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There is growing interest in the People’s Republic of China (PRC) 
to formulate a scientific approach to environmentally sustainable 
economic development. The country’s leadership presented a vision 

to realize “ecological civilization” and the recently concluded 3rd Plenum 
of the Communist Party of China Central Committee endorsed the strategic 
direction toward achieving this vision. The Asian Development Bank (ADB) 
and the Ministry of Environmental Protection of the PRC have brainstormed 
this concept and agreed that a practical initial step would be to develop the 
concept of environmental livability for PRC urban centers. Urbanization is 
another key policy issue which the government is focusing on. It was agreed 
to research the livability concept and define it in quantitative terms to be of 
practical use for PRC-wide, provincial, and urban center managers. They also 
agreed that while examples of a similar approach in developed countries 
abound, these are far from being comprehensive and are yet to be useful to 
guide investment and economic development. 

The livability concept developed within the study, which culminates with 
this book, responds to the government’s concern that rapid urbanization is 
creating a raft of environmental, administrative, and livability problems that, 
if not monitored, cannot be checked and, if not checked, will significantly 
worsen over time. These problems include the depletion of natural resources, 
environmental pollution, poor urban infrastructure, growing urban ecological 
footprints, poor urban environmental governance, and growing inequities 
between different parts of the country. 

The Environmental Livability Index (ELI) proposed in this book is a 
comprehensive index of urban environmental sustainability that, when 
used with associated monitoring software, provides policy makers with 
evidence on which to base policy making for environmentally sustainable 
development. It is a pioneering and practical tool that can be used to 
demonstrate the present, past, and future dimensions of a livable city. It 
enables the (i) promotion of an environmental agenda among policy makers, 
urban managers, and the general public; (ii) strengthened understanding 
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of present and future gaps; and (iii) creation of a scientific methodology for 
prioritizing environmental investments and evaluating the impact of long-
term environmental investments. 

Overall, the techniques of the proposed ELI can be used to (i) compare or 
rank cities and incentivize local governments to improve their environmental 
performance, (ii) enable trend analysis that can provide policy makers with a 
base for assessing policy impact, (iii) enhance problem identification and fuel 
the analysis needed to underpin future policy development, and (iv) enable 
measurement of government efforts to improve environmental livability and 
indicate the influence of natural conditions on environmental livability. 

The study which developed the livability concept and the ELI was financed 
by ADB in cooperation with the Ministry of Environmental Protection 
of the PRC. Team members comprised independent consultants from the 
Chinese Academy for Environmental Planning, a national consultant, and 
an international consultant/team leader. The proposed ELI, including the 
monitoring software, was tested in a sample of medium-sized and large cities 
in the PRC. It was found to be methodologically sound and an appropriate 
system for monitoring environmental livability and prioritizing investment 
strategies to improve urban environmental livability. 

For the ELI to be widely applied, it will be necessary to (i) enhance the capacity 
of city environmental planning bureaus and supporting agencies, (ii) improve 
the PRC’s monitoring and data-gathering systems and the data quality used 
in small and medium-sized cities, (iii) integrate climate change indicators, 
and (iv) institutionalize the system at all levels of government.

The findings and recommendations of this study is an important step in 
quantifying, understanding, and eventual implementation of “ecological 
civilization” concept, allowing to improve living conditions of PRC citizens 
and setting the stage for similar improvements elsewhere across Asia.

Ayumi Konishi
Director General
East Asia Department
Asian Development Bank



The study Developing Indicators and Monitoring Systems for 
Environmentally Livable Cities in the People’s Republic of China  
(TA 6428-REG) was financed by the Asian Development Bank (ADB). 

The proposed indicator system was tested and found to be methodologically 
sound and an appropriate system for monitoring environmental livability 
and prioritizing investment strategies and policies to improve urban 
environmental livability. The proposed approach would allow conducting 
urban livability policy analysis and trend setting; comparing and ranking 
cities; informing local governments and other stakeholders on urban livability 
issues, challenges, problem analysis, and improvements; separating natural 
conditions from human-made impacts; and tracking actual improvements to 
urban residents in absolute terms, time-wise, and on a subsector level.

The study team consisted of Ian Green, team leader and international urban 
development specialist; Jiang Lin, international urban sustainable specialist 
from Beijing Municipal Research Institute of Environmental Protection; and 
consultants from the Chinese Academy for Environmental Planning: Wang 
Jinnan, Cao Dong, and Yu Fang (national team coordinator). Peng Fei from 
ADB has contributed to data analysis and report compilation. The project 
was managed by Sergei Popov.

The team thanks the Ministry of Environmental Protection (MEP) for the 
guidance and support it provided in the course of the study. The MEP was 
consulted at key points, and the team continuously integrated the ministry’s 
comments into the system’s design. The system needs to be further 
consolidated and refined, and further cooperation between the MEP and 
ADB would ensure the full realization of the system’s potential. 

Acknowledgments



ADB – Asian Development Bank
AHP – Analytic Hierarchy Process
CNY – yuan
CO2 – carbon dioxide
COD – chemical oxygen demand
ELI – Environmental Livability Index
GDP – gross domestic product 
kg – kilogram
km2 – square kilometer
m2 – square meter
m3  – cubic meter
MEP – Ministry of Environmental Protection
NO2 – nitrogen dioxide
NOx – nitrogen oxide
OECD –  Organisation for Economic Co-operation and Development
PM2.5 – fine particulate matter
PM10 – inhalable particulate matter
PRC – People’s Republic of China
PSR – pressure–state–response 
SO2 – sulfur dioxide
TAC – toxic air contaminant

Abbreviations



Project Background

The study was developed in response to a growing understanding by 
the Government of the People’s Republic of China (PRC) that rapid 
urbanization is creating a raft of environmental, administrative, 

and livability problems that, if not monitored, cannot be checked and,  
if not checked, will significantly worsen over time. These problems 
include the depletion of natural resources, environmental pollution, poor  
urban infrastructure, growing urban ecological footprints, poor urban 
environmental governance, and growing inequities between different parts 
of the country.

Although these problems have been known for some time and efforts are 
being made to address them, their impact is often difficult to quantify. This 
makes it extremely difficult to integrate sustainability planning into broader 
urban planning and means that sustainability is not often prioritized. 

Developed countries that have established indexes of urban environmental 
livability have found these indexes helpful in assessing relative progress 
of countries and cities, identify shortcomings, and focus investments. The 
PRC Ministry of Environmental Protection (MEP) therefore discussed with 
the Asian Development Bank (ADB) the possibility of developing a scientific 
system of monitoring sustainable urban development in the PRC context and 
worked with ADB and its consultants, the study team, to do so.

The team first agreed upon a definition of “sustainability.” It was agreed that 
sustainability consists of three key elements: the environment (air, soil, water, 
acoustics, ecosystems, and natural resources); the economy (growth, income, 
and taxes); and society and culture (health, education, poverty, housing, and 
social security). In this report, environmental livability will mainly focus on the 
environmental element.

It was then agreed that in order to measure these elements, scientifically 
developed indicators were needed that could both quantify and qualify 
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urban development goals. The system must consist of measurable, reliable, 
and monitorable indicators that are collected and analyzed regularly.

A number of problems then presented themselves. There are currently only 
limited and ad hoc sets of urban environmental livability indicators in the PRC 
and, where they do exist, data availability, collection, and analysis are uneven 
(large cities do better than small and medium-sized cities).

It was decided that the study team would (i) define the term “urban 
environmental livability” (based on the environmental part of the three 
key sustainability components named earlier) and build an index system to 
measure it, (ii) select an appropriate research methodology and use it to 
develop an index system and the indicators used to measure indexes within it,  
(iii) apply the system (the Urban Environmental Livability Indicator System) 
to 33 cities around the PRC, and (iv) use the study’s findings to recommend 
improvements to the PRC’s urban environment.

Other livability indexes developed around the world have tended to use 
one or more of the following design approaches: (i) the systems approach 
(including the pressure–state–response [PSR] framework and extended urban 
metabolism model), (ii) the policy approach, and (iii) the thematic approach. 
The study team chose in the PRC context to use a combination of the systems 
and thematic approaches. 

It was decided that the PRC system would consist of three tiers of data. The 
first would provide information about individual indicators (using parameters, 
or values, providing information about the state of a phenomenon being 
monitored). The second, a subindex, would aggregate information derived 
from a group of indicators to describe the state of a theme, or major issue 
(such as climate change). The third and final tier would aggregate and weigh 
these subindexes to develop an Environmental Livability Index (ELI).

Challenges

During the system’s design, a number of challenges became clear. First, the 
team had to decide on an overall approach to the project. It was decided that 
through consultation with appropriate stakeholders (particularly the MEP), a 
series of design steps would be developed and the system, once designed, 
then piloted in the 33 selected PRC cities.
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Next, the team had to decide which framework to use as it developed 
the system’s subindexes. The international precedents suggest one or a 
combination of three main frameworks: policy analysis, thematic, and 
systems PSR.

The policy analysis approach sets targets and then groups indicators to measure 
progress toward those targets. It is designed to aid city planners and policy 
makers and enables a dialogue between planners and major stakeholders. The 
team decided not to use this framework as it is target driven and thus does not 
facilitate a holistic approach to urban environmental livability. 

The thematic approach develops indicators around broad themes similar to 
those used by the policy analysis approach, but it does not link them to a 
strategy, plan, or policy. These themes may cover a wide range of issues and 
are often expressed as indexes. The best known example of this approach is the 
United Nations Development Programme’s Human Development Index. The 
team decided to use the thematic approach to identify subindexes because 
it enables a holistic view of environmental livability. Based on a literature 
review and early data collection, and in consultation with the MEP, major 
environmental issues were identified and subindexes linked to them. These 
subindexes are (i) aquatic environment, (ii) water resources, (iii) atmospheric 
environment, (iv) solid waste, (v) acoustic environment, (vi) ecological 
environment, (vii) domestic livability, and (viii) environmental management. 

While the thematic approach is appropriate for identifying subindexes, its 
broad thematic approach makes it unsuitable for the selection of indicators 
within each issue area. For this reason, the team decided to use the PSR 
framework to identify indicators. The framework is widely used and interna-
tionally recognized. Its indicators are identified based on cause-and-effect 
relationships between human activities and the state of the environment, 
but the system can sometimes oversimplify links between these variables 
and may not effectively identify major issues of concern. For this reason, the 
team decided to combine the PSR framework with the thematic approach to  
maximize the strengths intrinsic to both and mitigate their weaknesses. 

The PSR system works in three stages. First, pressures (defined as human 
impacts on the environment through programs, activities, or policies) 
are identified. Then, the state (the condition of particular aspects of the 
environment, for example, air quality) is measured, and finally a response (an 
action taken to improve environmental quality) is recommended. 
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Various criteria are used to select indicators. They must be representative 
of the issue or theme under study and must provide information that is 
 appropriate for policy making. Indicators must also be measurable, so that 
data gathered to study that issue can be scientifically measured, documented, 
duplicated, and validated. Data must be available and must be generated 
through ongoing, systematic monitoring at a reasonable cost in the majority 
of PRC cities. 

Once indicators for each subindex had been selected, they had to be properly 
weighted so that their contribution to environmental livability was duly 
recognized and accounted for. This can be a highly subjective process, and 
the team chose to manage it by using the Analytic Hierarchy Process (AHP), 
which uses a three-step system to bring objectivity to the weighting process. 
First, field surveys were conducted to gather data, then the survey data were 
analyzed, and finally weights were calculated for each indicator based on the 
surveys’ findings. 

For this study, a total of 100 questionnaires were issued for the development 
of subindex weighting, and 40 were returned. For the indicators, a total 
of 50 questionnaires were issued, and all were returned. Respondents were 
researchers and students from research institutes, universities and colleges, 
and government agencies in Beijing, Guangzhou, Harbin, Tianjin, and 
Wuhan. Final weights were calculated using AHP software. 

The indicators then had to be standardized through a process known as 
“normalization” so that they could be used to build subindexes and, from 
there, the ELI. 

Using the Index

A total of 33 cities were selected for testing using the ELI and for these cities, 
data were collected and analyzed using the new system. Data were drawn from 
existing sources such as the PRC City Statistical Yearbook, individual provincial 
and metropolitan statistical yearbooks, the PRC Urban Construction Statistical 
Yearbook, the PRC Statistical Yearbook on the Environment, and other sources. 
In some of the smaller cities, data were insufficient in quantity and/or poor in 
quality, and it is recommended that improvements be made in data gathering 
in these areas so that the system might be used to better effect.
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Based on this initial research, it was found that urban livability is generally 
higher in southern and coastal cities and in those with a higher level of 
development than in northern, western, and northwestern cities, or those 
with a lower level of development. Livability is also higher in cities with good 
natural conditions, such as Hangzhou, Kunming, and Xiamen. Environmental 
management was particularly strong in the PRC’s more developed regions.

The system was able to identify problems under each of the subindexes, 
and their identification is a starting point for policy making. For example, 
in Shenzhen, it was found that poor water environment results from low 
surface water quality, which in turn is the result of the poorly controlled 
discharge of relatively untreated wastewater. 

By comparing the PSR data for each city, it is possible to measure government 
efforts to improve environmental livability and also to indicate the influence 
of natural conditions on environmental livability. For example, some cities 
with poor water quality show a stronger response (government effort) than 
those with good water quality. The water environment state in cities with low 
pressure is better than in those with high pressure, suggesting that natural 
conditions as much as government policy can influence water quality.

Following completion of the report, the ELI was updated to 2011, using data 
from various sources. Importantly, the ELI reveals not only the way in which 
its various indicators change over time but also the way in which they change 
relative to one another. This could enable urban environmental policy makers 
to understand overall patterns of policy interventions which are required and 
city-specific policies which need attention. 

Overall, the ELI can be used to (i) compare or rank cities and incentivize 
local governments to improve their environmental performance; (ii) enable 
trend analysis, which together with PSR analysis, can provide policy makers 
with a base for assessing policy impact; (iii) enhance problem identification 
and fuel the analysis needed to underpin future policy development; and  
(iv) enable PSR analysis to measure government efforts to improve 
environmental livability and indicate the influence of natural conditions on 
environmental livability.
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Looking Ahead

The study team confirmed that the ELI system is relevant, applicable, and 
useful for trend analysis, policy development (particularly under the 12th 
5-year planning period), and public communication. The study team suggests 
that it should be used as a tool to facilitate understanding of environmental 
issues and the impact of environmental policies. For the system to be widely 
used, the following are needed: (i) training of city environmental planning 
bureaus and supporting agencies, (ii) improvements to the PRC’s monitoring 
systems, (iii) improvements to the data-gathering systems and data quality 
used in small and medium-sized cities, (iv) integration of climate change 
indicators into the ELI system, and (v) institutionalization of the system at all 
levels of government. 

This report was prepared by the consultant team. The views expressed herein 
do not necessarily represent those of the MEP and its affiliated organizations, 
and may be preliminary in nature.



Why Environmental Livability?

As the environment within cities in the People’s Republic of China (PRC) 
becomes less polluted thanks to the introduction of pollution controls 
and environmental restoration measures, increasing attention is 

being given to the livability of these cities, defined in part as “environmental 
livability” and measuring the quality of life as perceived by residents, workers, 
and visitors. 

Many developed countries have already established indexes of urban environ-
mental livability and these are proving to be popular tools used to compare  
different places and identify urban livability shortcomings. Increasing environ-
mental livability is closely linked with efforts to prevent pollution and reduce 
waste, conserve natural resources and wildlife habitats, protect endangered  
species, and reduce the ecological “footprint” of urbanization. The definition, 
quantification, and monitoring of urban environmental livability can contribute 
to the achievement of urban environmental sustainability.

