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Summary

| . Establishing an Ecosystem Service-Based Policy Decision Support
Framework

This study aims to establish a policy decision support framework grounded in ecosystem
service (ES) assessment by developing an integrated evaluation system and conducting thematic
pilot assessments across key ecosystem types and services. Building upon the conceptual
framework proposed by the Intergovernmental Science—-Policy Platform on Biodiversity and
Ecosystem Services (IPBES), the study adopts a Pressure-State-Response (PSR) structure to
clarify causal linkages between ecosystem change and policy interventions. The primary objective is
to propose an assessment framework that is compatible with domestic policy contexts and data
availability while enhancing the practical applicability of ecosystem service evaluations in policy

decision—-making processes.

A. Background and Rationale

Ecosystem services represent the diverse benefits that humans derive from ecosystems and
serve as a critical linkage between biodiversity conservation and human well-being. Internationally,
ecosystem service assessments and accounting frameworks—such as IPBES assessments and
the System of Environmental-Economic Accounting-Ecosystem Accounting (SEEA-EA)—have
increasingly been integrated into policy and economic decision—making. In contrast, while awareness
and policy interest in ecosystem services have gradually expanded in Korea, comprehensive
assessment systems that systematically link ecosystem change, service provision, and policy
responses remain limited. In particular, existing domestic studies have largely focused on
individual ecosystem components or static service supply indicators, with insufficient consideration
of interactions among services, long— and short-term dynamics, and structured connections to
policy instruments. This study addresses these limitations by advancing ecosystem service
assessment beyond descriptive evaluation toward a policy—oriented analytical framework that

can support strategic decision-making.

B. Integrated Ecosystem Service Assessment Framework and PSR Approach

The integrated assessment framework developed in this study is based on the IPBES conceptual
model, restructured into a simplified Pressure-State-Response (PSR) framework to enhance
policy relevance. Under this framework, direct drivers such as climate change, land-use change,

pollution, overexploitation, and invasive species exert pressures on ecosystems, leading to



changes in ecosystem structure, function, and biodiversity (state). These changes, in turn, affect
the capacity of ecosystems to provide services, thereby necessitating policy and management
responses. Indicator selection prioritized nationally standardized statistics and official monitoring
data. Each indicator was evaluated in terms of data continuity, spatial and temporal resolution, and
consistency, and final selections were made through expert consultation. The resulting indicator
sets represent pressures and states across major ecosystem types and were applied consistently
in trend analysis, scoring, and integrated assessment. This approach provides a transparent and

reproducible foundation for linking ecosystem service assessments with policy evaluation.

C. Ecosystem Types and Thematic Pilot Assessments
1) Pollination Ecosystem Services

Pollination services are a key regulating ecosystem service that directly links ecosystem
integrity with agricultural productivity and biodiversity conservation. Due to their relatively clear
causal structure between pressures, ecosystem condition, and service outcomes, pollination
services provide a suitable entry point for policy—relevant ecosystem service assessment. In
this study, the InVEST Crop Pollination model was applied to assess pollination services for 23
major crop species at the metropolitan and provincial levels. The analysis incorporated crop—specific
pollination dependence, landscape composition, and potential pollinator movement to examine
spatial variation in pollination service provision. Furthermore, pilot analyses utilizing nectar plant
species information demonstrated the potential to quantify ecological contributions from
non-agricultural areas, highlighting opportunities to integrate pollination services into broader

land—-use, forestry, and urban planning policies.

2) Indicator-Based Ecosystem Service Assessment

Conventional ecosystem service assessments have relied heavily on land cover and remote
sensing-based indicators due to their ease of quantification. However, recent research has
emphasized the role of fauna as active agents of ecosystem processes and service provision.
Reflecting this shift, the present study explored the feasibility of using mammals—specifically
bats—as indicator species for ecosystem service assessment. Bats provide multiple ecosystem
services, including pest control, pollination, and seed dispersal, and are highly sensitive to
environmental change. By integrating bat activity data with microclimatic variables, this study
conducted a preliminary analysis of the potential to use bat responses as indicators of ecosystem
service capacity and environmental health. The results suggest that mammal-based indicators could
support assessments of disturbed and restored areas, cave ecosystems, and habitat management

policies, offering a complementary perspective to existing vegetation— based indicators.
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3) Implications for Ecosystem Accounting (SEEA-EA)

In addition to thematic service assessments, this study examined pathways for linking
ecosystem service evaluation results with future implementation of ecosystem accounting under
the SEEA-EA framework. Case studies from the United Kingdom illustrate how ecosystem
service assessments and natural capital accounts have evolved from experimental evaluations
into core tools supporting national and local policy decisions. In particular, urban ecosystem
accounts in the UK extend beyond a supplementary role within national accounting systems,
providing actionable information for urban planning, climate adaptation strategies, and green
infrastructure investment. These experiences underscore the potential for ecosystem service
assessments in Korea to inform spatial planning, investment prioritization, and policy evaluation,

especially at the urban and regional levels.

4) Significance of the Study and Future Research Directions

This study contributes to the advancement of ecosystem service assessment by presenting a
policy—oriented decision support framework that systematically links ecosystem change, service
provision, and policy responses. The PSR-based integrated assessment structure enhances
conceptual clarity and facilitates the translation of scientific findings into policy-relevant insights.
Future research should focus on integrating multiple ecosystem services into comprehensive
multi—service assessments, strengthening long—term monitoring to validate trends, and linking
biophysical indicators with socio—economic valuation. Through these efforts, ecosystem service
assessments can evolve from isolated analytical exercises into core decision-making tools that

support environmental, spatial, agricultural, and climate policies at both national and local levels.
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|1. Establishing an Ecosystem Service-Based Policy Decision Support
Framework

Focusing on Integrated Supply-Demand Assessment and Urban Vulnerability

This study aims to establish a policy decision support framework grounded in ecosystem
service (ES) assessment by developing an integrated supply-demand evaluation system at the
local government level and applying it to diagnose vulnerabilities in urban and industrial areas.
The research focuses on carbon sequestration and water quality regulation services (total
phosphorus, T-P; total nitrogen, T-N) and applies a Pressure-State-Response (PSR) framework
to quantify ecosystem service imbalances. In addition, the study links biophysical assessment
results with national perception surveys and pilot evaluations of Payment for Ecosystem

Services (PES) schemes to enhance policy relevance and applicability

A. Background and Objectives

Rapid urbanization and industrial expansion have significantly altered ecosystem structures
and functions, leading to a decline in ecosystem service supply while societal demand
continues to increase. Urban and industrial areas are characterized by high levels of carbon
emissions and pollutant generation, yet they possess limited green and blue infrastructure
capable of providing regulating ecosystem services. This structural mismatch results in
persistent ecosystem service deficits, which pose long—-term risks to environmental sustainability
and human well-being. Although ecosystem service assessment has been gradually incorporated
into national policy discussions in Korea, quantitative analyses at the local government
level—particularly those explicitly incorporating service demand—remain limited. Existing
studies have primarily focused on service supply mapping or valuation at national or regional

scales, with relatively weak integration into policy implementation frameworks.
Against this backdrop, the objectives of this study are threefold

(1) to quantify ecosystem service supply, demand, and balance at the level of 229 local

governments;

(2) to diagnose structural vulnerabilities of urban and industrial regions based on service

imbalances

(3) to enhance policy applicability by linking biophysical assessments with public perception

data and evaluations of ecosystem service payment schemes.
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B. Data and Methodology

The analysis covers 229 local governments across the Republic of Korea. Ecosystem service
balance was defined as the difference between service supply (S) and service demand (D), with
positive values indicating surplus and negative values indicating deficit conditions. For carbon
ecosystem services, supply was estimated using land use, land-use change, and forestry (LULUCF)
carbon sequestration data from the Ministry of Environment’s regional greenhouse gas inventory
(2022). Demand was represented by total greenhouse gas emissions, including emissions from
energy, industrial processes, agriculture, and waste sectors. Water quality regulating services
were assessed using data from the Water Environment Information System (WAMIS). Total
phosphorus (T-P) and total nitrogen (T-N) generation loads were used as demand indicators, while
purification capacity was estimated as the difference between generated and discharged loads.
Model validity was examined by comparing service balance grades with observed water quality
concentrations from national monitoring stations. To address spatial heterogeneity, ecosystem
service balances were normalized by area and classified into quintile-based grades ranging
from “very good” to “very poor.” Analyses were conducted at both local government and

provincial levels.

C. Key Findings
1) Carbon Ecosystem Services

The national carbon ecosystem service self-sufficiency rate was estimated at approximately
5.6%, indicating that domestic ecosystems offset only a small fraction of total greenhouse gas
emissions. Among the 229 local governments analyzed, nearly 90% exhibited carbon service
deficits, while surplus conditions were limited to a small number of forest-dominated regions,
primarily in Gangwon State and Gyeongsangbuk—-do. Severe deficits were concentrated in industrial
hubs such as Dangjin, Gwangyang, Yeosu, and Pohang, where large—scale power plants, steelworks,
and petrochemical complexes are located. These regions account for a disproportionate share

of national carbon deficits, highlighting the spatial concentration of emission pressures.

2) Water Quality Ecosystem Services

At the national level, the self-sufficiency rate for total phosphorus (T-P) regulating services
was approximately 84.5%, suggesting that natural purification processes offset a substantial
portion of phosphorus loads. However, total nitrogen (T-N) self-sufficiency was markedly lower
at 63.7%, reflecting the persistence of nitrogen pollution, particularly from diffuse agricultural

sources. Statistical validation showed that ecosystem service balance grades for both T-P and
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T-N were significantly correlated with observed water quality concentrations. Regions with poorer
balance grades consistently exhibited higher pollutant concentrations, confirming the robustness

of the balance-based assessment framework.

3) Urban and Industrial Vulnerability

Major metropolitan areas, including Seoul, Incheon, and Ulsan, were identified as highly
vulnerable, exhibiting simultaneous deficits in carbon and nitrogen regulating services. Carbon
self-sufficiency in these cities was often below 1%, underscoring their strong dependence on
surrounding rural and forested areas. In several provinces, sharp internal contrasts were
observed between forested supply-dominant areas and urban or industrial demand—dominant

areas, indicating pronounced intra—regional imbalances.

