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with a policy to improve the environment and urban biodiversity for cities. Green City Index (GCI),

Environmental Performance Index (EPI), and City Biodiversity Index (CBI) which have used

worldwide were analyzed. Based on the result of analysis, evaluation indicators of ESCI were finally

a total of 20 indicators under four categories, which are native biodiversity, living environment,

ecosystem services, and governance and management. Then, five cities with biotope mapping and

evaluation index were selected to apply ESCI for evaluation. In order to apply ESCI, local

governments need to accumulate basic data. There should be a policy which requires local

governments to build data for biotope mapping so that the rate of natural area, ecological network

and permeable land surface can be evaluated. Indicators must be applied to be compliant with scale

of the city and level of data building gradually.
Keywords : ESCI, GCI, EPI, CBI, Sustainability
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<Table 1> Comparison of international index of sustainable city assessment

International index

The purpose of assessment

ESI (Environmental

Environmental sustainability assessment of the country (Environmental impact, vulnerability of the

Sustainability Index) population, society and institutional capacity).

GCI Considering the geographical characteristics and assessing the environmental performance of cities per
(Green City Index) continent.

ECEI (Ecological City Ecological city evaluation index developed to assess population growth, limited resources and ecological
Evaluation Index) damage of Chinese cities.

LCCDI (Low Carbon Cities | Starting with the 2009 Copenhagen Declaration, urban groups, businesses, investors, NGOs, academics
Development Index) developed a low-carbon city development index for low-carbon development.

EPI (Environmental
Performance Index)

Environmental Performance Index (EPI) has been developed because environmental sustainability index
(ESI) in the scope is too wide and the result is difficult to take advantage of the policy guidelines.

CBI
(City Biodiversity Index)

COP9 in Bonn, Germany recognised the role of cities and local authorities and the fact that the
implementation of national biodiversity strategies and action plans (NBSAPs) requires the close
collaboration with sub-national levels of government.

San Francisco,
California Urban
Environmental Accords Index

To celebrate the 60th anniversary that the UN Charter joins the World Environment Day, 52 cities have
made an agreement in San Francisco on June 5, 2005.

Presentation and awarding of city management know-how throughout the city, such as environment,

LiveCom Awards Index urban planning, landscape architecture, culture, welfare and vision.
<Table 2> Index of sustainable city assessment applied in the study
Index GCI EPI CBI
Simens . . .
Do |ty Sommis o (V)| St e o e
Intelligence Unit) ’
Summary Pilot test (2002, 2006) After the third expert workshop

Assessment
years

2009: 30 cities in Europe
2010: 17 cities in South America
2011: 22 cities in Asia

Rank of South Korea :
51 in 2008, 94 in 2010,
431in2012,43in2014.

manual drafting (2011) —
Evaluation of the pilot cities (15
cities, including Frankfurt)

Indicators

Europe: 30 indicators
(CO,, building, policy areas),
South America: 31 indicators

Composed of 2 categories
(environmental health and

3 categories (native biodiversity,
ecosystem services, governance

(health and policy areas), ecosystem dynamics), 10 type, 22 | and management) are composed
Contents Asia: 29 indicators indicators of 23 indicators.
(transport, health, policy areas)
Most e the EIU. am.ﬂYSIS' Presents a generalized assessment | Assessment criteria and
Methods | Or available application to the S . . . .
. . objectives and sectoral weights. | calculations presented in detail.
case using international standards.
Scale City units Country, City units City units
Coverage - - -
Scope | Continent Universal Universal
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<Table 3> Application of indicators of Green City Index (GCI) for Korean

Category Indicators Applicable Indicators Data source and non-applicable reason
. - . Annual Report of Air Quality in Korea
Co, CO, emissions (0, emissions per capita (National Institute of Environmental Research)
CO, intensity No local data
Energy consumption
E gy. po— P No local data
Energy nergy intensity
. . Renewable energy statistics
Renewable energy consumption | Renewable energy ratio (Korea Encrgy Management Corporation)
o Energy consumption of
Buildings |, idential buildings Nolocal data
Use of non-car transport i i i
Transport - P Public transport utilization Transp f)rtatlon assignment ratio
Size of non-car transport network (Statistics Korea)
Water Water consumption Wastewater emissions per Statistics of sewerage
Water system leakages capita (Ministry of Environment)
Waste and Municipal waste production Waste emissions per capita Nationwide waste and treatment
land use P P percap (Ministry of Environment)
Nitrogen dioxide No local data
. . Sulphur dioxide SOx emissions per capita
Air quality Ozone 0. concentration Annual Report of Air Quality in Korea
: (National Institute of Environmental Research)
Particulate matter PM10 concentration

