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Abstract

This study aims to establish baseline data for sustainable monitoring by applying the green city index (GCl), which is set up
to evaluate the city level, to the city of Gangneung-si, which was designated as a pilot city for the Low-carbon Green Growth
City project by the Ministry of Land, Infrastructure, and Transportation. The GCI was applied in the framework of European
systems, while considering the socia and economic status of Korea. Indicators from 7 areass—CO,, energy, building,
transportation, water, waste, and quality of atmosphere were analyzed, except for quaitative indicators. Results indicate that
total CO, emissions were 30.8 tons per capita, or 2.2 tons per one million units of real GDP. The tota final energy
consumption was 0.231 TOE/capita, or 0.317 TOE per one million units of real GDP. The percentage of total energy derived
from renewable resources was 0.41% and energy consumption by the building was 433.5 Mwh/1,000 m'. The tota percentage
of the working population travelling to work daily by public transportation (limited to bus) was 19%. Further, the total annual
water consumption was 99 m’/capita, and the water lost in the water distribution system was 0.057 m'/capita/day. The total
annual waste collected was 0.0077 ton per capita, The annual mean emission were 0.014 ppm/day for NO,, 0.005 ppm/day for
SO, and 0.019 ppm/day for Os. The annual mean for PM1o emissions was 39 pg/m’/day.
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1. Introduction organizations and national environmental policy
ingtitutions have conducted quantitative and qualitative

More than 50% of the world’s population currently investigations into the conditions of urban ecosystems

lives in cities. The ICLEI (international council for
locd environmental initiatives) has estimated that, of
the total world population of 9 billion expected by
2050, two-thirds will reside in cities Rapid
urbanization has developed aongside numerous
environmental and social concerns. Environmental
issues include serious changes to natura ecosystems,
such as biodiversity loss and climate change. In
response to such concerns, international environmental

and developed environmental evaluation indicators
that can be applied to help solve these urban
environmental issues (Sherbinin et a., 2013). To
promote wel-being and build a well-equipped,
eco-friendly and sustainable society, countries have
used the EPI (environmental performanceindex, which
evaluates environmental improvement) and the ES|
(environmental sustainability index, which assessesthe
sustainability of a country based on environmental,
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societal and financial conditions). The Climate Change
Performance Index by Germanwatch compares
different countries based on their efforts against
climate change (Burck et a., 2008). However, the
index has limitations because, with its country -level
focus, it does not reflect actions at the regiona level.
For a comprehensive comparison of city units, A.T.
Kearney's globa cities index (GCl) is often used in
Europe becauseit evaluates cities differently according
to each continent’ s characteristics, rather than applying
a blanket approach to al cities in the world (Ko and
Kim, 2010). In Asia, 22 metropolitan areas, including
Seoul, have implemented the Economist Intelligence
Unit's Green City Index; however, small and
medium-sized cities could not be included because of a
lack of clear and consistent data for evaluation.

In Korea, the“ Low Carbon, Green Growth” act took
effect in April 2010; studies on an index for Low
Carbon, Green Growth cities have since been under
way as a key government policy. While previous
studies mostly focused on the development and
application of an index related to nature conservation,
transport, energy, environment, hedlth and environ —
mental disasters (Choi, 2011; Lee, 2013; Lee et dl.,
2011; Lim, 2011; Park and Kim, 2010; You et a.,
2005), Lee and Kim have suggested improvements via
laws and systems for building green cities. Song et a.
(2008) addressed the need for alow-carbon, green city
index that also considered quality of life.

The National Ingtitute of Environmental Research
(2013) applied the Green City Index to large municipa
governments and some small and medium-sized cities
to determine their rankings. Previous studies on the
Low Carbon, Green Growth index, however, were sill
lacking research into low-carbon, green competitiveness
comparisons between cities (Ko and Kim, 2010).