4) Public Perception and Policy Linkages

The 2025 national survey on ecosystem service awareness and satisfaction revealed that
68.6% of respondents were aware of the ecosystem service concept, the highest level recorded since
the survey's inception. Satisfaction was particularly high for ecosystem services directly experienced
in daily life, such as access to parks and green spaces within walking distance. Evaluation of ecosystem
service payment schemes demonstrated that practices such as rice straw retention effectively
enhanced food availability for wintering birds, indicating tangible ecological benefits. However,
insufficient monitoring across many local governments limits the ability to comprehensively

assess long—term effectiveness, highlighting the need for strengthened evaluation protocols.

5) Policy Implications and Future Directions

The findings clearly indicate that urban and industrial regions function as both the largest
beneficiaries and the largest consumers of ecosystem services, while forested and rural areas
serve as key providers. This structural asymmetry necessitates policy approaches that go beyond
jurisdictional boundaries and foster cooperation between service—providing and service—benefiting
regions. Institutionalization of Payment for Ecosystem Services (PES) schemes represents a
promising mechanism for addressing equity concerns and incentivizing conservation in supply
regions. To enhance policy effectiveness, future efforts should focus on establishing regular
monitoring systems, incorporating climate change scenarios into ecosystem service projections,
and advancing economic valuation methodologies. Ultimately, the integrated ecosystem service
assessment framework developed in this study provides a scientific foundation for embedding
ecosystem services into environmental, climate, and spatial planning policies at both national

and local levels.
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Mo} DIZiotn 2 Al AT HAL 2&0| ICHLi et al,, 2023). I2iLt M2HEE MAXK| E4, vlgAH2] 22
S A, +2MHA 7|0E S0 et A= o] XSt £0l, MAHEE SEL Y/ 7+
JS=E0 dHloh M1, MM A7 =0t et A S+t MHHO|H. Olfgh AN SAE
JHAIot AR 1. HiA2| £ 2. MeZE il YSEES| = eDNAS Solf 23X =2 22071 A =5
3. ¥E7t Uiy ZAA OF QBT 4. InVEST 22 Hlw A5 TASIUC. Ol2fet HE F52 &=
EHA CHE =2 S AUTH WEA RRIE flgh SEAHEIA J[EE HEAAEA Ee] J B M2 ~Fo
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B I1-1-14) I71E S200(F2)MHA BIL HHE 2 =2
=7t HIt AIZ| / AA At&st H|0|E
- EX|OE(LCM)
om  UKNEA GO . mgyspomexz
(UK) Follow-on (2014) * H AAX] B XI2=(HSI)
+ S (Defra Yield Stats) |,
MAES(2013-)  * CORINE Land Cover .
EU ESTIMAP + H 0|5 He|-HEfAt=
(F=IME) Pollination (2013~ « xt=% Pollination Demand
2015) EU 52 & (Eurostat)
National Strategy ° &= Pollinator Monitoring |
e to Promote data(USGS)
(USA) Pollinators (2015) « EX[0|/EX|LIZ(NLCD) |«
USGS Pollinator |« opaed |4 24| 22
Mapping . woimatziUSDA NASS) -
« EX|[I}=(Canada Land Cover) |«
IHLiCt Pollination ~ * S&YL S
(Canada) Service Mapping | (Statistics Canada)

(2015-2019) .

H MAK] X2 .
29 Pollination Need

A

41'.
zo 2

A HUSHAHOIN 2SS
X5t X 9F &l
AR S A=
MAM-SEAHIA S
==
Pollinator Strategy &2 2
o
2RE TAl XG0IM S5
OJADHX|(high deficit) X It
EU RI2Q| EX|AIE] U =
REHO|| B
OFA THRIZ 23% ZAX|

A

=¢X|

MAIX| ZtA K| ZAl0Z2 28
U= =S
o1} MEj= X0l T K2

=IX|CH AAR HHEO) &

o-d L-_O LLO—l I:I
2010] ‘+EAHIA HESH 02
0l

A5 MAZFOIE2E0]| Pollination
Ha ISt

T YEPIMEIA SEEF A TS

oA

UK NEA 2011; UK
NEA Follow-on 2014;
Baude et al. 2016
(Nature)

Zulian et al. 2013;
Maes et al. 2015;
Schulp et al. 2014

The White House 2015;
Koh et al. 2016
(PNAS); USGS 2017

Roubik & Kjghl 2018;
Breeze et al. 2016;
Faris & Coutts 2019

L) &7 LHE H Y

o7 LIS 3 Y ZAIB S8 HI22] M3, BF NR0H eDNAS S8 23 XY 28, y=)t

QIAZAL S 917 X% Tha INVEST 2 B| 242 TI5IST
(1) g+ S vl =8 &

T2 ol FYBE FUR U ACHOIA HHEIRD A7l 7O TGS BT WS T 253
Y83 HIHYI2 SYols HOR 2 Y R £ 2018 D6l WS XY MY, MEZY BY WS
heroiRict.

h 23 20! 1 Y& XH MF

3t X[2)

s 24 712 HolH=

T2 20j0j(2270 =), ok 2{0]01(2171 SH),

S A0 FH)= UL A Y XA ook F 220,7207H9] &AL AXH(grid
points)S MUt 0| & 20| AX[GHAL =22 QIS 2,90871 AFE 15t FEX|Z FESIAC
2 d2ds Aot e 7|8t St 24 SASIRAL. 14t 22X & &8 A2 =& UEot= 6307
AEE 25 24 tigez Mottt M8e 63071 X0 thelf th22| St #4+5 FEoIACt 2|1
= X2 Yot Ol 0=E gl R2= 2E 20xX& Aot
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7Y 37t B Ay
o ol o i Sk 2= E(stream ratio) 2 NFEC=RE SIS AHE| E= I HIE
TR s S| HS(crop ratio) e XS U 52| 9 Hig
1= (elevation) X BEIHYDEMZEE =
A8 s B (slope) DEM 7|2t HAL 24
7 (visibility) X T 24
M 22{(northness) S 2= UHUs X Xl

FAh RIS Toh| lst £HO| HA WHS EE5P| of LT 22 WS NSIHCT. TN Yoz
~ = , 2021). 2Lt BA
HOD, MZ A SHME WAL $ FAAGH| 2ot 2H7} 2510
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CiZEE ZAlot

JHHIQ] 2F 50% 7t 23] 27|
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P
t:l
ﬂ

BXger A2 HEHSIUM. U822 SH0] H11 JHx| AZ0| +2 AS8MAS 2E5tH AX0|= EEﬁfO:I
HAS Aol B4 JHHO| Has SHQIEAUCLE, BAQ Hatddlt A A& 80|40] Hof YA
A0 SAE AUCE. S22 A JE0IM 27127t 25 MEH A== S0 26 M2 7IFE
HEO =HSHH HEASHE O ZEoUL. O YWEH2 HEAQ JHAIgM T AZ0] 2% A2, JHX|9|
dEEn HAE0 REHY FS DIRIX| L0t 2F BA| YEL2 MESIACE 12|11 0|52 HEXZ
L0 B 2l TiotAtt

He|H 7tAA, I,
oM 92 = 1
20_._ )k-|I-|

(2) A tHYS =kl
(7hH Az ME & DNA =&

FE0HH 7ts A S82& F50617| ol BESZAR T Al SHEH LR Jo=: Y 2aH
2 FSYUM 2 == M. & A=2RE A= eDNAZE FE01/| ?loil & 50 m) FEO| =
10gs 1 BrE 3% 57+ 30mE A/t & 65°COIM 3027 |AISIAL. 012 15,000 gOfiA
302 HH=E2ol0 o4BUS MAotl, &M BAS SdE 34t SFF 10mlof MeEe # et
ZUC2 307 HalE2oty =0 ZetE MME HIH@?‘XEF 2E FEE2 1m S0 MRS



MY, SEAMEIA SEE B2t A =

(Lh) RTXA O M 2 HIEHIZY 24
A4 2M0fl= ITS(Internal Transcribed Spacer), rbcl, matK S2| XXt 0tAH7t HEMOZ A=
AN = S

ITS22t rbcl & REX EHE MHSIRALE. ITS2= variation regiong &6t U & =&

HMotH, MANMCZ, EMXMOZ ARE|= universal primer2 F&E GO|E7} &

HIO|HHO|AZE AR50 UCk= FEO| ULt rbelL2 TetMC= HEHO| =
(0]

Ct =0 &2 A
A, =5 HO|E7 giMo= EXct HHO| QL. 12iLf Thefet Al 4ES ?Iot0 & /M4

HI HI T
Ju
2

1z
oo

dE0| £ o M
H29|E BF #8510] lllumina MiSeq Z3HE 7|9t0| HIEMHIAY 248 3oL

(CH Z2to|H AA 2 PCR =71 £[X3}

1%t PCRE I5H Illumina Nextera O1EEl ARO0| RAIE T20|0] HES MSSISICE ITS2 B R0
ITS2_F(53bp)2t ITS2_R(54bp) Z20|HE ARSIFH O (Wirta et al., 2021), rbcl Y SZ0= rbelaf
(59bp)2} rbclLr506(56bp) T2t0|HE AMR5IUCHde Vere et al., 2017). 2E Z20|H= 5 HTHo
lllumina Nextera HEHE MYS HlstE=2 AA E|QCH PCR B2 £E0|MS8 =0|7| 95 TaKaRa Ex
Tag® Hot Start(RRO06B)E AF25I0] HIEO0|X ZZ1t I210| O|&HH| HME AR, PCR XaH
2o Hakg AX|5t7| {5 Bovine Serum Albumin(2320; TaKaRa)2 &75ICt ITS2 OF42 PCR
HA S, 98°C 10X, 55°C 30X, 72°C 30X2| Af0|2S 353] H25t1 72°COflA
Z ME HI2S 45K Namin et al., 2022). rbel OFAHE ({E3 2EE 50°C2 XHst A

