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Abstract: Due to the complexity of sustainable urban research,
the environmental sustainability was assessed. Taking the
sponge city as an example, the case study was conducted
based on the integrated geographic information system ( GIS)
and emergy methods. The results demonstrate that the emergy
of  agricultural  crops, industrial ~ products,
comprehensive energy products, imports and exports, waste

products and increased natural system emergy are the decisive

major

factors for the sustainability assessment. Agricultural crops are
the primary contributor, which accounts for 48. 9% of the
total emergy amount. Urban solid waste has a self-evident
superiority in the waste products’ emergy proportion. Surface
water and vegetal biomass emergy possess the pivotal
consequences, far higher than soil organic matter. The sewage
treatment stations ( 0.11% ) play a small role in the
sustainability assessment of the sponge city. The emergy
sustainability index is 0. 021 81,
environmental sustainability. According to the study results,

which indicates poor

increasing renewable energy input proportion and adopting the
vegetal biomass of high unit emergy values ( UEVs) can
improve the sustainability level.
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‘x 7 ith the rapid development of economy, urbaniza-

tion is becoming more common in China. As the
world’s largest developing country, China has more than
297 prefecture-level cities, which are all growing rapidly.
The process of urban development requires a great deal of
materials, energy, and capital; meanwhile, a large num-
ber of pollutants will be discharged, including exhaust
gas, wastewater, and solid waste. For example, according
to the Chinese state of the environment bulletin in 2018,
217 cities (73% of all cities in China) and 52% of Chinese
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rivers are substandards'”. In 2019, 1.55 x 10" t of con-
ventional solid waste, 4.643 x 10’ t of industrial hazardous
waste, 8.17 x10° t of medical waste, and 2.147 3 x 10" t
of domestic garbage were produced in China"™'. Under
these circumstances, Chinese cities face substantial envi-
ronmental problems, and there is an urgent need to
evaluate the environmental sustainability in the city.

Until now, several sustainable studies have been con-
sidered widely through different analysis perspectives for
the cities. Many scholars have studied the relationship be-
tween environment and capital, such as the tourism econ-
omy", coal and sustainable city'", strategic planning"”’,
indicators assessment'”, African perspective'”’, shrinking
cities sustainability'™', and behavioral guidance impact on
the sustainability of city'”.

Therefore, there are some drawbacks of these studies,
such as incomplete angles, a lack of pollutant emissions and
no renewable energy, which will have a negative impact on
sustainability. In order to optimize the research results,
emergy analysis (EMA) was conducted in Ref. [10]. The
greatest advantage of this approach is that it allows all ele-
ments to be considered in the system. Up to now, emergy-
GIS has only been performed in the ecological city field.

Taking a city in Italy as an example, some researchers
focused on renewable resource flows to evaluate sustain-
ability based on the emergy-GIS approach. Emergy-GIS
synthesis was applied to the natural and the human-made
capital of the Campania region through the environmental
support directly and indirectly provided by natural re-
sources generation. In previous studies, emergy-GIS was
adopted to assess renewable natural resources flow and net
primary productivity in Japan. According to the emergy-
GIS method, Qi et al. "' selected the sponge urban area to
study the reconstruction effect. Campbell'” chose the
megacities to study the sponge city transformation, which
can enhance the application degree of the emergy-GIS the-
ory. These studies have a series of shortcomings by using
emergy and GIS investigations, including a non-sponge
city selection, an old emergy baseline, a lack of pollution
calculation and insufficient indicators, etc. In this context,
this paper considers all the situations to make up for the
defects for better sustainability in these cities.

1 Methodology
1.1 Study area

Lishui city belonging to Nanjing city has a subtropical



76

Zhang Junxue and Li Shan

monsoon climate, with an annual temperature of 15.4 C
and an yearly wind speed of 3.00 m/s based on the mete-
orological data of 2019. The land area is 1 067 km®, and
it has a population of 443 600. As an essential area of
Nanjing, the gross domestic product of Lishui is 1.237 x
10" US dollars. All expenses have been converted into
US dollars based on an exchange rate (6. 87 Yuan =1
dollar). Fig. 1 shows the specific residential area (red
parts) .

