrated
index exists to measure the degree of environmental changes
and state of the environmental integrity of an urban area.
Consequently, most of the developing countries are neither in
a position to understand the level of environmental integrity
in the city nor can they project their future environmental
state. As a result, all manner of people from the general public
to the policy maker do not understand the importance of a
balanced system required for a sustainable city. To address this
issue, this paper aims to propose an Environmental Integrity
Index (EII) to measure the urban environmental health of a
city.

At first, this study discusses the trends and facts regarding the
urbanization processes and their relationships to environmental
health. Then, sustainable urban development (SUD) goals of
some selected countries with local policy trends are documented.
An attempt has been made to show the relevance of the
global agenda with local sustainable planning mechanism by
describing and comparing the environmental indicators of
different countries and the United Nations Centre for Human
Settlements (UNCHS). Finally, this study demonstrates a step
by step measuring criteria for an EII to examine the urban
environmental health of a city. Here the study showcases how
an index can be developed and the sets of indicators that
are best selected for a comprehensive index. We believe that
this index will help decision makers plan for sustainable city
development. The novel approach taken here is the integration
of familiar indicators in a systematic selection procedure to
measure the environmental changes taking place in an urban
context.

BACKGROUND

Ecological Consequences of Urbanization
Urbanization is one of the most visible anthropogenic forces
which results in the horizontal and vertical growth of areas with a
dense population (Dawson et al., 2007; Rydin et al., 2012). Cities
are important drivers of social and economic transformation
which help in geographic mobility—linking rural areas and
international borders leading to lower fertility and longer life
expectancy (United Nations, 2014). In 1800, only 3 percent of the
world’s populations were living in urban residences as compared
to 14 percent in 1900 (Figure 1, Davis, 1955; United Nations,
2012). At present, the world is experiencing the largest wave of
urban growth in history, accommodating more than half of the
world’s populations in towns and cities. Worldwide, 54 percent
of the people are residing in urban areas and the projected world
urban population will be 66 percent of the total population by the
end of 2050 (United Nations, 2014, Figure 1). While the world
has experienced mass urbanization in the past, at the current
trend, it is estimated that 96 percent of urbanization will be
realized in the developing world by 2030 (United Nations, 2012).
Out of the top 10 most densely populated megacities, seven of
them are in the Asia Pacific region (United Nations, 2014). At the
beginning of the 20th-century, the total number of cities in the
world was 16. However, at present, the total number of cities is
around 400 (Cohen, 2006). Due to the rapid expansion of cities,
sustainable management has become increasingly complex for
environment, natural resources, and health conditions for both
human and the environmental system (Cohen, 2006).

Sustainable Urban Development (SUD) and
Indicators
Social, economic, and environmental challenges associated with
rapid urbanization are considered one of the predominant
factors for the growing interest in sustainable urban development
(Deakin et al., 2002). The concept of sustainable development has
been introduced in response to increasing awareness of social,
economic, and environmental problems rooted in developmental
activities. However, establishing a shared understanding of SUD
is challenging due to its multi-dimensional nature (BEQUEST,
2000). The concept of sustainability has become integrated
with urban design, and achieving sustainability in this field
will provide environmental quality, and social and economic
benefits (Dias et al., 2014). The sustainable city, according
to the UN, is one where long-lasting social, economic, and
environmental developments are achieved (Porio, 2014). Li et al.
(2009) explained this concept as the integrated development of
social, economic and ecological systems through which economic
balance, social progress, and environmental protection will be
ensured. A symbiotic report generated by Sweden stated that
SUD aims to create resilient and sustainable urban environment
which also takes poverty reduction and improvement of
livelihoods into consideration (Ranhagen and Groth, 2012).

