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Based on an extensive review of 31 international and domestic
indicator systems, a system, which consists of 6 primary
categories, 19 secondary categories, and 39 indicators is
proposed for Transfer Science and Technical Park in Hangzhou
city, covering sustainable development in environment, urban
space and green building, transportation, energy and resource,
governance and infrastructure, and economy aspects. Then all
indicators are classified into three implementation stages (e.g.
regional control indicators, park management indicators, and
block control indicators) to ensure the fully accomplishment of
low-carbon targets, which are always neglected by researchers,
planners, governments and city managers. In the end, two
scenarios are adopted, while the former is developing in
traditional way and the latter is under the circumstance that all
indicators are accomplished, to calculate the carbon reduction in
order to quantitatively evaluate the effect of the indicator
system. The results reveal that the policy makers should give
the priority to indicators related to green buildings (e.g. ratio of
green buildings), utilization of renewable energy, green
transportation (e.g. mixed land use, green travel, green vehicles,
etc.), greenery (green coverage ratio, multi-coat landscaping
planting system etc.) while establishing policies and guidance
towards a low-carbon eco-city.

1. Introduction

Climate change as a global issue is drawing close
attention from the international community, as well as

some energy and environment issues. Nowhere are the
issues more pressing than in China, where urban areas
and their economies are expected to grow rapidly over
the next few decades and where resource use and
environmental quality are already raising grave concerns.
Under this background, national and local leaders have

responded to the challenge by marking sustainable
development a high priority.

Cities, as a rule, are regarded as economic
powerhouses, major energy consumers, and key

contributors to environmental degradation. China’s 35
largest cities representing account 18% of the population,
for instance, account for 40% of the country’s energy use
and carbon dioxide (COz) emissons (Dhakal, 2009).
Hence, the low-carbon eco-city, a term that combines
low-carbon development and eco-city concepts, jumps
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into popularity once it was put forward by Qiu in 2008
(Qiu, 2009). According to statistics, by February of 2011,
230 prefecture-and-above level cities have proposed to
establish themselves as “eco-cities”, accounting for
80.1% of 287 such cities nationally. 133 (46%) have set
targets to develop as “low-carbon cities” (CSUS, 2011).

Then three questions should be addressed: “What is
a low-carbon eco-city?”, “How can we assess our
attainment of a low-carbon eco-city?”, and “How can we
effectively develop a low-carbon eco-city?” By
conducting  city-wide  low-carbon  planning and
accomplishing city-level emissions targets, a growing
number of experts recognize that it is important to firstly
explore the efficient measures and approaches for
developing low-carbon eco-cities at the small scale, i.e. at
the level of metropolitan regions or districts. More and
more demonstration projects at district level are practiced
by local governments, for example, the Sino/Singapore
eco city in Tianjing and Caofeidian eco-city in Tangshan.

Meanwhile, numerous indicator systems have been
developed to assess the attainment of a low-carbon eco-
city and provide decision basis for urban sustainable
development (Zhao et al.,, 2009). The indexes
constructed by United Nations Commission on
Sustainable Development (UNCSD) (ACCA21, 2004),
Organization  for  Economic  Co-operation  and
Development (OECD, 2001) and United Nations
Statistics Division (UNSD, 2002) are relatively dynamic
and influential in foreign countries. All of them are
structured in society, economy, system, resource and
environment (or ecology) aspects, which is consistent
with the framework of sustainable development. Several
national and local indicator systems have been explored
by many organizations and research institutions,
partnering with government and other stakeholders, to
establish best practices of low-carbon eco-cities in China.
For instance, Chinese Society for Urban Studies (CSUS)
developed 45 indicators pertaining to support for the
living, resource, industry, environment, society and
culture. The Tianjin Sino/Singapore eco-city indicator
system has 26 indicators related to coordination with
regional policy, the natural ecosystem, society and
culture, and regional economic. The indicator system for
Caofeidian eco-city contains 141 indicators related to city
function, building and building industry, traffic and
transportation, energy, waste, water, landscape and
public spaces, which is put forwarded by Sweden’s
Sweco in cooperation with Tsinghua Urban Planning
Institute.