I Residential area

Fig.1 The residential area located in the city

1.2 Data collection of the sponge city

In order to calculate the sustainability of the sponge cit-
y, primary input data should be considered carefully, in-
cluding agricultural data, industrial data, service data and
energy data, etc. The main data is shown in Tab. 1.

Tab.1 Primary input data for the sustainability assessment in
the sponge city

Item Value Ttem Value
Grain weight/10° t 1.52 ||Cement weight/10° t 7.56
Wheat weight/10* t 4.30 ||Tron weight/10° t 1.61
Bean weight/10* t 0.11 ||Steel weight/10° ¢ 1.64
Vegetables weight/10* t 40 ||Plastic weight/10* t 3.78
Fruit weight/10* t 0.37 ||Rubber weight/10° t 3.40
Meat weight/10* t 4.85 || Tap water volume/10% m*  1.29
Milk weight/10* t 1.40 ||Power energy/(10° kW - h) 4.63
Egg weight/10* t 3.36 ||Gas volume/10°m? 2.49
Gasoline weight/10° t 7.41 ||Service industry cost/dollar 320
Diesel weight/10* t 6.31 ||Export cost/10° dollar 7.88
Wastewater volume/10%m* 1. 00 ||Import cost/10% dollar 1.53
COM weight/10° t 4.30 || Dust weight/10° t 9.62
SO, weight/10° t 1.24 ||Solid waste weight/10°t  1.98

In order to enhance the sustainability in the sponge
city, the sustainable assessment is conducted through the
expansion of the sewage pipe network in the sponge city
(see Fig.2). There will be 18 new pumping stations built
in the city to improve the performance of the sponge city,
and the sewage volume is 3.79 x 10° m’/d.
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Fig.2 The expansion of the sewage pipe network in the
sponge city

1.3 Emergy approach

1.3.1 Emergy analysis

As a comprehensive concept, the emergy method com-
prises of the direct part, the indirect part, the energy
part, and labor & service. Its unit is solar emergy, which
was proposed by Odum'"” first. The most important supe-
riority of emergy is that it can integrate environment re-
sources, products, and services into a unified platform to
assess the impact of sustainability'"”. The specific emergy
calculation method involves the multiplication result by
quantity and unit emergy values (UEVs). In more detail,
mass, energy, and money can be converted into solar
emergy(unit: sej) by way of unit emergy values'”
this paper, the latest emergy baseline (12 x 10** sej/a) was
adopted for the sustainable assessment of the sponge city.

In

1.3.2 Emergy inputs of the sponge city

There are three inputs to connect the sponge city, in-
cluding renewable energy, the agricultural resources input
part, and the waste product input. The non-renewable
part consists of agricultural resources, industrial re-
sources, energy, labor & service, the export, and the im-
port part. The renewable part is the renewable energy, in-
cluding sunlight, rain(chemical potential), rain( geopo-
tential), wind ( kinetic energy), and geothermal heat.
The discharge part is composed of pollutant emissions,
which are the exhaust gas and solid waste.
1.3.3 Ecological indicators

In this paper, there are a series of emergy indicators for
the sponge city assessment. For example, the renewabili-
ty rate, increased natural system rate, increased human-
made system rate, emergy personal density, emergy inten-
sity, environmental pollutant rate, emergy investment ra-
tio'"”, emergy yield ratio, environmental loading ratio
and emergy sustainability index'""', etc.

1.4 GIS method

As a universal and capable software, the geographic in-
formation system ( GIS) plays a pivotal effect in several
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research fields. Therein the urban sustainability is one of
them'”". Generally speaking, the GIS integrates hard-
ware, software, data, people, procedures, etc. It can
take advantage of the collection, storing, manipulating,
analysis, and visualization for the spatially distributed
phenomena to realize the multiple purposes, involving in-

. 18
ventory, management, and strategic reference' ™.

