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Abstract

China is pursuing the development of Low-carbon Eco-cities
with the intent of providing urbanites with a clean environ-
ment, a growing economy, and a society that promotes har-
monious citizen interactions, while simultaneously limiting
carbon dioxide and other GHG emissions. However, it is
unclear what makes a low carbon eco-city and how to evaluate
it. The Eco and Low-carbon Indicator Tool for Evaluating Cities
(ELITE Cities) was developed by researchers at the Lawrence
Berkeley National Laboratory (LBNL) in 2012 to evaluate cit-
ies’ performance by comparing them against benchmark per-
formance goals as well as rank against other cities in China.
ELITE Cities measures progress on 33 key indicators selected
to represent priority issues within 8 primary categories. These
indicators were chosen based on international commonality
and SMART criteria in an extensive review of 16 international
indicator systems and 11 domestic Chinese city indicator sys-
tems, considering their utility in evaluating both individual
cities’ progress and applicable to issues faced by all Chinese
cities. An excel based tool is then developed to package the key
indicators, indicator benchmarks, explanation of indicators,
point calculation functions and transparency-oriented data re-
cording instructions. The two primary goals of this tool are to
minimize data input requirements to allow for easy self-evalu-
ation by city leaders and policy makers based on benchmarked
performance levels, and to present the results of the analysis
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in a simple format that transparently shows the basis for any
city’s final score. To minimize problems associated with the
use of new software, the tool was developed as a simple Excel
macro-enabled workbook featuring a navigation bar, data input
sheets, and results outputs in the form of tables and graphs, and
a database of underlying parameters and assumptions. ELITE
Cities could be a useful and effective tool for local city govern-
ment in defining the broad outlines of a low carbon eco-city
and assessing the progress of cities” efforts towards this goal.
ELITE Cities can also be used by higher-level governments to
assess city performance and discern best practices. This paper
explains the general framework of the ELITE Cities tool, the
methods by which the indicators and indicator benchmarks
were established, and a detailed how-to guide on tool use.

Introduction

China’s cities are diverse: some rank among the world’s most
polluted and others are becoming epicentres of global green
business development. However, high-speed growth is a uni-
fying characteristic and uncontrolled urban expansion risks
both exacerbating environmental problems and reducing the
social and economic benefits of cities. There are few tools
available to define development and planning priorities, and
to satisfy the need for monitoring and benchmarking, and
comparatively assessing the impact of policies in different
cities. This study aims to create city-level performance indi-
cators based upon globally proven strategies and apply them
to the hundreds of Chinese cities that have declared goals for
eco-city and low-carbon development with the support from
China’s Ministry of Housing, Urban and Rural Development
(MOHURD). Although local governments around the world

ECEEE SUMMER STUDY PROCEEDINGS 887



3-399-13 HE ET AL

have pursued plans to minimize local and global environmen-
tal impacts, sustain economic growth and provide for harmo-
nious social interactions, these efforts are largely recent and
diverse and lessons may not be directly applicable to China.
In addition, LBNLs earlier study has shown little consistency
in global city indicator system frameworks or indicators (Zhou
and Williams 2013). In this research, LBNL has developed an
indicator system and a computer-based tool to assist the evalu-
ation of low-carbon eco-city developments in China, based on
an earlier review of international best practices and experi-
ences (Zhou and Williams 2013, Zhou, He, et al. 2012) . An
overall performance score is the primary output of this tool,
allowing a city’s performance to be directly compared against
benchmark goals, past performance, and the performance of
other cities in China. The paper first introduces the framework
and theories for the ELITE Cities tool, and then presents the
selected indicators and their benchmarks.

The framework of ELITE Cities tool

APPLICATION BOUNDARY: CHINA'S PREFECTURAL LEVEL CITIES AND
ABOVE

China has 663 official cities, including four province-level mu-
nicipalities, 283 prefectural-level cities (PLCs) and 370 county-
level cities (CLCs). The four provincial level municipalities —
Beijing, Shanghai, Tianjin, and Chonggqing - are given status
and administrative powers nearly equal to provinces. PLCs
are generally smaller in population size than provincial level
cities and report to provincial governments. CLCs are county
level administrative seats that meet certain benchmarks for a
statutory city and report to PLCs. A key distinguishing factor
between PLCs and CLCs is that city sub-districts are permitted
in PLCs, creating a two-tiered administrative structure, where-
as CLCs are single-tier administrations without sub-districts.
The international indicator systems reviewed in preparation for
this project all limited the scope of their application to a select
subset of the total cities in a jurisdiction, although based upon
differing methods. These systems variously selected cities for
evaluation based on population size, political designation, and
expert-based evaluation of features of cities’ economic, political
and cultural importance, generally indicating that only gov-
ernments above a threshold should be evaluated for eco-city
characteristics. Due to the importance of PLCs in the national
economy and regional political structures, and the relative lack
of independent policy-making power of CLCs, the scope of the
application of ELITE Cities was limited to Chinese mainland
cities of PLC designation or higher.