A well-defined and comprehensive index of urban environmental sustainability, 
an associated monitoring system, and city rankings for the PRC will provide policy 
makers with scientific data on which to base policy making for environmentally 
sustainable development. This will (i) promote an environmental agenda  
among policy makers, urban managers, and the general public; (ii) raise 
understanding of present and future gaps; and (iii) create a scientific 
methodology for prioritizing environmental investments and evaluating the 
impact of long-term environmental investments.

There are various conceptual frameworks for developing indexes of quality 
of life and environmental quality. These frameworks, Environmental Livability 
Index (ELI) systems, clarify what is to be measured, what to expect from 
measurement, what kind of indicators should be used, and how resulting 
data can inform decision making. The main difference between existing 
frameworks is the way in which key dimensions are conceptualized and how 
the interlinkages between these dimensions are demonstrated. There are 
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also differences in the way the issues to be measured are grouped, and the 
ways in which indicators are selected and aggregated. The pressure–state–
response (PSR) framework developed by the Organisation for Economic  
Co-operation and Development (OECD),1 and its variant, driving–pressure–
state–impact–response,2 are the most widely used for developing environmental 
sustainability indexes, environmental performance indexes, and environmental 
livability indexes. They are based on a concept of causality linkage.3 

However, these systems have been criticized for oversimplifying issue linkages  
and failing to fully identify evidence of causality. To overcome these limitations, 
the team chose to combine the PSR with a theme-based approach to 
environmental livability.4 In this combination approach, themes were first 
identified, and then the PSR model was used to select pressure, state, and 
response indicators under each theme. The themes chosen were (i) water quality, 
(ii) water resources, (iii) air quality, (iv) solid waste, (v) acoustic environment, 
(vi) ecological environment, (vii) domestic livability, and (viii) environmental 
management.

Parameters for the measurement of each indicator were chosen (such as 
pollutant concentration, etc.), and a three-step categorization of findings was 
developed. First, each indicator was measured and a value assigned. Then, 
the indicators were aggregated into subindexes to describe the state of each 
theme. Finally, the subindexes were weighted and collated to form the ELI.

A multistep process (which will be detailed) was used to identify and develop 
indicators for use in the index. Key themes were selected through consultation 
with the Ministry of Environmental Protection (MEP) and other stakeholders, 
and possible indicators within each theme were identified. Next, from these, 
the final indicators were chosen using selection criteria developed through 
consultation. Third, each indicator was weighted to ensure that its relevance 
to environmental livability was properly represented, and finally the indicators 
were aggregated to form the ELI.

The ELI is a very useful tool for public communication. However, it has its 
limitations, and these must be remembered when the index is used. Valuable 

1 Organisation for Economic Co-operation and Development (OECD). 1991. Environmental 
Indicators: A Preliminary Set. Paris.

2 United Nations Environment Programme. 1997. Global Environment Outlook 1. New York 
and Oxford: Oxford University Press.

3 László Pintér, Peter Hardi, and Peter Bartelmus. 2005. Indicators of Sustainable Development: 
Proposals for a Way Forward. Discussion paper prepared under a consulting agreement on 
behalf of the United Nations Division for Sustainable Development, New York.

4 OECD. 2003. OECD Environmental Indicators. Paris.
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data may be lost during the process of simplification, and results may be 
distorted by incomplete, inconsistent, or incomparable data sets and the 
difficulties associated with trying to reach a consensus among stakeholders 
with differing and subjective data. It is therefore strongly recommended that 
the ELI be interpreted or applied alongside the subindexes and indicators. To 
make its findings more accessible, it is recommended that findings be presented 
visually. This will also allow for more effective communication of results. 

The Process Explained

Over the past decade, the urban economy of the PRC has grown rapidly 
based on a pattern of “high input, high consumption, and high emissions.” 
High resource consumption, relatively low technology, and rapid economic 
development and urbanization have created serious pollution problems. 
Pollution poses an increasingly serious threat to urban ecological environments 
and saturates urban environmental carrying capacities. As total pollution 
emissions decrease but urban environmental infrastructure lags, pressures will 
continue to rise. 

Identifying Environmental Themes and Subindexes

The subindexes were selected based on analysis of the major urban 
environmental issues discussed below. The last of these, climate change, was 
not developed into a subindex due to a lack of available data. However, some 
indicators under the air quality subindex may reflect the PRC’s efforts to address 
climate change (for example, energy intensity and clean energy indicators are 
listed under air quality). The issue is discussed below for reference purposes.

Water quality
The PRC faces severe water pollution problems in its cities despite recent 
improvements, which have included the construction of numerous wastewater 
treatment plants, improvements in urban water supply and saving, and water 
and soil conservation. 

In 2007, the country had only 1,206 wastewater treatment plants (883 urban 
and 323 county-level),5 but construction is being accelerated; by the end of 2010,  

5 Ministry of Housing and Urban–Rural Development of the People’s Republic of China. 2007. 
Statistical Bulletin for Construction of Cities, Counties, Villages and Towns. Beijing.
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about 3,000 county-level plants were planned for completion.6 Greater 
attention is also being given to saving water as wastewater recycling facilities 
are integrated into new treatment facilities. Ecological improvements (such 
as increased urban green coverage, fewer paved areas, more environmentally 
friendly building materials, separate rainwater and sewage systems, and the use 
of rainwater to recharge urban groundwater sources) are gradually improving 
water quality. Nonetheless, urban wastewater treatment levels remain low, and 
major pollutants continue to impact surface water quality. About 90% of urban 
river sections are polluted, urban lake water quality is low, and groundwater 
is at risk. Urban water pollution has had multiple adverse effects on aquatic 
ecosystems, urban ecological landscapes, and drinking water sources. Discharge 
of organic, nutrient,7 and toxic and harmful substances are growing.8 

Urban water bodies are mainly polluted by wastewater discharge, of which 
the major monitored pollutant is chemical oxygen demand (COD). However, in 
some watersheds and regions, pollution by heavy metals and persistent organic 
pollutants is also serious. Organic and heavy metal pollution has significantly 
damaged offshore water quality in some coastal cities. In 2007, the proportion 
of surface water monitoring sections with water quality worse than Class IV 
surpassed 70% in Qingdao, Shenyang, Shenzhen, and Taiyuan. COD exceeded 
the offshore standard in 10 coastal cities. In 2009, heavy metal pollution was 
recorded in some urban areas, particularly in Hunan and Shaanxi.

Urban groundwater quality is generally stable but shows signs of deterioration. 
Groundwater quality monitoring data taken from 189 cities in 2007 showed 
little change from 2006, and quality ranged from good to relatively poor: the 
quality of deep groundwater was slightly better than that of shallow water, 
and that of water in little-exploited regions was better than in highly exploited 
areas. Yet, water quality worsened in north, east, and south central PRC. Point 
and nonpoint pollution sources exist, and land subsidence resulting from 
groundwater overdraft is becoming more aggravated. In 125 cities where 
shallow groundwater quality is monitored, 95 recorded stable water quality, 
27 displayed worsening, and 9 showed improvements from 2005 to 2006. 

Monitoring of 405 centralized drinking sources in 2007 showed that drinking 
water quality in 76.5% of sources reached basic standards and exceeded 

6 See http://news.h2o-PRC.com/html/2008/09/748081221792393_1.shtml
7 As shown by indicators such as chemical oxygen demand (COD), total phosphorus and total 

nitrogen, and heavy metals.
8 “Toxic and harmful substance” in this report mainly refers to heavy metals.
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standards in 23.5%. Water quality had improved since 2006 in 14 cities.9 
Yet, many pollutants remain, including nitrogen, coliform bacteria, ammonia 
nitrogen, phosphorus, iron, and manganese emanating from household 
sewage, agriculture, and livestock breeding. 

In 2008, overall urban water environment quality was stable, with 629 urban 
areas, or 85.4% of the total, meeting the PRC’s surface water quality standard 
(see Table A1.5 of Appendix 1 for details).

Water resources
The PRC’s annual average gross water resources have been stable at about 
280 million cubic meters (m3) for many years, but due to its large population, 
per capita water resources are 2,200 m3, or just one-quarter of the world’s 
average. The PRC’s uneven distribution of water and pollution exacerbate urban 
water resource problems, but as the country has long relied on administrative 
measures to drive water conservation, it lacks the policy incentives and social 
environment needed to encourage water saving and protection. 

Statistics show that 300 of over 600 monitored PRC cities suffer from water 
shortages, with 100 suffering chronic shortages. The problem most deeply 
affects the PRC’s north and northwest cities (along the Huanghe, Huaihe, 
and Haihe rivers) where there are conflicts in allocating water resources 
between urban household, industrial, and agricultural users. Recent declines 
in annual rainfall10 have aggravated the impact of urbanization on household 
and industrial water use, and rationing has been introduced in some cities. 
Few cities consider ecological water needs when allocating resources, and 
the shortages that result from diversion of water to urban areas have severely 
damaged natural ecosystems, particularly around major cities. River flow is 
also being impacted: the Haihe River has suffered disruption since the 1960s, 
and the Chaobai and Yongding rivers all but dry up when rain is limited. Few 
wetlands remain around Tianjin. The growing urban heat island effect11 is 
also linked to ecological water shortages.

9 Ministry of Environmental Protection of the People’s Republic of China. 2007. [The People’s 
Republic of] China Environmental Quality Report.

10 National Bureau of Statistics of China. [The People’s Republic of] China Statistical Yearbook 
(1990–2008).

11 The term “heat island” describes built-up areas that are hotter than nearby rural areas. The 
annual mean air temperature of a city with 1 million people or more can be 1°C–3°C warmer 
than its surroundings. In the evening, the difference can be as high as 12°C. The main cause 
is modification of the land surface by urban development using materials that retain heat. 
Waste heat generated by energy usage is a secondary contributor. Heat islands can affect 
communities by increasing summertime peak energy demand, air-conditioning costs, air 
pollution and greenhouse gas emissions, heat-related illness and mortality, and water quality.
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Groundwater overdraft is leading to falling levels of groundwater. In 2007, 
exploitation exceeded 100% in cities such as Beijing, Tianjin, Xi’an, and 
Qingdao, and statistics show that in parts of northern PRC, 50 cones of 
depression (areas of subsidence) covering 30,000 kilometers have developed 
as a result. Seawater intrusion is an additional problem in some coastal cities. 

The rate of growth of water use in the PRC is slowing,12 but overall  
consumption continues to climb. Water efficiency has improved significantly 
in the past 20 years—thanks to the development of water saving and recycling 
technologies (Figure 1)—but water use remains very inefficient. Water  
use efficiency in the United States in 2006 was 238 yuan (CNY) per ton, 
6.43 times the PRC’s. The average gross domestic product (GDP) per cubic 
meter of water in the PRC is just one-fifth of the world average: water use 
for CNY10,000 GDP is 399 m3 against 55 m3 in developed countries. The 
PRC recycles about 70% of industrial water compared to 85% in developed 
countries, and recycling of wastewater and utilization of seawater and 
rainwater is limited. Wasteful consumption further aggravates water 
resource scarcity: in many cities, loss of water through pipe networks and 
water facilities can exceed 20%. 

12 Water resource utilization grew 1.3% during 1981–1993, 0.8% during 1994–2000, and 
0.5% during 2001–2006.
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Figure 1 Efficiency of Water Resource Use  
in the People’s Republic of China

CNY = yuan, GDP = gross domestic product, m3 = cubic meter. 
Source: National Bureau of Statistics of China. [The People’s Republic of] China Statistical 
Yearbook (1993–2011). 
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Air quality
The PRC’s urban ambient air quality is improving: the number of cities reaching 
or exceeding Class II of the PRC Ambient Air Quality Standard (GB3095-1996) 
and its amendments (see Table A1.4 of Appendix 1) was 28.8% higher in 
2007 than in 2001 and the number in which air quality failed to reach Class 
III fell by 29.9%.13 In 2007, 2.4% of cities at the prefecture level or above 
reached Class I of the standard, 58.1% reached Class II, 36.1% reached Class 
III, and just 3.4% fell below Class III. In 2011,14 among 325 cities at or above 
the prefecture level (including the capitals of some prefectures and leagues 
as well as cities directly under provincial administration), 89.0% met the 
Grade II national air quality standard, and the remaining 11.0% failed to 
meet the national air quality standard. In 2011, among the 113 major cities 
on environmental protection,15 84.1% met the Grade II national air quality 
standard. The percentage of cities meeting national air quality standards 
went up by 10.6 percentage points compared with the previous year. 

Despite these improvements, as shown in Figure 2, very few cities boast 
Class I air quality. Inhalable particulate matter (PM10)16 pollution is serious in 
major cities, and the growth of nitric oxide emissions and other oxides poses 
particular problems in places such as the Yangtze Delta, Zhujiang Delta, and 
the Beijing–Tianjin–Hebei region. As urban traffic emissions increase and 
industrial polluters move to suburban areas, hazy days are increasing. 

The primary pollutant in major cities is PM10. Sulfur dioxide (SO2) and nitrogen 
dioxide (NO2) pollution is much more limited, at 9.0% and 0.6%, respectively. 
Cities in the PRC’s northwest, north, and central plains and eastern Sichuan 
regions are mostly affected by PM10, while in other cities, such as Tangshan 
and Hohhot, soot is the primary pollutant. In 2011, the annual average 
concentration of PM10 in ambient air of 90.8% cities at or above prefecture 
level met or was superior to Grade II of the national air quality standard. 
The annual average concentration of PM10 of 1.2% cities failed to meet 
the Grade III standard. The annual average PM10 concentration was 0.025–
0.352 mg/m3, mainly ranging from 0.060 mg/m3 to 0.100 mg/ m3. Figure 2 
shows classes of air quality in PRC cities from 1997 to 2011, and Figure 3 

13 In addition, from 2006 to 2007, the number of cities with annual average concentrations of 
SO2 below Class III fell 3.2% and concentrations of PM10 exceeding the standard fell 1.7%.

14 Based on 2011 report on the state of the environment in the PRC by the MEP. 
15 During the 11th Five-Year Planning Period (2006–2010), the Government of the PRC  

expanded the key environmental protection cities from the original 32 municipalities to  
113 cities, which include some important prefecture-level, coastal, and tourism cities.

16 Particulate matters that are smaller than 10 micrometers in diameter.
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shows how people are affected by air pollution in cities of different sizes and 
demonstrates that air pollution is heaviest in large cities. 

In 2011, the annual average SO2 concentration in ambient air of 96.0% 
cities at or above the prefecture level met or was superior to Grade II of the 

Source: Ministry of Environmental Protection of the People’s Republic of China. 2008. [The People’s 
Republic of] China Environmental Quality Report (2007). 

Figure 3 Population Affected by Air Pollution  
in Cities of Different Sizes (2007)

Figure 2 Number of Cities with Different Air Quality Class  
(1999–2011)

Source: Ministry of Environmental Protection of the People’s Republic of China. [The People’s 
Republic of] China Environmental Quality Report (1999–2011). 
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national air quality standard. The remaining 4% met the Grade III standard. 
The annual average SO2 concentration was 0.003–0.084 mg/m3. The SO2 
level of most of cities ranged from 0.020 mg/m3 to 0.060 mg/m3.

In 2011, the annual average NO2 concentration in ambient air of cities at 
or above the prefecture level met the Grade II national air quality standard. 
Among them, 84.0% met the Grade I standard. The annual average NO2 
concentration was 0.004–0.068 mg/m3. The NO2 level of most of cities 
ranged from 0.015 mg/m3 to 0.040 mg/m3.