However, a lack of consensus not only on the
conceptual framework and the approach favoured, but
also on the selection and optimal number of indicators is
revealed by Tanguay et al. (2010), which results in the

difficulty of comparison between municipal jurisdictions of
the same stature. And because of the miscellaneous
composition of indicator system and lack of effective
means and measures, few are accomplished successfully
in the end (Tongji Univerisity, 2013). Hence, relevant
supporting strategies, which are always neglected by
researchers, planners, governments and city managers,
should be complied at the same time to ensure the
implementation of indicator system.

In this paper, the commonality and limitations of
indicator systems, along with the frequency of indicators,
are interpreted based on an extensive review of 11
international indicator systems and 20 domestic Chinese
indicator systems in session 2. In the following session,
the indictors for Transfer Science and Technology Park in
Hangzhou city were chosen in accordance with the
previous analysis, as well as the relevant implementation
strategies. In session 4, two scenarios are adopted, while
the former is developing in traditional way and the latter is
under the circumstance that all indicators are
accomplished, to calculate the carbon reduction in order
to quantitatively evaluate the effect of the indicator
system. Then the most efficient measures, as well as
corresponding indicators, to develop a low carbon city are
discussed in session 5 according to the results of carbon
emissions. The conclusion follows.

2. Characterization of reviewed indicator systems

We initially compiled several studies that apply
indicators related to the terms “eco-city”, “sustainable
city”, “liveable city”, “garden city” and similar concepts at
neighbourhood, city or province level . 11 international
systems at sub-national level (3 neighbourhood level, 8
city level) and 20 Chinese systems (8 national-level city
assessments, 4 individual city level systems, and 8
research systems of pilot projects) were chosen to find
the most common indicators used by experts when
evaluating city performance towards low-carbon eco-city.

All of those systems cover the indicators in society,
economy, system, resource and environment (or ecology)
aspects, which is consistent with the framework of
sustainable development. In addition, it is noted that the
systems aiming at national-city level pay more attention
on the indicators in economy (e.g. GDP per capita, value
of service sector in GDP), population (e.g. crude growth
rate), education (e.g. gross intake ratio in first grade of
primary education) (ACCA21, 2004; OECD, 2001; UNSD,
2002) while those aiming at individual city level or
neighbourhood level are more concerned about the
indicators in the sectors, such as buildings (e.g. the ratio
of green buildings), transport (green travel, the ratio of
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public transportation, etc.), water (water quality, water
treatment), energy (renewable energy utilization) and
solid waste (waste collecting and recycling) (Zhou et al.,
2015; IBR, 2013). The indicators vary partly due to the
fact that sustainable goals at different levels are diverse;
the time period in which goals were established; and the
ability of the city to implement programs and policies.

On the other hand, the reviewed studies use between
19 and 141 indicators, which reveal a lack of consensus
on indicators resulting in the difficulty of comparison
between municipal jurisdictions of the same statue. In
order to be found to be common, an indicator would have
the similar name or functionally the similar numerator and
denominator-for instance, an indicator defined as “tap
water quality” and “surface water quality” would be
treated the same as “water quality”. In this way, more
agreements are found among indicators. The most

frequently used indicators in reviewed systems include
free accessible facilities within 500 meters’ walking
distance of residential area, ratio of green building,
renewable energy utilization, waste water treatment,
water quality, utilization of non-traditional water sources,
waste harmless treatment rate, and green coverage,
which can be classified into 6 categories, as shown in Fig.
1. These indicators can directly reflect the goals and the
path of planning and construction of a green, ecological
and low-carbon city.

However, because of the miscellaneous composition
of indicator systems and lack of hierarchical and effective
measures, few are accomplished successfully in the end
(Williams et al., 2012), especially some indicator systems
developed in pilot projects. The relevant supporting
strategies and policies are necessary at the same time to
ensure the implementation of indicators.
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3. Indicator system of Transfer Science and
Technical Park

Based on these observations, an indicator system for
Transfer Science and Technical Park in Hangzhou city
has been proposed, as well as the relevant
implementation strategies.