S5t XS ME5ISLCHde Vere et al., 2017). B= PCR Et22 20 uL 202 XLt

(2h) DADA2 248 &X HO[EH[0]|A F=
= M= W AZE 71E 249 Feet 2R oS ol ol DADA2 ©8 Al ITS X
CIOEIHIO]AE 7=6IQICt. 0| 2|0 MAICHSEWOIA 7HESH PLANITS(Plant ITS) GIO[EH|0]A v2020.
3-full S GitHub 24! HEANA EESIACHBanchi et al., 2020). &5t 212 H|0|E|S DADA29)

assignTaxonomy( ) =0f Helet dAl0= Matoly| flofl R &E0M M7HE MRS oINS, &
Q =

O

T AEE £ U & YIS ITS2_dada2.fasta” FAC2 Mo}, 0| Sl
= ZEAZ9| A8 F=HEE Mot 24 29| LMEYs 22 + U= 22 FZ HO|EHH0|AS

(—[ e i o o Bl Ee S ]—\
N ¥l 7

Zel 3elAl U4 &

e
N gREd AgEy
& B

shel() AR A3

R
e |
A AAug e sNes) 1w Y
Library construction Miseq NGS data analysis
Cptids lﬁ ning ONOAT i Sios Dnabise e
T -
= Sequencin 9 Amplicon Sequence Variant (ASV)

(A8 11-1-2) | 24 Oo| =2kl
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HtE oF 3 km) W EXIIE

. ...-.
E
e
R
I I'\.-
SC4 SCb
(O™ 11-1-3) €4 3 km O|Lf LYY EX| IS
0IZ 2/} 7|§01|L1X|§_ AR0M HZots 20211 $28 EXNISES $85/90, 37t Yu 2ATa0uS
HEo10 2 ES FHO2 ¥ 3 2 IS Y51, 24 R HIBS MEI0] FH AAX 740
SH2 AXBOIUCHIY 11-1-3). O S5 32+ 24 ZI: FGISH 01t K29 SE5H0]

THRHBE MAX| 22| e A Foro] ZAXIRE HE0HeICt
(7F) EHA MBI 21017}

70|87= FGIOIM Y2 X Ai=E 2200, MAEY MAX| S42 TAECOZ Olsfotr| flal T
0| Soll UHFUM HMAIE Z&H Tlal QAE 02E 5 T8N Mas $XI8f6tl, MH|A fAE
SREE JEXHO= mofgh 4= QUULCL 0 =12
Mk MY A ASH 2HE HEZSCHe 2H0| QU Wits &KX "It =7 RAWES(Rapid Assessment
Ecosystem Services, Mclnnes & Everard, 2017; Kim et al., 2019; Choi et al., 2023)
51 32@ER), 2E(T7ER), ==H0=), AXQY=E) § & 171 &322 IH—T“SEFS&EFE II-1-16).
1 2|7E M= SQEE FIMICH, 47 & A Ctet ofjH] SEE Solf =& OlcH=2t
AESIALE F7t2 MAXIO Theh A0t ePH MH2HEZ lS HEHO| CHat ?ééi £0]
718 HEE 3PN &0

2ok e HEkg| EU, SFS A2

o= —

|25t M2 MAIX|

_ Hi

oo 1
o
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(B 1I-1-16) 4% FH

SH=2
o

Basic information

Ecosystem services

Threat factors

QEHAMB|A 7L EE2 UHE

NE:S
Beekeeping type
Years of beekeeping experience
Survey site address
Foraging activity(spring summer autumn)
average foraging distance
Flower resource(spring summer autumn)
P_Water
P_Food
P_Materials
R_Cleaning Air
R_Climate
R_Flood
R_Erosion
R_Cleaning Water
R_Pollination
R_Noise
C_Aesthetics
C_Heritage
C_Recreation
C_Social
C_Education
S_Fertile Soil
S_Habitat
Development pressure
Climate change
Environmental pollution
Overexploitation
Invasive species

(L}) ZHA TIF EF

MeZEs A=sts F%7f9| MAXIOf CHet °._|’i!, QIEBO._L e get

A XIS |.

THEO E—l'- 2025".;:' 3%,
o= CIHREE

Hil -

Off
02'_'
ﬁ
_>L
o
M
o
=
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ﬂHﬂ
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Q'E
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(0}al

HOX=E YS i%% 24 5EMA 2|0 20

=22 =
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Numeric entry

open-ended

1-5(low-high)
Likert scale
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SR PRI

A
4 M X i
FLE S L S e e U
3 SERHEA T
-
o .
MERHIA 70 (271K A1

EEHE J0PEMK] B4 T
VRS R R

i
S Tii

M ) MR B}
e rl R U Sl

(T8 11-1-4) SEMHIA OISHEIAIRE MERAMHIA HETIL 213 DhY
(4) 22 87t

SEMHIA G BEXQ AHSE UT LYY U

knE HAICZ 10 x 10 m SHAIES] AE2
EXIEE(EEE 2024)E E2510 22AMHIA 22 [=]

= S UAXEZE UK (floral
resources)lt HE MAIX|(nesting habitat)dl siEdhe AR XARE B¢t ME EMIZ2 7S S
TEoIULE W& Hel= 7|& Lonsdorf 7|8F 2HO| otAIQI ~F0i7HA HO|&ts dE HAHLSS Z2ict
Rahimi et al.(2021b)0fl 2Jal 7H&E PollMap2@ 7|8t 71t At = XY £F0|M InVEST &2
FEAMHA BIIRHH|W 2 HE, 284S dESIRUC

Cf) A5t 21t

(1) HTHAS b2 &

0%
>
Ql

(I 11-1-5) HA2| £ HE X1F 202

S HAR S+= & 20200 2T Y L2 2ds Soll T MeHZE Y Hi™tA0 TE 7
dEES BMoIACH 22, U= AFL Y 29| A2Vt A4 s OiXj= =& Q2YS =feIsiAt
gl 21, A2 AH20ME 95 MO Hast BEEUAXIL, A S0 Tet HA20] 545] Haohs
A0| SFSOHA| LIEHTE. 500 m A2l AL & 37027t &RI=] 1R =2 HAES 7IFoIACE 1 kn
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HIY. efAMEA S F7F JA 75

AE2 70t 7t 2fRIEHA HAZ0| 2X5| HOtAl= XIFOIL. 1.5 k2 2 km XHAHM S| #4 HIZ2 Y&
WA == CHE| 2F 3%0 HEXCE 2.5 kn X|IH2| HR, b3 Y& 4 & o 02| HAsks o 8%
Ol= THXMCZE HAEO0| 0%0 LS AARBICE SEXZH &F JHAIQ] HA= IHEHO| Z(TH 2.5 knZ7HX|
HIHSI EEC 2 =012 o= A= 2T HIFHZE M= FoA S8 207 AU,

E I1-1-17) MHEE AHAS0 ot A2 R XHQQ 3| =4

Factor Estimate Standard error p-value
Distance -0.00238 0.00144 0.097
Visibility -0.68272 1.88792 0.7176
Mean elevation -0.01191 0.02916 0.6829
Stream ratio -0.01178 0.08659 0.8918

Held HAZHERY EXAH 3EME 7[HICZ OISE A HISMWHIM) X 956% A2T7t
(BMEH)es o 0] HAES HRISHACE 500 m XIHUM &RIE &2 HAE2 1 kn OYOIM S5
ROfX|= LeE B2 55| 1 knOfA 1.5 km AfO[7} |4 59| (A A2 HEHED Ol2fgt 2=

=L RHeHEEO LEHRl AT HO| BS & USS AMARRITE 2| 281 01200 XX SYOIY, ik,
SHIEE)0| A JSE0 DIXlz Fes Tfol| Qo OE XAE 3HEA

o

=

HE|2U0| HAE ULk ofet HEYS LIEHIITE LIHX] Il?é QP52 Haslte &
X Al

J
n=
>
Ql
Q
o
i
x
N
B

2 OFSt k2o il HAX 29/40] ZHRIZ|X|
OIQICE Ol MA| A X|HS EZot 12g M, MiEdel HA HE3E0| XN QQHEE=E F
7{2|(Distance)E &2 AYHE 4+ USS AARSITY

(2) HIRLHAS SHRONY 7Hs Xt9 22

=ZLH-2| eDNA HEHHIZY 7|8t B A7 =2 HH Wirta S (2021) TZtE, A O|AEL|O}
33/M=2| & eDNARMZ S510{, 9 LUHAMS 2 BiH|2(0f, SEHO0|Q 714 X0 HH5{W L, 0|2 Saof =<
Ao XS TE TtsHE2 AAFSIICE Jones et al.(2022)2 F=2| THS AZ 0N 230 Z2X E-O|

0|80tz AlEO| AHYE HE 24060 AHE taok= UHAMESE 9ol Ol AHE AM HEE
Htiot ZH9| AESS Solf sYMENA 2], MSOd 280 St 7= A=7t 2 A= 7|HoIALE
Patel et al.(2025)2 9I=9| Apjs cerana?t Apis florea & &2 Z2HUA XF[SH 2 eDNA EM4E Eo10d,
=22 30| ME AlZ 0|8 HEHS H|u-2MoIAL. 28 S0 It Mzot= A=E0| =i, 0[0f M2t
JHS 0|1 AHEE 22 ME 7582 MAIGIAL
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i m *

Wirta et al.(2021) Map of the three northern Europe countries (Estonia, Finland, Sweden) from which honey
samples were obtained(left). Nonmetric multidimensional scaling (NMDS) plots for plant, bacterial and fungal
OTU community similarities among samples originating from the three different countries.(right)

- I m-
'R l L e g et ==
- - i s —_—
! I-. : mid By d Saas
Jones et al.(2022) Plant taxa variation in relation to Patel et al.(2025) Donut plot showing unique and
the sampling periods identified from different honey commonly enriched floral taxa in the two honey
samples(A). NMDS ordination of the honey samples samples from A. cerana and A. florea.

collected over 2 years(B).
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The Euclidean distance-based dendrogram summarizes
the differentiation among honey samples from Aopis
melifera (AM-n) and Apis cerana (AC-n). (b) Bar charts
showing the taxonomic composition at genus level in
the six honey samples.