In 2011, the annual concentration of SO2, NO2, and PM10 of major cities on 
environmental protection was 0.041mg/m3, 0.035 mg/m3, and 0.085 mg/m3, 
respectively. The annual SO2 and PM10 concentration went down by 2.4% 
and 3.4%, respectively, compared with the previous year. The annual NO2 
concentration remained the same.17

Rapid urbanization, increasing transportation needs, and a sharp increase 
in private vehicle ownership are combining to raise vehicle emissions (nitric 
oxides) and, in some cities, vehicular pollutants are overtaking soot as the 
main pollutant. In several cities of more than 10 million people, air pollution is 
characterized by high concentration of fine particles and falling visibility, high 
atmospheric oxidizing capacity, and regional air pollution issues. Atmospheric 
hazes are increasing in cities such as Beijing, Guangzhou, Shanghai, and 
Shenyang and many east coast regions18 are experiencing pollution caused 
by the combination of coal burning and vehicle emissions. Hazy weather, 
which has grown since the 1960s and grew rapidly from 2003 to 2006, limits 
the dispersion of atmospheric pollutants and seriously affects visibility. 

Atmospheric pollutants, such as fine particulate matter (PM2.5), ozone, and 
volatile organic compounds, are not extensively monitored in the PRC but 
pose significant threats to air quality, the environment, and human health. 
Some studies indicate that the proportion of PM2.519 in PM10 is higher in 
southern cities than in northern ones, and the number of ozone-beyond-
standard days and hours has increased slightly in recent years. The toxic 
combination of different organic pollutants in urban air is raising concerns. 

17 In 2012, the PRC Ambient Air Quality Standard still prevailed in 325 cities above the 
prefecture level. According to the standard, 91.4% of cities met the air quality standard. 
However, since the PRC Ambient Air Quality Standard was implemented, the up-to-standard 
rate slumped to 40.9%. Among the 113 key cities on environmental protection, 88.5% of 
cities met the old standard, but only 23.9% reached the new standard.

18 For example, the Yangtze Delta, Zhujiang Delta, Beijing–Tianjin–Hebei, and Huanghuai Plain.
19 Particulate matters smaller than 2.5 micrometers in diameter.
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Solid waste
With rising urban populations and increased per capita consumption, urban 
refuse is growing. Urban solid waste generation in the PRC increased from 
118 million tons in 2000 to 164 million in 2011. The amount of urban solid 
waste that is safely or sanitarily disposed of increased from 73 million tons to 
131 million tons, or by 39% (Figure 4).

The PRC’s ability to treat solid waste sanitarily is limited. Contaminants from 
untreated waste permeate into the ground, causing acidification, alkalization, 
heavy metal pollution, and hardening of the soil. If disposed of into rivers, 
lakes, or the sea, waste pollutes the PRC’s waters, and if left to organically 
decompose it produces harmful gases20 that contribute to air pollution. 
Untreated waste can also be a cause of contagious diseases. A lack of funding 
means that many waste treatment and disposal facilities are inadequately 
maintained, affecting the sustainability of the PRC’s urban development. As 
shown in Figure 4, in 2008, 154.4 million tons of household waste was 
collected from urban areas, of which 66.8% was safely and sanitarily treated, 
20.0% was treated unsafely, and the rest (13.2%) was deposited. In 2011, 
the industrial solid waste generated amounted to 3.25 billion tons. A total 
of 1.99 billion tons of industrial solid waste (including waste generated in 
previous years) was comprehensively utilized, accounting for 60.5%.

20 Mainly greenhouse gases, such as methane and carbon dioxide, odorous sulfides, and ammonia.

Figure 4 Generation and Disposal of Urban Solid Waste 
(2000–2011)

Source: Ministry of Housing and Urban–Rural Development of the People’s Republic of China. 
[The People’s Republic of] China Urban Construction Statistical Yearbook (2000–2011).
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Acoustic environment 
As the PRC’s urban economy develops, noise pollution (already the third-largest 
public hazard after water and air pollution) will continue to grow. In major 
cities, rapidly increasing domestic noise pollution is a fast-growing concern, as 
is the number of environmental complaints relating to it. There were 705,127 
environmental appeals or disputes nationwide in 2008, of which 34.0% were 
concerned with noise problems. 

Ecosystems
Despite the PRC’s growing need for resources, the quality of urban ecological 
environments remains stable. In 2006, the national ecological environmental 
quality index21 at 50.8 changed little from the previous year. The change in 
the ecological environmental index in all provinces ranged from –1.7 to 7.1: 
27.1% of counties and cities evaluated were rated excellent, 24.3% good, 
20% average, 17.3% relatively poor, and 11.3% poor. 

Nonetheless, urban ecological environments are threatened. Soil erosion, 
land deterioration, development, river use, and crowding out of ecological 
water use threaten the PRC’s rivers, lakes, and wetlands. Ecological dete-
rioration in some important ecological function zones has not been fully 
 controlled. Biodiversity loss and alien species invasion threaten the PRC’s  
urban ecosystems.22 

Environmental management
Social awareness of environmental protection issues is growing. The number 
of letters and visits related to environmental complaints climbed 242% from 
2000 to 2008 (from 310,000 to 749,000 cases), and resolution of these 
cases has also grown (up by 134%), as shown in Table 1. 

The PRC’s environmental protection management strategy is shifting from 
“end-of-pipe control” approaches to “pollution prevention” strategies, and 
investment in urban environmental protection is increasing. Beijing has 
invested over CNY140 billion in environmental protection and has renovated 
and upgraded its urban infrastructure since its successful bid for the Olympic 

21 An index designed for evaluating national ecological environmental quality. The index consists 
of five subindexes: biodiversity, vegetation coverage rate, percentage of water body in total 
land, land deterioration, and environmental quality. The index score ranges from 0 to 100.

22 Hui Yajun and Li Xikun. 2004. The Reasons and Protection Counter Measures of the  
Reducing of Bio-diversity Loss [A]. The Legal System Construction of the Resource Protection 
of Forestry, Forest and Wildlife—the Memoir (the second volume) of a Seminar on PRC 
Environment and Resource Law in 2004 (annual meeting).
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Games in 2001.23 Fujian arranged a CNY166 million provincial-level special 
fund for environmental protection in 2008, and Kunming’s investment in 
ecological environmental construction in 2009, at CNY1.175 billion, was 
354.8% higher than the previous year.24 Shanghai’s focus on environmental 
protection rose after its successful bid for the 2010 World Expo in 2000 
and its investment in environmental protection has exceeded 3% of GDP for  
9 successive years.25 

Table 1 Environmental Letters and Visits (2000–2008)

Year
Number of Letters 

and Visits

Resolved Number 
of Letters  
and Visits

Resolved 
Percentage  

of Total

2000 309,800 298,958 96.5

2001 444,994 357,698 80.4

2002 526,166 488,101 92.8

2003 611,016 576,272 94.3

2004 682,744 645,019 94.5

2005 696,482 609,839 87.6

2006 687,409 638,317 92.9

2007 167,266 158,981 95.0

2008 748,989 701,413 93.6

Source: Ministry of Environmental Protection of the People’s Republic of China. 2000–2008. Annual  
Statistics Report on Environment in [the People’s Republic of] China.

Climate change and urban development
The PRC signed the United Nations Framework Convention on Climate 
Change in 1992 and became one of the first countries to ratify it in 1993.26  
A number of policies have been designed to aid implementation such as 
circular economic development, energy conservation, renewable energy 
utilization, and large-scale forestation.27 Still, climate change is impacting the 

23 http://news.xinhuanet.com/environment/2009-05/05/content_11315037.htm
24 http://city.finance.sina.com.cn/city/2009-01-14/108890.html
25 http://www.china.com.cn/expo/2009-07/29/content_18229678.htm
26 Ren Guoyu, et al. 2003/2004. Climate Changes of the Past 100 Years in the People’s Republic 

of China. http://www.ccchina.gov.cn/en/NewsInfo.asp?NewsId=5439
27 National Development and Reform Commission (NDRC) of the PRC. 2009. PRC Policies and 

Actions for Addressing Climate Changes–The Progress Report 2009. Beijing.
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PRC to a greater extent than the rest of the world.28 Its annual mean surface 
air temperature has risen over the past 50 years by 1.1°C, more than the 
global average. Precipitation levels have remained largely unchanged over 
the past century, although a small increase has been registered since 1956. 
Extreme weather (heavy snow, flooding, drought, etc.) has occurred more 
frequently, and the rate at which sea levels along the PRC coast are rising 
(2.5 millimeters per year over the past 50 years) is slightly above the global 
average. Mountain glaciers have retreated, and this trend is accelerating.

PRC scientists29 project that compared to 2000, the nationwide annual 
mean air temperature will have risen between 1.3°C and 2.1°C by 2020 and 
between 2.3°C and 3.3°C by 2050. Precipitation will rise between 2.0% and 
3.0% by 2020 and between 5.0% and 7.0% by 2050 (rising particularly in 
the southeastern coastal regions), and extreme weather and climate events 
will become more frequent. Arid areas and the risk of desertification will 
grow, glaciers in the Qinghai–Tibetan Plateau and the Tianshan mountains 
will retreat at an accelerated rate and small glaciers may disappear. 

The research shows that atmospheric CO2 concentrations have increased 
and greenhouse gases are likely to be responsible for atmospheric warming 
over the past century, particularly the past 50 years. According to the Initial 
National Communication on Climate Change of the People’s Republic of 
China,30 the PRC’s total greenhouse gas emissions in 1994 were 4.06 billion 
tons of CO2 equivalent (3.65 billion tons of net emissions). Tentative estimates 
put the figure for 2004 at about 6,100 tons of CO2 equivalent (5.60 billion 
tons), indicating growth in emissions of about 4% per year over that decade 
and making the PRC the world’s second-largest CO2 polluter (although per 
capita emissions remain lower than the world average).

The PRC is heavily reliant on coal for growth. Its economy grew by 9.0% in 
2008, but the PRC’s large population31 and low overall level of economic 
development make continued growth a priority.32 Provisional statistics put 

28 Ding Yihui, et al. 2006. National Assessment Report on Climate Change (I): Climate Change 
in the PRC and Its Future Trend. Advances in Climate Change Research.

29 NDRC. 2007. PRC’s National Climate Change Program. Prepared under the auspices  
of NDRC. Beijing.

30 Prepared and released by NDRC in Beijing on 9 November 2004.
31 By the end of 2008, the PRC’s total population was 1.328 billion, 6.73 million people more 

than at the end of 2007. The rate of urbanization was 45.7%.
32 In 2008, per capita GDP of $3,268 (converted using current prices and an annual average 

exchange rate) ranked the PRC among the world’s low- to mid-income countries.
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total national energy consumption in 2008 at 2.85 billion tons of coal 
equivalent, 4.0% more than in 2007, about 2.15 tons of coal equivalent 
per person. Coal comprised 68.7% of primary energy consumption, and CO2 
emissions per unit of energy were much higher than the world’s average. 
The extraction, processing, transportation, and combustion of coal produce 
wastewater, airborne pollutants, and solid residue that damage water 
systems and lead to respiratory illness. The True Cost of Coal33 estimates that 
external costs associated with coal use in 2007 came to CNY1.7 trillion, or 
7.1% of the PRC’s GDP.

Selecting Indicators

Once the team had based its subindexes on the themes discussed, it was 
necessary to develop a series of indicators using the PSR model and the 
following criteria:34 the indicators had to be representative (i.e., reflect the issue 
or theme and provide information appropriate for policy making), measurable 
(i.e., ensure that information can be measured, documented, duplicated, 
and validated in a scientifically acceptable way), analytically sound (i.e., able 
to distinguish meaningful differences in environmental conditions with an 
acceptable degree of resolution), available (i.e., data must be generated by 
ongoing, systematic monitoring or data collection at reasonable cost in the 
majority of PRC cities), and relevant to existing indicator systems in the PRC.

The first three criteria are the primary criteria used to establish an “ideal” 
indicator system for further development. However, this system may not be 
practical due to data gaps, so data availability and previous experience (or 
relevance) are used to adjust the system to local conditions. Other criteria that 
should be considered are the indicators’ ease of use, simplicity, and acceptability. 
A number of related environmental indicator systems were studied, and some 
are introduced into the proposed indicator system.

After consulting various statistical sources,35 the project found that a number 
of data-gathering difficulties exist. First, some indicators are not reported 

33 Mao Yushi, Sheng Hong, and Yang Fuqiang. 2008. The True Cost of Coal. Beijing: Unirule 
Institute of Economics.

34 Dirk Reyntjens and James Brown. 2005. Indicators: An Overview. Internal paper for discus-
sion. Development of Indicators of Environmental Performance of the Common Fisheries 
Policy. United Kingdom.

35 Including the PRC’s Environmental Statistical Yearbook, Urban Construction Statistical  
Yearbook, City Statistical Yearbook, Health Statistical Yearbook, Land Statistical Yearbook, 
provincial statistical yearbooks, statistical yearbooks of major cities, and provincial and  
city-level environmental quality bulletins.
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in existing statistical books (such as indoor air quality, number of people 
with access to safe drinking water, proportion of renewable and new energy 
resources, etc.). Second, there is limited consistency in the definitions and 
categories used by different statistical publishers, making comparison 
between each data set difficult. To aid consistency where possible, data 
provided by the PRC City Statistical Yearbook were used in this project. 
Third, there is a shortage of basic urban environmental data. Only a few 
major cities—such as Beijing, Guangzhou, and Shanghai—publish municipal 
yearbooks and environmental bulletins. Where these are published, they may 
contain different information and lack key statistics. Fourth, there appears to 
be limited consistency between the methods used to calculate values within a 
particular indicator set, making comparison virtually impossible. For example, 
per unit pollutant emissions (SO2) from a unit of land appear to vary hugely 
from city to city, with the highest density recorded apparently thousands of 
times higher than the lowest. Common sense suggests that this is impossible 
and closer inspection confirms this: the discrepancy results from conflicting 
land unit sizes rather than substantially different emissions.

Based on foreign and domestic experience and considering data availability, 
tertiary indicators relating to “environment” and “livability” were developed 
in the following areas: 

Aquatic environment
Issues related to urban aquatic environment include the quality of surface 
water, groundwater, and drinking water. Surface water quality protection will 
provide multiple benefits to agriculture, industry, recreation, and the overall 
aquatic habitat. Drinking water is one of the most significant beneficial uses 
of water and directly related to public health. Groundwater can be used 
for drinking water and therefore the number of surface water monitoring 
sections (where quality falls below Class V) and the number of centralized 
drinking water source areas (where water quality is up to standard) are 
selected to measure the state of water quality. Groundwater quality is not 
included at this stage due to lack of data.

The intensity of pollutant emissions (COD and heavy metals) is used to 
indicate pressure on the PRC’s water systems. The state is measured by 
surface and drinking water quality. Indicators chosen include COD discharge 
intensity, wastewater discharge intensity, and heavy metal emission intensity. 
The response indicators for evaluating city efforts to improve water 
environmental quality are wastewater treatment rate, COD removal rate, and 
the proportion of urban wastewater treatment that meets Class II of the PRC 
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Integrated Wastewater Discharge Standard (GB8978-1996) (see Table A1.6 of 
Appendix 1 for more details). Data about water quality and waste discharge 
are from individual city environmental quality reports and data relating to 
water treatment, wastewater treatment rates, and COD removal rates are 
taken from the PRC Urban Construction Statistical Yearbook and PRC annual 
statistical report on environment.

Water resources
Water scarcity is a big issue for most of the PRC cities in the northern and 
northwestern areas. Key problems relating to water resources are stocks 
(water availability) and consumption (water use and saving). Statistics 
relating to these issues are mainly obtained from the urban water resources 
bulletin, and indicators include per capita available water, water reuse rates, 
and water use intensity. To measure state, the team selected water resource 
availability per capita. To measure pressure, they chose water use intensity, 
and for response, data on water reuse rates were gathered. 

Atmospheric environment
Air quality indicators reflect pressures on the environment in the form 
of emissions causing air pollution; its state, as measured by ambient 
concentrations; and government responses in terms of environmental 
management or efforts to control air pollution. In the PRC, air quality 
is mainly measured by three principal pollutants: PM10, SO2, and NO2. 
Therefore, concentration of PM10, SO2, and NO2 and the number of 
days with urban air quality meeting Class II standards are used to assess 
state. The emission intensity of these gases measures pressure, and their 
removal rates, as well as energy consumption intensity, provide data for the  
response category. 