Due to rapid sprawl, sustainable urban development has
become a common goal for both developed and developing
countries (May et al., 2000). Therefore, with the aim of urban
sustainability and awareness of urban problems, development
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FIGURE 1 | Global urban population trend (Data source: United Nations, 2014).

of sustainable indicators is identified as a principal task for
land managers (Chen and Wang, 2014). The significance of
sustainable indicators (SIs) are that they can assess the ability
of a system to withstand changes in long-term functioning
(Milman and Short, 2008). They are the prerequisite for
the implementation of SUD goals and assists in highlighting
key issues at the local level (United Nations Development
Programmes, 2006). Moreover, policy making at the local level,
project management at the regional level, and financing in an
international arena are some aspects of the usefulness of SIs
(Michael et al., 2014). The initial urban indicators were set by the
United Nations Centre for Human Settlements (UNCHS) in 1993
(UN Habitat, 2009). Later, various countries started establishing
their indicators by adopting those set by the UNCHS and adding
new indicators based on their own challenges, approach, and
priorities (Newman and Kenworthy, 1999; Zavadskas et al., 2005;
Bell and Morse, 2008). In line with the UNCHS, the Melbourne
city council developed a city model named Melbourne 2030,
while the Mexico City government introduced the Mexico City’s
Green Plan to achieve a sustainable city within next seven years
(Yigitcanlar et al., 2008). The Melbourne city model stands out to
be among one of the most successful development projects since
this city was selected as the most livable city in the world in 2013
(Holden and Scerri, 2013).

Countries SUD Goals
Urbanization and urban growth, at present, are quite visible in
developing countries, but city development plans considering
SUD goals are not significant. As a result, fast urbanizing
developing countries are facing problems such as poor city lives,
poorly managed city development, and over population along
with other adverse social, economic and environmental issues.

There are some developing countries such as Malaysia and China
which have developed SUD goals and are in the process of
implementation (Shamsuddin and Rashid, 2013; Li et al., 2014).
However, except for a few developing countries, a majority of
them are not following, or are unable to support SUD strategies
due to over population and high poverty rates (Ichimura, 2003).
To illustrate, the SUD goals set by three countries—Malaysia,
China, and Australia-are compared with those of Latin America
and UNCHS in Table 1.

Since urbanization is an on-going long term interdependent
process between social, economic, and environmental
development, environmental changes to support urban economy
causes an imbalance in the entire ecological system (Ichimura,
2003; Omar, 2009). The goal of sustainable urban development
is to monitor and regulate urbanization using some indicators
(Li et al., 2009). At present, environmental challenges caused
by urbanization are being highlighted due to their detrimental
ramifications on human lives and the environmental system
(Masakazu, 2003). Table 2 compares different environmental
indicators set by different countries against those of the UNCHS.
From the table, it is depicted that environmental indicators
vary from country to country based on their challenges,
approaches and priorities. However, the principal goal of all the
indicators is to monitor the changes taking place in the urban
environment. Countries have developed multiple indexes to
assess those indicators, For instance, all the countries mentioned
in Tables 1, 2 have their own air and water quality index to
indicate the level of cleanliness of these two environmental
components. Despite having numerous individual composite
indicators or indexes, an integrated index for assessing the overall
urban environmental condition of an urban area is yet to be
proposed.
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TABLE 1 | Sustainable Urban Development (SUD) goals set by different countries and UNCHS.

No. UNCHS 2013 Malaysia China Australia Latin America

1 Shelter Optimal use of land and

natural resources

Built environment Empower inclusive, productive and resilient

cities

2 Social development

and eradication of

poverty

Sustainable community Social welfare Ensure quality education and lifelong learning