@ e
Pie chart using metabarcoding data from (A) honey and

(B) pollen samples. The larger circles represent genus
level and smaller circles represent species level.
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MY, SEAMEIA SEE B2t A =

A e lifrrn

i

Venn diagram shows the number of unique and shared
taxa identifed at the genus level among A. cerana honey
and A. mellifera honey samples.

e e e

The bar plot shows the relative abundances of the top
30 detected plant species in different Korean Robinia
honey samples. Despite being labeled as Robinia
honey, the samples showed considerable variation in
the relative abundance of Aobinia pseudoacacia.

AZ B2 XN BN O AR

ANZE 20244 Fd8E YT ME(1H0 18 ML)t 20261 ZYEE AT HESEXX|E

A 283, 4, 52) AIRZ ITS 2! rbcL ASV HIO|EE 7|HIOZ AMESH o-CIUAN 2EAM

21, Mz 2F T

(Diversity)t S2E=(Richness)= 2% Efd X0 M2t Xt0IE ERCE ITS 2 rbel O ZF0IA
U2E0| XHHBEL =2 Chaol ZEE X|&(richness index)E LIENHOO, Ol= Y2 JHx|=0| AiXo =
x

ALH, dSEO| M= O T

L]
MENS RO|0IA HIRE HOR WEHEICY, Cior, Ofu

ot AEM(flora)yg HtYsttl= E119F UX|SHHNamin et al., 2022).
, YSE2 MeB0f ol SHotal Lot HEAlE 2ds

SN LSE 1H, MehE A2 Az 29| B2

2Poen, ol 229 ASH-

TA0| H[SHHO0|RA7| IR0, 3k MM s ME 4 QL AN 85 X{E(seasonal replication)E Sl
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H 1-1-18) ITS & rbcL ASVs 7|8t & A|Z2| HIEIH|O|H & o-CHYFA X|4= (Shannon, Chaol, and Evenness)

Honey ITS-based alpha rbcL-based alpha
Sample ID = Date  Season = Location bee diversity index diversity index
type | Shannon | Chaol @ Bemess  Sennon | Chaol | Bemress

200V 2ll ' 5pq o YOO A 352 65 08 122 5 0.76
AC yang cerana
zgﬁ:iADé 22?251'0 spring | Gunsan ceina 2.87 57 0.71 1.97 18 0.68
szgr%:é_GADl\ﬁ 22.2251'0 spring | Gunsan mej/]/:fefa 3.41 222 0.63 2.29 80 0.53
zgﬁ:fAGé 22?0530 spring | Gunsan ceina 3.21 61 0.78 2.05 18 0.71
2025 VY. | 2025.0 Yeong - A 1.89 29 0.56 18 31 0.53

spring_AC 5.27 spring yang cerana

ITS2F rbcl. ASV HIO|EE 0|&¢t Bray—curits A2| 7|8 22 0H7H XM AlE 78 & 2443 ZIAIRA.
TAMAl 82| AlR(2025_GD_spring_AM, 2025_GD_spring_AC)= 54 X
YSTUAMA MAE B AER, 22 T8 SAMEE E0 549 cluster2 &
A SE2(0IA 2F 1.3 kn BOT F42| AZE(2025_GG_spring_AC)= 0|51 22|E Ee
ddot, 28 XY o ZEAME =G0 OM[eE X0[7F EXfgts 20&E0. Eot Y X9 A=
(2025_YY_spring_AC, 2024_YY_all_AC)= &4t X|Y N2 S1t HE5| THE clusterE Yot H, £3|
20243 A2(2024_YY_all_AC)= & A 13| AFE ABEM SY XY LHOIME SZXQI 2X|2 22|5=
A2 SQISIFICE 0]2fgt Atz X|%(Location) X AEH(Seasonality) 22 QIgh A L& X0[7 & A&
L HEAE &Y RAIEE Adoh= 2 Q1A= AAFRITE rbel ASV HIO|HE 0|82t ASH =& 240MT
ITS B4t QARSI XY SaXRl 728 22| A0| SRIEUC}. A =] Az (2025_GD_spring_AM,
2025_GD_spring_AC)= Z1Zt MAEBLAC)Y YSETHAM)OIA HitE ZA0= E+6t1 SHt2
cluster2 U=, Ol € XF W 2E0| 3822 H2E + U= Q2 Ald0| EQ ZAE 240 2

g

L o
52 O|ZICH= 242 AJA 3t HF XY AZ(2025_YY_spring_AC)= o4t 242| A& (2025_
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MY, SEAMEIA SEE B2t A =

(A) s (B) rbcl
Higrarchical cmilﬁl'!ﬁﬂ [Bray—Curtis) Heararcnbond ClUEEE‘I‘IﬂQ-IHIW—cUITIE ]

4 WY gl A
A

-
x| AL
=

_'.."-_. WY =
"

35 Y apiin
Ialrdd
|

Lemianne

i 21
. 3 3l #
S TS S0 TS
| = 1 [ o | Bt (7, “oieage

YY:QY, GD: Al DE2|, GG: TMAl 42|, All: DMIE(1HE 18] AY), spring: = ME(, 4, 58), AC: M2EH, AM: MAHEE

(8 11-1-8) ITS(A) & rbcL(B) ASVs 7|8 Bray-Curtis 7{2|E 0|28t & AN22| ASH 2 24

q
A

ITS 7|8t (family) & 24 20 83 £ YHAMES Fabaceae, Rosaceae, Brassicaceae,
Styracaceae, Anacardiaceae SOZ TLAEAUCH, X|H1 B ErQI0| w2t =245t XH0|§ ERACH X[
ZHH|WOA, 22 A|J2= Rosaceae(256-35%), Fabaceae(15-30%), Styracaceae(ZIi 31.8%)7 &56t0
ZOHE st u=d A0 o UHKHEC=E AEIMX|T, FY AZ= Brassicaceae(24.6-38.8%),
Fabaceae(Z|t 20.2%), Anacardiaceae(22.1%), Fagaceae(20.3%), Poaceae(21.5%), Asteraceae
(16.8%)7t =2 LIEILE, AN w=n 2E2Y A XH0] 28E 28 A8 2o, dAshy 2Eat
MM X0 28 Aokg B 4o M=t 2024E FY A|R0|M = Fagaceae(20.3%), Poaceae
(21.5%) % Asteraceae(16.8%)7t SE5t0 AEA XI0|7t B E A= HHELC Y XF(Z) 2
EfUEZ H|WoH HH A2 Z0|A Amaryllidaceael| H|E0| = LEISL. & &0 A= Rosa, Brassica,
Styrax, Toxicodendron, Castanea s A& g4 wx I H=J9h ZX|Y ZEAS(HARHN0| MEEo=

oI

£(genus) =& A A0t X|Y 7Hd|w A FF A|Z(2025_YY_spring_AC)HME Brassica(38.8%),
Toxicodendror(22.1%), Glycine(20.2%) £0| SE510, AXAtelat XS0 A=l X0 25 7|0t o=z
LIEPACE HHH A XY AZ(2025_GD_spring_AM, 2025_GD_spring_AC, 2025_GG_spring_AC)
OlAs Rosa(24-33%), Styrax(15-32%), Robinia9-13%) %2| HIE0| =0t Z0Z JHat7|0f Z25t
wsyg AME0| L KNHEHCE MEES AAIBICL £3] Amorpha(12.2%) 52 22| AZ0MTE =2
0, X[ MM RS A7]2] XIO|E BrYst A2 HOICH S X|(T4h) =Y EfEZ H|wadl
U2EBL Rosa24.4%), Viciad14%), Allium(10.7%), Trifolium(5.3%) % HIE0| =UCH IH2E2
| YRBEC Aosa32.7%) o Styrax31.8%)%0 o 1.5-28f &2 HIZOR SEGKACL 0= A
cerana’t A. mellifara2t Hlu3S M, w=d At Jist Bt 22 =75 M3ok= Y 50| U

o M
Aoz FFE.

oy

5

oY Hr
4o 2 mw
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1al
Am
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u]

Z(species) =& 24 21, £ YYMI L Styrax japonicus, Brassica oleracea/napus, Castanea

n

crenata, Robinia pseudoacacia, Toxicodendron trichocaroum, Glycine max, Vicia villosa,
Symphyotrichum novae S22 2QIZAUCt B EFUYE H| WA, X2HEHAME Styrax japonicus(E|H
31.7%), Brassica oleracea/napus(ZIti 36.3%), Toxicodendron trichocaroum(ZEIti22.1%), Glycine
max(E|ti 20.2%), Robinia pseudoacacia7.4-11%) S0| £ UYOZ LIEGICE HHH UY=ZR0A =
Styrax japonicus(15.5%), Vicia villosa(13.8%), Robinia pseudoacacia9.6%) S0| LIEFGCE =24t
XY Al2(2025_GD_spring_AM, 2025_GD_spring_AC, 2025_GG_spring_AC)7t 8EXOZ Styrax
Japonicus?t Robinia pseudoacacia?t EEEQUCH, W=A UAKYO| HIZO0| =QUCH HiH O XY
AN=Z(2025_YY_spring_AC)MM= Brassica oleracea/napus, Toxicodendron trichocaroum, Glycine
maxt =2 YHC= AZEHN, MEd ¥ =2 AS0| =& ZRAS NEL=E LEHHD 20244 FY
ANZ(2024_YY_all_AC)MIM= Castanea crenat19.1%)2t Symphyotrichum novae(16.7%)7 HUX O 2

=2 HIES B/, Ol MF AV R Az BE 71710 T2 2 DNA 29 X10|S et 2tz HHED

—

(HE 11-1-19) Relative abundance based on ITS ASVs at the family, genus, species level

ITS_family 2025__GADMspring 2025_?ADCspring 2025_?Eéspring 2025_YX63pring_ 2024, YY all_AC
Amaryllidaceae 10.70 1.26 2.64 0.00 2.91
Anacardiaceae 4.23 10.04 3.89 22.14 0.00
Aspleniaceae 0.00 0.00 0.00 0.00 2.06