Adapting the international standard index to
domestic conditions aso created limitations for
comparisons between domestic municipa governments
and foreign cities. Because the index is applied to big

cities, it is also especialy difficult to use on cities of
any size. Thislimitation wasidentified in Korea after a
case study applied the GCI to small and medium-sized
cities. Accordingly, it is clear there is a need to
construct a standard data method and evaluate it
continuoudly. Thus, this study aims to propose a data
frame for all the items needed to apply a GCl system,
with the goal of building standard data for monitoring
in the future,

2. Study Site and Methods

2.1, Study site

The study site was Gangneung, chosen by the
government as a low-carbon, green pilot city.
Gangneung has a population of 214,560 people (2015)
and atotal areaof 1,040 km’. It islocated in the center
of the Baekdudaegan mountain range, on the eastern
side. To the east, Gangneung is bordered by the East
Sea of Koreg; to the west are Nae-myeon, Hongcheon
-gun; Jinbu-myeon; and Daegwonryoung-myeon,
Pyeongchang-gun. On the city’s southern border are
Donghae-shi; Imgye-myeon; and Buk-myeon, Jeongseon
-gun. North of Gangneung are Hyeonbuk-myeon and
Hyeonnam-myeon. Gangneung is surrounded in total
by five cities and the province of Gangwon-do (Fig. 1).

Legend

1. _ }8eundan of Gangwen-do

Study area

Fig. 1. The location map of the survey sites.
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It was designated as the low-carbon, green growth pilot
city by the Ministry of Lands, Infrastructure and
Transport in 2009.

2.2, Methods

The Green City Index was developed by the
Economist Intelligence Unit and is sponsored by
Siemens, amultinational corporation. It was created to
evaluate the environmental sustainability of cities and
provide a means of comparing the performance of
different cities (EIU, 2011).

Koreaislocated in East Asia, S0 it is appropriate to
evaluate it according to the index used for Southeast
Asia, which encompasses many developing countries.
However, Korea is ranked as a developed country
based on itsfinancial and socid levels of development.
Accordingly, this study has used the European index
system, which considers factors such as energy
efficiency and reduction of carbon dioxide, and not
developing-country hygiene factors such as drinking
water quality and septic tank usage.

The present study used the quarntitative evaluation
indicator to collect base data for Green City Index
evaluations. The multiplicatively weighted application
was excluded for base data construction. The seven
evaluation items included CO,, energy, building,
transportation, water, waste and land utility, and
aimosphere quality. Table 1 shows the calculation
formula and data sources. Evaluation items for CO,
included CO. emissions per capita and GDP;
evauation items for energy included energy
consumption per capitaand GDP, and rates of new and
renewable energy. For evaluation related to building,
house energy was examined. For transport, factors
such as dternative forms of transportation and public
traffic systems were evaluated. The evaluation of
atmosphere quality was based on concentrations of
nitrogen dioxide, sulfur dioxide, ozone and PM10. The
EIU applied the Green City Index evaluation method
taking into consideration data reliability and access,

because cities did not aways clearly identify their
evaluation data according to the same standards used
by the EIU.

For data collection, this study used the nationa
statistics porta to access information about the green
climate city registration project, as reported by the
Korea Environment Corporation in the Gangneung-s
datistics annua report and in datistics from the
Ministry of Infrastructure and Transport.

3. Results

Based on the data sources described previoudly, CO,
emissons for Gangneung were found to total
6,692,461 tons, which eguates to per-capita emissions
of 30.8 tons based on the population of Gangneung
(216,806 people).

Energy consumption for Gangneung totaled
948,600 TOE (ton of oil equivaent), or 0.23 TOE per
capita. Energy consumption per GDP was 0.231
TOE/one million won, based on the total consumption
of 948,600 TOE and a GRDP of 2,990,426 million
won. Theratio of new and renewable energy sourcesto
existing energy sources was 0.41%, based on total
energy consumption of 948,600 TOE and new and
renewable energy supplies amounting to 3,928 TOE.

Building energy consumption was 4335 Mwh/
1,000 n?, based on total electric power usage of
2,238,004 Mwh and atotal building footprint of 5,162
m’. According to data on Gangneung public bus
transportation, the ratio of daily public transportation
trips to trips by all other forms of transportation came
to 19%.

Water consumption per capita totaled 99 m” based
ontotal consumption of 21,810,277 n’, with an average of
12,514 m” of water lost per day, which equates to a per
capitaloss of 0.057 .