Ensure healthy lives Social inclusion and gender

Landuse and buildings

3 Environmental

Management

Sustainable environmental

quality

Cleanliness Curb human-induced climate change, including

through an affordable and sustainable

low-emissions energy system

Ensure water is managed to sustain people

and the environment

Air Quality Sanitation

Waste Water

4 Economic development Competitive economy Economic development Achieve a sustainable and inclusion economy

5 Governance Effective governance Governance Environmental governance

6 Efficient infrastructure and

transportation

Transport

7 Resource utilization Ensure food security, good nutrition and a

sustainable food system

8 Biodiversity and ecosystem service Energy and CO2

METHODOLGY

The environment consists of processes occurring within each
element of soil, water, air, energy (example: decomposition
process), and also interactions (example: interaction between
soil and water) among these components. Currently, the main
challenge facing humans is to understand how these processes
and interactions are being affected by anthropogenic activities
in order to preserve environmental integrity under changing
conditions. Environmental integrity of an urban area includes
urban environmental health, sustainability, diversity, resilience,
and purity of natural communities within that environment. EII
will be an approach for highlighting the loop holes in the urban
system and identifying environmental challenges. The conceptual
framework (Figure 2) proposed in this paper is general and can
be appropriately modified and implemented in regional and local
urban contexts. It provides general methods to assess urban
environmental health conditions and the level of its integrity.
However, it is impossible tomeasure all the potential components
of an urban environment since in most of the cases the problems
and focus are area specific. Since this paper mainly concentrates
on urbanization, the development of the composite index of the
components that represent the urban environmental health is
selected.

Ecological Integrity vs. Environmental
Integrity
Karr and Dudley defined ecological integrity as the capacity to
support and maintain the balanced and integrated ecosystem in a
particular region (Karr and Dudley, 1981). Müller et al. (2000)
stated that ecological integrity indicates the self-organization
capacity. At present, ecological integrity has become a popular
approach for measuring ecological condition. There have been
many approaches to the development of an index of ecological
integrity. For instance, Regional Index of Ecological Integrity

(RIEI) for terrestrial and aquatic systems (Reza and Abdullah,
2011), Terrestrial Index of Ecological Integrity (TIEI) for regional
terrestrial system (Andreasen et al., 2001) or the indexes
suitable for aquatic systems (Karr and Chu, 1999; Barbour
et al., 2000) are some of the well-accepted indexes of ecological
integrity. However, most of the ecological or biological integrity
indexes are suitable for the large or specific region where
natural systems are dominant (Andreasen et al., 2001; Reza
and Abdullah, 2011). These indexes are not very convenient or
suitable to measure the ecological or environmental integrity
of a highly complex urbanized system due to the existence
of many types of pollutions, complex landscape compositions,
and complex synergies. On the contrary, a comprehensive
multi-metric index is yet to be proposed for measuring the
ecological or environmental integrity of the highly developed
and complex urbanized areas. Therefore, an integrated index
of environmental integrity is suitable to measure the urban
environmental health for sustainable urban planning, and assist
decision makers of the land development authority. To identify
the indicators, we are linking ecological dimension with an
environmental aspect which is vital in the urban context.
The rationale for selecting environmental integrity instead of
ecological integrity is mainly due to the nature of the focus
area. The urban system has more artificial components than
the natural system. Moreover, when environmental integrity
is selected to measure this system, we need a multi-metric
approach to measure the degree of disturbance in this
scheme, such that the choices in selecting indicators get
broader.

Characteristics of the Index
Integration of environment mainly represents the structural,
functional, and compositional features of a system (Karr, 1981;
Müller, 2005). Nevertheless, due to the complexity of index in
most cases, assessments remain beyond the understanding of
the public and the stakeholders (Reza, 2014a). Various indexes
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TABLE 2 | Environmental indicators set by different countries and UNCHS.