Toxic air contaminants,36 visibility, ozone, and indoor air quality were not 
considered in the current indicators due to lack of data.

Solid waste
Waste is a pressure on the environment. It leads to loss of land and other 
resources necessary for its disposal or treatment, and creates environmental 
contamination such as land contamination and surface and groundwater 

36 Toxic air contaminants (TACs) are air pollutants that may cause serious adverse human health 
or environmental effects. They may exist as particulate matter or in gaseous form and include 
metals, gases adsorbed onto particles, and certain vapors from fuels and other sources. 
Examples of TACs include benzene, dioxins, 1,3-butadiene, and particulate emissions from 
diesel-fueled engines.
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pollution that may potentially result from its treatment, storage, disposal, 
and other handling. The key indicators for describing the pressure caused 
by waste include municipal domestic waste and industrial solid waste 
discharge. To measure response, selected indicators are municipal domestic 
waste, hazardous and industrial solid waste, treatment of non-harmful 
urban domestic waste, safe disposal of hazardous waste, and utilization of 
industrial solid waste. Data for the indicators describing the pressure come 
from the Urban Construction Yearbook, and for the indicators describing the 
responses from the Environmental Statistical Yearbook.

In general, uncollected and/or untreated solid waste affects the state of water 
and air quality, which is theoretically described by water and atmospheric 
environment indicators. Soil and land use is not covered in this indicator 
system due to lack of data. 

Acoustic environment
The noise level indicator for regional ambient noise levels is used to quantify 
noise pollution. Data are taken from the PRC Environmental Quality Bulletin.

Ecological environment
Ecosystems are defined by the interactions between living organisms, 
including humans, and their physical environment. In the PRC, major stresses 
on ecosystems are population density, groundwater exploitation, and 
conversion of farmland for urban land use. Green coverage in built-up areas 
is selected to monitor ecological environmental issues, but typical indicators, 
such as loss of habitats and biodiversity, are not included due to lack of data. 
Population density and farmland conversion data are taken from the PRC City 
Statistical Yearbook, and green coverage from the PRC Urban Construction 
Statistical Yearbook. Loss of habitats and biodiversity are recommended for 
inclusion in any future indicator system.

Domestic livability
Key issues to consider here are quality of life and urban infrastructure. 
Availability of tap water and piped gas, per capita daily domestic water 
consumption, and per capita green space are most relevant to the daily life 
of urban residents. Thus, the water supply coverage rate, gas supply network 
coverage rate, per capita green space, and daily water use per capita are 
selected for measuring domestic livability. Data on these indicators are 
available from the PRC Urban Construction Statistical Yearbook. 



18 Developing Indicators and Monitoring Systems for Environmentally Livable Cities in the PRC

Environmental management
This demonstrates investment in environmental protection and the number 
of, and response to, environmental complaints. Indicators include normal 
operation rate37 of urban wastewater treatment facilities, number of 
environmental protection personnel per 10,000 people, percentage of GDP 
invested in environmental improvements, and percentage of complaints 
resolved. The urban construction and environmental yearbooks provide data.

All the proposed indicators are summarized in Table 2 and defined in 
Appendix 2.

Developing Weights

The Analytic Hierarchy Process (AHP)38 allows comparison between a list 
of objectives or alternatives using a framework that structures a problem, 
represents and quantifies its elements, relates those elements to goals, and 
facilitates evaluation of alternative solutions. It is used globally in a wide variety 
of decision-making situations in fields such as government, business, industry, 
health care, and education.39 There are three steps when using the process 
to derive weights for indicators under the Environmental Livability Index (ELI).

First, the issues are structured within a hierarchy. Typically, an AHP hierarchy 
consists of an overall goal at the top, a group of options or alternatives for 
reaching that goal at the bottom, and, in the middle, a group of criteria 
relating the alternatives to the goal. In this report, the AHP is used to weight 
subindexes and indicators, as shown in Figure A3.1 of Appendix 3. To derive 
the weights, the criteria are then evaluated and their importance within the 
hierarchy measured by introducing pair-wise comparisons. Finally, weights 
are derived for each indicator based on these judgments obtained from the 
survey detailed in Appendix 3, and the system is tested. Table 2 details the 
final proposed ELI system with weights.

37 Normal operation rate refers to the percentage of wastewater treatment plants that operate 
daily. In the PRC, some wastewater treatment plants are built but do not operate due to the 
lack of operational funds or other reasons.

38 The Analytic Hierarchy Process (AHP) is a special type of Analytic Network Process, which 
allows both interaction and feedback within clusters of elements (inner dependence) and 
between clusters (outer dependence). Such feedback best captures the complex effects 
of interplay in human society, especially when risk and uncertainty are involved. Based on  
mathematics and psychology, it was developed by Thomas L. Saaty in the 1970s and has 
been extensively studied and refined since then.

39 Thomas L. Saaty and Luis G. Vargas. 1994. Decision Making in Economic, Social and  
Technological Environments. Pittsburgh: RWS Publications.
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Table 2 Proposed Environmental Livability Indicators and Weights

Subindex
Subindex 
Weight Indicator Unit

Indicator 
Weight

Water 
environment

0.14 COD discharge intensity kg per 
CNY10,000 

GDP

0.11

Wastewater discharge 
intensity (industrial and 
domestic)

ton per 
CNY10,000 

GDP

0.13

Heavy metal discharge 
intensity

kg per 
CNY100 

million GDP

0.13

Proportion of national 
surface water monitoring 
sections below Class V

% 0.12

Water quality up to 
standard rate of centralized 
drinking water source areas

% 0.14

Wastewater network 
coverage rate

% 0.12

COD (industrial and 
domestic) removal rate

% 0.12

Above Class II treatment 
rate of urban wastewater

% 0.12

Water 
resources

0.14 Water resource availability 
per capita

m3 per 
capita

0.37

Water reuse rate % 0.32
Water use intensity m3 per 

CNY10,000 
GDP

0.31

Atmospheric 
environment

0.17 SO2 emission intensity kg per 
CNY10,000 

GDP

0.09

NOx emission intensity kg per 
CNY10,000 

GDP

0.09

Smoke dust emission 
intensity

kg per 
CNY10,000 

GDP

0.09

Energy consumption 
intensity

ton per 
10,000 
people

0.09

continued on next page
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Subindex
Subindex 
Weight Indicator Unit

Indicator 
Weight

Number of days with urban 
air quality meeting Class II

% 0.10

Annual PM10 average 
concentration

mg/m3 0.09

Annual SO2 average 
concentration

mg/m3 0.09

Annual NO2 average 
concentration

mg/m3 0.09

Industrial SO2 removal rate % 0.09
Industrial NOx removal rate % 0.09
Industrial smoke dust 
removal rate

% 0.09

Solid waste 0.08 Municipal domestic waste 
generation intensity

ton per 
capita

0.15

Hazardous waste 
generation intensity

kg per 
CNY10,000  

GDP

0.17

Industrial solid waste 
generation intensity

ton per 
CNY10,000  

GDP

0.15

Urban domestic waste 
disposal rate

% 0.18

Safe disposal rate of 
hazardous waste

% 0.18

Utilization rate of industrial 
solid waste

% 0.17

Acoustic 
environment

0.07 Regional noise level dB(A) 0.07

Ecological 
environment

0.10 Population density number of 
persons  
per km2

0.25

Groundwater exploitation 
rate

% 0.26

Farmland change (loss) rate % 0.23
Green coverage in built-up 
areas

% 0.26

Table 2 continued

continued on next page
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Subindex
Subindex 
Weight Indicator Unit

Indicator 
Weight

Domestic 
livability

0.16 Water supply coverage rate % 0.27

Gas supply network 
coverage rate

% 0.26

Per capita green space m2 0.25
Per capita daily water use m3/d 0.23

Environmental 
management

0.13 Normal operation rate 
of urban wastewater 
treatment facilities

% 0.28

Environmental protection 
treatment personnel  
per 10,000 people

personnel 
per 10,000 

people

0.21

Proportion of treatment 
investment in GDP

% 0.26

Proportion of resolved 
environmental pollution 
letter and visit cases

% 0.26

CNY = yuan, COD = chemical oxygen demand, dB(A) = A-weighted decibel, GDP = gross domestic product, 
kg = kilogram, km2 = square kilometer, m2 = square meter, m3 = cubic meter, m3/d = cubic meter per day,  
mg = milligram, NO2 = nitrogen dioxide, NOx = nitrogen oxide, PM10 = inhalable particulate matter,  
SO2 = sulfur dioxide. 
Source: Indicator system was developed by ADB consultant and weights were developed by using the Analytic 
Hierarchy Process (AHP) method based on the survey described in Appendix 3.

Table 2 continued

Aggregating into Subindexes and the Environmental 
Livability Index

There are two levels of aggregation: (i) aggregation of the individual 
indicators to create subindexes and (ii) aggregation of the subindexes to 
create a composite ELI. 

To make indicators comparable, normalization40 is an important step for 
integrating the indicators system into the subindexes and ELI. The normalizing 
process is described in Appendix 4. The scores of the subindexes and ELI 
range from 0 to 1. A higher score represents better quality.

40 Normalization is required prior to any data aggregation as the indicators in a data set often 
have different measurement units. A number of normalization methods exist, for example, 
ranking, standardization, distance to a reference measure, Max–Min approach, etc.



The 33 respondent cities were chosen based on data availability, and 
the six cities—Shanghai, Beijing, Guangzhou, Wuhan, Shenyan, and 
Lanzhou—were selected for further trend analysis since historical data 

were available in these major cities. 

Most data were sourced from published statistical yearbooks such as the 
People’s Republic of China (PRC) Environmental Statistical Yearbook, PRC 
Urban Construction Statistical Yearbook, PRC City Statistical Yearbook, 
PRC Health Statistical Yearbook, PRC Land Statistical Yearbook, provincial 
statistical yearbooks, statistical yearbooks published by major cities, and 
environmental bulletins published by provinces and cities. A minority of 
data were only available if sourced from unpublished literature that was not 
regularly updated. Following completion of the initial report, the ELI was 
updated using more recent (2011) data from the various sources used in the 
original study.

The data used in the testing of the system was updated to include data up to 
2011, and the updating reinforced the view that the Environmental Livability 
Index (ELI) system is relevant, applicable, and useful for trend analysis and policy 
development, and that it is suitable for use as a tool to facilitate understanding 
of environmental issues and the impact of environmental policies.

Overall Findings

Ranking 33 major cities in the PRC according to their ELI demonstrated that 
the ELI is higher in southern PRC, eastern coastal cities, and economically 
developed regions; and lower in the north, northwest, and less developed 
regions. For example, Beijing, Dalian, Ningbo, and Qingdao scored better 
than Harbin, Lanzhou, and Taiyuan. Of the megacities, Beijing had a higher 
ELI than Shanghai and Guangzhou in 2007, but the order had changed by 
2011 with Guangzhou scoring higher than Beijing. These findings are shown 
in Figure 5.

Testing the System
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ELI = Environmental Livability Index. 
Source: ADB consultant estimates. The figure was created by using the indicator system based  
on the various statistical yearbooks in the People’s Republic of China.   

Figure 5 Urban Environmental Livability Indexes  
in the People’s Republic of China (2011)
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Pilot Findings in Six Major Cities

In this section, results from the pilot application of the ELI to six major 
cities are given. From 2000 to 2011, environmental livability in Guangzhou, 
Lanzhou, Shenyang, and Wuhan rose consistently, as shown in Figure 6.  
Environmental livability leveled off after 2007 in Beijing and Shanghai, also 
shown in Figure 6. 

Figure 6 Trend Analyses of Environmental Livability Indexes  
of Major Cities

ELI = Environmental Livability Index.
Source: ADB consultant estimates. The figure was created by using the indicator system based on the 
various statistical yearbooks in the People’s Republic of China.
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Table 3 compares the six cities, showing their index values and rankings for 
the years 2000, 2003, 2005, and 2007. Guangzhou recorded the highest 
improvement rate (45.4%) and Lanzhou, the lowest (17.9%). In 2000–2007, 
environmental livability in Beijing, Guangzhou, and Wuhan rose significantly. 
Growth in Shanghai and Shenyang was slower. Lanzhou’s position at the 
bottom of the group was unchanged and improvements there were limited.
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Beijing

Figure 7a shows that in 2000 the main environmental problems in Beijing 
were in the areas of water environment, water resources, air quality, and 
solid waste. By 2007, its water environment index had risen from 0.43 to 
0.82, water resources from 0.32 to 0.49, air quality from 0.23 to 0.52, and 
solid waste from 0.42 to 0.68, rising by 91.2%, 51.8%, 125.3%, and 62.4%, 
respectively (Figure 7b). Despite these improvements, water resource and air 
quality indicators remained poor because Beijing had low per capita water 
resources, high concentrations of nitrogen oxide (NOx), and limited ability to 
remove these. To tackle such problems, Beijing needed to strengthen water 
resource management and air quality controls. Figure 7c shows that between 
2007 and 2011 water resource indicators worsened, although air quality 
indicators improved.

Table 3 Ranking of Environmental Livability in Major Cities

City
2000 2003 2005 2007 2011

Improvement 
(%)  

2000–2007 Rank

Improvement 
(%) 

2007–2011Index Index Index Index Index Rank
Guangzhou 0.45 0.55 0.64 0.66 0.76 2 45.40 1 15.80
Wuhan 0.48 0.56 0.62 0.65 0.73 3 34.41 2 12.09
Beijing 0.50 0.57 0.59 0.70 0.70 1 38.95 4 0.00
Shenyang 0.50 0.54 0.58 0.64 0.71 4 27.80 3 10.90
Shanghai 0.50 0.60 0.63 0.66 0.67 2 30.99 5 1.52
Lanzhou 0.41 0.44 0.47 0.48 0.60 5 16.33 6 25.00

Source: ADB consultant.

Figure 7 Trend Analyses for Beijing

Source: ADB consultant estimates. The figure was created by using the indicator system based on the various  
statistical yearbooks in the People’s Republic of China.  
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Shanghai

Shanghai’s major environmental problems in 2000 were related to water 
resources and environment, and air quality (Figure 8a). All had improved 
markedly by 2007, as shown in Figure 8b. However, water resources and 
air quality remained weak when compared to other indicators because of 
Shanghai’s low per capita water resource base, heavy sulfur dioxide (SO2) 
pollution, and limited ability to remove pollutants at source. Solid waste 
and ecological indexes during the 7-year period fell by 15.7% and 24.6%, 
respectively, as urban domestic waste production increased but treatment 
capacity lagged. Shanghai must therefore focus on water resources, air quality, 
and the management of solid waste. Figure 8c shows that between 2007 
and 2011 the water resource indicator shows no improvement, although air 
quality and solid waste indicators show signs of being successfully addressed.

Guangzhou

In 2000, Guangzhou’s water environment, water resource, air quality, solid 
waste, and environmental management indexes were all low (Figure 9a). 
By 2007, as shown in Figure 9b, many of these indicators had improved 
substantially: water environment, water resource, air quality, solid waste, 
and environmental management indexes had risen by 101.9%, 82.1%, 68%, 
58.3%, and 82.3%, respectively. There was consistent improvement in all 
indicators between 2007 and 2011 (Figure 9c). The city’s water resource 
indicator remains low because Guangzhou has low per capita water resources 
and low water recycling rates. Further work is needed in these areas. 