3.1 Transfer Science and Technical Park

The Transfer Science and Technical Park is located
in Hangzhou City, Zhejiang Province. The park, formerly
known as “Zhejiang high-tech agricultural garden”, is
currently the largest demonstration project in this
province, which has the goal of demonstrating the low-
carbon mode in Hangzhou in order to tackle climate
change, save resources and energy, protect the
environment and achieve social harmony. The
development plan targets an area of 0.6 square
kilometres (km?) having abundant water resources,
convenient traffic system and natural environment.

3.2 Selection criteria and indicator system

Great differences in how indicators were selected
have been revealed by Wiliams et al. (2012) that
“relevance”, “data availability”, and “comparability” were
more common among 16 indicator systems. Tanguay
(2010) found that 68 different selection criteria were used
by 17 reviewed indicator systems, 6 of which were
frequently used: credibility, universality, data availability,
comprehensibility, links with management, and spatial
and temporal scales of applicability. A particularly
widespread approach is worth mentioning that an
indicator must be SMART, namely “specific’,
“measureable”, “achievable”, “relevant’, and “time-
related-completed”  (SIAP, 2007). Therefore, in
accordance with the common criteria from the 31
reviewed systems in this paper, 3 criteria are proposed
while selecting the indicators, namely: “credibility and
operability”, “universality and characteristic”, “accessibility
and perspectiveness”.

Then, an indicator system including 6 primary
categories, 19 secondary categories and 39 indicators is
proposed based on the selecting criteria and
characterization of reviewed indicator systems (as shown
in Table 1). The primary categories common to all
systems are identified as follows: environment, urban
space and green building, transportation, energy and
resource, governance and infrastructure, and economy.
The secondary category refers to a more specific means
of measuring or evaluating the state of the primary
category issue. And the indicators reveal several
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(6categories, regulatory plan and regulation of
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class
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committee’s additional conditions
and architectural design
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Fig. 2. The implementation phases of indicators.

measurement methods and precise units for each
secondary category. The most common indicators
observed in previous studies are selected in this system,
such as water quality, green coverage ratio, ratio of
green buildings, leading to the comparability of low-
carbon development within cities and a better
coordination of actions for cities within a given region. In
this way, cities with the same size can have a common
grid to share and apply successful tools and measures
(Tanguary et al., 2010). Besides, some indicators reflect
the features of the park are also involved, for instance,
proportion of tertiary industry in GDP and the proportion
of enterprises passed ISO 14000 certification.

The target value for each indicator is established in
accordance with the national Chinese targets, city-level
targets set by progressive Chinese cities, actual
performance levels of Chinese cities, international and
domestic best-practice standards established by credible
and well-respected agencies, and corresponding
standards in environment, energy, building, transport, etc.

3.3 Three implementation stages of indicator system

In order to ensure the full accomplishment of each
indicator, three implementation stages are constructed as
those indicators should be conducted at different levels.
Figure 2 reveals that the stages are regional control
indicators, park management indicators and block control
indicators. The regional control indicators refer to the
indicator which only can be achieved at urban scale with
the help of local departments relating to planning, land,
environment and transport, etc. For example, the park
could satisfy the functional area noise standard only
under the circumstance that the whole district adopts the
noise-control measures. And some indicators require the
management from the whole park and implemented
during the regulatory plan, e.g. the green coverage rate
and underground space intensity. In the end, block
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Table 1. Indicator system.
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control indicators are related to the development of
blocks and low-carbon design of buildings, like the
proportion of energy-saving facilities and green roof.
Detailed classification is shown in Table 1.

4. Carbon emission
4.1 Scope of the emission inventory

In order to quantitatively assess the effect of indicator
system and find out the most effective measures to

develop a low-carbon eco-city, the carbon emissions of
the Transfer Science and Technical Park have been

development mode adapting the indicator system
mentioned before.