Asteraceae 0.26 0.00 1.58 0.00 16.76
Brassicaceae 8.59 6.26 16.95 38.75 24.56
Cannabaceae 0.00 0.00 0.00 0.00 6.38

Ericaceae 0.00 0.00 1.43 0.00 0.00

Fabaceae 30.44 14.94 27.30 20.18 1.45

Fagaceae 0.05 0.00 14.05 0.00 20.25

Moraceae 0.00 0.00 3.63 0.00 0.00
Papaveraceae 1.42 0.70 0.00 0.00 0.00
Phyllanthaceae 0.00 0.00 0.00 0.00 1.97

Poaceae 0.05 0.21 0.82 2.51 21.45

Rosaceae 27.32 34.84 25.25 16.42 0.34

Styracaceae 16.74 31.75 1.64 0.00 0.00
others 1.18 0.00 0.82 0.00 1.88
ITS_genus 2025_53ADMspring 2025_55ADC_spring 2025_?Ec_spring 2025_YX(_:spring_ 2024.YY all_AC
Aegilops/Triticumn 0.00 0.00 0.00 2.01 1.44
Allium 10.70 1.26 1.65 0.00 2.14

Amorpha 0.31 0.00 12.24 0.00 0.00

Asplenium 0.00 0.00 0.00 0.00 2.06

Brassica 2.63 2.55 7.35 38.75 12.03

Brassica/Conringia 4.01 3.07 9.60 0.00 12.563

Castanea 0.00 0.00 14.05 0.00 19.14

Glycine 0.00 0.00 0.00 20.18 0.00
Humulus 0.00 0.00 0.00 0.00 5.29
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Maclura 0.00 0.00 3.63 0.00 0.00
Robinia 10.48 9.10 13.04 0.00 0.00
Rosa 24.42 32.67 20.69 16.42 0.00
Rubus 2.58 1.76 4.56 0.00 0.00
Styrax 16.74 31.75 1.64 0.00 0.00
Symphyotrichum 0.00 0.00 0.00 0.00 16.76
Toxicodendron 4.23 10.04 3.89 22.14 0.00
Trifolium 5.27 3.22 0.00 0.00 0.00
Triticum 0.00 0.00 0.00 0.50 17.08
Vicia 13.99 2.62 2.02 0.00 0.00
others 5.63 1.95 5.65 0.00 11.62
ITS_species 2025__GADMspring 2025_?ADCspring 2025_?Eéspring 2025_YX63pring_ 2024, YY all_AC
Allium fistulosum 1.72 0.00 0.16 0.00 0.00
Amorpha fruticosa 0.00 0.00 2.20 0.00 0.00
Astragalus sinicus 0.00 0.00 0.00 0.00 1.45
Brassica oleracea/napus 0.48 0.00 3.65 36.29 5.07
Brassica rapa 0.44 0.00 0.56 0.00 6.49
Cannabis sativa 0.00 0.00 0.00 0.00 1.09
Castanea crenata 0.00 0.00 14.05 0.00 19.14
Flueggea suffruticosa 0.00 0.00 0.00 0.00 1.97
Glycine max 0.00 0.00 0.00 20.18 0.00
Molinia caerulea 0.00 0.00 0.00 0.00 1.16
Papaver rhoeas 1.38 0.00 0.00 0.00 0.00
Raphanus sativus 1.76 0.00 0.00 0.00 0.00
Robinia pseudoacacia 9.60 7.41 11.12 0.00 0.00
Robinia viscosa 0.88 1.57 1.93 0.00 0.00
Rosa multiflora 2.15 3.84 0.43 0.79 0.00
Rubus crataegifolius 1.81 1.76 456 0.00 0.00
Styrax japonicus 15.51 31.72 1.64 0.00 0.00
Symphyotrichum novae 0.00 0.00 0.00 0.00 16.65
7;/)(0’;2:5; ‘L//f;” 0.00 0.00 1.05 22.14 0.00
Trifolium repens 3.23 2.55 0.00 0.00 0.00
Triticum aestivum 0.00 0.00 0.00 0.00 2.31
Triticum monococcum 0.00 0.00 0.00 0.00 3.18
Vicia villosa 13.81 2.62 2.02 0.00 0.00
Others 47.24 48.52 56.63 20.60 41.50
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(a8 11-1-9) ITS ASVs 7|8t 2K(A), £(B), B(C) +=0NM 2| AE 232 S HIZ

rbcl STAE 7[BIO 2, 1Hfamily) & 24 2, = UL E2 Poaceae, Rosaceae, Pinaceae,
Ebenaceae(or Juglandaceae), Anacardiaceae, Magnoliaceae, Fabaceae, Actinidiaceae S22
TEERCH, XY H =Y BN T2t FHet XO0IE ERC XY 7F HWOM, & XY A=
(2025_GD_spring_AM, 2025_GD_spring_AC, 2025_GG_spring_AC)= Rosaceae(Z|t] 56.6%),
Fabaceae(6.4-20.8%), Anacardiaceae(Z|lH 35.9%), Magnoliaceae(Z|lt] 31.5%), Ebenaceae(or
Juglandaceae) (Z|th 43.5%)7} RESIAUCt 52 YU X|F L85 (2025_YY_spring_AC)M|IM= Pinaceae
(52.1%), Rosaceae(15%), Actinidiaceae(13.5%), Anacardiaceae(13.0%), S0| HAEEUCt. 2024
ANZ(2024_YY_all_AC)E= Poaceae(100%)7t H=O 2 AZE, AlZ ®F| Al7] L AZ 30 OE AF
DNA HS0| HHE Zitz HHEC SYX(G(Z4) 28 EYE= H|wshEH XH2hE(2025_GD_spring_
AC)OIM= Anacardiaceae(35.9%) % Magnoliaceae(31.5%)2] HIE0| IA =X|TF, LEE(2025_
GD_spring_ AM)OlX{= Rosaceae(56.6%) % Fabaceae(20.8%)2| HIE0| IH =0}, & &Y &2 M3
A XHO0|7} 2F = ZE0IM . HFHERAC

rocL MY 7|8F &(genus) & 24 20, 22 £ WAEE2
Toxicodendron, Liriodendron, Prunus, Actinidia SL2 HEE SHE~ZHS0| Jistot= MEY uS
(2 4 2g) & a=Y g2 THEUCE XS ZHH|W0A, A XY A=(2025_GD_spring_AM,
2025_GD_spring_AC, 2025_GG_spring_ AC)= MENOo=z =N 3 H5yd UAMZO HIE0| /UL
ZEN dEAEE A2 AZSDUCH KH2HE(2025_GD_spring_ AC)HIM = Toxicodendron(35.9%)1t

Liriodendror{31.5%)0| €S56| sUCH, Pavlownia6.3%)2t Carex(3.4%) U8 HELIUCLH S XY

Pinus, Rosa, Diospyros/Juglans,
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HIY. efAMEA S F7F JA 75

U=E(2025_GD_spring_ AM)HA= Rosa(51.2%)7t Y¥=XMOZ LMSIRCOM, Toxicodendron14.4%),
Vicia8.2%) R Trifolium(5.3%) 01 AEEIAUCE. Ol Yot XF HOIME 2 S0 M2 MS JME A
X0|E EOICt A ZM2] A|Z2(2025_GG_spring_AC)UHIAE Diospyros (or Juglans) (43.5%)2+ Rubus
(8.6%)7t LHolRCt. BHH  FY¥ X|¥ A=(2025_YY_spring_AC)= Pinus (52.1%), Prunus(15.0%),
Actinidia (13.5%) & Toxicodendron(13.0%) S0| =Q LAISZ ASTUOH, 0|S2 AN I2(&eL
2 FEMY HZ2M 3*%—’.‘—% THEN AT 20243 L XY A|§(2024_YY_8||_AC)E Aegilops (or
Triticum) (100%)2t ZEEALH, 0= &F Al7| I &7| 20| 2 DNA HE0| BIHE Zil2E HEHEC

rbcL RHX}; 718 B(species) =& 2F= ITS 7|8 241} FHe2|, R ASV(F 70-100%)7t NCBI
ClO[E{H|O[A BLASTN &M AWM SS9 taxonol %E'g._f identity #{2= AEHAZ| W20,
FEUMO M Q= 25 3 offM2 27+set
(B 11-1-20) rbcl ASVs 7|8t family, genus, species 43 ATHH|E H| W

2025_GD_spring = 2025_GD_spring = 2025_GG_spring | 2025_YY_spring_

rbclL-family AM AC AC AC 2024_YY _all_AC
Actinidiaceae 0.00 0.00 0.00 13.45 0.00
Anacardiaceae 14.42 35.90 0.27 13.00 0.00
Brassicaceae 1.58 1.52 0.00 1.51 0.00
Cyperaceae 0.36 3.35 0.00 0.00 0.00
JEgleannadC;caeea/e 0.00 0.00 43.53 0.00 0.00
Ericaceae 0.00 0.00 497 0.00 0.00
Euphorbiaceae 0.00 0.00 3.14 0.00 0.00
Fabaceae 20.79 6.35 10.42 0.00 0.00
Magnoliaceae 1.35 31.49 7.18 0.00 0.00
Moraceae 0.00 0.00 0.00 4.87 0.00
Paulowniaceae 0.21 6.30 0.00 0.00 0.00
Pinaceae 1.96 0.00 14.36 52.13 0.00