INDICATOR SELECTION PROCESS

The selection of indicators began with a review of 16 interna-
tional indicator systems and 11 Chinese indicator systems. A
preliminary literature review established that the terms “eco-
city”, “sustainable city”, “liveable city”, and similar concepts can
hardly be clearly differentiated. Therefore a broad first order
search was conducted using the terms “eco-city”, “green city,”
“sustainable city;” “low carbon city,” “smart city”, and “liveable
city” to find relevant indicator systems. The choice of indicator
systems for this study was based upon their fit with the follow-
ing criteria:
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1. High-level relevance to sustainability, green cities, eco-
cities, low-carbon, smart cities, and liveability terminology;

2. Evaluations conducted at the national or sub-national level;
3. Clarity of indicator definitions;

4. Clarity of indicator selection criteria and methodology; and
5. High commonality of references in the reviewed literature.

When indicator systems had existed for several years, the most
recent version was chosen on the assumption that the qual-
ity of these systems was improved compared to past iterations.
When a single organization was the author of multiple systems,
only one was chosen to represent this organization, as was the
case with the Economist Intelligence Unit’s systems (EIU 2011).
16 international systems at the sub-national level (1 neighbour-
hood level, 14 city level, and 1 provincial level) and 11 Chinese
systems (2 national-level city assessments, 4 individual city
level systems, 5 research oriented systems) were chosen for
evaluation. City-level sustainability indicator systems and ef-
forts are found more widely in middle-income and above coun-
tries than in developing countries (Joss 2011). The indicator
systems evaluated here are geographically diverse within this
limited population. Of the international literature, three indi-
cator systems are applied internationally (ESMAP 2011; Price-
WaterhouseCooper 2011; GCI 2007); four are applied to North
America at the national level (Karlenzig et al. 2007; Knights of
Canada 2011) and individual city level (Sustainable Seattle n.d.;
Boston Indicators Project 2012); four are applied in Europe,
with two applied at the regional level (EU Green Capitals 2011;
Hakkinen 2007) and two applied at the national level (Forum
for the Future 2010; MONET 2009); two systems are applied
in Australia at the national level (ACF 2011) and state level
(Heine et al. 2006); and three were designed in whole or in part
by researchers in other countries for application in Asia (EIU
2011b) and specifically China (Esty et al. 2011; Xiao et al. 2010).
The Chinese indicator systems evaluated are closely related to
China’s city hierarchy governance complexity (Chinese Society
for Urban Studies, 2011). Two indicator systems are proposed
and implemented at national level (Ministry of Environmental
Protection, 2007; Ministry of Housing and Urban-Rural De-
velopment, 2004); four are applied at the individual city level
(Guiyang City, 2008; The Climate Group, 2010; Turpan New
District Planning Committee, 2011). Those indicator systems
represent broad efforts by variable stakeholders, however, none
of them meet the needs for the local policy makers to evaluate
low carbon eco-cities.

SUBDIVISION INTO PRIMARY CATEGORIES AND SUB-CATEGORIES

16 international and 11 Chinese city indicator systems were
reviewed to find the most common indicators used by experts
when evaluating city performance towards law-carbon eco-
city-like goals.

An initial attempt to isolate common indicators within each
primary category found that no single indicator in these sys-
tems was common to more than half of these systems (Zhou
and Williams 2013). In order to be found to be common, an
indicator would have to have the exact same or functionally
the same numerator and denominator - for example, although
total primary energy per capita and total electricity per capita
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both measure per capita energy use, they are not treated as the
same indicator because primary energy and electricity regard
two different measurement scopes. A high degree of discern-
ment was used in this process when indicators were vaguely
defined. For example, an indicator that was defined as “munici-
pal solid waste per capita” would not be treated the same as an
indicator that was defined as “waste per capita”.

The lack of commonality of indicators among the systems
analysed mimics the findings of Tanguay et al., (2010) whose
study of 17 municipal level indicator systems found that 72 %
of indicators were used by only one system, and none were used
by a majority of the systems.

The diversity of indicators used internationally to measure
city efforts is caused in part by the fact that city-level sustain-
ability goals are diverse and often highly contextualized by
the specific drivers of environmental, economic, and social
problems within the city or region; the time period in which
the goals were established; the ability of the city to implement
programs and policies; and a wide host of other factors such
as climate, geography, political context, and others. Due to
the dearth of real world examples of successful low-carbon
and eco-cities and these examples’ varying individual circum-
stances, there is little agreement about the definition and scope
of a low-carbon eco-city or which variables used can measure
progress towards the often vague aspirational goals of such de-
velopments.

A top down method was applied to begin discerning key
priority areas common to sustainability theory and aspira-
tional cities. Sustainability theorists often take note of three
primary categories of current challenges to the sustainability
of human-kind: environmental, economic, and social. A lit-
erature review reveals that city-level challenges to sustainable
development blur the lines between these categories as human
activities often have implications for all three (Zhou and Wil-
liams, 2013). Although this issue of cross-categorization cannot
be eliminated completely, to highlight the priority policy areas
recommended by this study, these three categories have been
disaggregated into eight primary categories commonly found
in international indicator systems, measuring the quality of pri-
ority environmental resources (energy/climate, water, and air),
activity drivers of environmental, social, and economic states
(energy/climate, mobility, land use, and waste), and two sepa-
rate economic and social health primary categories.! These pri-
mary categories have been applied as a means to organize the
ELITE Cities indicators and rating calculation methodology.