Figure 8 Trend Analyses for Shanghai

Source: ADB consultant estimates. The figure was created by using the indicator system based on the various  
statistical yearbooks in the People’s Republic of China.
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Wuhan

Wuhan’s key environmental problems in 2000 were related to its water 
environment, water resources, and air quality (Figure 10a). By 2007, as shown 
in Figure 10b, it had recorded significant improvements in all of these areas, 
most particularly in relation to water environment, where the index climbed by 
218%. Nonetheless, Wuhan’s water resource and air quality indicators remain 
low because of low per capita water resources, heavy SO2 and particulate 
pollution, and the city’s limited ability to treat NOx. Wuhan must continue 
to focus on the management of water resources (by advocating for more 
economical use of water and encouraging improved water utilization rates) 
and strengthen the treatment of atmospheric pollution. Figure 10c shows that 
between 2007 and 2011 there was continued improvement apart from the 
acoustic environment and, to a small extent, ecosystem.

Source: ADB consultant estimates. The figure was created by using the indicator system based on the various  
statistical yearbooks in the People’s Republic of China.

Figure 9 Trend Analyses for Guangzhou

Source: ADB consultant estimates. The figure was created by using the indicator system based on the various 
statistical yearbooks in the People’s Republic of China.

Figure 10 Trend Analyses for Wuhan
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Lanzhou

In 2000, the main environmental problems facing Lanzhou related to its water 
environment, water resources, air quality, and domestic livability (Figure 11a). 
By 2007, as shown in Figure 11b, all of those indicators had improved, with 
improvements in air quality especially strong. However, indexes in these areas 
remain relatively weak, despite the improvements, due to chemical oxygen 
demand (COD) emissions, high concentrations of SO2 and particulates, limited 
wastewater treatment, and high levels of urban water consumption. Between 
2007 and 2011, improvements continued in all indicators other than acoustic 
environment and environmental management. 

Lanzhou’s solid waste and ecosystem indicators fell during the study period, 
by 46.5% and 26.9%, respectively, mainly because of the city’s inability to 
treat hazardous and harmful domestic waste. Solid waste has become one 
of the main environmental problems facing Lanzhou, and the city must focus 
on solid waste management to improve its urban ecosystem. Between 2007 
and 2011, however, improvements in solid waste management were evident, 
although the gains made in air quality improvement between 2000 and 2007 
were not sustained.

Shenyang

In 2000, the main environmental problems facing Shenyang related to its 
water environment, water resources, and air quality (Figure 12a). By 2007, 
indicators in all of these areas had improved, with particularly strong  

Source: ADB consultant estimates. The figure was created by using the indicator system based on the various 
statistical yearbooks in the People’s Republic of China.

Figure 11 Trend Analyses for Lanzhou
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growth in water environment (up 150%). When compared with other cities, 
however, indicators are weak due to Shenyang’s poor surface water quality, 
low per capita water resources, high SO2 and particulate concentration, and 
limited ability to remove major atmospheric pollutants such as SO2, NOx, and 
smoke dust. 

Its ecological environment and environmental management indexes dropped 
during the period by 13.3% and 3.81%, respectively, due to rising groundwater 
exploitation and insufficient investment in urban environmental protection. 
Shenyang must increase its investment in these areas and continue to focus 
on improving its water environment, water resources, air quality controls, 
and ecological environment. Evidence that improvements were being made 
to all livability indexes in the period between 2007 and 2011 is shown in 
Figure 12c. Evidence that improvements were being made to all livability 
indexes in the period between 2007 and 2011 is shown in Figure 12c.

Findings by Subindex

In this section, the report offers information about (i) each city’s ranking 
within the subindex area, (ii) a general overview of the findings as they 
relate to pressure–state–response (PSR), and (iii) case studies demonstrating 
problems PRC cities may try to address. 

Figure 12 Trend Analyses for Shenyang

Source: ADB consultant estimates. The figure was created by using the indicator system based on the various 
statistical yearbooks in the People’s Republic of China.
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Urban Aquatic Environments

City ranking
Figure 13 compares the Urban Water Environmental Livability Index of the 
33 cities studied. Among megacities, Beijing and Shanghai rank better than 
Guangzhou. In general, cities with a greater water environmental capacity, 
such as Dalian, Haikou, and Xiamen, do better than those without. Cities 
built on or around major river basins or lakes score badly, indicating that 
these water sources are of poor quality and efforts to improve water quality 
are urgently needed. Examples include Kunming in the Dianchi Lake, Harbin 
and Changchun in the Songhua River drainage area, and Chongqing in the 
Changjiang River drainage area. 

The water ELI average of the 33 cities studied is 0.76; the water ELI for  
15 cities (just under half of the selected cities) is lower than the average 
level. There may be three reasons for the low scores in these cities. First, the 
water environmental capacity is naturally low, the pressure of water pollution 
discharge is high (e.g., in Xining and Lanzhou), and pollution disposal capacity 
is insufficient. Second, population density is relatively high (especially in 
megacities such as Chengdu, Chongqing, Shenzhen, and Xi’an) and pollution 
discharge exceeds their natural capacity, indicating that the pollution disposal 
capacity of these cities needs improvement. Third, in less developed cities, 
such as Changchun and Harbin, wastewater treatment capacity is low and 
wastewater disposal rates are thus lower than the national average.

Pressure–state–response
Figure 14 demonstrates the PSR of different cities: Xining has the highest 
water environmental pressure and Qingdao the lowest; Changsa, Chongqing, 
Fuzhou, Guiyang, Haikou, Lanzhou, and Nanchang have the best water 
environmental state and Shenzhen the worst; of the megacities, the response 
in Beijing, Guangzhou, and Shanghai is similar and relatively strong.

There is a positive correlation between water environmental condition and 
response, with cities suffering from poor water quality showing a stronger 
response than those with good water quality. Urban water environmental 
pressure is affected by upstream pressure as well as local discharge, so the 
pressure index does not correlate well with the state and response indexes. 

The water environmental state in cities with low pressure is better than in 
those with high pressure. Cities with poor water environmental state, such as 
Hefei, have a high response rate, indicating that they attach great importance 
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Figure 13 Ranking of Urban Water Environmental Livability 
Indexes in the People’s Republic of China

ELI = Environmental Livability Index.
Source: ADB consultant estimates. The figure was created by using the indicator system based  
on the various statistical yearbooks in the People’s Republic of China.
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Figure 14 Pressure–State–Response Analyses of Urban Water 
Environmental Livability Index in the People’s Republic of China

ELI = Environmental Livability Index.
Source: ADB consultant estimates. The figure was created by using the indicator system based  
on the various statistical yearbooks in the People’s Republic of China.

to protection and treatment of water. Some cities that earned average 
ratings for environmental pressure and response are rated relatively strongly 
for environmental state—thanks to their naturally high water environmental 
capacity. Examples include Shanghai and Haikou.

A comparison of the pressure, state, and response of all 33 cities leads to a 
number of suggestions regarding the improvement of water environmental 
quality and reduction of environmental pressure. These are detailed in Table 4.
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Table 4 Pressure–State–Response Analyses for Water Environment

Environmental 
State

Pressure and 
Response Major Cities Suggestions

Good quality Medium 
environmental 
pressure and 
low response

Beijing, 
Lanzhou, 
Shanghai

Urban water environmental 
livability can be improved 
by strengthening 
pollution abatement and 
enhancing environmental 
management capacity. 

Relatively poor 
quality 

High 
environmental 
pressure and 
low response 

Guangzhou, 
Hangzhou, 
Shijiazhuang 

Further strengthen water 
environmental treatment 
work, reduce urban water 
environmental pressure, 
and improve water 
environmental quality. 

Poor quality Low 
environmental 
pressure and 
high response 

Qingdao, 
Shenzhen

Improve upstream water 
environment to reduce 
pressure on urban water 
environments and improve 
water environmental 
quality. 

Notes: Poor quality means that the quality state index is below 0.4; relatively poor quality means that  
the quality state index is between 0.4 and 0.8; and good quality means that the quality state index is 
between 0.8 and 1.0.
Source: Analysis is made by ADB consultant based on Figure 14 of this report.

Case study
Figure 15 graphically portrays the analysis for Xining and Kunming. In Xining, 
water resource and solid waste issues rank below atmospheric problems. 
Even so, the city suffers from high discharge of major pollutants and low 
capacity for removing these pollutants. The implication is that to improve its 
urban environmental livability, Xining must raise its ability to treat wastewater  
and/or to control discharge of pollutants. By 2011, there were signs that heavy 
metal discharge had increased, although there were signs of improvement 
in treatment of wastewater. In Kunming, solid waste management issues are 
serious along with air quality, water resource, and water environmental issues. 
The city has a substantial discharge of heavy metals, surface water quality is 
low, and treatment of wastewater and pollutants is average. By 2011, there 
were significant improvements in some indicators, notably sewerage network 
coverage rate, COD removal rate, and treatment of wastewater. 
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Figure 15 Identification of Major Issues for Xining and Kunming

COD = chemical oxygen demand.
Source: ADB consultant estimates. The figure was created by using the indicator system based on the various 
statistical yearbooks in the People’s Republic of China.

Water Resources

City ranking
Figure 16 ranks the Urban Water Resource ELI of the 33 cities. Chengdu ranks 
the highest and Taiyuan the lowest. Of the megacities, Beijing and Shanghai 
rank lower than Guangzhou. In general, large and medium-sized cities, such as 
Shijiazhuang, Wuhan, and Xi’an, have medium-low indexes due to their large 
populations and relatively limited water resources. Cities with limited water 
resources, such as Taiyuan and Yinchuan, have comparatively low indexes.
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Figure 16 Ranking of Urban Water Resource Environmental 
Livability Indexes in the People’s Republic of China

ELI = Environmental Livability Index.
Source: ADB consultant estimates. The figure was created by using the indicator system based on the 
various statistical yearbooks in the People’s Republic of China.
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Figure 17 Pressure–State–Response Analyses  
of Urban Water Resources

Source: ADB consultant estimates. The figure was created by using the indicator system based on 
the various statistical yearbooks in the People’s Republic of China.

Pressure–state–response
Figure 17 demonstrates the pressure–state–response data for urban 
water resources. It shows that Yinchuan has the highest water resource 
environmental pressure and Changsa, Chengdu, Guiyang, Kunming, 
Lanzhou, Qingdao, and Xining the lowest; Hangzhou has the best water 
resource environmental state and Kunming, Lanzhou, and Qingdao the 
worst; Jinan, Lanzhou, Shijiazhuang, Tianjin, Yinchuan, and Zhengzhou have 
the best water resource environmental response and Shenzhen the worst. Of 
the PRC’s megacities, Beijing, Guangzhou, and Shanghai all have moderate 
water resource pressure. Guangzhou’s response is higher than that of Beijing 
and Shanghai but its state is better, perhaps because water resources are 
relatively rich in Guangzhou.
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After comparing the relationship between water resource pressure, state, and 
response in all 33 cities, suggestions regarding how to reduce pressure and to 
enhance management capacity were developed. They are outlined in Table 5.

Table 5 Pressure–State–Response Analyses  
for Water Resource Environment

Environmental 
State

Pressure and 
Response Major Cities Suggestions

Good quality Low pressure 
and low 
response

Chengdu, 
Chongqing, 
Hangzhou, 
Nanning

Enhance water resource 
management capacity 
and improve urban water 
resource livability.

Relatively poor 
quality

Low pressure 
and medium 
response

Fuzhou, 
Guangzhou, 
Xining

Increase water reuse rate 
and wastewater treatment 
levels.

Poor quality High pressure 
and low 
response

Beijing, 
Kunming, 
Shanghai, 
Wuhan

Tap new resources and 
economize on expenses, 
enhance utilization of water 
resources, relieve urban 
water resource pressure, 
and improve water resource 
state.

Note: Poor quality means that the quality state index is below 0.1; relatively poor quality means that the 
quality state index is between 0.1 and 0.6; and good quality means that the quality state index is between 
0.6 and 1.0.
Source: ADB consultant estimates. The table was created by using the indicator system based on the various 
statistical yearbooks in the People’s Republic of China.

Case study
In Jinan and Nanjing, where per capita water resources are low but use is 
high, resource problems are serious (Figure 18). In order to improve the 
environmental livability of water resources in these cities, it is necessary to 
both reduce consumption and raise awareness of the need to save water. 
Water resource problems are Tianjin’s and Shenzhen’s major environmental 
concerns (Figure 19). This is mainly because their per capita water resources 
are low.
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Figure 18 Identification of Major Issues for Nanjing and Jinan

Source: ADB consultant estimates. The figure was created by using the indicator system based on 
the various statistical yearbooks in the People’s Republic of China.

Figure 19 Identification of Major Issues for Tianjin and Shenzhen

Notes: The higher the score, the better. The per capita water resources is naturally extremely low in 
Tianjin and the only option to improve its water resource livability index is to find more water. 
Source: ADB consultant estimates. The figure was created by using the indicator system based on the 
various statistical yearbooks in the People’s Republic of China.

Atmospheric Environment

City ranking
Figure 20 ranks the Atmospheric ELI in the 33 cities studied. It shows that 
Xiamen ranks the highest and Xining the lowest. Among the megacities, 
Guangzhou ranks higher than Beijing or Shanghai. In general, southern 
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Figure 20 Ranking of Urban Atmospheric Environmental 
Livability Indexes in the People’s Republic of China

ELI = Environmental Livability Index. 
Source: ADB consultant estimates. The figure was created by using the indicator system based on 
the various statistical yearbooks in the People’s Republic of China.
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cities have a higher Atmospheric ELI than northern cities, while industrialized 
and resource-based cities, such as Lanzhou, Shenyang, and Taiyuan, rank 
relatively poorly.

Pressure–state–response
Figure 21 shows that Xining has the highest atmospheric environmental 
pressure and Haikou the lowest. Haikou, however, has the highest atmospheric 
environmental state. Lanzhou scores highest in terms of response and Haikou 
the lowest. Of the PRC’s megacities, Guangzhou has a lower atmospheric 
response than Beijing and Shanghai. Cities with low pressure, such as Haikou 
and Fuzhou, rank well in terms of environmental state but poorly in terms of 
response. Those under high pressure, such as Chongqing, Shijiazhuang, and 
Taiyuan, tend to rank moderately in terms of atmospheric state. 
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Figure 21 Pressure–State–Response Analyses of Urban 
Atmospheric Environmental Livability Indexes

Source: ADB consultant estimates. The figure was created by using the indicator system based on 
the various statistical yearbooks in the People’s Republic of China.

To reduce atmospheric environmental pressure and enhance treatment of 
atmospheric pollution, a number of suggestions are made and outlined in 
Table 6.



Testing the System 41

Table 6 Pressure–State–Response Analyses  
for Atmospheric Resource Environment

Environmental 
State

Pressure and 
Response Major Cities Suggestions

Good quality Low pressure 
and low 
response

Kunming, 
Shanghai, 
Shenzhen

Further strengthen treatment of 
atmospheric pollution and improve 
environmental management capacities.

Relatively poor 
quality

Average 
pressure and 
low response

Chengdu, 
Chongqing, 
Xi’an

Strengthen treatment of atmospheric 
pollution sources, increase investment 
in atmospheric pollution abatement, 
and improve urban air quality.

Poor quality High pressure Beijing, 
Lanzhou

Strengthen treatment of urban 
atmospheric pollution, enhance 
regional and urban air quality, and 
increase urban ecological environmental 
construction.

Notes: Poor quality means that the quality state index is below 0.4; relatively poor quality means that the quality state 
index is between 0.4 and 0.6; good quality means that the quality state index is between 0.6 and 1.0.
Source: Analysis is made by ADB consultant based on Figure 21.
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Figure 22 Identification of Major Issues for Chongqing

NO2 = nitrogen dioxide, NOx = nitrogen oxide, PM10 = inhalable particulate matter, SO2 = sulfur dioxide.
Source: ADB consultant’s estimates. The figure was created by using the indicator system based on the 
various statistical yearbooks in the People’s Republic of China.