4.2 Accounting methods for various sectors

4.2.1 Building sector

Carbon emissions in the usage and construction
phase of all buildings accounts for more than 20% of the
total CO2 emissions in China (Building Energy Research
Centre of Tsinghua University, 2008), which occupies
80% to 90% of the CO2 emissions in the buildings life
circle. Carbon emissions due to electricity use for
residential and commercial energy consumption sector
were calculated as:

calculated. Es =D [A XEULxEF]x10° (1]
Methods Energy Efficiency Renewable Energy Carbon Sink
Sectors | Building || Transportation Energy Greenery
I I, I I I, |
Scenario Traditional mode Low-carbon mode
Results Low-carbon development

Fig. 3. The composition of park carbon emissions.

The scope of a carbon emissions inventory should be
defined clearly to ensure that the results are comparable.
By referring to Low Carbon City Development Guidance
(MLIT, 2012), the research of the low carbon city should
be carried out in the following four fields: buildings,
transportation, energy and greenery. In these fields, there
are three main courses for low-carbon development
mode, which involves the use of energy efficiency,
renewable energy and carbon sink (see Fig. 3).

Otherwise, a convenient and applicable assessment
system must be devised to determine whether the park is
developing on a low-carbon basis. Two scenarios are
adopted which are known as traditional scenario and low-
carbon scenario. Firstly, traditional scenario is the
traditional way of developing, which is embodied in the
form of urban development and economic advancement
both at the same pace as the current and historical trend
(2005~2010), as well as the carbon emissions. On the
other hand, low-carbon scenario is the sustainable

where E; is the carbon emissions from the building
energy consumption sector, t-COg; iis the building sub-
sectors (e.g. residential buildings and commercial
buildings); A,is the gross floor area of different types of
buildings i, m? EUI is the energy use intensity of types
i, kWh/m?; and EF is the carbon emission factor of
electricity, kg-COz2 per unit.

The energy consumption data were obtained from
2010 Annual Report on China Building Energy Efficiency
(CSUS, 2010), and CO2 carbon emission factor for
electricity were calculated as 0.82 kg-CO2/kWh based on
the information from the East China Power Grid (ECPC)
(NSB, 2009).

4.2.2 Transportation sector

The carbon emissions due to road transport were
calculated for each vehicle fleet, such as private car, taxi,
and bus, which were summed to obtain the total
emissions:
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E, =Y [TV,xTD,xE|]x10° [2]

where E_ is the carbon emissions from the road
transportation sector, t-COz; TV, is the traffic volume of
vehicle fleets i, vehicle/year; TD, is the average travel
distance of the vehicle fleets i, km/vehicle/year; and El
is the carbon emission intensity of the vehicle fleets i, g-
CO2 /km/vehicle.

The information on traffic volume of vehicle fleets and
their correspondent travel distance were obtained from
the China Academy of Urban Planning and Design
(CAUPD) et al. (2009), EI was acquired from National
Institute for Land and Infrastructure Management (NILIM),
Japan (2003).

4.2.3  Energy sector

Full use of renewable energies is emphasized in the
low-carbon city construction. Up to 2020 in China,
hydroelectricity will account for 321 million tons of coal
equivalent, nuclear energy will account for 163-186
million tons of coal equivalent, wind power and solar
power account for 96.6-132.2 million tons of coal
equivalent, according to the research of Chinese
Academy of Engineering (2011) (Chen and Zhu, 2013).

Hence, there are two main parts in this sector. One is
the carbon emissions produced by consuming water and
emissions reduced by recycling water and making full use
of rainwater. The method is as follows:
EW=QsXW1+QDX(W2+Cz)+QRx(W3+Cs) [3]

where E, is the carbon emissions from the water
consumption, t-COg; Qs Qp and Q, are values of
domestic water consumption, gross sewage volume
discharged to waste pipe network and recycling water
volume by the wastewater treatment plant, respectively
(unit: md/year). W,, W, and W, are carbon emissions
generated by power supply consumption of feed water
system, sewage disposal system and plant of water
disposal in the district, separately (kg/m?3). C, is CO2
converted by carbon source of sewage disposal system
and C, is CO2 generated by the sewage water treatment
station. The water consumption data were calculated in
accordance with The Standard of Water Quantity for
City’s Residential Use (MOHURD, 2002), W and C were
acquired from China Real Estate Chamber of Commerce
et al. (Sheng, 2013).