Poaceae 0.00 0.00 3.63 0.00 100.00

Rosaceae 56.58 15.07 11.96 15.04 0.00
others 2.75 0.03 0.53 0.00 0.00

bel—genus 2025 GA)Msprmg 2025 GDCsprmg 2025 GGCsprmg 2025 YYCsprmg 2024.YY all_AC
Acalypha 0.00 0.00 3.14 0.00 0.00
Actinidia 0.00 0.00 0.00 13.45 0.00
Aegilops/Triticumn 0.00 0.00 0.00 0.00 100
Amorpha 0.36 0.00 6.88 0.00 0.00
Carex 0.36 3.35 0.00 0.00 0.00
Cinna/Poa 0.00 0.00 3.63 0.00 0.00
Diospyros/Juglans 0.00 0.00 43.53 0.00 0.00
Liriodendron 1.04 31.49 7.18 0.00 0.00
Morus 0.00 0.00 0.00 4.87 0.00
Neillia 0.01 0.00 3.04 0.00 0.00
Paulownia 0.21 6.30 0.00 0.00 0.00
Pinus 1.96 0.00 14.36 52.13 0.00
Prunus 0.70 0.00 0.00 15.04 0.00
Robinia 3.80 5.07 0.08 0.00 0.00
Robinia/Maackia 1.98 0.66 3.46 0.00 0.00
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Rosa 51.15 11.76 0.32 0.00 0.00
Rubus 3.88 3.31 8.60 0.00 0.00
Toxicodendron 14.40 35.90 0.27 13.00 0.00
Trifolium 5.32 0.00 0.00 0.00 0.00
Vaccinium 0.00 0.00 4.97 0.00 0.00
Vicia 8.23 0.00 0.00 0.00 0.00
others 6.61 2.17 0.53 1.51 0.00
a . 2025_GD_spring = 2025_GD_spring = 2025_GG_spring | 2025_YY_spring_
rbcL-species TAM AC AC AC 2024 YY _all_AC
Acalypha australis 0.00 0.00 3.14 0.00 0.00
Lirioaenalon tuljpifera 1.04 29.93 6.11 0.00 0.00
Paeonia suffruticosa 0.12 0.00 0.00 0.00 0.00
Papaver rhoeas 0.54 0.00 0.00 0.00 0.00
Pinus tabuliformis 0.00 0.00 0.00 0.54 0.00
Rosa omeilensis 0.01 0.00 0.00 0.00 0.00
Toxicodendron 0.00 0.00 0.00 0.27 0.00
trichocarpum
Trifolium repens 5.32 0.00 0.00 0.00 0.00
Others 92.97 70.07 90.76 99.19 100.00
(A} rhcl_Family iB) rivcl._Genus
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MY, SEAMEIA SEE B2t A =

FEO7H AHEC = FY2 T 6522 Eef|, LS, T, =UHT, 20| 4R,

O, YLD, YK, I, RAELIR,

T, OO

MeHEZO X9E =2 2
T2 T 16522 e, OPMUS, =7, ZAHME, HE7],
daUs, gUF, 2, 05, Hi-elAte], FEL7t I, 5% XY
3082z By, HIX|, of, OPIALR, HRUS, E7IE, Uz, &F, 87, &,
ZHEIME, 2, SEYI, 2Y7HRIS, 7], S=ES,

o 58 =E =20 AHEeZ

A.mellifera= &

SO, &, 2L, IS, S, S, 5
EHHI—r% A, R, SEFLUT, 27, HELRS, RS, H0| LR, A cerana= 12822 2d,
MELT, HAYZUS, OLUS, 2L EDE, &5, O, ME7], YX|, 0i7|SE, S=A27F 2= AL

A [1-1-11) X|9Y XO|(YY bZ, A 165)

% IL ey kb W Y T

(O 11-1-12) ZY X0|(Y2EH_AM 305, XEH AC 125)
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(3) A7t LHYS MAX| YEHAMB|A THX| Bt

MeHEE2 7HMZ0| AT MAXIZ dEfol7[20= LS7te XA0|L

L OO

IS/t e YEfAIMEIA 7HX] E7HE 2ol S+ HdAle SHEE METELE 3Rt ¢, HdEhl S

0

on
1o
Hn
=
Hu
m>
=
&
M
ME

) o
Coyst MEN QS 7K XIOITE Y=Ite & 5RO SCT SC2 SCR 2t Y=It2 F4OZ 3 i
Ur2I0| MEfH RS ToL5ISICY,

(H 11-1-21) Proportion(%) of Ecosystem Types within 3 kn Radius around Bee Colonies

Name SC1 SC2 SC3 SC4 SCh
Residential area 24 24 4.3 1.1 2.2
Industrial area 0.0 0.0 0.1 0.0 0.0

Commercial area 0.0 0.0 0.1 0.0 0.0
Cultural/Sports/Leisure area 1.3 1.4 1.2 0.5 1.5
Transportation area 0.1 0.1 0.4 0.0 0.1
Paddy field 264 201 |42 | 142 285
Upland field 13.2 13.2 14.7 9.1 6.0
Greenhouse area 0.1 0.1 0.0 0.1 0.0
Orchard 0.5 0.5 0.0 0.7 0.8
Other cultivation 0.7 0.8 0.3 0.3 0.1
Deciduous forest 10.1 9.0 3.9 22.9 10.5
Mixed forest 9.0 8.2 3.4 15.5 6.7
Natural grass 0.0 0.0 0.0 0.0 0.7
Artificial grass 1.4 1.3 1.2 0.5 0.6
Inland wetland 0.4 0.6 0.7 0.0 0.0
Coastal wetland 0.0 0.0 55 0.0 0.0
Natural barren 0.3 0.3 0.0 0.0 0.0
Artificial barren 1.8 1.8 1.2 0.2 0.0
Inland water 0.8 0.8 0.6 0.1 0.6
Marine water 0.0 0.0 2.7 0.0 0.0

Ir

SC11t SC2 X992 Af¥et XHe2 Ml sFA7t S48 F2ok= ARl 2HH, SC3 X2 = sS40
S22 OfLat oo SA| S0| ChfobA| 2okl UCE SCA2E SCh A[H2 &
UCHE 11-1-21). ZLO| MEAtL LHSH AH0| = HOIZS, MARIQ| Chrdar &

G
RlojAE] DE, IR S AlSl-23HH 201 121 HEEHLI ASAR YHS F= EX0IS

7 2

o
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s}
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m
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o
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o
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59, 87|9%

y, L= = o= T , > O,
712291 S0| £=2MH|AN F&=2 FLHIPBES, 2016; Duque et al., 2024; Dainese et al, 2019).
NARY & =2 HIE2 K6t He ZE0izKwind pollination, Anemophily)0| AL XE7tE(self-
pollination, autogamy) X=20|H E0| 04 HAHLE M9 GIX|TH B, &, 244 S 5122 HO|Z £E6}|
Mol & 2&0 et =0 A8E= HSH, M=H, A S0 285 Fds = A= LA

UCHLiu et al., 2022). 1 2ofl= HFSt L0 Fet RACZ 75
QFt LA RERIUR, SUIUF)E HMSoke Aoz g 883 50| ALt D3t 7|8
A AUCLt HIZ2 D|0|SIRACE. HEHAAH|A
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PAJHI AT

f

T As =, =, MAX HSH

A BIIEIUCL ZSFMHIA KBS0 et £2 A BIHEJACHIE 11-1-13).
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PollMap 282 Lonsdorf 7|2t HZE9|

(0] HERAMH|A
, InVEST Pollination ModelS $~E0471XtQ| H|ZYHE,

|2atet

A
L

S

22

S/t Jtsotes

— O

[

HEN T2 YM™otUCHSharp et al.,
EX

ot/| ?lalf Ho| Sy

5|90

2R 712y,

SHA
ol

H(Zulian et al., 2013,
OIELE EA
2020). SHE

M,

0|= I{EH(Central Place

ID AH
—| T

—_

Foraging, CPF)2 {IG3t JEHZE QI H, 377t =11 EX|0|E A5 MYoHA 12{5te] 2t
AMMOI 2EMH|A HIPt 7HS A = ATHRahimi et al., 2021).
(B 1-1-22) £SEMHA I 2 2 EX
7= Lonsdorf 2 ESTIMAP PollMap INVEST Pollination Model
Ho| MAX| Xt(habitat Lonsdorf| st =
resources)zt Lonsdorf 7|2t0|X|2F E%roq Ho| 0|z A, Lonsdorf D8I Estt
gy HOMH(loral ol ZE sy Grofst  Xi®! A(quality), 22 SE|E B TS
=% resources)®| ST Y, JPYAtE| &t TSt MB35 K2 AEAH| ,\?HEE@
BXE Ag6t O|SX UEH GIS =7 CPF (Central Place | = ' = T=AHI=©9
SEMHIA 20 Bt Foraging) 7|8t 28
- _ _ AIX| 71E |9} BHH| H|3E42]
ST st MK I B0 EelE AN 3N ¥kl wsgesry L IETE TN VG
HiAl O H2y 2 AMS(EAN HIt X 05 HE(CPF) ¥ty =7 T¢93(a e
=0 o H TR
T2 28 EX018/IE, Y MAX|  EX|0|E, MY, 7|5, ¥ o0 XS X 27 EX|0|8/Ig, " MAX| &,
{5t 5 } 5 = oAE =, of ENSC 3
N M, H| Az 255, Yo HIA2 S X1 ) ZXH 7+84, HIZ A2
=AM O Raster 7|8F AKXt H®|  Raster/Vector 2& 7ts Raster 7|t 37H2A Raster 7[8H(7|& 30 m)
- 98 230l zxgt
- 70| ZHHSHT MY - MEAIMHIA SEEVE - WSME 7[ReR
ex =S HS(ESTIMAP Suitedfl 3144 &8 - S2-4Q % HIt ks
7° - MNARo=Z Rt R EE - HsYX|Y M 754 | - &E ~EMH|A HEsl s
248 712 2y -MINeR NSt Il =S
O A
T T
i - A3 F(quality) gt -3 2 At - MUNoR ST Y - 58 S HItol XA
2 IS oz Mo ope | NER - Hls 9 X|2{o| MEHX 7|0f
- Hd HIAR| 7Y =omaE T -Ueuia 2 2SN HIY 1
HE M, 58X, =X| & o2 A T 0| K3t EAS A T TRt SER| S| SEAHA
o o A0 88 7ts T340 Bl Mg
= = Zulian et al., (2013, o
Z1I23 | Lonsdorf et al., (2009) Y 2018)< Rahimi et al., (2021b) Sharp et al., (2020)
PollMap InVESTH| Hlof MHMO=Z ZHs AXZ &[0 UOH, UHAXZE Edl 21Xl ~2MH|A
K=E dae & ) 0] 2¥E2 F 742 2 UK Q! 3tUXA(floral resources)2t H& MAIX|(nesting
habitats) &z 20| ZR3SIH, ZH ZPHo| CH3H 0-1 AfO]Q MTHXN EIHH S F0oi0f SICHE 11-1-23).
ESh By 152 flohME Hol Zf HIY 7tsst 0|8 72|t B 27| HIECE AlLtst YI(Alpha, a)
s HeM0= YHol0F oiCh £ QOls HIEY 4R, 432A&0| ofiddl= 2 Q019 A SL=0
M2t 7kEXI(weight)E HERLEM EAMHIASl Z7t BRE HOF SIMX0|T HIUsh 24g 5
QUCHRahimi, 2021; Rahim l., 2021b)
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MY, SEAMEIA SEE B2t A =