* Bold is reflected by modifying the indicators.
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<Table 4> Application of indicators of Environmental Performance Index (EPI) for Korean

Category Indicators Applicable Indicators Data source and non-applicable reason
Child mortality No difference
Household air quality No local data

Environmental | Average exposure to PM2.5
health PM2.5 exceedance

PM10 concentration

Annual Report of Air Quality in Korea
(National Institute of Environmental Research)

Access to drinking water

No difference

Access to sanitation

No difference

Wastewater treatment

No difference

Terrestrial protected areas
(national biome weights)

Terrestrial protected areas

Proportion of protected

(global biome weights) natural areas KLIS (Local governments)
Change in forest cover
Critical habitat protection

Ecosystem Marine protected areas Out of the scope

vitality Coastal shelf fishing pressure Out of the scope

Fish stocks Out of the scope
Agricultural subsidies Out of the scope
Pesticide regulation Out of the scope

Trend in CO, emissions per kwh

Trend in carbon intensity

Change of trend in carbon intensity

CO, emissions per capita

Annual Report of Air Quality in Korea
(National Institute of Environmental Research)

Access to electricity

Out of the scope

* Bold is reflected by modifying the Indicators.
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<Table 5> Application of indicators of City Biodiversity Index (CBI) for Korean

Data source and non-applicable

Category Indicators Applicable Indicators reason
Proportion of natural areas in city Proportion of natural areas in city | Biotope Map (Local governments)
Connectivity measures or ecological Connectivity measures or ecological | Biotope Map
networks to counter fragmentation networks to counter fragmentation | (Local governments)

Native biodiversity in built-up areas - No local data
Native Change in number of native species - No local data
biodiversity | Proportion of protected natural areas Proportion of protected natural areas | KLIS (Local governments)
Ecosystem Research Report
Number of Invasive Alien Species | (Local governments)
Proportion of invasive alien species designated by the Wildlife Monitoring of Invasive Alien
Protection Act Species designated by the Wildlife
Protection Act
Regulation of quantity of water Biotope Map
Th f flow of
(the rate of flow of water) ¢ rate of flow of water (Local governments)
Climate regulation . Carbon storage and cooling effect of | Biotope Map
(carbon storage and cooling effect of .
. vegetation (Local governments)
Ecosystem vegetation)

services i
Recreation . Area of parks with natural areas and
(area of parks with natural areas and Area of natural areas and parks

protected or secured natural areas / .
protected or secured natural areas / 1000 (Statistics Korea)

1000 persons
persons)
Educational services - No local data

. . Revenue expenditure settlement
C Proportion of environment-

Budget allocated to biodiversity R source

related expenditures

(Local governments)
Number of biodiversity projects
implemented by the city annually i Nolocal data
Rules and regulations: existence of local . L Planning report
biodiversity strategy and action plan Existence of local biodiversity plan (Local governments)
Number of essential biodiversity-related | Number of biodiversity-related Functions data
functions functions (Local governments)
Number of city or local government
agenc1es.1nvolved. in 1nter-qger.10y . i No local data
cooperation pertaining to biodiversity
Governance | matters
and - -
management Existence and state of formal or informal

public consultation process pertaining to - No local data

biodiversity-related matters

Number of agencies / private companies /
NGOs / academicinstitutions /
international organisations with which
the city is partnering in biodiversity
activities, projects and programmes

Number of biodiversity-related
NGOs

Internet searches and interviews
(Local governments)

Is biodiversity or nature awareness
included in the school curriculum

Environmental curriculum
included in the middle school
curriculum

Middle school curriculum
(Ministry of Education)

Number of outreach or public awareness
events held in the city per year

No local data

* Bold is reflected by modifying the Indicators.
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Living

GCI anvitenment | and possible
collection

Environmental

health Using country
assessment,
S0 — [| Some indicators [
overlap in GCI
Ecosystem and CBI
vitality
Native
biodiversity
Ecosystem Urban
CBI services ecological
Governance
and
management

Proportion of protected natural areas

Proportion of natural areas in city

Native
biodiversity

Mumber of nvasive Alen Specie:
designated by the Wildlife Pmtectlan Act

Connectivity measures or ecological
networks to counter fraomentation

el 2
environment

SOk emissions per capita
0, concentration

PMI0 concentration

liVing CO, emissions per capita

Renewable energy ratio
Public transport utilization
Waslewater emissions per capita

Waste emissions per capita

The rate of flow of water
Carbon_storage and cooling effect of

Ecosystem vegetation
services ArEm of parks with natural areas and

protected or secured natural areas /1000
persons
Proportion of environment-related
expenditures