No. UNCHS 2013 Malaysia China Australia Latin America

1 Urban population growth Urbanization rate Persons per square km of

urban area

Carbon and energy intensity Electricity consumption per

unit of GDP and CO2

emissions that consumption

2 Planned settlement Unsold residential properties

The rate of change in land use

from non-built up to built up

Energy efficiency buildings Eco buildings policy and

land use policy

Clean energy policy

3 Price of water Days of air qualified equal or

above level II

Household, industrial and

rural water uses

Green spaces per capita

4 Water consumption Public water supply

coverage

Ratio of water consumption

to total water volume

available

Water supply security

Water consumption per

capita and system leakages

Population with access to

potable water

Water quality and

sustainability policy

5 Wastewater treated Wastewater treatment Time on water restrictions Share of waste water

treated

6 Solid waste disposal Percentage of per capita solid

waste generation

Domestic waste treated Waste recycling and re-use

policy

7 Regular solid waste

collection

Waste generated per capita,

waste collection and

disposal policy

Share of waste collected

and adequately disposed

8 Disaster prevention and

mitigation instruments

River cleanliness for avoiding

flood

Flood indicator

9 House in hazardous

locations

Percentage of people living in

flood prone area

10 Travel time

11 Transport modes Passengers using public

transit

Household access to

internet

Emissions intensity of

transport

12 Local environmental plans Total programs/ environmental

campaign carried out in the local

authority area

Area of public green space Environmental management

and monitoring

Population with access to

improved sanitation

Sanitation policy

13 Environmental air quality

conditions

Clean air policy

14 Industrial SO2 discharge per

unit GDP

Concentration of SO2, NO2,

PM10

NO2, SO2 and PM

concentration levels

15 Percentage change in the forest

area

16 Ratio of public open space per

1000 inhabitants

are taken into account to represent the diverse components of
the environment to develop a composite index. An index of
environmental integrity must describe the general characteristics
of the urban environment. Therefore, the selection of indicators
and their understanding by all stakeholders—decisions makers,
urban planner and land managers—are equally important
(Niemeijer and de Groot, 2008). The key features of our
EII are multi-scaled, relevant and helpful, straightforward and
flexible, adjustable and policy relevance (as proposed by Reza
and Abdullah, 2011). Considering this factors, there remains

significant room for improvement in the indicator selection
process.

Indicator Selection
This section describes composite indicators for sustainable
urban planning and development. Moreover, each indicator is
composed of several sub-indices representing the type of land
alternation and urban environmental health.

The application of indicators for environmental monitoring
is an old practice, and they have been used for environmental
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FIGURE 2 | A conceptual framework showing the domains of

environmental integrity. Artificial urban systems put pressure on the

environmental components and thus the integrity of the environmental system

may get reduced from a balanced and adaptive capacity.

planning, policy making and mitigating emerging challenges
rooted in urbanization (Zhou et al., 2015; Alam et al., 2016).
Indicators are the empirical and indirect interpretations of reality
to understand the dynamics of a system within a certain range of
numerical values (Li et al., 2009; Alam et al., 2016). An index is
established by integrating individual indicators, and the reason
behind this integration is to combine a set of distinct concepts
and variables on a single measurement scale (Tanguay et al.,
2010). Therefore, the potential of an index primarily depends
on the quality, relevance and availability of data on individual
indicators. At present, multiple indexes—air and water quality
index, ecological index, and human development index—exist,
and they are being applied while focusing on different areas of
interest. Apart from having different scale and application, the
structural, methodological, and theoretical skeleton of all indexes
are somewhat identical (Alam et al., 2016). In this study, the
Pressure—State—Response (PSR) model has been developed to
structure the conceptual framework (see Figure 3, Modified from
OECD, 1994 and EEA, 2003). Here, the PSR model describes
that, anthropogenic activities exert pressure on the environment
and affect its natural integrity through changing the equilibrium
and adequate proportion of its structural, compositional, and
functional properties (“state”). While, society responds to these
changes through environmental, technical means, economic
measures and sectoral policies as well as through changes in
attitudes and manners (“response”). In particular, the challenges
associated with establishing cause-effect relationships between
the boxes of the PSR framework suggest that it tends to simplify
complex social, cultural, and ecological interactions (Levrel et al.,
2009). Hence, the model approach fits with the themes—simple,

measureable, and easy to assess for environmental
integrity.