Given the lack of definitive findings of commonality through
strictly matching indicator numerators and denominators,
indicators within each primary category were reanalysed for
commonality according to sub-categories. Sub-categories were
designed iteratively based on the underlying purpose of the re-
viewed systems’ indicators. As in the process of categorizing
indicators in primary categories, the choice of sub-categories
and the placement of indicators within them were somewhat
arbitrary. Many indicators could theoretically be grouped in
several different ways and no methodological best practices
could be found to clearly guide subcategory identification and

1. The wide diversity of economic and social health issues prevented the further
disaggregation of these categories.
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use. Efforts were made to ensure that subcategories were estab-
lished for any two or more indicators that sufficiently resem-
bled each other and appeared to share a common orientation
towards evaluating particular issues of concern. All indicators
that did not sufficiently resemble other indicators grouped into
an “Other sub-category”. Table 1 presents the results of this sub-
categorization method for the international systems, and shows
the common most indicator sub-categories found.

RATING OF INDICATORS BASED UPON COMMONALITY AND SMART
CRITERIA

All sub-categories, excluding the Other sub-category, as well
as the specific indicators found to be common to more than
three systems were agglomerated to determine which indica-
tors would be selected for inclusion in the final ELITE Cities
framework.

As an intermediate step, indicators and sub-categories were
ranked for potential utility based on indicator evaluation cri-
teria called SMART (Doran, 1981). The SMART criteria is a
system that has been used by business and political organiza-
tions to define contextually-appropriate goals and indicators
by which to measure those goals based on a common prob-
lem discussed in agency theory: how to accurately transmit the
desires of a principle in a way that can be easily and clearly
understood and implemented by agents and evaluated by prin-
ciples. Each letter of the acronym stays for a key characteristic
that enhances the utility of indicators for guiding the activities
of agents according to the intentions of principles. According
to the SMART framework, indicators should be specific, mea-
sureable, achievable, relevant, and timely. The definitions of the
SMART criteria as used for the selection of ELITE Cities indi-
cators are presented in Table 2.

The SMART framework was applied to the most common
indicators in the following manner: indicators were evaluated
for each of the SMART criteria from 1 to 3 based on the extent
to which they met each criterion’s definition. A score of one was
given to indicators that were particularly weak in a criterion,
and three points were given to an indicator that were judged
as particularly strong in that criterion. Two points were given
to indicators that did not appear to be strong or weak. The re-
search team also applied a weighting scheme to the SMART cri-
teria scoring that gave double weight to Relevance and Achiev-
ability criteria as compared to the Specific and Measurable
criteria, and half weight to the Timely criterion as compared to
the Specific and Measurable criteria. This was done to optimize
the utility of ELITE Cities by prioritizing the use of already-
available data and avoid the political pushback that might arise
if indicators too often measured issue outside the jurisdictional
scope of city officials and managers. However, as indicated by
the scoring system, poor performance in any SMART criterion
was not necessarily determinative of whether the indicator was
finally chosen, but rather offered a means of quickly evaluat-
ing the strengths and weaknesses of each indicator. The overall
score of each indicator was summed and averaged by five for a
final indicator SMART score.

The collected list of SMART-scored indicators and sub-cat-
egories were given to a panel of experts that included both six
project researchers and two outside consultants experienced
with city-level indicator system development. Two data sets
were supplied to the panel along with each indicator: the in-
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Table 1. Commonality of indicator sub-categories.

3. LOCAL ACTION AND NATIONAL EXAMPLES

Primary Sub-category Example units of measurement Commonality
Category (proportion of
systems with
indicators
placed in sub-
category)
Energy and | Carbon intensity COye/ unit GDP 63%
Climate Energy intensity Primary energy use/unit GDP 50%
Building energy usse/Carbon | Number of green rated buildings per person (number per 50%
capita)
Renewable and clean energy | Proportion of primary energy from renewable sources (%) 45%
Transport energy/carbon Energy use per vehicle mile traveled (J/VMT) 38%
Energy and climate change The existence of carbon emissions reduction targets (yes/no) | 38%
policy
Split of total energy/carbon Proportion of energy use in sectors (%); Percentage of <30%
within all sectors; Energy population with authorized electricity service (%)
security; Industry
energy/Carbon
Water Water consumption intensity L/capita/day 56%
2\7&?illl-t;)ility, Water quality Proportion of water bodies over water quality limits (%) 44%
and Waste water treatment Proportion of homes connected to sanitary facilities (%) 44%
Treatment connection and rates
Water availability by carrying Proportion of ground water extraction rate to refilling 25%
capacity resources rate (%)
Access to water Proportion of households with improved water source (%) 25%
Other; Water policy Marine trophic index (change in mean trophic level of <30%
achievements fisheries landings); measure of a city's efforts to reduce
pollution associated with inadequate sanitation (qualitative
evaluation)
Air Quality PM10 concentrations Annual daily PM10 concentrations in ug/m? 44%
NO, concentrations and total | Annual daily NO, concentrations in ug/m’ 31%
Emissions
Other types of emissions; Toxicity equivalent tons released by nearby industrial firms <30%
Index of multiple air pollutant | (toxicity equivalents); Ambient concentration of air pollutants
concentrations; Exceedance in urban areas (ozone, Pm10, Pm2.5, SO,, NO,, and Pb, CO,
of air quality benchmarks; NO, VOCs); Number of days when pollution concentration
SO, concentrations and exceeds guideline; Pop. Weighted SO, concentrations
emissions; O3 concentrations (ug/m3)
and emissions; Other
Waste Waste generation intensity Total waste generated (kg/cap) 69%
Waste treatment — recycling Proportion of solid waste that is recycled (%) 56%
Waste treatment — diversion Percentage of municipal solid waste diverted from the waste <30%
from landfill; All treatment of stream to be recycled (%); Share of waste collected in the
total by proportion; Waste city and adequately disposed either in sanitary landfills,
treatment — landfill disposal; incineration sites or in regulated recycling facilities (%).
Waste capture rates; Other
treatment; Other waste
indicators
Trans- Transportation facilities and Cars per capita 69%
portation infrastructure
Modal sse Proportion of commutes by non-automobile means (%) 69%
Accessibility of transport Proportion of people living near public transit (%) 38%
options
Policies; Other; air transport. Measure of a city's efforts to create a viable mass transport <30%
system as an alternative to private vehicles (qualitative);
energy consumption by transport mode (% of total transport
energy); commercial air connectivity (# of flights)
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Primary
Category