1.5 Increased human-made system emergy calcula-
tions
1.5.1 Sewage treatment station emergy calculation

There are two steps for the sewage treatment station
emergy calculation. First, the freshment volume needs to
be calculated, as follows:

i

H, x10’
(™

i

)d -M,,, (1

where Q, is the emergy of fresh water; H, is the water
pollutant disposal weight per year (2.5 x 10° kg/a); d is
the density of water (1 000 kg/m’); e, is the acceptable

concentration ( 15 mg/L); M is the discharged

water

wastewater volume per year (4.51 x10° m’/a).
Secondly, the emergy of wastewater can be obtained as

Ewalcr. i~ Qi Tn (2)

is the emergy from the evaluated system; T

n

where £, ;
is the unit emergy value of surface runoff in China.
1.5.2 COD emergy calculation of the nonpoint
source pollution

In order to assess sustainability using emergy in the
sponge city, the chemical oxygen demand (COD) emer-
gy of the nonpoint source pollution should be computed.
The stormwater runoff is required to be responsible for the
nonpoint source pollution in the urban area, which can
take the natural and human-made pollutants into the water
bodies'”’. As the most important indicator, COD repre-
sents the pollution level, so the COD emergy must be cal-
culated for the sponge city assessment. According to Qin
et al. ™', about 50% of stormwater was polluted and it is
similar to wastewater. In light of the assumption propor-
tion, the COD emergy of the stormwater runoff can be
displayed as'"

Weon =0.5Aconfcontd Ve (3)

where W, is the energy amount in COD (J); Ay, is the
concentration of COD (120 mg/L); f.,, is the energy
content of 1g COD (3.4 k/g); 6 is the unit ratio (4 186
J/K); V___is the volume of the storm runoff water.

‘water
EB = Weon Quev (4)

where W, can be calculated by Eq. (3), and Q,, is the
unit emergy value of the wastewater.

1.5.3 Industrial pollutant emergy calculation in the

sewage treatment station
[22]

On the basis of the related study ™', the human health

23
effect can be assessed as'”!

L= WDa (5)
where L is the human health effect emergy loss; W, is the
exhaust amount (m®); D, is the disability adjusted life per
year; « is the emergy of humans per year (1.68 x 10"
sej/(a - person)) ™.

The exhaust gas amount is
U, x10°

M, =c T (6)
where M, is the dilution air amount per year (kg/a); c is the
air density (1.23 kg/m’); U, is the mass of annual air pollu-
tants (kg/a); s, is the acceptable concentration (mg/ m’).

The ecological service emergy can be obtained as

R, ,=0.5MV'T, (7)

where R, ; is the environmental emergy; v is the wind
speed (3 m/s); and T is the wind transformity (1. 86 x
10° sej/J).

Mud emergy can be obtained as'”’

Sim =Z,. B (3)

where S,, is the mud emergy; Z_, is mud value (2. 32
ha); P, is land demand™” ; B, is the transformity of
land.

1.6 Emergy calculations of the natural system

For the natural system in the sponge city, there are
three categories, including vegetal biomass, soil organic
matter, and surface water. The specific calculated formu-
las can be found as follows.

1.6.1

In this paper, there is a hypothesis; i. e., the annual

Surface water emergy calculation

runoff volume is equal to the accumulated surface water

for the sponge city. The surface water emergy is'””

F, =VdG 9)
where F, is the energy of the surface water (J); V is the
volume of water (m’); G is the Gibbs free energy of sur-
face water, and the value is 4 940 J/kg.