Figure 22 shows that atmospheric environmental problems are extensive in 
Chongqing due to high SO2 and smoke dust emissions but low cleaning and 
pollutant removal abilities. 
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Solid Waste

City ranking
Figure 23 ranks the cities in terms of Urban Solid Waste Livability Index. Dalian 
ranks the highest and Kunming the lowest. Of the megacities, Guangzhou 

Figure 23 Ranking of Urban Solid Waste Livability Indexes  
in the People’s Republic of China

ELI = Environmental Livability Index. 
Source: ADB consultant estimates. The figure was created by using the indicator system based on the 
various statistical yearbooks in the People’s Republic of China.
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ranks higher than Beijing or Shanghai. In general, large and medium-sized 
cities, such as Beijing, Chongqing, Guangzhou, Nanjing, Shanghai, and 
Shenzhen, rank relatively poorly. 

Pressure–state–response
According to Figure 24, Xining has the highest solid waste discharge pressure 
and Nanning the lowest. Dalian and Xi’an have the strongest disposal 
response and Kunming the weakest. Of the PRC’s megacities, Beijing’s 
discharge pressure is higher than Shanghai’s or Guangzhou’s. 

In general, as discharge pressure increases, environmental response capacity 
decreases. Some cities, such as Kunming, have substantial solid waste 
pressures but very weak response capacities. These cities must enhance their 
ability to use, treat, and dispose of urban solid waste to improve their ELI.

Case study
Solid waste problems in Taiyuan are the primary problems of Taiyuan, 
especially urban domestic waste disposal (Figure 25). This is also because 
Taiyuan produces a lot of industrial and hazardous solid waste but is ill-
equipped to utilize, treat, and dispose of it.

Figure 24 Pressure–State–Response Analyses of Livability Index  
in Urban Solid Waste in the People’s Republic of China
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Source: ADB consultant estimates. The figure was created by using the indicator system based on 
the various statistical yearbooks in the People’s Republic of China.
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Figure 25 Identification of Major Issues for Taiyuan

Source: ADB consultant estimates. The figure was created by using the indicator system based on 
the various statistical yearbooks in the People’s Republic of China.

Acoustic Environment

City ranking
Figure 26 ranks noise levels for the cities studied. Kunming ranks the highest 
and Lanzhou the lowest. Of the PRC’s megacities, Beijing has a higher Noise 
ELI than Guangzhou or Shanghai. In general, compared with the other 
environmental indexes discussed in this report, urban acoustic environmental 
livability in the PRC is high, with the index mostly above 0.6, indicating 
reasonably good livability in most cities.

Case study
The main environmental problem in Hangzhou, as shown in Figure 27, is 
air quality. To improve its overall environmental livability, Hangzhou should 
therefore focus on improving air quality.
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Figure 26 Ranking of Urban Noise Environmental Livability 
Indexes in the People’s Republic of China

ELI = Environmental Livability Index. 
Source: ADB consultant estimates. The figure was created by using the indicator system based on the 
various statistical yearbooks in the People’s Republic of China.
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Urban Ecological Environment

City ranking
Figure 28 ranks cities by their Ecological ELI. Yinchuan is ranked highest 
and Zhengzhou the lowest. Of the megacities, Guangzhou and Beijing rank 
higher than Shanghai.

Case study
Ecological environmental problems are serious in Xi’an, as shown in Figure 29, 
because of its high population density and groundwater depletion.

Water Resources
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Figure 27 Identification of Major Issues for Hangzhou

Source: ADB consultant estimates. The figure was created by using the indicator system based on the 
various statistical yearbooks in the People’s Republic of China.
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Figure 28 Ranking of Urban Ecological Environmental 
Livability Indexes in the People’s Republic of China

ELI = Environmental Livability Index. 
Source: ADB consultant estimates. The figure was created by using the indicator system based on 
the various statistical yearbooks in the People’s Republic of China.
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Figure 30 ranks cities by their Domestic Livability Index. Hangzhou is ranked 
the highest and Zhengzhou the lowest. Of the megacities, Guangzhou has a 
higher Domestic Livability Index than Beijing and Shanghai. In general, urban 
domestic livability in the economically developed southern regions (such as 
Nanjing and Hangzhou) is higher than in northern cities (such as Harbin and 
Lanzhou). For example, in Lanzhou, the indicators of the gas supply coverage 
rate and per capita park green area are lower than in economically well-
developed regions.

Environmental Management

City ranking
Figure 31 ranks cities by their Environmental Management Livability Index 
and shows that Kunming has the highest livability index in the PRC and 
Changsha the lowest. Of the megacities, Guangzhou and Beijing rank higher 
than Shanghai.

Figure 29 Identification of Major Issues for Xi’an

Source: ADB consultant estimates. The figure was created by using the indicator system based on the 
various statistical yearbooks in the People’s Republic of China.
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Figure 30 Ranking of Urban Domestic Livability Indexes  
in the People’s Republic of China

ELI = Environmental Livability Index. 
Source: ADB consultant estimates. The figure was created by using the indicator system based on 
the various statistical yearbooks in the People’s Republic of China.
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In general, economically developed regions, such as Beijing, Chongqing, Nanjing, 
and Tianjin, rank relatively well, indicating that they invest in environmental 
protection and attach importance to urban environmental management. 
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Figure 31 Ranking of Urban Environmental Management 
Livability Indexes in the People’s Republic of China

ELI = Environmental Livability Index. 
Source: ADB consultant estimates. The figure was created by using the indicator system based on the 
various statistical yearbooks in the People’s Republic of China.



Testing the System 51

Some cities (Haikou and Qingdao, for example) that rank highly with regard to 
environmental livability rank poorly when it comes to environmental management. 
Such cities should increase investment in environmental protection and strengthen 
environmental management to raise overall urban environmental livability. 

Case study
Environmental management is a major problem in Xiamen (Figure 32). This 
is the result of low investment in environmental protection and few staff 
dedicated to environmental management. Investment in urban environmental 
protection should therefore be raised.

GDP = gross domestic product. 
Source: ADB consultant estimates. The figure was created by using the indicator system based on 
the various statistical yearbooks in the People’s Republic of China.

Figure 32 Identification of Major Issues for Xiamen
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Viewpoints and Opinions

The study team believes the Environmental Livability Index (ELI) is a useful 
tool for assessing livability, monitoring trends, conducting policy analysis 
and planning, and communicating with the public. The process of updating 
ELI data to 2011 confirms that the ELI is of particular interest as it reveals 
not only the way in which its various indicators change over time but also 
the way in which they change relative to one another. This could enable 
urban environmental policy makers to understand overall patterns of policy 
interventions which are required, as shown for example in Tables 4, 5, and 6. 
In addition, the approach triggers city-specific policy analysis and encourages 
more targeted interventions. To be effective, in this way the index should be 
integrated with the environmental management framework of the People’s 
Republic of China (PRC). Preceding the update and during talks between the 
PRC’s Ministry of Environmental Protection (MEP)41 and city authorities,42 the 
following issues were raised and suggestions made:

•	 The	ELI	is	relevant,	forward-looking,	and	potentially	very	useful.		

As the ELI is not yet a priority, more reliable data would be needed to ensure 
its accuracy rating. The term “livability” could also be further defined to 
facilitate an international comparative study. 

 

41 Meeting held in Beijing to discuss the draft final report, 27 July 2010.
42 Including at a presentation on Environmental Change and City Responsibility at the Shanghai 

Expo, which was attended by central, municipal, and local government officials and at which 
support was received with requests for more data and results to use in promoting cities.

Application of the 
Environmental Livability Index
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•	 Measuring	improvements	in	livability	is	a	priority.	

The regular application of the indicators could be used to measure 
improvements in urban livability. If simplified, the system could be used to 
engage the general public in improving their environment.

•	 	The	 ELI	 should	 be	 institutionalized	 at	 all	 administrative	 levels	 
to facilitate environmentally oriented development and 
investment	policy.	

It is suggested that the MEP should lead in undertaking pilot projects in the 
provinces, municipalities, and/or autonomous regions that may be interested. 
This could define an important role the ELI could play in environmental 
management.

•	 Monitoring	 systems	 must	 be	 refined	 and	 the	 project’s	 reach	
extended	beyond	the	current	33	cities.

•	 Dissemination	of	the	ELI	approach	is	now	needed.	

The team suggests that initial dissemination could be via a series of working 
papers and presentations at national and international conferences.  
A website to disseminate the ELI system would be useful. 

•	 The	 MEP	 confirmed	 that	 further	 support	 from	 the	 Asian	
Development	Bank	would	be	welcomed.

When reviewing contributions in the areas of data gathering/availability and 
refining of the system’s methodology would be useful. Training in the use 
of the system will be needed after the data gathering and methodological 
refinement have been completed.  

What Happens Next?

Linking	the	ELI	to	the	12th	Five-Year	Plan

The 12th Five-Year Environmental Protection Plan is based on the relationship 
between total pollution emissions, environmental quality, and environmental 
risk. The key task is to define the breakthrough point for the reduction of 
emissions, amelioration of environmental quality, and prevention of risk. At 
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the same time, by trying to introduce more qualitative targets, each region 
should explore qualitative aspects of the indicator system.

The environmental 5-year plan is a key tool for national and local 
environmental protection. In principle, the ELI can provide methodologies for 
identifying environmental issues, evaluating the effectiveness of each 5-year 
plan, and providing indicators to monitor and evaluate the implementation 
of these plans. However, further work is needed to determine exactly how 
the ELI can play this role.

•	 Monitoring	and	evaluation

Data availability and quality are critical for applying the ELI system. It is 
suggested that the Government of the PRC either establish a designated 
department for data collection and monitoring or assign this responsibility 
to a department within an existing environmental organization. This body 
should work at the national and city levels in cooperation with other relevant 
institutions such as economic and statistical institutions. At the national 
level, it will provide standardized measurement approaches and ensure the 
collected data are comparable. Local-level departments will be responsible 
for monitoring and collecting data and submitting them to the national level 
in a timely manner.

There are two key types of institutions in the PRC that now evaluate environmental 
issues and may be able to play the role outlined. The first are government 
departments, which issue practical, policy-related assessments such as the study 
of environmental model cities issued by the MEP, sanitation model cities issued 
by the Ministry of Public Health, and the assessment of human settlement 
conducted by the Ministry of Housing and Urban–Rural Development. The 
second group includes research institutions that conduct academic studies 
such as the Assessment of Sustainable Development conducted by the Chinese 
Academy of Sciences and an environmental performance review conducted by 
the Chinese Academy for Environmental Planning. Government assessments 
are usually conducted by a government department or institution designated 
by the state. Research findings are usually released through newspapers or the 
internet, and objections may be submitted via petition to the government or 
through administrative procedure. Academic research, in contrast, is usually 
released in the form of a research report, to which objections may be submitted 
directly to the research body.
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•	 Benchmark-linked	investment	assessments

There are three main types of environmental protection investment in the PRC: 
(i) the construction of urban environmental infrastructure, (ii) the treatment 
of long-standing industrial pollution sources, and (iii) environmental 
protection measures built into new projects. However, the absence of a 
unified definition of, or statistical methodology for, environmental protection 
investment damages data accuracy and creates problems when choosing 
assessment indicators and methods to measure the effect of an investment. 
For example, there is statistical overlap between investment in environmental 
protection in new projects and the treatment of long-standing problems. 
Our identification of proposals will take these difficulties into account. 

•	 Nationwide	rollout

Based on discussions with the MEP, various options will be identified for 
rollout. These will take into account (i) the need to refine the process 
(perhaps a pilot application of the system), (ii) possible prioritization of cities, 
(iii) central government commitment, and (iv) municipal commitment. 

To promote its application, a demonstration of, and training program for, 
the ELI is strongly suggested for city governments planning to use it for 
monitoring and evaluation of environmental livability and for policy analysis. 
Feedback will be used to further improve the ELI system. 

International experience shows that publicizing rankings can pressure local 
governments to improve environmental livability by highlighting leaders and 
laggards, and can also provide role models and indicate best practice for use 
by laggards. 



The environmental livability indicators and their composite index, the 
Environmental Livability Index (ELI), in the 33 cities in the People’s Republic 
of China (PRC) to which they have already been applied can (i) assess the 
current environmental livability status of different cities and identify priority 
environmental issues in each city, (ii) monitor environmental pollution control 
and natural resource management trends, (iii) provide a basis for analyzing 
the effectiveness of past and current environmental policies, (iv) compare 
or rank the environmental performance of cities (which may pressure local 
government to improve their city’s environmental livability), (v) provide a 
baseline for policy making or environmental and investment planning, and 
(vi) facilitate public communication.

However, its effective use is complicated by methodological uncertainties 
and institutional barriers for applying the ELI to policy making. Institutional 
barriers include limited data availability and quality, and a lack of standardized 
environmental benchmarks and targets for PRC cities. 

Good data availability and quality are critical for effective application of the 
ELI system, but, at this point, data come from different sources, are collected 
at different intervals, and are not always available for small and medium-sized 
cities. Weak data availability has made the selection of appropriate indicators 
problematic, and this may mean that the index (i) does not measure all 
aspects of environmental livability and (ii) cannot be applied to all small and 
medium-sized cities. If it cannot offer the full picture, use of the ELI alone by 
policy makers could lead to skewed policy decisions. 

Separately, a unified set of environmental benchmarks and planning targets 
can be used for some of the indicators. But it is difficult to define commonly 
recognized benchmarks and targets for standardizing some of the indicators, 
such as emissions per gross domestic product.

The Future: Using the Index  
as Part of a Larger Tool Kit
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Because of these concerns, the ELI should be used as only one of a set of tools; 
that is, as a tool for revealing trends and drawing attention to problems that 
require further analysis and possible action. The indicators and weights need 
to be further tested and verified, and the system must be upgraded regularly.

International experience shows that indicators similar to environmental livability 
indicators are cost-effective and are powerful tools for tracking environmental 
progress, providing policy feedback, and measuring environmental 
performance. This test application shows the potential for applying these 
indicators for improving the environment in PRC cities. However, international 
experience and this pilot application also show that development of the ELI is 
a dynamic process, demanding constant methodological and data-gathering 
refinement. 

It is also noted that the ELI is but one component of an urban livability index 
and, over time, other components of urban livability could be integrated, 
preferably in ways that are complementary to international practice (i.e., the 
Global Liveable Cities Index, which was launched in Singapore during the 
World Cities Summit in June 2010, and the Economist Intelligence Unit’s 
Global Liveability Report on living conditions in 140 cities).



Indicators

The Chinese Academy of Sciences’ Environmental Support Indicator System 
uses sustainable development indicators at three levels: environmental, 
ecological, and stress resistance. The environmental level includes indexes for 
emission density, per capita load, and atmospheric pollution; the ecological 
level covers water loss and soil erosion, climatic variation, and geographical 
vulnerability; and the stress resistance level deals with regional abatement 
and surface protection. 

The Environmental Support Indicator System for All-Round Well-Off Society 
in the People’s Republic of China separates the national from provincial/city 
level. There are 4 indicators at the national level and 27 at the provincial and 
city levels. They are explained in Table A1.1 and Table A1.2.

APPENDIX 1

Existing Environmental 
Indicator Standards in the 
People’s Republic of China

Table	A1.1	 National	Environmental	Statistics	Indicators	 
for	All-Round	Well-Off	Society

Indicator Unit
Condition 
in 2001

Condition 
in 2002

2005 
(Estimate) Standard

Percentage of population 
in regions where ambient 
air quality is better than 
Class II 

% 70.88 71.96 75 82

Up-to-standard rate of 
water environmental 
function zones at national 
monitoring section

% – 50 55 75

continued on next page
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Indicator Unit
Condition 
in 2001

Condition 
in 2002

2005 
(Estimate) Standard

Up-to-standard rate 
of water quality in 
centralized drinking water 
source areas

% 67.83 79.86 90 98

Biological abundance 
index

 11.82 – – –

– = data not available.
Source: Research achievements of the Chinese Academy for Environmental Planning.