Sustainable urban development requires identification of
suitable indicators to cope with the challenges associated with
urbanization (Roche et al., 2014). Sustainability indicators are
used to measure progress, discover problems, set development
goals, and identify suitable management strategies (Zhou et al.,
2015). Many researchers have been developing sustainability
indicators consisting of economic, social, environmental,
and political dimensions. For instance, Reza and Abdullah
(2011) proposed RIEI summarizing ecological indicators
into four categories—Fragmentation, Representativeness,
Ecosystem sensitivity and Landscape connectivity. Here,
from the environmental dimension, we consider three major
components to evaluate the environmental integrity in an urban
area (Table 3). Landscape Fragmentation represents the state
of the anthropogenic development and direct pressures on the
environmental integrity. Urban Climate denotes the flow and
bio-geo-chemical cycles among the system. On the other hand
the air and water quality index describe how the system can be
polluted or changed due to the functions of human activities.
All these indicators will be combined in a single index, and thus
it describes the state of the environmental integrity of a given
urban area.

Landscape Fragmentation
Landscape fragmentation is an important indicator used to
calculate all human activities that are related to land (Forman,
1995). In many rapidly urbanized areas, landscape fragmentation
has had severe impact leading to loss of biodiversity and
ecosystem services, the result of which is unsustainable
development (Abdullah and Nakagoshi, 2006). Fragmentation
metric is mainly used to guide the decision maker to show the
pattern of landscape changes. However, the main challenge of
this metric is in understanding the mechanisms that caused the
change. In our current study, we proposed a new method to
analyze the spatially exact process of landscape fragmentation
based on Forman’s general model. In this research, fragmentation
will be measured and analyzed spatially in a GIS platform.

The following section describes how Landscape Fragmentation
can be measured in an urban setting. The remotely sensed
image can be used successfully to measure fragmentation in the
landscape and the regional level (Reza, 2014b). The following
procedure can be used in the experimentation process.

Image processing: A map of land use and land cover
need to be produced through satellite image processing.
There are many online sources offering satellite imagery
data (http://gisgeography.com/free-satellite-imagery-data-list/).
For example:

(1) High-resolution image (i.e., 1–10m resolution Spot, or
Quick bird images) can be used to get information about
buildings, trees/shrubs, grass, roads, parking lots, airports
and water.

(2) Medium-resolution image [for example 30–90m resolution
Landsat Thematic Mapper (TM), or ASTER images] can
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FIGURE 3 | A model of Pressure—State—Response showing how uncontrolled urbanization impacting environmental integrity. In response to these

changes, an environmental integrity index (EII) may have potential use for environmental monitoring and sustainable urban planning. (Modified from OECD, 1994 and

EEA, 2003).

TABLE 3 | The indicators, sub-indicators and tools for the proposed Environmental Integrity Index (EII).

Major Indicator Sub-indicators Scale/ Tools

Landscape Fragmentation Urban landscape ratio, Infill, Extension FRAGSTATS in Arc-GIS

Urban Climate Surface temperature, Heat island, water body, vegetative cover Surface temperature map, Remotely sensed thermal infrared

technique

Vulnerability to Environmental Hazard Water quality index, Air quality index UNEPS proposed methodology

be used to examine the continuous urban landscape
heterogeneity.

Data can be processed using ENVI, ERDAS, or eCognition
in order to extract land use map by supervised/ unsupervised
classification. After analyzing landscape patterns at different
scales, data can further be combined using landscape level
analyzing software. In this case, FRAGSTATS (version 4),
v-LATE, or similar software can be used for raster and vector
based data analysis.

A number of landscape fragmentation measuring indexes
are available. However, a combination of indexes for measuring
fragmentation of the urban landscapes can be proposed as
follows:

(a) Urban landscape ratio (ratio of urban landscape area and
build up area)

(b) Infill (development that occurred within urbanized open
space)

(c) Extension (development of exterior open space)
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Urban Landscape Ratio (ULR): The ratio of total build up area
and total urban landscape area in a given city. All types of
build up areas—buildings, roads, parking lots and airports- are
considered. Every pixel of land use map will be determined as
either build up area or open space.