H 11-1-23) PollMap 7152 ¢let A=

o= =i
Floral resources Z XJE0| U= XG0 g, AeH S)
Nesting habitats HEYS A0 MAE 4 e XG0 A7)
a (Alpha) Ho| |0 HIEY 7t olsHE +~ A 37
w (Weight) SN ASAE9| TIEA|

HE MAXIO Chet YUY =S flof eSSz MFe MehEL(Aois cerana)0l AX| = EX|9
=2 LIF &, HIRIE, 2 & S 28 S0l TS N MEN SEJ(ZEMEAE, 2018)2 BIH6IH InVEST
UHXE F nesting Cavity Availability Index Z{2tS ZESIRCE U0l HishM= st HECZ
25 floral resources index 22 WHaloH UZOZ ARSI HE MAIX|= S RAlHLE]
254 = 0215“?&951, SHUXEE ZA| 2ot | &, EX|

= HEolol= A X0l oo st 0.802 £
g7t e # &, A==30j CHa Zk2f 0.45, 0.45, 0.509] Zt
LHe|2 HHOIE AHESHK|Dt, EF &td ZA0M= =0 3 kn7tX| H|ss A+ ANE &0lst
2012). 0|2 7|HIOZ o H|3l 7156t 0| H2|2 M THo|2 3tASH g 3t
0|z 72| Yol siYst= 500 met 1,000 mE SHAH A 37(21 10 mZ

m|o
ial
)
Qﬂ
9
o
|'|_|O
rc
il
|0
HU
=>I-|=
]
Ils!
nE
rlo
o1
o
(@)
3

=01 Attott] 2EH2= 2424
501 10022 FSOIACHIE 11-1-20). 0[2t &M =27} HO| it 0|30 7Ixl= AL =

gon

257 | floi HA| 45 MESIUL. F, E222E 10 m O|U F2H0l= |t F&ek(1)& 205k, 100
m O|LH7IR|= S&0| MYHO = Ul AFALH, H2| 718 7IEX|(w)= 0.52 HESALE =20

ot 2N EZ 27IMEH|0|EH|0|A(2023)9] E2Y X2 E S25IQICt

—

: “ ¥
r
]
L
'
| o
% .f’"}! i o e -
(A) tUXH(floral resources) (B) €& MAIX|(nesting habitats)

e

LS
et ew

L Hi]

(C) =225 H H2|(distances from roads)

O™ 11-1-14) SEMH|A ST g A7 TAX| PollMap YiEAtE
(A: floral resources, B: nesting habitats, C: distances from roads)
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A= a2 B02Z, BE 10022 MH5I0{ PollMapS Sdlf SEAH|A A|ga1|0| M Atz ¥He HE
MNAXIHMEH o H?l L0l EXMdts HOIRHHEE 29 HYLZ QAGIHH, o7t 245 [ &2 RIUA
TEAHAS NS

o
S
30
i
njo
10
[}
a
a

i Hh‘tl LER . Al

i

L]
4 i

(A) a =50
(I 11-1-15) SEAH|A SHEHTL THAX] PollMap Z1HA: o =50, B: a = 100)

ERRLE J27 M RYULE SEAHIA B0l B LERIO, HIY T153 0I5 727t 84S
HO| HBE 4 U +2AHIAC] B WOt MSEAC, ZUHOR, HIYH2IL B FULE £29f
22 QTN Mol YIS Of 20| WO, Ol SEAHIAY B7HY THY TE YA 00 4 9SS
AINBICE Ol 9] I3 S2{0f M2t ARAHIA B7H 2@H0| Y2iE 4 UTts %S 2joj3ict

09
M
|'|_|O

120 UTHE YO=E InVESTE T3517| 2lsh T U
Il -1-24). PollMap Z2te} InVEST ZAIE H|W 245}7|
124510 INVEST A2 AMH|A Qo ZIE HO| WX AMAIX|

0|&s X|==(foraging activity index), Alpha (a), ACHA

SEMHA S BEXQI ZHEE F
Xzl ZE H(guild table)S ZHAJ5HFLCE
ol MHEH(Apis cerana)?l MEN £

HM&td X|g(nesting suitability index) 2

ox T
g mo F

A

Z2(relative abundance)Oﬂ CHeh 242 Aot L2t s IHAEEES MAEH(4ois
me///fera)Oﬂ HloH =&l 27171 210 AHA HE8E0| KOt &KX 1% &&0| MetH0| &8 Y iR HE2

FOE HHD RS 5, 2017, EsYuetd, 2021). J2{L AAUEE e SHlE 7
%*% HIW A30iM= MABLR M2EE 7F RIS X0IS UASHK] R, 2614 FIH(Bombus
pascuorum Bt £2 225 HIEE H0le 92 EFHOIZACHKIm et al., 2024; Jung, 2021). 0|0
T2t MeizEel =3 ':—’|*0|%%01| CHet XI=Z 0.130(A 1.0022, {EH HO|&=0 et 42 0.480A

=
0.8022 =oALt 4 Et= o 22 Greenleaf et al., (2007)2t Hyatt (2012)2
1510 500 m2F 1,000 m E.Ror O, MH™ E2(Relative abundance)= 412 £80| 10| =/0{0f

22 11X} A afe | 0.74001M 12 _._oﬁf0=| FTEMHAE BIWGIRAC Eof, MAELN =FE =0
TS5t PollMapte] 2t H|wE lal InVEST ZAI=E £ nesting ground availability index?| 42 25

09 ol LSSIACHE 11 -1-25).

10
=
02
2
M

[o]]
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H 11-1-24) InVEST #1852 st Z= H(guild table)

]
i

Nesting suitability cavity index
Nesting suitability ground index
Foraging activity spring index
Foraging activity summer index
Alpha (a)

Relative abundance

H |1-1-25) InVEST #=2 fIgt ¢- 2218 &

nesting cavity

lucode EAIS =3 availability index
111 HEFHAN 0.18
112 IJSTHAAE 0.1
121 YA 0
131 MY URAA 0
132 =2XY 0
141 ZeHAS - FYAL 0.2
151 s 0
152 St 0
153 Ho 0
154 c2 0
155 7Bt S - SAALE 0
161 SHE7|=AE 0
162 us-HHAL 0
163 7|et 33AIE 0
21 AXE E = 0.1
212 BRZRPE S & = 0.1
221 BRIt | 0.15
222 SAEEL o & & 0.2
231 INEEILIN 0
241 3 0.25
251 S5 A 0.3
252 7 |EFRHERR| 0.3
311 e 0.93
321 g 0.6
331 =58 0.82
411 INFSEIN 0.3
421 SZox 0.25
422 ox| 0.2
423 Y|SEIN 0.6

nesting ground
availability index

0

O O O O O O O O O O O O O O O O O O oo oo o o oo o o o o o
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MY, SEAMEIA SEE B2t A =

et &

MeiES(Aois cerana)

1
0
1
0.8
500, 1000
1

floral resources
spring index

0.25
0.2
0

o
w

O O O O O o o o o

0.48
0.68

0.7
0.9
0.68
0.7
0.4
0.75

0.35
0.4
0.6

floral resources
summer index

0.2
0.15
0
0
0
0.25

O O O o o o

0.35
0.5
0.5

0.55

0.5
0.8
0.5
0.6
0.45
0.63
0.78
0.3
0.4
0.55



woode | =nim 88 LR T ety ndox | sprng ndex | summer mdos
511 CEEA 0.11 0 0.2 0.2
521 A 0 0 0 0
522 R 0 0 0 0
611 ofitA 0 0 0
612 Payle 0.2 0 0.1 0.15
613 24HHH 0.25 0 0.1 0.1
621 MRS 0 0 0 0
622 =23g 0 0 0 0
623 7 |EfLER] 0.15 0 0.2 0.15
711 ofd 0 0 0

712 o 0 0 0

721 offd 0 0

EX: @83 £(2008), Sun et al., (2023), Zhao et al., (2019), Zhao et al., (2023)

"Rt L e
e DECE BTN

| .llr|l

(B) @=1,000

Q™ 11-1-16) S2MHIA % S5 K] INVEST Z2HA: o = 500, B: o = 1,000)

LY

2 200 O=H, =500 O S EEX0|M] +2MHA £[Sg2 0.75322, o=1,000& 2|

2SRl 0.52520 =4 LEHHD Ol o 20| S7tedol Wet +2017hALe] St Eei7t JHXIEA,
S50 58 XAH0 SEVIEHE @2 SU0 2 EUE/UY| 222 oM En. & AlU2|29 St
=2 Wt 212 o 2{0] 5000A 1,00022 57t Al &€ X[HUME +EAHIA SEHS| S7HF, Y2
HaZ)7t 22 UEIRCH, B M3 XF0ME F2 dAE&, 39 Hal)oke gy IoIAt 0l
JIEN MO R =2 S 20IE XHO| +EAHATF FH XFo 2 LN, JHE T Helo S50]

X
- —
SIAE|0] At ZIHE OJ3HE 4 L,
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MY, SEAMEIA SEE B2t A =

[I202 ANSE YYD YUK BEXIS (HNOR HHBHO| 22 MHIAS HIIS| s PollMapTt
z

MEoiH 2t o 0 ME 45FS| Y= HOHE FHoiH. 28 ¢ 2nE
H

=)
<
m
n
_|
N
H
ooh
Ty
™

H|WSE| ?loll &

et al., 2006).