With atotal of 1,690 tons of waste collected annual,
daily waste removal came to 0.0008 ton per capita
Concentrations of NO, emissions for the air pollution
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Table1l. Formulaand data collection according to the Indicator of GCI

Indicator Formula Data Source
The volume of CO, emission .
: Enroliment Project of
Total CO, Regional CO, emissions ~&ccording to the energy Green Climaté City
emissions, intons  (ton)/Regiona number resources (Region)
er capita of population it
pereep pop e-local indicator (Population) Inﬁgiﬁnaticiansse%?]oe
CO;
The volume of CO, emission !
- Enroliment Project of
according to the ener : :
Total CO, Regiond CO, emissions resourceg (Region) ¥ Green Climate City
EMISIONS, INP (t6n)/Regional GRDP
unit of real GDP local indicator (GRDP) Korean Statistical
elocd indicator : ;
Information Service
) Regional ti Consumption structure according Korean Statistical
Total final energy feglon consurg_p o to the energy resources Information Service
consumption ?h energy acoc()rTénE% /to
o e resources o ) K ot
per capita Regional population elocal indicator (Population) lmg;ﬂigﬁagﬁﬂw
) Reaiona ti Consumption structure according Korean Statistical
Totl fina energy cgiona; consurmption to the energy resources Information Service
Ener consumption. per of energy according to
¥ itof resl Gbp  the resources (TOE/ . Korean Statistical
unitof r Regional GRDP elocd indicator (GRDP) Information Service
The percentageof ~ Amounts of regiona Supply of new and renewable Korean Statistical
total energy derived  renewable energy energy (Regiond output) Information Service
from reneweble (TOE)/ Supply Amounts  consumption structure according Korean Statistical
resources of regional energy to the energy resources Information Service
Usage of electric power -
y e according to usage types Stetistics annual report
: e o ric er
Buildin Energy consumption Tsag TOE)/ Gr(?szw Statistics System of
g f the build (Types)(TOE) ; - L2
of the building floor area of building Status of regiona buildings Ministry of Land,
(Gross floor area) Infrastructure and
Transport
Thetotal percentage Trip ratio according to the
of the working transportation means per day Stetistics annual report
Transportati population } (Share ratio)
on t tral\(/ellingbl_ Korean Statistical
0 work on public ;
transpoFr)t Status of subway operation Information Service
Reaiona t of Amount of water consumption Korean Statistical
Total annual water gione amount o (Metropolitan city & Province) Information Service
consumotion water consumption (m*)/
porcapita Redlonal mumber of 1T or (Population) Korean, Siatisica
Water pop Information Service
: . Status of water lost (Average Korean Statistical
Water lost in the Regiona water lost . :
water distribution  (m/day)/ Regional water lost per day) Informetion Service
system number of population elocal indicator (Population) Statistics annual report
Regiona amounts of Environment (Remova of Korean Statistical
Waste Total annual waste ~ waste (ton/day)/ waste) Information Service
collected, per capita  Regional number of e : o
population e-local indicator (Population) Statistics annual report
Annual f . . . .
Nrg:lanq]g)]n% - Environment (Air pollution-NO;)  Statistics annual report
Annua mean of SO, : : : Korean Statistical
Quality of emissions - Environment (Air pollution-S0,) Information Service
Atmosphere  Apnual mean of Oy Air pollution of Os according to -
emissions ) the month and city Statistics annual report

Annua mean of
PMjo emissions

Environment
(Air pollution-PM10)

Korean Statistical
Information Service
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Table 2. Integration of results according to the application of GCI to Gangneung