Numerical expression of Urban Landscape Ratio (ULR):

ULR = TBA/TULA (1)

[TBA = total build up area; TULA = total urban landscape

area]

Infill Ratio (IR): Development that occurred within urbanized
open space within two different time periods. Here open space
includes trees/shrubs, grass, and water body. Infill ratio is
calculated as, the total development occurred within urbanized
open space divided by total urbanized open space.

Numerical expression of Infill Ratio (IR):

IR = DUOS/TUOS (2)

[DUOS = Development occurred within urbanized open space;

TUOS = total urbanized open space]

Extension (Ext.): Development of exterior open space took place
between certain times periods. It is calculated by subtracting total
urban area at a given time from the total urban area at present.

Numerical expression of Extension (Ext.):

Ext. = TUAp − TUAt (3)

[TUAp = total urban area at present time;

TUAt = total urban area at a given time]

Urban Fragmentation Index (UFI) = ULR+ IR+ Ext (4)

Urban Climate
Urban climate has the potential to impact infrastructure
significantly, altering the environment, and affecting human
health. In order to measure the urban climate, both spatial,
and temporal measurements are recommended. A set of criteria
and sub-criteria has been suggested (see Figure 3 and Table 3).
Surface temperature map, remotely sensed thermal infrared
technique; i.e., (i). Advanced Very High Resolution Radiometer
(AVHRR), (ii). Heat Capacity Mapping Mission (HCMM) can be
used for the experimentation.

The Urban Climate is an important parameter to measure
ambient air temperature between cities and their surrounding
rural areas (Grimmond et al., 2010). Through this indicator, the
relationship between Vegetative Cover (VC), Water Body (WB),
and Urban Heat Island (UHI) can be studied. Moreover, the
urban climate must be compared, both spatially and temporally,
with the degree of fragmentation. There are mainly two different
types of UHI—air temperature UHI and surface UHI (Weng
et al., 2004).

Heat island has inverse correlation with water body and
vegetative cover. It is said that urban land without vegetation and
with less water body contributes in generating UHI. Therefore,
Urban Climate (UC) can be analyzed based on three different

TABLE 4 | Measuring scales of the indexes Urban Heat Island (UHI); Water

Body (WB) and Vegetative Cover (VC) for urban climates.

Indexes Scale

Excellent Very Good Good Bad Worst

5 4 3 2 1

UHI Avg.T. +2 Avg.T. +4 Avg.T. +6 Avg.T. +8 Avg.T. +10

WB 3.5% 3% 2.5% 2% <1.5%

VC 25% 20% 15% 10% 5%

indexes—UHI, vegetative cover and water body. UC can be
measured on the scale of 1 to 5, where 1 indicates that UC is in the
worst condition, while 5 represents an excellent UC (see Table 4).
Moreover, to measure UC, above three indexes can be calculated
separately and combined in the final calculation. Vegetative cover
and water body can be measured in percentage.

A water body (WB) has the potential to reduce/lower the
air temperature through evaporation and convection. A recent
review conducted by Manteghi et al. (2015) analyzed the effect
of water bodies on urban microclimate. A water body can act
as a moisture source to reduce the surrounding temperature in
an urban environment, and this cooling process is called the
oasis effect (Potchter et al., 2008). Moreover, a water body has
the potential to absorb heat without much temperature variation
in the water body itself, which is called convection. The reason
behind this effect is that water has highest specific heat capacity,
and in order to absorb heat, water molecules move faster, which
breaks hydrogen bonds; during this breakdown hydrogen bonds
absorb this heat. In this research, WB includes rivers, ponds
and lakes. Since little research has done focusing on the urban
cooling potential of water bodies (Manteghi et al., 2015), this
can be a future research area. Table 4 demonstrates how different
components of urban climates can be quantified and measured.