On the other hand, the renewable energy (such as
solar power, wind power and marsh gas) was used to
supply energy load in buildings. The carbon reduction
was calculated using the following equation:

E, =-E, xr [4]

where Ex is the carbon reduction caused by
renewable energy, which is considered as zero-carbon

energy without generating CO2 when used, and it is
negative (t-CO2). E, is the carbon emissions from the
building energy consumption sector, t-COz2; and r is the
utilization ratio of renewable energy (default is 0). The
green energy should account for above 10% of the
buildings energy consumption according to the
Evaluation Standard for Green Building (MOHURD,
2014). Hence, the value of r is 10% to achieve the
sustainable development goals in low-carbon scenario.

4.2.4  Greenery sector

From the viewpoint of the low-carbon city
development, the greenery is expected to play significant
role in realizing a compact urban structure, reducing CO2
in the air, and mitigating heat island effect through the
improvement of ground surface covering. The formula for

calculation CO2 fixation and sink in the greenery
sector is:

Eg =-%[vi xsC; |x107 [5]

where Es is the carbon fixation and sink in the
greenery sector, and is always negative, t-COz; V, is the
volume of plant species i, m?. SC is the sink coefficient
(kg-CO2 /m?/year), which can be acquired form Chen et
al. (1998).

4.3 Results

4.3.1 Building sector

Figure 1 suggests that the total carbon emissions in
building sector every year are 101.39 thousand tons and
63.89 thousand tons in traditional scenario and low-
carbon scenario, respectively. And commercial building
consumption takes up a predominant proportion in the
gross CO2 emissions, due to the relatively larger floor
areas and higher EUI than residential building. In order to
reduce CO2 emission attributable to energy consumption
in this park, it is advisable to give first priority to
considering measures to reduce energy load of buildings,
e.g. adapting ecological technologies to develop green
buildings, without decreasing the indoor environmental
quality. The requirements of energy savings are
enhanced from 50% in traditional scenario to 65% in low-
carbon mode, compared to the reference buildings in
1980 (which did not have any energy saving measures).
Under this circumstance, the annual CO2 emissions from
commercial electricity consumption decrease from 94.99
thousand tons in traditional scenario to 66.5 thousand
tons in low-carbon one. The carbon reduction is 1.92
thousand tons in residential buildings, as shown in Fig. 4.
Figure 5 reveals increasing energy saving rate in
commercial building and residential building can reduce
76% and 5% divided to the total carbon reduction.
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Otherwise, natural ventilation plays an irreplaceable
role in improving indoor environmental quality in this area,
as well as reducing energy load of buildings by about
10% (Qin, 2009). Hence, it could reduce 7.1 thousand
tons of COz2 in the building sector every year.

4.3.2 Transportation sector

The percentage of carbon emissions caused by
transportation as compared to the total emissions varies
with cities. And the major source of CO2 emission in this
sector is automobiles. Therefore, low-carbon measures
contribute to “shift away from automobiles”, “shortening of
travel distance” and ‘“improvement of travelling
performance” (MLIT, 2012). Many of correspondent
measures, such as realizing mixed-use land, improving
public transportation facilities, advocating green travel
(e.g. walking, bicycle), and promoting utilization of green

vehicles, have been carried out in the low-carbon
scenario to reduce carbon emissions. Figure 6 reveals
that 905 tons of CO2 emissions can be reduced, which
occupies 67.3% of the overall emissions in the traditional
mode. Otherwise, the percentage of passenger car used
in the low-carbon mode, including private car and taxi,
decreases to 54%, which is 63.6% in the traditional one.