Table	A1.2	 Provincial/City	Environmental	Statistics	Indicators	 
for	All-Round	Well-Off	Society

No. Indicator Unit

Range of 
Reference 

Value
Indicator 
Attribute

Ambient quality status indicator
1 Up-to-standard rate of air quality % ≥85 Positive 

indicator
2 Water quality up-to-standard rate  

of urban water area function zone
% ≥70 Positive 

indicator
3 Water quality up-to-standard rate  

of drinking water sources
% ≥85 Positive 

indicator
4 Quality of urban acoustic environment % ≥90 Positive 

indicator
5 Quality of radiation environment % ≥95 Positive 

indicator
6 Quality up-to-standard rate of indoor 

air environment
% ≥80 Positive 

indicator
7 Forest coverage rate % ≥27  

≥8  
(Northwest)

Positive 
indicator

8 Species diversity index ≥0.9 Positive 
indicator

Environmental pressure (safety) index
1 Total material requirement per unit GDP t/CNY10,000 Self-defined Negative 

indicator
2 Energy consumption per unit GDP Tec/

CNY10,000 
Self-defined Negative 

indicator

Table A1.1 continued 

continued on next page
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No. Indicator Unit

Range of 
Reference 

Value
Indicator 
Attribute

3 Water consumption per unit GDP t/CNY10,000 Self-defined Negative 
indicator

4 Emission of pollutant COD per unit GDP kg/CNY10,000 ≤10 Negative 
indicator

5 Emission of pollutant SO2 per unit GDP kg/CNY10,000 ≤15 Negative 
indicator

6 Chemical fertilizer application intensity kg/ha ≤300 Negative 
indicator

7 Pesticide application intensity kg/ha ≤20 Negative 
indicator

Environmental construction and management
1 Municipal domestic wastewater 

treatment rate
% ≥80 Positive 

indicator
2 Non-harmful treatment rate  

of solid waste
% ≥90 Positive 

indicator
3 Emission up-to-standard rate  

of pollutants from industrial enterprises
% ≥95 Positive 

indicator
4 Motor vehicle emission  

up-to-standard rate
% ≥95 Positive 

indicator
5 Reutilization rate of renewable resources % ≥50 Positive 

indicator
6 Proportion of renewable energy 

resources and new energy resources
% ≥10 Positive 

indicator
7 Ecological water use rate of major rivers % ≥40 Positive 

indicator
8 Construction level of special 

environmental protection zones
% ≥15 Positive 

indicator
9 Green coverage of built-up areas % ≥45 Positive 

indicator
10 Environmental protection investment  

as percentage of GDP
% ≥2 Positive 

indicator
11 Coverage rate of propaganda and 

education for environmental protection
% ≥90 Positive 

indicator
12 Public satisfaction with environmental 

conditions
% ≥80 Positive 

indicator

≥ = greater than or equal to, COD = chemical oxygen demand, GDP = gross domestic product, ha = hectare,  
kg = kilogram, SO2 = sulfur dioxide, t = ton, Tec = total energy consumption.
Source: Research report of the Chinese Academy for Environmental Planning.

Table A1.2 continued 
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The indicators for environmental state are the core indicators used for national 
environmental safety evaluations. These were selected in accordance with several 
criteria: they should be oriented to people’s needs, comprehensive, systematic, and 
comparable; should meet minimal standards of reliability and continuity; and should 
be revisable. The indicators are shown in Table A1.3.

Table	A1.3	 Core	Indicators	for	National	Environmental	 
Safety Evaluation

Core Indicator Indicator Type
Number of environmental pollution accidents Negative indicator
Proportion of environmental protection investment in GDP Positive indicator
Proportion of population with access to safe drinking water Positive indicator
Proportion of major surface water monitoring sections with 
water quality worse than Class V

Negative indicator

Per capita shortage of water resources Negative indicator
Water consumption per unit GDP Negative indicator
Wastewater load per unit water resource Negative indicator
Proportion of ocean red tide and lake eutrophication Negative indicator
Groundwater overdraft areas Negative indicator
Proportion of cities with air quality worse than Class II Negative indicator
Death rate of urban residents due to major diseases Negative indicator
Sandstorm occurrence rate Negative indicator
Per capita CO2 emissions Negative indicator
Proportion of cities with acid rain occurrence Negative indicator
Discharge of industrial solid waste Negative indicator
Rate of land desertification Negative indicator
Rate of farmland loss Negative indicator
Farmland conversion rate Negative indicator
Chemical fertilizer application intensity Negative indicator
Intensity of pesticide use Negative indicator
Proportion of nature reserve areas in national land areas Positive indicator
Proportion of wetland reserve zone areas Positive indicator
Forest reserves per unit area Positive indicator
Prevention and control rate of damage by forest disease, 
insects, and rats

Positive indicator

Class II = Class II of Ambient Air Quality Standard is applicable to urban areas and mixed urban, residential, business, 
and traffic areas; Class V = Class V of Environmental Quality Standard for Surface Water is mainly applicable to the 
water bodies for agricultural use and landscape requirement; CO2 = carbon dioxide; GDP = gross domestic product.
Source: Research report of the Chinese Academy for Environmental Planning.
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Standards

Table	A1.4	 Ambient	Air	Quality	Standards	(GB3095-1996)a 

Pollutant
Sample 
Period Class I Class II Class III

Sulfur dioxide (SO2) Annual 0.02 0.06 0.10
24 hours 0.05 0.15 0.25
1 hour 0.15 0.50 0.70

Inhalable particulate 
matter (PM10)

Annual 0.04 0.10 0.15
24 hours 0.05 0.15 0.20

Nitrogen dioxide (NO2) Annual 0.04 0.08 0.08
24 hours 0.08 0.12 0.12
1 hour 0.12 0.24 0.24

Class I = natural scenic and protected areas; Class II = urban areas and mixed urban, residential, business, and traffic 
areas; Class III = industrial areas.
a  In February 2012, the People’s Republic of China (PRC) released a new ambient air quality standard, GB 2095-2012, 

which sets limits for the first time on PM2.5. Although the new standard will not take effect until 2016, many cities  
and regions in the PRC may implement the standard earlier than the national timeline.

Source: State Environmental Protection Administration. 1996. Ambient Air Quality Standards. Beijing. 

Table	A1.5	 Surface	Water	Environment	Quality	Standard 
(mg/l [pH excluded])

Project pH CODcr BOD5 Oil NH3-N TP CODmn
Volatile 
Phenol

Class I 6–9 15 3 0.05 0.15 0.02 2
Class II 6–9 15 3 0.05 0.5 0.1 4 0.002
Class III 6–9 20 4 0.05 1.0 0.2 6 0.005
Class IV 6–9 30 6 0.50 1.5 0.3 10 0.010
Class V 6–9 40 10 1.0 2.0 0.4 15

BOD5 = biochemical oxygen demand after 5 days, CODcr = oxygen consumed from potassium dichromate, CODmn 
= oxygen consumed from permanganate, NH3-N = ammonia nitrogen, mg/l = milligrams per liter, pH = potential 
hydrogen, TP = total phosphorus.
Note: The water bodies are divided into five classes according to the utilization purposes and protection objectives:
1. Class I is mainly applicable to the water from sources, and the national nature reserves.
2.  Class II is mainly applicable to first class of protected areas for centralized sources of drinking water, the protected areas 

for rare fishes, and the spawning fields of fishes and shrimps.
3.  Class III is mainly applicable to second class of protected areas for centralized sources of drinking water, protected areas 

for the common fishes, and swimming areas.
4.  Class IV is mainly applicable to the water areas for industrial use and entertainment which is not directly touched by 

human bodies.
5.  Class V is mainly applicable to the water bodies for agricultural use and landscape requirement.

Source: State Environmental Protection Administration. 1996. Integrated Wastewater Discharge Standards. Beijing.
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Table	A1.6	 Integrated	Wastewater	Discharge	Standard 
(mg/l [pH excluded])

Parameter pH COD BOD5

Animal/
Vegetable 

Oil Petroleum NH3-N SS

Class I 6–9 100 20 10 5 15 70

BOD5 = biochemical oxygen demand after 5 days, COD = chemical oxygen demand, NH3-N = ammonia 
nitrogen, mg/l = milligrams per liter, pH = potential hydrogen, SS = suspended solid.
Source: State Environmental Protection Administration. 2002. Environmental Quality Standard for Surface 
Water. Beijing.

Table	A1.7	 Acoustic	Environmental	Quality	Standard	(Leq: dB(A))

Class Daytime Nighttime

Class 1 in GB3096-2008 55 45

Class 2 in GB3096-2008 60 50

Class 4a in GB3096-2008 70 55

Class 1 = residential, hospitals, schools, research, and office buildings; Class 2 = business, commercial area, 
and mixed residential–commercial–industrial area; Class 4a = expressway, highways, urban roads and tracks, 
inland water ways; Leq = equivalent continuous A-weighted sound pressure level; dB(A) = A-weighted 
decibels.
Source: Ministry of Environmental Protection of the People’s Republic of China. 2008. Environmental Quality 
Standard for Noise. Beijing.



Water Environment

Above Class II treatment rate of urban wastewater refers to the amount 
of above Class II urban wastewater as a percentage of total wastewater 
production. Urban wastewater production is the combined total of urban 
wastewater discharge (industrial and domestic) and treatment (the amount 
that has been treated by wastewater treatment plants or devices). 

Chemical oxygen demand (COD) discharge intensity refers to the COD 
discharge of industrial and municipal domestic wastewater and sewerage per 
unit of gross domestic product (GDP) in the reporting period. 

Chemical oxygen demand (COD) removal rate refers to the percentage 
of industrial and domestic COD removed from industrial and domestic 
wastewater discharge systems during the reporting period. 

Heavy metal discharge intensity refers to the discharge per unit of GDP 
in the reporting period. It is the sum of all mercury, cadmium, hexavalent 
chrome, lead, and arsenic discharged. 

Proportion of national surface water monitoring sections below  
Class V refers to the number of national control sections with water quality 
worse than Class V as a percentage of the total monitored surface water 
sections in the city. 

Wastewater network coverage rate refers to the drainage pipe distribution 
coverage in urban areas in the reporting period. “Drainage pipe” is the sum 
of all drainage manifold, trunk pipe, branch pipe, manhole, and connecting 
well inlet and outlet lengths. 

Up-to-standard	 rate	 of	 centralized	 drinking	 water	 source	 areas 
refers to the percentage of water of Class III standard quality according 
to the Environmental Quality Standard for Surface Water (GB3838-2002) 

APPENDIX 2

Definitions of Indicators
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for centralized drinking water source areas and the Quality Standard for 
Groundwater (GB/T14848-1993) for groundwater source areas. 

Wastewater discharge intensity refers to the discharge of industrial and 
municipal domestic wastewater per unit of GDP in the reporting period. 

Water Resources

Water resource availability refers to per capita water access in urban areas 
during the reporting period.

Water reuse rate refers to the arithmetic mean of industrial and domestic 
water reuse rates, which themselves are the amount of industrial or domestic 
water reused as a percentage of the total water consumed. 

Water use intensity refers to the rate of urban water consumption per GDP 
unit in the reporting period.

Air Environment

Annual inhalable particulate matter (PM10) average concentration 
refers to the average concentration of PM10 calculated over a whole year.

Annual sulfur dioxide (SO2) average concentration is calculated as above.

Annual nitrogen dioxide (NO2) average concentration is calculated as 
above.

Energy consumption intensity refers to the amount of energy consumed 
per head of urban population.

Industrial smoke dust removal rate refers to the amount of industrial 
smoke dust removed using gas treatment facilities as a percentage of the 
amount produced. 

Nitric oxide (NOx) emission intensity refers to the amount of NOx 
produced by industrial, domestic, and “moving” sources (vehicles) per unit 
of GDP. 
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Number of days with urban air quality exceeding Class II refers to the 
number of days during which this standard is met as a percentage of the 
total number of days in the reporting period.

Removal rate of nitric oxides from industrial waste gas.

Smoke dust emission intensity refers to the amount of smoke dust 
emitted by industry and households per unit of GDP.

Sulfur dioxide (SO2) emission intensity refers to the total amount of SO2 
emitted per unit of GDP. Emissions may come from industrial, domestic (coal 
fire burning, etc.), or other nonindustrial sources. 

Sulfur dioxide (SO2) removal rate from industrial waste gas refers to 
the amount of SO2 removed from these gases (from fuel combustion and 
production processes) as a percentage of the amount produced.

Solid Waste

Hazardous waste generation intensity refers to the amount of hazardous 
waste produced by enterprises per unit of GDP.

Industrial solid waste generation intensity refers to the quantity of 
industrial solid waste (solid, semisolid, and high-concentration liquid state 
wastes) produced per unit of GDP. 

Municipal domestic waste generation intensity refers to the amount of 
domestic waste produced per unit of GDP. Domestic waste includes domestic 
and commercial refuse; market and street waste; and refuse from institutions, 
schools, etc. 

Safe disposal rate of hazardous waste refers to the safe disposal rate of 
urban hazardous waste as a percentage of total production. 

Urban domestic waste disposal rate refers to the amount of non-harmful 
urban domestic waste that is treated as a percentage of the total produced.

Utilization rate of industrial solid waste refers to the percentage of 
industrial solid waste that is comprehensively used as a percentage of the 
total amount produced.
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Acoustic Environment

Regional ambient noise level refers to the acoustic environment in  
each city.

Ecosystems

Farmland change rate refers to the rate at which farmland is converted 
into urban land.

Green	coverage	in	built-up	area refers to the amount of green area as a 
percentage of total built-up area at the end of the reporting period.

Groundwater exploitation rate refers to the amount of exploitable 
groundwater as a percentage of the total.

Population density refers to the number of people per unit of land in an 
urban area.

Domestic Livability

Daily water use rate refers to the average daily domestic per capita water 
consumption.

Gas supply network coverage rate refers to the number of people with 
access to piped fuel as a percentage of the total urban population at the end 
of the reporting period.

Per capita green space refers to the amount of per capita green space in a 
given urban area at the end of the reporting period.

Tap water supply coverage rate refers to the number of people with 
access to potable water as a percentage of the total urban population at the 
end of the reporting period.
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Environmental Management

Environmental	 protection	 treatment	 personnel	 per	 10,000	people 
refers to the number of environmental protection personnel employed for 
every 10,000 head of population at the end of the reporting period. 

Normal operation rate of urban wastewater treatment facilities 
refers to the rate at which wastewater treatment plants process wastewater.

Proportion of investment in environmental protection treatment 
refers to the amount of investment in environmental protection treatment as 
a percentage of GDP during the reporting period.

Proportion of resolved environmental pollution letters and visits 
refers to the number of letters and visits that were resolved as a percentage 
of the total number of letter and visit cases in the report period.



Developing Weights

•	 The	Analytic	Hierarchy	Process

The Analytic Hierarchy Process (AHP) allows for the comparison of a list of 
objectives or alternatives. Based on mathematics and psychology, it was 
developed by Thomas L. Saaty in the 1970s and has been extensively studied 
and refined since then. It provides a comprehensive and rational framework 
for structuring a problem, representing and quantifying its elements, relating 
those elements to overall goals, and evaluating alternative solutions. It is 
used around the world in fields such as government, business, industry, and 
health care.

Using the AHP to derive weights for the indicators of environmental livability 
involves three steps. The first is to structure the issues of urban environmental 
livability as a hierarchy (Figure A3.1). Typically, an AHP hierarchy consists of 
an overall goal at the top, a group of options for reaching the goal at the 
bottom, and a group of criteria in the middle that relate the options to the 
goal. If we assume that our decision problem is to evaluate or rank selected 
cities with regard to their environmental livability, environmental livability can 
be defined as the goal, and selected cities as options. The subindexes are the 
criteria for assessing the livability of selected cities. The criteria (subindexes) 
are broken into subcriteria (indicators). 