Sub-category

Example units of measurement
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Commonality
(proportion of
systems with
indicators
placed in sub-

Economic Employment Unemployment rate (%) 50%
Health
ea Green or innovative sectors Number of farmers markets per capita; 44%
Cost of living Proportion of income spent on housing (%) 44%
Other Local score on competitive index 38%
GDP and income GDP per capita 31%
Debt, savings, and Average savings rate (% of income); Debt service ratio (debt <30%
investment levels; service expenditures as a percent of a municipality’s own-
Government financing; source revenue); % of organizations with registered
Businesses with environmental management system; resource productivity
environmental management (GDP/annual quantity of raw materials extracted from the
systems; Resource domestic territory of the focal economy, plus all physical
productivity. imports minus exports)
Land Use Public green space Proportion of city as dedicate green spaces 63%
and Urban Population density Number of people per m? 56%
Form
Biodiversity Number of bird specific present versus potential in region 38%
Other; Protected lands; Built % of lands under legal conservation; Soil sealing (mz)/cap; <30%
up area forestry; Policies; Proportion of county acreage in forest and farmland (%);
Smart growth index; does the city have a comprehensive urban biodiversity
Ecological footprint; monitoring program?; Acres of farmland in production by
Agricultural lands. product in Agricultural Production Districts (total)
Demo- Health Average life expectancy (years) 50%
hi
grap ICS. Education % of adults with a high school degree or equivalent (%) 50%
and Social
Health Public, NGO, and academic Voter participation rate (% of eligible) 44%
participation
Aesthetics Adults who say they are satisfied with city environment (%) 38%
City leadership in Existence of efforts by city to monitor environmental 31%
collaborative efforts performance (qualitatively evaluated)
Risks and crime; Equity; Number of homicides per 100,000 population; Proportion of <30%
Other; Noise. urban population living in slums (%); Awareness raising and
training to encourage the development and take-up of
environmentally friendly technologies, particularly through
training in industrial and business settings (qualitatively
evaluated); share of population exposed to noise values of L
(day) above 55 dB(A) (%)

dicators’ SMART scores (both the consolidated and separate
criteria scores) and the indicators’ relative commonality in the
reviewed international systems. The panel was instructed as to
the meaning of each score. Panel discussions as to the merits
of each indicator occurred over the course of two months in
the summer of 2012. Discussions often centred on the issue
of finding balance between the objective of limiting the num-
ber of total indicators to a manageable set (a loose target of
around 30 indicators total was established early in the selec-
tion process) while also comprehensively examining the most
important issues in each primary category in terms of both
international commonality and the link between the indicator
and the environmental, social, and economic health of Chinese
cities. Other data made available to the panel was an analysis of

the commonality of indicators and sub-categories found within
11 city indicator systems in use in China. This commonality
analysis was performed using similar methodologies as the re-
view of the international systems and findings were introduced
to the panel primarily to allow a determination of whether data
collection and analysis capacity exists on the local level for cer-
tain indicators.

The panel experts were instructed to evaluate the scored and
categorized indicators to determine a preliminary set of indica-
tors based on their own expertise in each sector and available
information regarding the challenges facing Chinese cities.

An initial set of 34 internally-evaluated indicators were
prepared by the panel for inclusion in the indicator system.
Furthermore, the panel determined that four exogenous vari-
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Table 2. SMART criteria definitions used in ELITE Cities development.

Definition
Indicators measure what they claim to measure, without the introduction of biases due to vague or
culturally-sensitive word choices.

‘ Criteria
Specific

3. LOCAL ACTION AND NATIONAL EXAMPLES

Measurable Clear definition is given for the scope and boundaries of the numerator, the denominator, the calculation
methodology and the measurement units. The same data collection and evaluation methodology can be
applied by all measurement subjects, and the data may be logically compared between time periods and
between locations. There are no social, political nor cultural restrictions on collecting and publishing the

data.

Achievable Data required for the indicator already exists, can be derived from existing data or can be collected with

relatively low costs. Collection of data at the local level is feasible given the institutional capacity and
bureaucratic limitations that exist at the local level.

Relevant

Indicator provides information that can be acted on by local government officials and city managers acting
within the normal limits of their jobs. The indicator responds to efforts by city managers and officials.

and evaluated.