E,=F.U, (10)

where E, is the emergy of surface water in the sponge city
(sej); U, is the unit emergy value of surface water (2. 05
x 10* sej/T) .
1.6.2 Vegetal biomass emergy calculation

In order to calculate the vegetal biomass emergy, the
following formula can be used:

U= Y (SU) i=1,2,...n (11)

where U is the entire vegetal biomass emergy; S, is the
vegetal biomass amount (mass, volume, or number); U,
is the unit emergy value of the vegetal biomass in the
sponge city.
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2 Results and Discussion

2.1 Emergy value in the sponge city

In Tab. 2, the unit emergy value of sunlight and geo-
thermal heat can be referred as Refs. [29 —30]. In Tab.
3, all the unit emergy values can be obtained from Ref.
[31]. In Tab.4, the unit emergy values of plastic can be
obtained from Ref. [32]. In Tab.5, the unit emergy val-
ues of diesel can be found in Ref. [33]. The unit emergy
values of the service industry can be obtained from Ref.
[34].

Tab. 2
sponge city

Renewable energy emergy calculation results of the

2.2 Emergy analysis

In Tabs. 2 to 7, several comprehensive evaluated tables
have been calculated to demonstrate the emergy structure
of the sustainable contributions in the sponge city. There
are nine sections that affect the estimated result, including
renewable energy emergy, agricultural crop emergy in
2019, major industrial products emergy in 2019, compre-
hensive energy emergy in 2019, labor & services emergy
in 2019, imports and exports emergy in 2019, waste
product emergy in 2018, natural system emergy and pol-
lutant emissions emergy.

Tab.6 Labor, inport & export and emergy calculation results
of the sponge city

Item Energy/J Unit errhlergy Emergy/sej Item Cost/dollar Unit emergy Emergy/sej
value/(sej + J7') value/(sej + dollar ~')
Sunlight 4.07 x10"® 1 4.07 x10'8 Service industry 3.2 x10'° 1.14 x10" 3.65 x 10%
Rain ( chemical potential)  2.16 x 10'3 2.35x10*  5.08 x10" Export 7.9 %108 6.05 x 10" 4.78 x 10%
Rain ( geopotential) 9.41 x10™ 2.79 x10*  2.63 x10" Import 1.5 x10° 7.36 x 10" 1.10 x 10%!
Wind (kinetic energy) 1.17 x 10" 1.90 x10°  2.22x10"
Geothermal heat 1.18 x 103 4.37x10*  5.16x10'° Tab.7 Natural and human system emergy calculation results
Electricity 4.60 x 10° 4.50x10°  7.45x10%  of the sponge city
Gas 2.50 x 10° 1.34x10°  1.21 x10? Item Energy/J Emergy/sej
Surface water 6.83 x 10" 1.40 x 10?!
Tab.3 Agricultural cropemergy calculation results of the sponge Vegetal biomass 6.83 x 1013 1.29 x 102!
city Soil organic matter 6.83 x10" 5.53 x10"7
Item Weight/t Unit emergy value/(sej - t~') Emergy/sej
Grain 1.52 x10° 1.84 x10"7 280 x 102 According to the proportion of all items, the emergy of
Wheat 4.30 x 10* 1.84 x 107 7.91 x 10! agricultural crops, major industrial products, comprehen-
Bean 1.10 x10° 1.84 x10" 2.02 x10% sive energy products, imports and exports, waste prod-
Vegetables  4.00 x 10° 5.89 x 10" 2.36 x 10! ucts and increased natural system emergy account for
Fruit 3.70 x 10° 5.89 x 10" 2.18x10”  99.31% of the entire emergy in the sponge city, which
Meat 4.85 x10* 2.27x10% 1.10 10" are the decisive factors for the sustainability assessment.
Milk 1.40 x 10* 9.85x10" 1.38x10'° Agricultural crops are the primary contributor, which ac-
Egg 3.36 x 10* 8.18 x 10" 2.75 x10'

Tab.4 Major industrial products emergy calculation results of
the sponge city

Unit emergy

Item Weight/t value/(sej - t-1) Emergy/sej
Cement 7.561 28 x 10° 1.93 x10% 1.46 x10%
Iron 1.612 24 x 10° 2.39 x 10" 3.85 x 10%
Steel 1.644 57 x 10° 3.49 x 10 5.74 x 10%
Plastic 3.780 20 x 10* 4.48 x10% 1.69 x10%
Rubber 3.404 85 x 10° 4.48 x 10" 1.53 x10%