The second step is to evaluate the importance of various criteria in the  
hierarchy by introducing pair-wise comparisons. The subindexes will 
be compared to access importance to decision makers, with respect to 
environmental livability. A single number (1 to 9, as shown in Table A3.1) can 
be used to represent the significance of each criterion. It should be noted 
that the AHP in this paper is only used to derive weights for each subindex 
and indicators, not for ranking cities.

APPENDIX 3

Developing Weights
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Figure	A3.1	 Hierarchical	Structure	of	Environmental	Livability

COD = chemical oxygen demand, GDP = gross domestic product, NO2 = nitrogen dioxide,  
PM10 = inhalable particulate matter, SO2 = sulfur dioxide, WWTP = wastewater treatment plant.
Source: ADB consultant.
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Table	A3.1	 Fundamental	Scale	for	Pair-Wise	Comparison

Intensity of 
Importance Definition Explanation

1 Equal Two elements contribute equally to the objective

3 Moderate Experience and judgment slightly favor  
one element over another

5 Strong Experience and judgment strongly favor  
one element over another

7 Very strong One element is favored very strongly over another; 
its dominance is demonstrated in practice 

9 Extreme Evidence favoring one element over another is one 
of the highest possible order of affirmation

Intensities 2, 4, 6, and 8 can be used to express intermediate value. Decimal 
judgments, such as 3.5, are allowed for fine-tuning, and judgments greater than 
9 may be entered, though it is suggested that they be avoided.

Source: SuperDecisions software.

The third step is to derive the weights of the indicators based on these 
judgments. The details of the calculations used to make these judgments are 
beyond the scope of this report. However, it is noted that many AHP software 
programs have been developed to help convert judgments to weights.

The AHP is often used in group settings where members engage in discussion 
to achieve consensus or to express preferences. There are two ways to 
aggregate individual preferences commonly used with the AHP, using either 
judgments or priorities. The choice of method depends on whether the 
group is assumed to act as a unit or as separate individuals. In this analysis, 
aggregating individual priorities was adopted as the surveys were conducted 
separately with individuals. 

•	 Weighting	the	indicators

In total, seven questionnaires were designed for the simple weight survey, one 
for the indicators within each subindex. During the survey, the respondents 
score the importance of indicators to the subindexes based on their 
understanding of environmental problems. Using a score range of 1–10, the 
higher the score, the more important the subindex.



72 Appendix 3

Water environment

Water resources

Atmospheric environment

Acoustic environment

Solid waste

Ecological environment

Domestic livability

Environmental management

0.
18

0.
16

0.
14

0.
12

0.14

0.14

0.17

0.08

0.07

0.10

0.16

0.13

0.
10

0.
08

0.
06

0.
04

0.
020

Figure	A3.2	 Weights	of	Subindexes	and	Indicators

Source: ADB consultant, assumptions based on the categorical and Max–Min approach.

In the comprehensive weight survey, 100 questionnaires were sent out and 40 
collected. Of these, 33 passed the consistency check. The respondents were 
researchers, students, and related personnel working in the environmental 
field from research academies, institutes, universities, and colleges in Beijing, 
Tianjin, Wuhan, Guangzhou, and Harbin. In the simple weight survey, a total 
of 50 questionnaires were distributed, all 50 were collected, and 36 were valid. 

It was found that atmospheric environment was most highly weighted (at 
0.17), domestic livability was second, and water environment and water 
resources were in joint third place. Acoustic environment ranked the lowest, 
at only 0.07 (Figure A3.2).

The indicator weight under all subindexes changed very little. For water 
environment, the weight of the water quality up-to-standard indicator in 
centralized drinking water source areas was the highest, at 0.14; and the 
weight of the chemical oxygen demand (COD) discharge intensity indicator 
the lowest, at 0.11. For water resources, the weight of the per capita water 
resource indicator was the highest, at 0.27; and the water use intensity 
indicator the lowest, at 0.23. The indicator weight distribution of the 
atmospheric environment indicator was relatively balanced, as were indicators 
for emission pressure, state indicator, and response. For solid waste, the 
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weight of non-harmful treatment of urban domestic waste and safe disposal 
of hazardous waste was the highest, at 0.18; and industrial solid waste 
production intensity the lowest, at 0.15. For ecological environment, the 
weight of green space and groundwater overdraft indicator was the highest, 
at 0.026; and farmland conversion was the lowest, at 0.23. For domestic 
livability, the weight of tap water coverage was the highest, at 0.26; and 
fuel gas coverage the lowest, at 0.24. For environmental management, the 
weight of normal operation rate of urban wastewater treatment facilities was 
the highest, at 0.28; and environmental protection treatment personnel per 
10,000 people was the lowest, at 0.21.

Table	A3.2	 Weights	of	Subindexes	and	Indicators

Subindex Weight Indicator Weight

Water environment 0.14 COD discharge intensity 0.11

Wastewater discharge intensity 
(industrial and domestic) 

0.13

Heavy metal discharge intensity 0.13

Proportion of national surface water 
monitoring sections below Class V

0.12

Water quality up-to-standard rate of 
centralized drinking water sources

0.14

Wastewater coverage rate 0.12

COD (industrial and domestic) 
removal rate 

0.12

Above Class II treatment rate  
of urban wastewater 

0.12

Water resources 0.14 Water resource availability (per capita) 0.37

Water reuse rate 0.32

Water use intensity 0.31

Atmospheric 
environment

0.17 SO2 emission intensity 0.09

NOx emission intensity 0.09

Smoke dust emission intensity 0.09

Energy consumption intensity 0.09

Number of days with urban air quality 
meeting Class II

0.10

Annual PM10 average concentration 0.09

continued on next page
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Subindex Weight Indicator Weight

Annual SO2 average concentration 0.09

Annual NO2 average concentration 0.09

Industrial SO2 removal rate 0.09

Industrial NOx removal rate 0.09

Industrial smoke dust removal rate 0.09

Solid waste 0.08 Municipal domestic waste generation 
intensity 

0.15

Hazardous waste generation intensity 0.17

Industrial solid waste generation 
intensity 

0.15

Urban domestic waste disposal rate 0.18

Safe disposal rate of hazardous waste 0.18

Utilization rate of industrial  
solid waste 

0.17

Acoustic environment 0.07 Regional noise level 0.07

Ecological 
environment 

0.10 Population density 0.25

Groundwater exploitation rate 0.26

Farmland conversion rate 0.23

Green coverage in built-up area 0.26

Domestic livability 0.16 Tap water supply coverage rate 0.27

Gas network coverage rate 0.26

Per capita green coverage 0.25

Daily water use 0.23

Environmental 
management 

0.13 Normal operation rate of urban 
wastewater treatment facilities 

0.28

Environmental protection treatment  
per 10,000 people 

0.21

Treatment investment as a percentage  
of GDP 

0.26

Proportion of resolved environmental 
pollution letters and visits 

0.26

COD = chemical oxygen demand, GDP = gross domestic product, NO2 = nitrogen dioxide, NOx = nitrogen 
oxide, PM10 = inhalable particulate matter, SO2 = sulfur dioxide.
Source: ADB consultant, assumptions based on the categorical and Max–Min approach.

Table A3.2 continued



Testing of the system was conducted systematically and included the 
following steps:

•	 Pilot	city	selection

Thirty-five cities were selected for city comparison analysis, of which two 
were nonresponsive, and six cities were chosen for detailed trend analysis. 
The 33 responsive cities were chosen based on data availability, and the six 
cities—Beijing, Guangzhou, Lanzhou, Shanghai, Shenyang, and Wuhan—
were selected for further trend analysis since historical data were available in 
these major cities. 

•	 Data	sourcing

Most data were sourced from published statistical yearbooks such as the 
People’s Republic of China (PRC) Environmental Statistical Yearbook, PRC 
Urban Construction Statistical Yearbook, PRC City Statistical Yearbook, 
PRC Health Statistical Yearbook, PRC Land Statistical Yearbook, provincial 
statistical yearbooks, statistical yearbooks published by major cities, and 
environmental bulletins published by provinces and cities. A minority of 
data were only available if sourced from unpublished literature that was not 
regularly updated.

•	 Normalization	of	diverse	data	sets

Normalization is a process used to make indicators sourced in different places 
comparable within a single system. A number of different ways have been 
developed to do this, and the key methods, summarized in Table A4.1, are 
as follows:      

APPENDIX 4

Testing Procedures
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Table	A4.1	 Normalization	Methods

Approach Description Advantage Disadvantage

Ranking Simple rankings Simple, 
independent of 
outliers

–  Loss of absolute 
difference between 
cities 

–  Not suitable for 
aggregation

Standardization Converts all indicators 
to a common scale 
with an average of 0 
and standard deviation 
of 1

Avoids introducing 
aggregation 
distortions 
stemming from 
differences in 
indicator means

Extreme values have a 
greater effect on the 
composite indicator

Max–Min Calculated as a ratio of 
the difference between 
the raw indicator value 
and the minimum 
value divided by  
the range

All normalized 
indicators have 
identical range 
(0,1)

–  Could distort 
the transformed 
indicator by extreme 
values or outliers

–  Possibility to 
widen the range 
of indicators lying 
within a small 
interval, increasing 
the effect on the 
composite indicator

Distance to  
a reference

Indicator divided by 
a reference such as a 
benchmark or target

Easy to link an 
indicator to a 
standard, planning 
target 

Not all the targets and 
benchmarks can be 
properly defined. Very 
often, the maximum 
or minimum value 
is used as reference 
point; therefore, 
the results are very 
dependent on extreme 
values which could be 
unreliable outliers

Categorical scale Assign a categorical 
scale to an indicator;  
a categorical score  
can be either numeric 
or qualitative

Eliminates the 
effects of the 
extreme value

Small changes of the 
single city’s indicator 
over time or difference 
between cities will 
not be reflected in the 
composite index

Source: Organisation for Economic Co-operation and Development and European Commission, Joint Research  
Centre. 2008. Handbook on Constructing Composite Indicators: Methodology and User Guide. Paris.
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The team developed a system combining the categorical and Max–Min methods 
noted in Table A4.1. First, each indicator value was divided into three categories: 
those with a value of between 0.85 and 1.0 are excellent, those ranging from 
0.15 to 0.85 can be classified as poor to good, and those with a value of less 
than 0.15 are categorized as extremely poor. Taking nitrogen dioxide (NO2) as 
an example, air quality for NO2 is required to meet Class II for an urban area  
(0.04 milligrams per cubic meter [mg/m3]). Therefore, we assign a score of 
0.85 to a city that meets the Class II and 0.15 to a city that is below Class III 
(0.04 mg/m3). Thus, all NO2 scores for each city can be calculated.

For most of the indicators describing state, such as air, water, and environmental 
quality, official standards and targets were used as benchmarks. These tend to 
be found in environmental, social, and economic development plans such as 
city environmental master plans, 5-year environmental plans, city urban master 
plans, 5-year social development plans, and sector development plans. 

The method developed by this project mitigates the effect of extreme 
indicator values while avoiding the loss of important information relating to 
differences between cities. It also links the indicators with planning targets 
therefore providing incentives to apply the indicators for environmental 
planning and policy making. Table A4.2 provides a detailed description of 
the benchmarks and normalization.

Table	A4.2	 Benchmarks	and	Normalization

 

Indicator

Normalized Scores

Unit1 0.85 0.15 0

COD discharge 
intensity 

0 1.94 7.77 Max kg/CNY10,000 
GDP 

Wastewater 
discharge intensity 
(industrial and 
domestic) 

0 9.4 37.5 Max ton/CNY10,000 
GDP

Heavy metal 
discharge intensity 

0 0.32 1.3 Max kg/ 
CNY0.1 billion 

GDP

Proportion of 
national surface 
water monitoring 
sections below 
Class V

0 15 85 100 %

continued on next page
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Indicator

Normalized Scores

Unit1 0.85 0.15 0

Water quality  
up-to-standard 
rate of centralized 
drinking water 
source areas 

100 85 15 0 %

Coverage rate 
of sewage pipe 
network facilities 

100 85 15 0 %

COD (industrial and 
domestic) removal 
rate 

100 85 15 0 %

Above Class II 
treatment rate of 
urban wastewater 

100 85 15 0 %

Per capita amount 
of water resources 

≥3,000 2,000 500 0 per capita m3

Water repeating 
utilization rate

100 85 15 0 %

Water use intensity 0 25 99 Max m3/10,000 GDP

SO2 emission 
intensity

0 3.2 12.9 Max kg/10,000 GDP

NOx emission 
intensity

0 2.4 9.5 Max kg/10,000 GDP

Smoke dust 
emission intensity 

0 1.2 4.6 Max kg/10,000 GDP

Energy consumption 
intensity 

0 1.4 5.5 Max 10,000 ton coal 
equivalent  
per capita

Number of days 
with urban air 
quality exceeding 
Class II

100 85 15 0 %

Annual PM10 
average 
concentration 

0 0.04 0.1 Max mg/m3

continued on next page

Table A4.2 continued
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Indicator

Normalized Scores

Unit1 0.85 0.15 0

Annual SO2 average 
concentration

0 0.02 0.06 Max mg/m3

Annual NO2 average 
concentration

0 0.04 0.08 Max mg/m3

Industrial SO2 
removal rate

100 85 15 0 %

Industrial NOx 
removal rate

100 85 15 0 %

Industrial smoke 
dust removal rate 

100 85 15 0 %

Municipal domestic 
waste production 
intensity 

0 0.14 0.55 Max ton per capita

Hazardous waste 
production intensity 

0 1.5 5.5 Max kg/10,000 GDP

Industrial solid 
waste production 
intensity 

0 0.18 0.74 Max ton/10,000 GDP

Non-harmful 
treatment rate of 
urban domestic 
waste 

100 85 15 0 %

Safe disposal rate of 
hazardous waste 

100 85 15 0 %

Comprehensive 
utilization rate  
of industrial  
solid waste 

100 85 15 0 %

Acoustic 
environment

50 55 65 Max dB(A)

Population density 0 2,387 9,548 Max per km2

Groundwater 
exploitation degree

different 
approach used

Farmland conversion 
rate

0 20

Table A4.2 continued

continued on next page
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Indicator

Normalized Scores

Unit1 0.85 0.15 0

Green coverage in 
built-up areas

100 85 15 0 %

Water coverage rate 100 85 15 0 %

Gas coverage rate 100 85 15 0 %

Per capita green 
coverage

16.1 0 per capita m2 

Daily water use

Normal operation 
rate of urban 
wastewater 
treatment facilities 

100 85 15 0 %

Environmental 
protection 
treatment personnel 
per 10,000 people 

Max 2.7 0.7 0 per 10,000 
citizens

Proportion 
of treatment 
investment in GDP 

Max 2.27 0.57 0 % of GDP

Proportion 
of resolved 
environmental 
pollution letters  
and visits

100 85 15 0 %

COD = chemical oxygen demand, dB(A) = A-weighted decibel, GDP = gross domestic product, kg = kilogram, 
km2 = square kilometer, m2 = square meter, m3 = cubic meter, mg = milligram, NO2 = nitrogen dioxide,  
NOx = nitrogen oxide, PM10 = inhalable particulate matter, SO2 = sulfur dioxide. 
Note: For daily water use, if daily use is less than 210 m3 per day per person, the score will be daily use divided 
by 210. If daily use is more than 210 m3, the score will decrease as water is not being used efficiently.
Source: ADB consultant, assumptions based on the categorical and Max–Min approach.

Table A4.2 continued
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•	 Aggregation

All indicators were aggregated at two levels: (i) aggregation of indicators 
into subindexes and (ii) aggregation of subindexes into the composite 
Environmental Livability Index. 
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