Based on the above measuring scales of the indexes, the
standardized values can be measured and the urban climate can
be calculated as:

Urban Climate (UC) = (VC+WB+ UHI)/3 (5)

Vulnerability to Environmental Hazard
Urban agglomeration has become extremely vulnerable to
environmental hazards due to the increasing proportion of
pollutions, population, and material assets in the urban region
(Mcdonald et al., 2008). Environmental hazards such as floods,
water scarcity, and air pollution are some of the challenges
that need attention in measuring urban health (Brown, 2014).
Suggested are to measure water and air pollution, and the
frequency and intensity of natural disaster both temporally and
spatially. The sample can be collected from different points in the
urban area andwill be tested in the laboratory.Moreover, an array
of secondary data of water and air quality can be collected from
respective departments.

Water pollution Index: Water samples need to be collected
from rivers that are flowing through or near to an urban area.
Samples can be collected from different points of the river.
However, the main points need to be considered are (a) before
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TABLE 5 | Scales and degree of water pollution and how they are described in the water pollution index.

Parameter Classification Clean Slightly polluted Moderate polluted Polluted Highly polluted

Index value 5 4 3 2 1

Biological Oxygen Demand—BOD (mg/L) 2.5* 4 6 8 15

Chemical Oxygen Demand—COD (mg/L) 5.88* 7.35 9.55 13.23 >13.23

Dissolved Oxygen—DO (mg/L) 8* 6–7 4–5 2–3 1

Ph 7* 7 ± 1 7 ± 2 7 ± 3 7 ± 4

(*Source: WHO).

TABLE 6 | Scales and values of different parameters of the air quality.

Parameters Values Classification Good Moderate Unhealthy Very unhealthy Hazardous

Index value 5 4 3 2 1

CO (ppm) An AQI of 100 corresponds to 9 ppm Calculating for a combined AQI 1–50 51–100 101–200 201–300 301–500

PM10 (ug/m3) An AQI of 100 corresponds to 150 ug/m3

NO2 (ppm) An AQI of 100 corresponds to 0.50 ppm

SO2(ppm) An AQI of 100 corresponds to 75 ppm

O3 (ppm) An AQI of 100 corresponds to 0.075 ppm

(Source: US Environmental Protection Agency, USEPA, 2014).

entering to a city, (b) after crossing a city, and (c) some samples
will be collected between a and b. Samples should be collected
during normal flow of river water. Water quality ranged from 1
to 5, where 5 stands for clean and pure water, whereas 1 denotes
highly polluted water. Table 5 describes different levels of water
quality and their evaluating criteria [between 5 (excellent/clean)
and 1 (worst/highly polluted)].

The values can be standardized and the water quality index
can be calculated as:

Water Quality Index (WQI) = (BOD+ COD+ DO+ pH)/4
(6)

Air Quality Index (AQI): Air quality can range from 0 to 500.
Table 6 shows different scales of the condition of five different
parameters of the air quality. Parameters selected for this AQI are
highly sensitive for human health. If the combined index score
more than 50 denotes are going to cause many health difficulties
like heart and lung diseases for human beings of all ages. US
Environmental Protection Agency (EPA) calculates the AQI for
five major air pollutants regulated by the Clean Air Act: ground-
level ozone (O3), particle pollution (also known as particulate
matter, PM10), carbon monoxide (CO), sulfur dioxide (SO2), and
nitrogen dioxide (NO2). For each of these pollutants, EPA has
established national air quality standards to protect public health.
Ground-level ozone and airborne particles are the two pollutants
that pose the greatest threat to human health. In many countries,
various public and private entities have series of data on these
parameters and they can easily be measured.