Tab. 5 Comprehensive energy emergy calculation results of

the sponge city

Unit emergy

Item Weight/t value/(sej - t-1) Emergy/sej
Gasoline 7.406 516 x 10° 8.41 x 10* 2.68 x 10!
Diesel 6.312 02 x 10* 8.41 x 10* 2.45 x10%
Petroleum 1.620 19 x 10° 8.41 x 10* 5.72 x10%
Coal 3.312 14 x 10° 7.67 x10* 7.62 x10%°
Urban wastewater 1.0 x10% 3.40 x 10" 3.40 x 10%
Urban solid waste 1.9 x 10° 1.36 x 10" 2.58 x10%

counts for 48. 9% of the total emergy amount, followed
by comprehensive energy ( 18. 7% ), major industrial
products (16.3% ), imports and exports (7. 26%),
waste products of sponge city (4.98% ), increased natu-
ral system emergy (3.32%).

As a human-made system, the sewage treatment sta-
tions (0.11% ) play a small role in the sustainability as-
sessment of the sponge city; meanwhile, the natural sys-
tem (0.11% ) also has a little effect on the evaluated sys-
tem as a whole.

Moreover, renewable energy (0. 17% ) and labor &
services (0.45% ) have an unconsidered status for the sus-
tainability assessment in the sponge city.

In details of the agricultural crop emergy in 2019, the
grain, wheat, and vegetables have dominant impacts, and
the proportions are 47. 3% of the total emergy and
96.7% of the agricultural crop emergy. For comprehen-
sive energy in 2019, it exerts a secondary influence on
the complete result, and the primary energy types are
electricity (9.2% ), gasoline (3. 31%), and diesel
(3.02% ) . The major industrial products in 2019 were the
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third most influential factor, and they were composed of
cement (1.86% ), iron (4.75% ), steel (7.09% ), plas-
tic (0.21% ), rubber (1. 89%), and tap water
(0.55% ). Among them, steel and iron are the essential
parts and take up a 72.3% ratio for the entire industrial
product emergy. Imports and exports in 2019 make the
role of the fourth. Therein, export emergy (5.9%) is
more crucial than the imports emergy (1.36% ).

Given the waste products emergy of the sponge city in
2019, there is also a necessary implication, comprising of
urban wastewater (0.42% ), chemical oxygen demand
(1.02% ), carbon dioxide (0.01% ), dust (0.26%),
and urban solid waste (3.19% ). Urban solid waste has a
self-evident superiority in the waste products’ emergy pro-
portions.

Natural system emergy consists of three factors, inclu-
ding surface water (1.73%), vegetal biomass
(1.59% ), and soil organic matter (0.00% ). Therein,
the surface water and vegetal biomass possess the pivotal
consequents in light of natural systememergy, far more
significant than soil organic matter. The human-made
system has two items, including exhaust gas ( dust and
SO,) and the mud waste of stations, which has hardly
any impact (0. 11% ) on the emergy assessment of the
sponge city.

2.3 Emergy indicators analysis

All the ecological indicators of the sponge city are
shown in Tab. 8. The renewability rate is 1. 665 x 10 -
which can demonstrate the weak sustainability and ecolog-
ical level for the sponge city. As the unit indicator,
emergy personal density and emergy intensity are 1. 83 x
10" sej/person and 7. 59 x 10" sej/m’, which are high
emergy level for people and land use. Environmental pol-
lutant rate, emergy investment ratio, emergy yield ratio
and environmental loading ratio are the foremost indices
for sustainability in the sponge city and based on these re-
sults, the final emergy sustainability index can be calcu-
lated. In this paper, their values are 0.048 927,
0.072 562, 11.611 2, 532.436 7 and 0.021 81, respec-
tively. According to the standard study''®,
ability indicator is less than 1, which illustrates the nega-
tive sustainability degree for the sponge city in the long

the sustain-

run.