Governance Bxistence of local biodiversity plan

and humber of biodiversity-related functions

manogemenl Number of biodiversity-related NGOs

Environmental curiculum ncluded i the
middle school cumculum

<Figure 1> Indicators system of Korean Environmental Sustainable City Index (ESCI)
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<Table 6> Calculation method of assessment indicators

Category Indicators Calculation method Data source
Proportion of protected natural Protected areas = city area x 100 KLIS
areas (Local governments)
Pfoportlon of natural areas in Natural areas * city arca x 100 Biotope Map
city (Local governments)
Native Number of Tnvasive Alien Number of discovered species of Ecosystem Research Report
biodiversity Invasive Alien Species designated by | (Local governments)

(4 indicators)

Species designated by the
Wildlife Protection Act

the Wildlife Protection Act
(total: 18 species)

Monitoring of Invasive Alien Species
Designated by the Wildlife Protection Act

Connectivity measures or
ecological networks to counter
fragmentation

Connect green area (natural areas +
park + agricultural land) + City area

Biotope Map
(Local governments)

Living
environment
(8 indicators)

SOx emissions per capita

O; concentration

PMI10 concentration

CO, emissions per capita

Renewable energy ratio

Public transport utilization

Point (1~100) =
(A —min) + (max —min) X 100

Annual Report of Air Quality in Korea
(National Institute of Environmental
Research)

Renewable Energy Statistics
(Korea Energy Management Corporation)

Transportation assignment ratio

Ecosystem
services
(3 indicators)

(Statistics Korea)
Wastewater emissions per Statistics of Sewerage
capita (Ministry of Environment)
. . Nationwide Waste and Treatment
Waste emissions per capita . .
(Ministry of environment)
Biotope Map

The rate of flow of water

Flow of water area + city area

(Local governments)

Carbon storage and cooling
effect of vegetation

Crown area + city area

Biotope Map
(Local governments)

Area of parks with natural
areas and protected or secured
natural areas / 1000 persons

(Natural areas + park)
/ (population x 1000)
(Except for agricultural land)

Area of natural areas and parks
(Statistics Korea)

Governance
and
management
(5 indicators)

Proportion of environment-
related expenditures

Environment-related settlement
=+ total settlement x 100

Revenue expenditure settlement source
(Local governments)

Existence of local biodiversity
plan

local biodiversity plan
(Natural Environment Conservation
Planning, LBSAP etc.)

Planning Report
(Local governments)

Number of biodiversity- Number of Zoo, Botanical Garden, Functions data

related functions biodiversity centers etc. (Local governments)

Number of Biodiversity- s Internet searches and interviews
related NGOs Number of Biodiversity-related NGOs (Local governments)

Environmental curriculum
included in the middle school
curriculum

Number of middle schools selected
environmental curriculum =+ total
number of middle schools x 100

Middle schools curriculum
(Ministry of Education)
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<Table 7> Application of Korean Environmental Sustainable City Index

Metropolitan big-city | mid-city | small-city
Category Indicators Seoul Incheon Suwon Wonju | Gyeryong
Value
Proportion of protected natural areas 10.8 22 0.2 154 27.7
Nati Proportion of natural areas in city 312 36.4 204 63.1 69.6
ative
biodiversity Number of Invasive Alien Species designated by 14 4 ) 5 )
(4 indicators) the Wildlife Protection Act
Connectivity measures or ecological networks to 025 0.08 0.18 076 07
counter fragmentation
SOx emissions per capita 0.05 0.24 0.44 1.53 -
O; concentration 0.021 0.024 0.022 0.024 -
PM10 concentration 41 47 46 60 -
Living [0, emissions per capita 2.50 1821 239 5.92 2.46
environment -
(8 indicators) Renewable energy ratio 0.057 0.478 - - -
Public transport utilization 0.63 041 - - -
Wastewater emissions per capita 0.26 0.32 0.46 0.38 043
Waste emissions per capita 0.32 0.26 0.34 0.36 0.49
The rate of flow of water 50.0 504 - 80.6 85.1
Eggzitjsrn Carbon storage and cooling effect of vegetation 25.9 15.9 19 53.7 -
(3 indicators) | Arca of parks with natural areas and protected or 2139 370 033 555 043
secured natural areas / 1000 persons
Proportion of environment-related expenditures 1.98 24 5.38 0.0 548
Governance | EXistence of local biodiversity plan Planning | Planning | Planning | Planning | No Planning
and Number of biodiversity-related functions 15 9 4 18 1
management | Nymper of Biodiversity-related NGOs 92 7 3 3 1
(5 Indicators) i ronmental curriculum included in the middl
nvironmental curriculum included in the middle 56 15 54 45 0.0
school curriculum
The number of non-applicable indicators 0 0 3 2 7
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