Timely Indicator is based upon data that is or can be regularly collected at a constant interval in all evaluated
locations. The indicator can show sufficiently visible changes at the time scale at which data is collected

* Note: there is some controversy about the precise definition of each of the SMART criteria. This table gives the operational definitions for

the SMART criteria that were applied in the ELITE Cities project.

ables measuring economic structure and climate characteris-
tics should also be reported for each city and included in the
final ELITE Cities tool to allow the grouping of cities by these
potentially performance-determinative exogenous character-
istics.

BENCHMARKS TO EVALUATE PERFORMANCE

Benchmarks were established for each indicator to provide a
basis for measuring city performance - these are meant to rep-
resent the best feasible performance, to which city perform-
ance in each indicator will be compared. It is not expected that
all cities will have the capacity to meet these benchmarks and
it is uncertain as to whether any city will be able to meet all
benchmarks simultaneously. To enable future development of
ELITE Cities, these benchmarks purposefully establish highly
aspirational initial targets — it is expected that these targets may
be changed as ELITE Cities data collection efforts provide the
means to better gauge benchmark feasibility. However, a low-
carbon eco-city could be expected to perform highly in most
or all of these indicators and thereby attain a high score overall.
ELITE Cities scores are based on agglomerated performance
across this wide variety of indicators and poor performance
in one indicator therefore could be somewhat compensated by
excellent performance in another indicator.

The research team searched for both domestic and interna-
tional benchmarks for each indicator, looking to national Chi-
nese targets, city-level targets set by progressive Chinese cities,
actual performance levels of Chinese cities, international best-
practice standards established by credible and well-respected
international agencies and performance levels of cities recorded
in reviews of best-practices of cities pursuing improvement on
specific indicators. In the majority of cases, benchmarks were
established based on Chinese national targets, exemplary city
level targets in China and international best practices, where
applicable. Three indicator benchmarks (PM, concentrations,
NO, concentrations, and SO, concentrations) were established
based solely on benchmarks set by the World Health Organi-
zation. A few indicators were set by the expert judgement of

892 ECEEE 2013 SUMMER STUDY — RETHINK, RENEW, RESTART

the team, based largely on the understanding that full 100 %
achievement of national targets should be normatively pursued
in China, and efforts of leading international cities should be
applied. The details of how benchmarks were chosen and their
origin are given below in subsection 3.

WEIGHTING TO PRIORITIZE CERTAIN SECTORS

The purpose of ELITE Cities is to establish an overall score
for cities based upon their consolidated performance across
indicators. Unlike certification-oriented indicator systems
such as the U.S. Green Building Council’s Leadership in En-
ergy and Environmental Design (LEED) for Neighbourhood
Development community-scale certification system for green
developments, German’s DGNB certification requirements for
urban districts, Japan's Comprehensive Assessment System for
Built Environment Efficiency (CASBEEY) city-level certifica-
tion system, and UK’s BRE Environmental Assessment Method
(BREEAM) building level assessment methodology, ELITE
Cities does not allow participants to combine points from sev-
eral optional efforts in each category. Rather, final ELITE Cities
scores are based on performance in all indicators and this does
not allow for indicator replacement or substitution.

A city’s total score will be calculated through a method by
which benchmark-related scores in each indicator are con-
solidated into a score at the primary category level, with these
primary category scores consolidated again at the overall level.
Performance in each indicator is evaluated from 1-100, with
100 being the maximum possible points for each indicator and
set by the chosen benchmark. Points are awarded within this
range by one of two means. For indicators for which positive
performance towards the benchmark is better (i.e. a higher ab-
solute value is better), indicator score is determined by a sim-
ple division of the actual performance level by the benchmark
level, to result in a percentage score. For indicators for which
negative performance towards the benchmark is better (i.e. a
lower absolute value is better), indicator score is determined by
an inverse of the simple division formula. In the first iteration
of ELITE Cities, primary category level scores will be based on
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an un-weighted average of indicator scores within each prima-
ry category, and overall score will be based on an un-weighted
addition of the primary category scores, for a total maximum
of 800 points.

This scoring method in the first iteration of ELITE Cities
gives equal weight to each primary category in determining
overall score, and equal weight to each indicator in deter-
mining each primary category score. However, as primary
categories contain different numbers of indicators, indicators
in different primary categories are assigned differing weights
in determining a city’s overall score. This methodology is the
most common weighting scheme found among international
indicator systems that resulted in the creation of a consolidated
over-all score (predominantly for the purposes of ranking cities
against each other) (Zhou and Williams 2013).

ELITE Cities is designed to be flexible and the algorithms
implementing this weighting scheme are open to modification
in later iterations. The objective of this flexibility is to allow in-
put from Chinese domestic experts and partner organizations
to give input to the assignment of weights based on a discussion
of the most pressing needs of Chinese cities.