) Gangneung-si
Indicator Data -
Value of data Unit Calculated vaue
The volume of CO, emission
Totd CO, emissions,  &ccording to the energy resources 6,692,461 ton )
in tonnes per capita (Region) 30.8 ton/capita
elocal indicator (Population) 216,806 person
o The volume of CO. emission
Totdl CO; emissions,  aecording to the energy resources 6,692,461 ton 22 ton/one
n peré?)ltpof red (Region) million won
elocal indicator (GRDP) 2,990,426 One million won
Total final energy Consumption structure according 948 600 TOE 0231
consumption, per to the energy resources ' TOIé/capita
capita e-loca indicator (Population) 219,274 person
Total final energy Consumption structure according 948 600 TOE
consumption, per unit to the energy resources ' Or?il?I i;]ov%//(;)r?e
of real GDP elocal indicator(GRDP) 2,990,426 One million won
The percentage of Supply of new and renewable 3928 TOE
total energy derived energy (Regiona output) ' 0.41%
from renewable Consumption structure according 948,600 TOE '
resources to the energy resources '
Usage of electric power according 2238004 MWh
energy consumption to usage types T 4335
of the buildiny i ildi Mwh/1,000 i
g Status of regional buildings 5,162 1,000 nf
(Gross floor area)
Thetotal percentage Trip ratio according to the
of the working transportation means per day 19 % 19%
population travelling (Share ratio)
to work on public :
transport Status of subway operation - - -
Total annual water Amount c_)f water consumption 21819277 i
consumption, per (Metropalitan city & Province) T 99 ri/person
capita e-local indicator(Population) 219,274 person
Water lost in the Status of water lost 12514 /d
water distribution (Average water lost per day) ' i nq’/d?l.yoli;pita
system e-local indicator(Population) 219,274 person
Environment
T(I)It:(l:tzgnual Was_Ite (Removal of waste) 1690 ton/day . n/(()j.oolw "
col \ ita ol jita
per e elocal indicator(Population) 219,274 person P
Annua mean of NO, . . )
emiSSONs Environment(Air pollution-NO,) 0.014 ppm/year 0.014 ppm/year
Annual mean of O, Environment
emissions (Air pollution-SOy) 0.005 ppm/year 0.005 ppmiyear
Annua mean of O Air pollution of Os according to
emissions the month and city 0.019 ppm/year 0.019 ppmiyear
Annual mean of PMy Environment 29 el milyear 39 /nilyear

emissions

(Air pollution-PMg)
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index totaled 0.014 ppm/year, while SO, concentrations
were 0.005 ppm/year, O; concentrations were 0.019
ppm/year and concentrations of PMo dust particles
were 39 pg/m’year.

Using the Green City Index and data from the
National Ingtitute of Environmental Research (2013),
the results for Gangneung were compared to other
small and medium-sized cities with populations of
200,000 to 400,000 people, including Iksan, Mokpo
and Jinju. Out of al of these cities, Gangneung had the
highest rates of CO, emissions per capitaand per GDP,
energy consumption per GDP, building energy
consumption, waste per capita and annua average SO,
concentrations. The city ranked second, after Mokpo,
in terms of water lost per capita and per day. In water
consumption, Gangneung ranked third, after Gumi and
Jnju.

Gangneug's air pollution index, with the exception
of 0,, compared favorably to that of other cities, as
did energy consumption per capita. Even taking error
into consideration, CO, emissions per capitawere high,
comparable to those for Seoul, which has emissions of
3.7tons per capita(EIU, 2011). Based on an analysis of
energy consumption rates by source, using data from
the city’ s energy maintenance corporation, Gangneung
has ahigher rate of CO, emissionsfrom coa than other
cities.

Accordingly, Gangneung may in the future need to
improve its CO, maintenance policiesfor coal utilities;
it should aso consider generd improvements for
energy, water and waste.

4, Conclusion

The present study collected formula and data of
Gangneung where was designated low carbon green
city in 2009, using GCI system. The study aimed to
reflect GCI system which was designed for low carbon
green growth city construction and actively applied in
Europe, and to propose data frame according to items

for the construction of reliable and systemic baseline
data construction. Total 14 items of 7 division were
analyzed based on the basic data frame, and basdline
data for Gangneung green city indicator was
constructed. Based on the formula proposed by this
study, it would be able for baseline data construction of
each city. Also thereisa critical meaning that it would
be able to compare the green growth among cities for
some period.

As for the limitation of this study, some errors
remained in the comparison between previous data of
smal and midium cities and present formula of
Gangneung. Accordingly further studies would be
needed related on baseline data construction using
GCl, and weighted value application, and ranking
formula. Therefore, could secure competitiveness
through construction of low carbon green growth city
among foreign and domestic cities.
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