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Abstract: The concept of ecosystem services is important for the effective management of regional
ecological resources. Multiple ecosystem services provided by regional ecosystems are represented as
ecosystem service bundles, which define the co-occurrent ecosystem services in a specific region.
Bundles provide useful information to identify regional characteristics of ecosystem services and
categorize sub-regions with similar patterns of ecosystem service provision. We assessed eleven
ecosystem services using modeling approaches and statistical data and produced bundles of cities in
Gyeonggi-do. We also conducted principal component analysis and cluster analysis to categorize these
cities according to the characteristics of ecosystem services. The results indicated that the cities in
Gyeonggi-do were categorized into three groups depending on the types of provision, regulation, and
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cultural services, and were designated as urbanized, urban-forest, agriculture, or forest cities. These
groups were influenced by land use patterns reflecting regional social-environmental features. The
results provide useful information for identifying regional ecosystem services and facilitate decision-

making in regional ecosystem service management.

Keywords : Ecosystem service, bundle, cluster analysis, regional classification
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Table 1. Indicators and methodology of ecosystem services

Ecosystem service Abbreviation Indicator Unit Method Reference
Crop . N . .. Raudsepp-Hearne
production P_crop Agricultural area | % Agricultural areas by statistics data ctal. (2010)
Livestock P livesiock Amount of fresh ton/km? Amount of fresh meat from Queiroz et al.

Provisi production - meat livestock (cattle, hog, poultry) (2015)

rovision .
Forest . P forest Value of Forest wonkm? Amgupt of forest production by NIE (2017)
production = products statistics data
Wate'r' P_water Water yield ton/ha InVEST water yield model Song et al. (2016)
provision
Air quality . . Pollutant SO, NO2, PM) sequestration by
control R_air quality sequestration kg/ha vegetation KERI (2017)
. | Climate .

Regulation control R_climate Carbon stock ton/ha InVEST carbon model Rohetal. (2016)
f;ﬁfrl(())ln R erosion Soil retention ton/ha InVEST SDR model NIE (2017)
Biodiversity |S_biodiversity | Observed bird | P0mber of | 3rd national natural environment e 17)

. species/area | investigation
Supporting Area with Istand 2nd grade i
Habitat S habitat | Natural habitat |area/km? ca with fstand znd grade m Egoh et al. (2012)
ecological maps
Recreation | C recreation | Arearatio of park |area’km? | Park areas by statistics data eRta;dE;g%I;eame
Culturl Area of ] Area o ccological asets designated | Raudsepp H
. . €a 0 5 ea of ecological assets designated | Raudsepp-Hearne
Ecotourism | C_ecotourism Ecotourismsite |~ by ministry of environment etal. (2010)
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Ecosystem service

LN Index
b 0-0.2
Xo B 02-04
W g A B o4-06
s M S s I 06-08
A s A B os-10

Figure 1. Results on each ecosystem service index of cities in Gyeonggi-do.

Table 2. Results on rotated component matrix from principal component analysis (P=Provision, R=Regulation, S=Supporting
and C=Cultural services)

Variable Factor 1 (46.3%) Factor 2 (23.4%) Factor 3 (11.9%)
(R) Climate regulation 0.97 -0.20 -0.01
(R) Air quality regulation 0.95 -0.27 0.01
(S) Habitat 0.94 -0.24 0.06
(R) Erosion regulation 0.89 -0.27 -0.06
(P) Water provision 0.86 0.27 -0.08
(P) Livestock production -0.23 0.94 -0.09
(P) Crop production -0.31 0.94 -0.12
(P) Forest production 0.10 0.00 0.88
(S) Biodiversity -0.09 -0.17 0.75
(C) Recreation -0.51 -0.56 0.49
(C) Ecotourism -0.19 0.01 -0.07
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Figure 2. Ecosystem service bundles of cities in Gyeonggi-do arranged in Korean alphabetical order (Abbreviations are
defined in Table 1).
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Figure 3. Result on first and second dimensions of principal component analysis among regional ecosystem
services (Left: Graph of variables, Light: Graph of individuals).
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Figure 4. Results on cluster analysis and bundles of ecosystem services.

Table 3. Features of ecosystem service clusters and their land uses of cities in Gyeonggi-do

Cluster Urbanized city Urban-forest city Agriculture city Forest city
Ecosystem Cultural services Mixed services Provision services Regulation services
service features

(D Located in south (D Located in northeastern
(@ Located near Seoul, (D High proportion of and northwestern part part of the province,
Description @ High proportion of forest with high of the province, (@ High proportion of
urbanized area urbanized area (@ High proportion of forest and low
agriculture area urbanized area
Goyang, Gwangmyeong,
Guri, Gunpo, Bucheon, Gimpo, Anseong, Yeoju, Gapyeong, Gwangju,
.. Seongnam, Suwon, . Namyangju, Donducheon,
Cities . Gwacheon Icheon, Paju, Pyeongtaek, .
Siheung, Ansan, Anyang, Hwascon Yangju, Yangpyeong,
Osan, Yongin, Uiwang, & Yeoncheon, Pocheon
Uijeongbu, Hanam
Urban (%) 27.5% 15.9% 11.1% 6.9%
Agriculture (%) 13.9% 9.0% 34.9% 11.1%
Forest (%) 37.1% 55.6% 31.3% 66.8%
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