SECONDARY CHARACTERISTIC CATEGORIES TO COMPARE SIMILAR CITIES
Often the performance of cities will differ based on circum-
stances that are largely beyond the control of city managers
and officials - these include both natural circumstances such
as climate and resource limitations and anthropogenic cir-
cumstances such as the existing industrial structure of the
city. A relatively new concept in the use of city-level indicators
is to subcategorize cities based on these exogenous character-
istics to allow for more detailed evaluation and to establish a
fairer basis of comparison. Based on these methods and their
logic when applied to a country as diverse as China, ELITE
Cities has been built to, once a representative data sample is
collected after an initial period of testing, allow for the evalu-
ation of city performance in comparison to other cities that
share similar certain exogenous characteristics. Although ap-
plication will only begin in the second iteration of ELITE Cit-
ies, the inclusion of these data input requirements in the first
version may allow statistical evaluation to measure the extent
to which economic structure plays a role in determining city
performance.

The sub-groupings included in this first version of ELITE
Cities regard economic structure and climate. Economic struc-
ture is quantified by the proportion of primary, secondary,
and tertiary industrial sectors to the city’s overall annual GDP.
Heavy industrial activity is a primary source of environmental
harms and energy consumption in China and the economic
dominance of any sector is assumed to have other political, so-
ciological, and economic impacts.

Climate characteristics are evaluated in two ways: by group-
ing cities into one of five climate zones established by national
building energy codes, and by indicating the relative scarcity of
water resources within the province in which the city resides.
The nationally-applicable climate typology designated for each
PLC has been indexed in ELITE Cities’s database so as to load
the city’s climate type when users choose the city of application.
Cities are also automatically indexed by the scarcity of water
at the provincial level. This metric, also used in the study by
Esty et al., is based on the relationship between a province’s an-
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nual water consumption to annually available water resources.
Both climate-measuring secondary characteristics are included
because both thermal energy and water availability may limit
or exaggerate performance in core indicators enough to cause
variation in overall ELITE Cities scoring. After initial data col-
lection efforts, studies will be undertaken to determine which if
any of these secondary variables have a statically-valid relation-
ship with performance in any one indicator and such findings
may help improve ELITE Cities in future iterations.

When fully implemented, ranking cities according to their
performance among peers groups will not replace the over-
all scoring system, but rather is intended to be an additional
means of analysing a city’s performance. By establishing peer
groups, it is hoped that the ranking system will allow for an
improved means of indicating best practices and highlight im-
provements in city performance that may happen at different
paces, but are nevertheless significant in their own right.

TWO PHASES OF PLANNED DEPLOYMENT

At the initial launch of ELITE Cities, the tool will not contain a
database of existing city performance for all indicators. As the
purpose of the tool is to eventually rank cities and group them
together based on concurrent performance, two phases of de-
ployment are planned for ELITE Cities. In the initial phase, the
tool will be used by city designated officials for a stand-alone
assessment of a city’s performance as compared to the selected
benchmarks - if this first phase lasts for more than a year, cities
will also be able to use the tool to compare current perform-
ance against past performance. This initial phase may also be
used to test the software interface in terms of user-friendliness,
build local capacity for data collection, and test the indicators
themselves in terms of general applicability and relevance to
city improvement efforts.

Phase two of ELITE Cities deployment will target the direct
ranking of participating cities against each other. The tool’s
database is designed to easily integrate individual city data to
enable both longitudinal comparisons between time periods
in the same city and latitudinal comparisons between cities.
As benchmarks are not expected to be achievable in every city,
this inter-city comparison will give a more pragmatic assess-
ment of a city’s ongoing efforts than the phase one comparison
to benchmarks. In addition, the secondary city categorization
system established by characterizing and grouping cities by cli-
mate zone, water availability, and economic structure will be
used to group cities by these commonalities and start to discern
the extent to which these secondary categories influence the
achievement of benchmarks.

CONSULTATION WITH CHINESE EXPERTS AND REFINING OF INDICATORS

The internally-drafted proposed indicators and four second-
ary characteristics were presented to partners at the Chinese
Society of Urban Studies (CSUS), a think tank under MO-
HURD in charge of implementing low carbon eco-cities and
is the counter party of the DOE for the Strategic Economic
Dialogue Framework, to receive their comments, thoughts,
and suggestions for revisions. These comments were received
and responded to by the research team; although the majority
of proposed indicators remained in subsequent iterations, the
scope of several indicators’ denominators were narrowed based
on CSUS concerns about the availability of data and the scope
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of local leaders’ policymaking abilities. A few indicators were
completely eliminated and replaced with indicators as sug-
gested by experts at CSUS.

SETTING BENCHMARKS

Once the final list of CSUS-reviewed indicators was assembled,
the research team set about searching for benchmarks by which
to evaluate performance in each indicator. Data were gathered
for each indicator from seven types of sources: Chinese offi-
cial national targets contained in the 12" Five Year Plan; other
national targets from long range planning documents; targets
and goals established by individual Chinese cities identified as
progressive leaders; recent national averages from Chinese sta-
tistical yearbooks; best practices as established by international
organizations; best practices from the top performing cities in
the evaluated international indicator systems; and perform-
ance levels of cities identified as leading cities by international
experts. Best efforts were made to find relevant data for each
chosen indicator in each type of benchmark source, however
in the majority of cases benchmarks could not be found for
several source types. In the case that appropriate benchmarks
could not be found in the above categories, efforts were made
to conduct sweeping Internet searches to find data sources
that would establish a sufficiently large population of potential
benchmarks from which final benchmarks could be derived.