Tab.8 Calculated results of ecological indicators

Items Results
Renewability rate/10 ~* 1.665
Increased natural system rate/10 ~> 3.3203
Increased man-made system rate/10 ~* 1.109
Environmental pollutant rate/10 ~> 4.892 17
Emergy investment ratio/10 =2 7.256 2
Emergy yield rate 11.6112
Environmental loading ratio 532.436 7
Emergy sustainability index/10 ~2 2.181

2.4 Increased natural system impact on sustainability
assessment in the sponge city
2.4.1 Surface water changes based on GIS and
emergy methods
The simulation effects are shown in Fig. 3. Fig.3(a) is
the surface water before the construction of the sponge city,

and Fig.3(b) is the current state of the surface water.
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Fig.3 The changes in the surface water area in the sponge cit-

y. (a)The previous state; (b) The current state

On the basis of the GIS method, the difference between
the two pictures can be found. There is an apparent varia-
tion, which increases the surface water area, especially
on the northwest side of the city. Fig. 3(b) shows the
clear signs of water accumulation due to the natural sur-
face water increment.

According to our investigation and official statistics,
before planning and construction of the sponge city, there
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was a 22.66 km” surface water area and the surface water
ratio was 6. 17% . After the construction, the correspond-
ing data is 29.42 km’and the surface water ratio becomes
8.01% . Following the emergy approach, the emergy
proportion of surface water accounts for 1. 73% of the
whole emergy in the sponge city, which corresponds to a
surface water area ratio of 1.84% .

In this section, the GIS method gives the qualitative
presentation and exhibits fine visualizations for the result
in the sponge city; meanwhile, the emergy method pro-
vides the quantitative calculations to assess the sustainable
level. Through the integrated analysis of these two ap-
proaches, it is better to demonstrate the effect of sustain-
ability evaluation.

2.4.2 Vegetal biomass changes based on GIS and
emergy methods

A parallel analysis mode can be used in Fig.4. Given
the GIS consequence, there is a sharp distinction between

I Water area ||
N Green space
I Forest area

I Water area
N Green space
B Forest area

(b)

Fig.4 The changes of the vegetal biomass area in the sponge

city. (a) The previous state; (b) The current state

the previous result and latter reconstruction, as shown in
Fig. 4. In line with an approximate estimate, the green
land area in Fig. 4(b) is greater than that in Fig.4(a). In
Fig.4(b), the green area accounts for more than 50% of
the total area. It is simple to generate the qualitative re-
sults so that much greater sustainability can be displayed
in Fig.4(b) due to the large green land area.

Compared with the GIS methodology, the emergy anal-
ysis offers a different result in Tabs. 2 to 7. Between the
two effects, there is only 1. 59% of emergy amount
difference rather than more than 50% disparity in the
sponge city.

Through the GIS method, good visualization can be re-
alized for the sustainability effect. In order to improve the
situation, the emergy analysis can be adopted as a supple-
ment. A unified analysis that integrates the GIS and
emergy methodology can produce reliable and more pre-
cise results for the sustainability assessment of the city,
including qualitative analysis and quantitative analysis.

2.5 Increased human-made system impact on sus-

tainability assessment in the sponge city

In this paper, as an input item, there is a human-made
system that is added to the evaluated system of the sponge
city, which is the sewage treatment system, involving 18
sewage treatment stations. The emergy analytical results
can be sought out in Tab. 2. The human-made system is
made up of exhaust gas (dust and SO,) and mud waste,
and only 0.11% of the emergy proportion belongs to the
human-made system, which has shown a weak influence
on the sustainability assessment in the sponge city. Taking
the man-made system as an example, the exhaust gas
(dust and SO,) barely contributes to the the emergy as-
sessment of the sponge city.