Although, the AQI have been classified in 5–6 scales and the
values ranges between 1 and 500; they are again reclassified and
scored between 1 and 5 scales to standardize for the proposed EII.
This is important to make it standard with other indexes so that a

combined integrity index can easily be calculated. Therefore, the
standardize values of the parameters can be measured through
the following equation:

Air Quality Index (AQI) = (CO+ PM10 +NO2 + SO2 +O3)/5
(7)

Calculation of the Environmental Integrity Index (EII)
Finally, an EII can be calculated from the results of the UFI,
UC, and the VEH. All the numbers are standardized, so they
are comparable on the same scale. Here, all the indicators are
mounted between 5 and 1, where 5 denotes excellent and 1
indicates the worst condition. Therefore, the final EII will be
calculated as:

Environmental Integrity Index EII = (UFI+ UC+ VEH)/3
(8)

DISCUSSION AND CONCLUSIONS

Apart from large urban facilities and lifestyles, rapid and
poorly planned urbanization hinders environmental integrity.
Inadequately managed urban expansion results in rapid urban
sprawl, high consumption demand, pollution, and finally,
environmental degradation. The proposed EII is an approach for
assessing environmental condition of a highly complex urban
area. Three main indicators have been selected for this index—
landscape fragmentation, urban climate, and vulnerability to an
environmental hazard. These main indicators have several sub-
indicators which have been quantified and integrated through
standardization. The aim of this approach is to set a multi-
scaled, flexible, simple, adjustable and policy relevant index. The
proposed indicator landscape fragmentation indicates the nature
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of alteration of urban land due to anthropogenic activities. The
second indicator urban climate represents how land alteration
affects water body and vegetation that results the increase of the
urban heat. The third indicator, vulnerability to environmental
hazard, calculates the state of urban air and water quality. The
majority of the data for the proposed indicators are usually
based on remotely sensed satellite data and other digitized
data.

The EII is suitable for measuring environmental health in
the rapidly growing and highly complex urban systems. The EII
approach addresses natural stresses as well as the anthropogenic
ones through the selected set of indicators. This capacity makes
it unique from the ecological or biological integrity indexes
(Paul, 2003). This measurement is particularly important for
designing sustainable cities. Many rapidly developing urban areas
are lacking specific measuring criteria, for example, in the Asia
andAfrican countries. Such easy to use index has potential use for
those settings to ensure environmental integrity for sustainability
as well as ensuring livable and healthy cities. However, issues
of weighting schemes, uncertainties, scales, and the appropriate
ways to interpret values should be taken into account while
applying this EII (Demars, 2013; Marzin et al., 2014).

Multimetric indexes have been in use since the mid-20th
century in the US and in central Europe (Paul, 2003). Indices for
monitoring environmental integrity of the urban watersheds of
many cities in the US have been experimented since 1996 which
is in use through several modifications to till date (Clamann et al.,
2013). However, their approach is not suitable for many regions
of the developing countries due to lack of required data sets.
Keeping these into mind, our approach considers the availability
of datasets and are designed to be useful for those areas where a
rich array of environmental datasets are not available, i.e., many
Asian and African cities. Our approach is simple and easy to
use, but this is the strength of this EII which, we presume, will
make the index suitable for measuring environmental integrity

of these regions. Yet, the main limitations of this index is that not
all the components of the environment are covered in the index,
which increases the risk of missing some important indicators.

In addition, this index has not been applied to an area or even
utilized to compare areas to illustrate its use and perhaps even
discover any inefficiencies. This is suggested in future works.

Lobdell et al. (2011) suggested an array of data sources
for developing an environmental quality index (EQI), which
may be helpful to monitor environmental quality and public
health. This work is a significant contribution, however, it
is limited to the human health purpose. Detail aspects of
environmental integrity is not considered there and thus not
suitable for long term sustainable urban environmental health
decision making process. However, our approach describes a
possible framework for developing an EII, which can be used
as a guideline for uncontrolled and rapid urbanization, and a
basis for environmental monitoring, evaluation andmanagement
purposes for urban and regional development. Moreover, it
can be used in further research in local and regional urban
planning, sustainable management, environmental monitoring,
and assessment.
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