Potential benchmarks for each category were analysed based
on several criteria, the most important of which was a certain
relevance to local circumstances. In the case that benchmarks
were found from a wide variety of sources, benchmark selec-
tion preference was given to China’s national goals and well-
defined international best practices suitable to the Chinese
context. National goals were assumed to be relevant to every
location. Benchmarks for which international best practices
could be identified were analysed according to whether inter-
national best-practices were applicable to the Chinese context,
based upon average China’s current performance levels, nation-
al goals, and city-level goals. The research team determined that
in many cases international best practices were inapplicable to
the Chinese context because average Chinese city practices
were already superior to the levels found for international best
practice cities. In this case, the international best practices were
discarded and preference was given to either Chinese national
goals or an adjustment of Chinese national goals based upon
an assessment of what was feasibly attainable by demonstrably
well-performing of Chinese cities.

Benchmarks have been established as maximum feasible
performance levels for each indicator and therefore, the maxi-
mum points available for any indicator is set at the level of cho-
sen benchmarks. This required the research team to balance
two principles to the setting of benchmarks. On the one hand,
benchmarks must be sufficiently high as to preclude devaluing
the efforts of strongly performing cities. If benchmarks were
set too low, high performing cities might be given the same
amount of points as cities that were performing below them
(i.e. all cities attaining a benchmark would get full points for
that category). A benchmark that was set too low could there-
fore limit the incentive of high performing cities to strive to
further improve performance. On the other hand, if bench-
marks are set too high, cities performance levels may be ob-
served to clump at some much lower point and it may become
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difficult to differentiate superior city performance from average
city performance.

In a few cases, neither an international best practice nor a
domestic national or city-level goal could be found for a chosen
indicator. In such cases, expert judgement was applied. In a few
such cases, the scope of the indicator numerator or denomina-
tor was narrowed so as to confine the indicator to a scope for
which appropriate benchmarks could be found.

FINAL INDICATOR SYSTEM AND SELECTED BENCHMARKS

ELITE Cities calls for measuring progress through 33 indica-
tors chosen to represent priority issues within these 8 primary
categories. Table 32 summarizes ELITE Cities’s indicators, their
scope, units of measurement, benchmark performance levels
and the source of data.

Conclusion

China is pursuing the development of Low-carbon Eco-cities
with the purpose of providing urbanites with a clean environ-
ment, a growing economy, and a society that promotes harmo-
nious citizen interactions, while simultaneously limiting carbon
dioxide and other GHG emissions and other environmental
damage and liabilities. ELITE Cities, developed by the China
Energy Group at LBNL, measures progress through 33 key in-
dicators chosen to represent priority issues within 8 primary
categories based on the commonality of their use worldwide
and SMART criteria by extensive review of 16 international in-
dicator systems and 11 domestic indicator systems. Benchmark
and weighting mechanisms are applied to the key indicators
from world and national best practices. An Excel-based tool is
then developed to package the indicators, benchmarks, expla-
nation of indicators, function and data sources instruction so
the tool is intuitive and simple to use. The ELITE Cities tool as
explained in the paper could be a useful and effective tool for
local city government in defining and evaluating the status of a
low carbon eco-cities and assessing the progress of developing
alow carbon eco-city. ELITE Cities can also be used by govern-
ments at higher levels, for example, the central government to
assess the performance of local cities in developing low carbon
eco-cities with data input from either local governments or
centralized data collection processes. Due to the relative new-
ness and dynamic evolution of this field in urban development,
no city in the world has been proven to achieve either a locally-
defined or globally-defined standard of sustainability and no
standardized threshold values exist to determine whether a
city is “ecological” or “low-carbon”, the indicators and related

2. Social health/units: Policies for the Eco-city Planning Completeness Indicator:
Has the city conducted a carbon inventory?

Has the city undertaken energy audits of its own operations, including city service
entities and public buildings?

Has the city conducted an audit of water consumption in the city and losses in
distribution systems?

Has the city conducted an audit of the contents of its municipal waste stream?
Has the city conducted an audit of mobility patterns of its residents?

Does the city regularly survey residents regarding their perspectives of city envi-
ronmental quality?

Has the city established a low carbon development plan?

Does the city have a single online platform to inform citizens of progress towards
low-carbon eco-city goals?

Does the city government have a department that manages and/or tracks all low-
carbon development activities by the city’s government departments?