2.6 Similar research comparison

Until now, there are several articles that involve the GIS
method and Emergy approach. Compared with this paper,
some weaknesses can be found, as follows: The old emergy
baseline has been adopted in one paper'"'; meanwhile, no
emergy baseline can be discovered in others. Due to having
the old emergy baseline or no baseline, the sustainability as-
sessment for the city is harmed. Meanwhile, only two pa-
pers conducted studies based on the GIS-emergy method in
the sponge city. This can also create research uncertainty
while sustainable evaluation is conducted in the town. Com-
pared to these papers, no paper performed the calculations of
the added natural system or added a human-made system.
Finally, as the pivotal evaluated indices for sustainability,
few articles carried out the emergy indicators design, which
affect the accuracy of the assessment.

3 Suggestions and Strategies

3.1 Enhancing renewable energy input proportion

In this paper, renewable energy has been considered for
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sustainability assessment in the sponge city system. Obvi-
ously, owing to the small proportion, it has almost no
effect on the sustainability of the system. In order to im-
prove the situation, the energy structure should be adjus-
ted for the city system, especially enhancing renewable
energy input proportion, such as solar power, hydropow-
er, and wind power. In China, there are several obstacles
for large-scale deployment of such clean energy, invol-
ving superabundant investment, professional and technical
obstacles, and geographical restrictions. For the purpose
of improvement, financial subsidies and favorable tax
policies are good measures for enlarging the clean energy
proportion. A few studies can give the references, such
as solar power™', hydropower™, wind power"”.

3.2 Adopting the vegetal biomass of high UEVs in
the natural system

As a critical part, the selections of plant species and
vegetal biomass play an irreplaceable role. For the sake
of sustainable level improvement in the sponge city, plant
species and vegetal biomass with high unit emergy values
(UEVs) should be chosen. In this paper, the vegetal bio-
mass emergy accounts for 1.59% of the entire emergy in
the sponge city. If several plant species and vegetal bio-
mass with high UEVs can be used in the emergy calcula-
tions, the emergy proportion of the natural system will
rise to some extent, resulting in a higher sustainability for
the sponge city.

For example, when you have four choices of plant spe-
cies, citrus and arboriculture should be selected rather
than shrub and poplar forest based on the high UEVs
standards, for the purpose of boosting the sustainability
level in the sponge city.

3.3 Feasibility and advancement of emergy-GIS

methodology

Based on the GIS pictures, the high definition details
of the sponge city can be found, such as surface water, a
residential area, green vegetation area, agriculture, for-
estry and mountain areas, etc. Through the changes in
GIS pictures in a sponge city, qualitative results can be
obtained so as to help the reader understand the research
content well, which is a significant advantage. Compared
to the GIS method, the emergy analysis can generate ac-
curate quantitative calculations apart from a good visual-
ization effect. In view of the benefits of the GIS method
and emergy approach, a unified platform ( emergy-GIS)
can be formed to study sustainability in the sponge city.

4 Conclusions

1) The emergy of agricultural crop, major industrial
products, comprehensive energy products, imports and
exports, waste product and increased natural system
emergy are the decisive factors for the sustainability as-

sessment.

2) Agricultural crop is the primary contributor, which
accounts for 48. 9% of the total emergy amount, fol-
lowed by comprehensive energy (18.7% ), major indus-
trial products(16.3% ), imports and exports (7.26% ),
waste products of sponge city (4.98% ), and increased
natural system emergy(3.32% ).

3) As a human-made system, the sewage treatment sta-
tions (0.11%) play a small role in the sustainability as-
sessment of the sponge city.

4) A series of indicators are 0. 001 665 (renewability
rate), 0. 033 203 ( increased natural system rate),
0.001 109(increased man-made system rate), 0.048 927
(environmental pollutant rate), 0.072 562 ( emergy in-
vestment ratio), 11.6112 ( emergy yield ratio),
532.436 7 (environmental loading ratio), and 0.021 81
(emergy sustainability index).

5) A unified analysis that integrates the GIS and emer-
gy methodology can produce reliable and more precise re-
sults for the sustainability assessment of the city, inclu-
ding qualitative analysis and quantitative analysis.

6) The shortcomings have been improved in this paper
in order to obtain precise sustainability assessment results.
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