4.3.3  Energy sector

Figure 7 indicates that 2.25 thousand tons of annual
CO2 emission in energy sector is reduced in low-carbon
scenario compared to that in traditional one. In view of a
balance between water quantity and water quality in the
water consumption sector, the aquatic environment
system’s low-carbon assessment is divided into two
aspects: The first are highly efficient use of water
resources to achieve reduction of CO2 emissions
generated in production and transport processes; and
reducing CO2 emissions by using green water-treatment
technologies. Secondly, CO2 emission reduction can be
accomplished through conversion at the carbon source
while getting rid of the pollutants (CRECC). Hence, after
facilitating the water-saving instruments, full utilization of
rainwater and recycling waste water in the development
of low-carbon eco-park, 229 tons of carbon emissions
can be reduced. And the total CO2 emissions in the
traditional scenario without any water-saving measures
would reach 696 tons every year, as shown in Fig. 7.

Otherwise, it is evident that the utilization of
renewable energy to supply the energy demand of
buildings can rapidly decrease the eco-park’s carbon
emissions, approximately 3549 tons/year. With the
broader penetration of renewable energy in the cities
required by Chinese government, its effect on reducing
carbon emissions can skyrocket in the future.
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4.3.4 Greenery sector

As the amount of CO: fixed and absorbed varies
depending on the form of greenery (type of plants,
conditions of ground surface covering, maintenance
status etc.) as well as on the area, a multi-coat
landscaping planting system is regarded to greatly
elevate the fixed amount of CO2. Meanwhile, the effect
on fixing and sinking CO2 of big arbor and shrub is much
better than the low flowerbed or low-grass weed. The
density of tall trees is increased to enhance the low-
carbon effects. Except the greenery in public area,
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greenery on building roofs not only can absorb the COz2 in
the air, but also can advance the insolation effect of roof
to reduce the buildings’ energy consumption. Hence,
over 15% of the total roof area is covered with vegetation
due to partly space is needed for building equipment and
PV systems. The carbon absorption increases from 4.41
thousand tons in traditional scenario to 6.75 thousand
tons in low-carbon scenario (seen in Fig. 8). Among the
amount of carbon fixation in the low-carbon eco-park,
34.7 percent is absorbed by low grass and brushwood
and above 50 percent attributes to the big arbor and
shrub.

4.3.5 Total carbon emissions

The overall carbon emissions in Science and
Technical Park in two scenarios are illustrated in Table 2.
The amounts of carbon emissions related to building
energy consumption, transportation, and water
consumption are (101.39, 1.34 and 0.69) thousand
tons/year, respectively, in the traditional scenario. The
building energy consumption sector is the largest
contributor to carbon emissions in this park due to the
huge gross area, contributing 98% of the emissions. As
4.4 thousand tons of COz is fixed and absorbed by the
urban greenery, the final carbon emissions of the park is
99.02 thousand tons every year under the circumstance
that none low-carbon measures are implemented.
Meanwhile, the carbon emissions sharply decrease to
54.49 thousand tons in the low-carbon scenario,
accounting for 55% of the emissions in traditional mode.
It means that 45% carbon emissions can be reduced
after executing the evaluation system in the park. Carbon
reduction related to building sector, transportation sector,
energy sector and greenery sector account for 84%, 2%,
9% and 5% of the overall reduction (Fig. 9), which
indicates that reducing the energy load of buildings and
utilizing renewable energy in the district play the
dominant roles in carbon reduction. Although the amount
of reduction in transportation sector is limited compared
to other sectors, the proportion of carbon reduction is
highest in low-carbon scenario (67.3%).

5. Discussions

Based on the characteristics of international and
domestic indicator systems towards a low-carbon eco-city
and results of carbon reduction caused by the
implementation of indicator system in the demonstration
project in Hangzhou City, several main measures should
paid more attentions, as well as corresponding indicators.

Firstly, as the Transfer Science and Technical Park is
an area of 0.6 square kilometres covering 109 square
kilometres area of commercial buildings, office buildings
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residential buildings and hotels. Therefore, the carbon
emissions in building sector attribute approximately 98%
of the total emissions from building sector, transport
sector and energy sector. Under this circumstance, the
measures related to buildings energy saving rate and
green buildings make the most contribution to the carbon
reduction, occupying 84% of the total reduction (as
shown in Fig. 9). Commonly, carbon emissions in the
usage and construction phase of all buildings accounts
for more than 20% of the cities’ total CO2 emissions.
Hence, these measures would still reduce the carbon
emissions effectively at regional levels.