Does the city have a low-carbon eco-city district or industrial park demonstration
project?
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Table 3. Final ELITE Cities indicators and benchmarks.
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Primary Indicator name Indicator scope Units Benchmark Source
category
CO:; Intensity Total CO, emissions  tons/capita.year 2.19 tons/capita.year UN Habitat State of
per capita the World
2008/2009, Part 3,
p. 135; Oslo is
picked as
benchmark.
Residential All residential kWh/m?.year Cold climate: Jiang Yi, China
Building Energy  building average 88 kWh/m’.year Building Energy
Intensity energy intensity per Severe cold climate: Efficiency
square meter 132.7 kWh/m*.year Develepment
building space Hot summer cold Report.
winter climate:
69.7 kWh/m®
Hot summer warm
ENERGY/ ‘é""‘”;e;\fvl'r?;r:tf
CLIMATE Moderate: 50 kWh/m*
Public Building Public building kWh/m”.year 70kWh/m”.year Jiang Yi, China
Electricity average electricity Building Energy
Intensity intensity per square Efficiency
meter Development
Report. Shenzhen
data is set as
benchmark.
Share of Renewable energy % of total electricity ~ 20% National 12th Five
Renewable (excluding nuclear) purchased Year Plan for New
Electricity as a share of total Energy
city purchased Development and
electricity Caofeidian Eco-city
Indicator System’s
target.
Municipal Water  Municipal water liter/cap.day 52.1 l/cap.day Hamburg(2009).
Consumption consumption per
capita
Industrial Water  Industrial water liter/annual 10,000 80.51/10000 RMB World Bank, TRACE
Consumption consumption per RMB tool.
industrial GDP
Wastewater Percentage of waste % of total waste 100% LBNL expert team
Treatment Rate  water receiving at water decision.
least primary
treatment
WATER Drinking Water Percentage of total % of total drinking 100% LBNL expert team
Quality drinking water water decision.
meeting Grade Ill or
above
Recycled Water  Percentage of % of total municipal  30% MoHURD Eco-
Use annual municipal water gardern City
water use sourced Program standard.
from water
reclamation
Energy Intensity  Energy intensity of kWh/I 0.10 kWhl/I World Bank, TRACE|
of Drinking drinking water tool. Sydney(2009).
Water
PMyo Daily average PM10  ug/m® 20ug/m® WHO(2006). 24
Concentrations concentration Hour Mean.
NO, Daily average NOy ug/m® 40ug/m® WHO(2008). 24
Concentrations concentration Hour Mean.
SO, Daily average SO, ug/m® 20 pg/m® WHO(20086). 24
AIR Concentrations concentration Hour Mean.
Air Pollution Proportion of days % of total days per 100% LBNL expert team
Days per year that air year decision.
quality meets Level Il
standard ("blue sky"
threshold)
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Indicator name

Indicator scope
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Benchmark

Municipal Waste  Kg of total collected kg/capita/year 0.29 Shanghai target.
Intensity MSW per capita kg/capl/year
Municipal Waste  Percentage of collected % of total collected 100% LBNL expert team
WASTE Treatment Rate MSW receiving MSW decision.
“harmless” treatment
Industrial Comprehensive industrial % of industrial solid 100% LBNL expert team
Recycling Rate waste utilization rate wastes decision.
Public Public transport km/km® 4 km/km? Upper end of national
Transportation penetration rate as a target: code for
Network proportion of total city transport planning on
Penetration area urban road.(GB
50220-95): 3.2.2
Public Share of public % of all trips/year 60% 12th Five Year
Transportation transportation trips in all Comprehensive Plan
Share of Trips trips for Transport System,
National target city
with 10 million
MOBILITY population.
Access to Public  Percentage of built area % of built area 90% MoHURD, Public
Transportation within 500 meters of Transport
public transit Demonstratoin
Project, html
Municipal Fleet Proportion of energy % of total vehicles 100% LBNL expert team
Improvement efficient and new fuel decision.
vehicles (electric, hybrid,
biofuel, <1.6 liters and
below cars) in the city
vehicle fleet and taxi fleet
Employment Registered % of eligible adults 3% Chinese City Statistic
unemployment rate Yearbook, Chongging
12th Five Year Plan,
2015 target.
Environmental Ratio of environmental % of annual GDP 3% National 12th Five
Protection protection spending to Year Plan for
ECONOMIC  Spending Ratio GDP Environmental
HEALTH Protection.
R&D Investment  Ratio of R&D spendingto % of annual GDP 5.5% Beijing 12th Five Year
Ratio GDP Plan
Organic Percentage of total % of agricultural land 1% FiBL-IFOAM survey.
Certification of agricultural land area
Agricultural certified as organic
Land
Green Space Average per capita public m?’ of green 100 m?/capita  EIU Asia, Hong Kong
Intensity urban boundary inclusive  space/capita average.
green space
Share of Mixed Percent of total city land % of total area 13.3% Manhatten as 13.3%
LAND USE . .
Use Zoning zoned for mixed use
Population Land use per capita m? per capita 100 Land and population
Density data from China City

Statistical Yearbook.

896 ECEEE 2013 SUMMER STUDY — RETHINK, RENEW, RESTART




3. LOCAL ACTION AND NATIONAL EXAMPLES

3-399-13 HE ET AL

Primary Indicator name  Indicator scope Units Benchmark Source
category
Health Care Health care practitioners Health care 14 Beijing 12th Five Year
Availability per 1000 persons practitioners per1000 Plan; China Statistic
persons Yearbook 2011.
Share of Percent of employed % of employed 45% U.S. ACS 2010, San
Workers from population with university  persons Jose as benchmark.
Higher degree
Education
Internet Percent of households % of households 100% LBNL expert team
SOCIAL Connectivity with an i.nternet decision.
HEALTH : conne.ctlon : :
Eco-city Eco-city planning and 100 points — 10 100% LBNL expert team
Planning policy completeness policies with full decision.
Completeness points awarded for
achieving the policy
and 0 points for not
achieving the policy.
Affordable Percentage of total % of total housing 20% National target as 12th
Housing housing designated as Five Year Plan.
Availability “affordable”

benchmarks for assessment might change over time and need

to be updated per environmental changes. In the next phase of
research, we will pick a few representative cities for case stud-
ies so to test the indicator system and improve the system and
update the benchmarks accordingly.
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