266
J. Ge et al. / Lowland Technology International 2017; 18 (4): 257-268

Table 2. The carbon emissions of Science and Technical Park.

Sectors Traditional Low-carbon Compared to traditional scenario
scenario scenario Carbon reduction The ratio of reduction

Building (t/a) 101391 63889 37502 37.0%
Transportation (t/a) 1344.5 439.4 905.1 67.3%
Energy (t/a) Renewable energy - -3549 3549 -

Water 696 467.2 228.8 33%
Greenery (t/a) Green land -4410 -5832 1422 32.2%

Roof greening - -920.5 920.5 -
Total (t/a) 99021.5 54494.1 44527 .4 45.0%

Secondly, the Fig. 9 illustrates that the frequently
used indicators in energy and resource category, such as
utilization rate of renewable energy, also to a large extent
reduce carbon emissions, following the carbon reduction
effect in building sector. With the broader penetration of
renewable energy in the cities required by Chinese
government, its effect on reducing carbon emissions can
skyrocket in the future.

In addition, the greenery plays a significant role in
realizing a compact urban structure, reducing COz2 in the
air, and mitigating heat island effect through the
improvement of ground surface covering. 5% of the
carbon reduction in this park is caused by adopting a
multi-coat landscaping planting system, increasing the
green coverage rate, and planting of big arbor and shrub,
etc. It is obvious that those related indicators are
indispensable to seek a low-carbon eco-city.

Fourth, because of the limited transport demand in
this small district, transportation only contributes 1.4% to
the total carbon emissions. The rate of contribution is well
below the China’s national average level of 6%-11% (He
et al. 2005), as well as the level of 20%-50% in global
cities (Kennedyet al., 2010). It is foreseeable that the
proportion of transportation emissions will grow rapidly
due to transportation policies and vehicle demands in
Chinese cities (Wang et al., 2011). However, the policy
makers and researcher should recognize that the effect
of measures, e.g. mixed land use, green travel, green
vehicles, and promoting public transportation, can be
dramatic on reducing cities’ carbon emissions caused by
transportation sector. For instance, 67% of carbon
emissions reduced in low-carbon scenario compared that
in traditional mode (as shown in Table 2) in this
demonstration project.

6. Conclusion and policy implications

An indicator system of Transfer Science and
Technical Park in Hangzhou city, which consists of 6
primary categories, 19 secondary categories and 39
indicators, has been proposed based on the extensive

review of 31 international and domestic indicator systems.

The primary categories common to all systems are

identified as follows: environment, urban space and
green building, transportation, energy and resource,
governance and infrastructure, and economy. Meanwhile,
those frequently used indicators are adopted in this
system to ensure the universality and comparability of
other cities with the same size, as well as some specific
indicators to reflect the project's features related to
culture, economy, ecology, etc. All of the indicators are
classified into three implementation stages to achieve the
completely accomplishment of low-carbon targets, which
may be neglected by researchers, planners, governments
and city managers.

Then a methodology, which classified carbon
emissions into 4 sectors including building energy
consumption, transportation, energy and greenery, was

used in this study to account for carbon reduction in
two different developing ways in this park. The carbon
emissions in the low-carbon scenario under the
circumstance that all indicators are fully implemented are
54.4 thousand tons every year, accounting for
approximately 55% of the total emissions in the traditional
scenario. It reveals that the effect of indicator system is
quite foreseeable in this project. Also, those measures
related to the frequently used indicators, for instance, the
green building, utilization of renewable energy, green
coverage rate, etc., play the dominant roles in reducing
the carbon emissions and absorbing the CO2. Hence, the
policy maker should pay more attention on the measures
mentioned in session 5 while proposing national and
local policies to develop low-carbon eco-cities.

In the end, there is no carbon emissions caused by
industries in this project because of its small scale.
However, the methodology of proposing an indicator
system and the relevant implementation strategies of
developing a low-carbon eco-city, as well as the
calculation method of carbon emissions, can provide a
reference for other cities.
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