S=1-[A-B] A1)

o

1€ 2 78 ML BEX| B2 OEA ZEA=X] 2Ql6h7| A taRIel EXLSEE 7749

T2 HFeIH EXLEE AT Br(mean) A4S LHESIAL

o

Hr

S L Cisrr Tope
l-;. r -Huhq'-nn

QO 1-1-17) Y2 o A7 WX EXLEE

(™ 11-1-18) PollMap, InVEST 2& 7t 27t QAT H|W(A: PollMap a = 50 vs. PollMap o = 100, B: PollMap a = 100
vs. InVEST a =100, C: PollMap a =50 vs. InVEST a =50, D: InVEST & =50 vs. InVEST o = 100)
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H 11-1-26) PollMapzt INVEST 2&2| EX|IIERYEE B FALL

EX|oE PollMap @ =50vs. @ PollMap @ =100vs. = PollMap a =50 vs. INVEST o = 50 vs.
Fd PollMap @ = 100 InVEST & = 100 InVEST a = 50 INVEST o = 100
NZAZEXS 0.965 0.472 0.489 0.472
SYXY 0.925 0.379 0.443 0.379
LEXS 0.921 0.826 0.739 0.826
ZX| 0.960 0.750 0.703 0.750
= 0.977 0.434 0.479 0.434
LEX] 0.977 0.499 0.509 0.499
=¥ 1.00 0.00 1.00 0.00

*9| R +EIHAIY MAX|Z 220K B2 EAH0MA X2l

Qg N-1-18)0M A(PallMap o =50-a =100)2] ™A HH RA== 0.9272 o #, 5 H
Helll= A Fets BA| UCH, =2 =¥ 5 2071 H2E0| Metel= XF WolM 2
HRIC}. D(nVEST a = 50-a = 100)2] A B RAI=E= 0.824Z PallMap 7t B+ RALE ErCt
Lot EXISE RY & AVIERHEEXGL SYRFUA RAEIE LA LEFRCE 0f2{8h X

00II
X
i

M

>'|r bl
N
R

TROM HIRED, InVESTE 200Xt HI>iAH2(0)| THE S MH[AS] FHEIX Zt
Polll\/lap% Z|CH HIZY 7H5St 0S| LHOIAZE AHS EMst XrHe| At 2| ZEE HEst 3
£ XSstot= #XO0ICH InVESTZt MEtMo= of DIZSH| YtSdk= Z-0| LIEHR
HIZAZ| H210] [ Zale4o] Y22 oMLt BHHO| PollMap2 AMHQl LEQF &,
o=z 136l &2 MHO| 22 XFut I XY 7te| S FAE 3o Y
EXIE QHEER MHEH A|7ISI1ZEX|S2 PollMapliAls FH SX| XS Y8 HHH5H0
=2 AUS B, InVESTOAME ZE HEO F3oZ IR W2 +EAH|IA 35S LIEHRICH
FUT LHOIA E25HA 22510 HZAH0| WU, InVESTO|A MH|A Z50] IR ZA|
PollMap& Z&K| Q129 =X|& MAl 7tsdE vrEsH
XIOI7H 7Kg 3 LEtH X|9ez & 29l AN £40|
SDEOIM SEMHIA X7t E2] LERRD, St
T2 SK[QF MO FAR0 XISt PollMaptide Y& A
wUS ER2LL InVESTE FH EX| A5-40]| 2IZstA 235t
AT S, LRz S20H70KHS] MA0] Higte= XF2= 2
SAE X0|7t 2 HOIUL}. MHNMOZE F 23 HF o &

TSl QAR AN ZHS HYOL, 33 2RO YN, BN BEE, BXH Ao0lo)

1o

F
00II

mn —r
1
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rr
rc
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rlr
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s
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NIEZOI XI0|2 2018t 4 QUQUCE. 0= PollMapO| AHeIQ| Rt HZAMS HHH5HY At L 2|
S HXNOZ 3ok B, InVEST=
H

O RS grSets 2ufeitt. Ol=fgt H|WE Sall 2 2| FHH
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X
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ol
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Q2R o| MENR ERTY SH27 TAHOICH InVEST U PollMapZt 28 &7t M| 280| X2 H9ls
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MY, SEAMEIA SEE B2t A =

SRS E0f ME ZROE Hfol| YA T T2 AYSE| UY 7|52 FYHOR Ters 4 Qs
7% XB7H LRSI D2pk BU MYAES YOS 22 AMHIA T B8 4 U= L4 347} 59
B4 2| SHO| St 7|E N2 PESIUCHE 11-1-27). HEX U401 OIS} BpKeo2
22| Y]E|D QUOLY, HIIREI EIHY S BEG| YYOD 4| HHO| YHSID U, 0[of T THR
YRR w2 WONO| ZAIT YCHANY 5, 2021). U+ B Al H9l F 7IF9) sj2olLt R2ig
BYUS T2GHs 0| Ol BY NekYD 4B B S 48 SHT I T2k 20| LRt
IYMYISIAS 0[5t RAS SHNOD T200] hay B YM0| 52 +52 Mok UCHAZE,
2023). 55| #2 T3] IR 9 r

o
{X12| HO|XHHO| Ot 2t, YE9| HO[XHHO| ST A5 H=6HH, 210
(2t MAIXIS| 9IXIE 2Fots 0| At= HoM(Collett et al., 2013), hay & YMF2 FEAH|IA

S5 YMHS 2O F&op FUtoks Ol YAl It E 4 ULt haE & YMHH2 [2Y & WiiZHg/tree)

H 1-1-27) FUH 2 UASZO| 31 2H[F U B MY
e a1 Gltowe)  Galtowsd | ava | T

JINRAL|LUR | Eleutherococcus senticosus 3.5 - - 7~8¢
gLe Ligustrum japonicum 0.8 0.6 103~146 6el
ZoLR llex crenata jii 8? :TE 8% 4‘?562:128 5-6¢
SHULZ Camellia japonica 357.1 62.7 25~50 2~4¢
s Wisteria floribunda 0.9 0.7 26~42 4~HE
ESEE= Styrax japonicus 1.1 0.1 - 5~6d
Ot Sorbus commixta 0.08 0.05 1~5 4~5¢
OHALER Prunus mume 10 1.8 1~4 3~4¥
HALZ Zanthoxylum ailanthoides SEIE 18 :‘TE 1? _%E ig:l;; 7~88
FALE Chaenomeles speciosa 19.8 5.0 20~40 3~4¥
BUFLE Koelreuteria paniculata 0.6 0.4 18~25 6~7¢
WL Castanea crenata 30.5 9.4 30~100 62
FEEHUR Liriodendron tuljpifera 391.5 66.3 15~30 5~6¢
HRS Firmiana simplex 1.6 - - 6~7¥
He|¢LF Elaeagnus umbellata 1.7 1.4 22~39 4%
LHEHLE Prunus sargentii 85 2.2 25~40 4~5¥
MELR Zanthoxylum schinifolium 0.2 - - 6~7¢
SR Tila insularis 22 0.3 90560 6
ALz Tetradium daniellii %\fi gg :ii ?g Xtiii 915{%5%00 7~8¢¥
ALF Acer tataricum 1.4 0.5 - 5~6¥
OFTAILER Robinia pseudoacacia 2.2 0.86 210~320 5~6¢
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e e Gilfows)  Galtowsy | Gghay | 71
OfefLt= Viburnum odoratissimum 0.5 0.5 67~247 6e
QUMUR | Eleutherococcus sessiliflorus 39 - - 8~0%
e Toxicodendron vernicifluum 0.4 - - 56
FHLE Prunus X yedoensis 7.6 3.6 25~40 4~58
SUF Kalopanax septemiobus 05 0.3 11~34 74
0|L4= ldesia polycarpa :'ii ;; j‘zé 2_)8 j;% ;;}6787 5y
FSUF Ligustrum obtusifolium 0.7 0.4 25~74 568
ST Styrax obassia 3.6 - - 5-6¥
HOLF Tilia mandshurica 2.2 0.4 90~560 6
2 Aesculus turbinata 1 0.9 58~75 b¥
o= Tilia amurensis 1.6 0.7 90~560 6
SUNLES Hovenia dulcis 4.3 1.8 240~360 6~7¢
HELR Dendropanax  trifidus 45 0.9 - 8~

(2021, 20223, b), ZHMEXEH(2023) , 2818 5(2023), Chrzanowska et al.,

Z£X|: ZMT(2013), Sup et al., (2015), ZEr2l}eH
(2024), Na et al., (2024)

ol YHFES
=1 =20 L2 AOoILt =7
(honeydew)Z A =
2024b).

OBt

0
2
oz
|0
U
—
H
ro
~
o
Ral
HU
to
HO
o
kA
>
nfu

0x

S

(2 11-1-18) FYZ U B L U2 M £5(163) 21

FYTUME AT JHY H2 BHEES Aot AUCH, ha

OMAILZ 2 SHIE|AUTHE 11-1-28).
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HIY. efAMEA S F7F JA 75

H 11-1-28) +EMH|IA HIIE o MYE 1652 YU Lf HEu &5 3 2= Yotz
+5 13 sopy | musmm | F SR LS
ALIF Pinus densiflora 23,105.85 44.973 25
7|8t AURS Quercus spp. 7,724.92 15.036 25
LELE Quercus mongolica 7,638.67 14.868 25
E-Ses Quercus variabilis 6,406.10 12.469 25
HES Larix kaempferi 5,401.25 10.513 25
AALE Betula pendula 431.86 0.841 0
2|7|CHALR Pinus rigida 371.03 0.722 25
OfIIA|LIZ Robinia pseudoacacia 93.73 0.182 265
2159 Populus nigra 79.11 0.154 20
SIS Liriodendron tuljpifera 37.81 0.074 23
deg|UF Quercus acutissima 37.64 0.073 25
L2 Abies holophylla 23.88 0.046 25
2T Castanea crenata 17.06 0.033 65
=3 Pinus thunbergii 5.07 0.010 25
2R Acer pictum 2.41 0.005 200
BHELIR Betula schmidtii 0.55 0.001 0

T=et tgaS H0[HSE 2Eot Y2 W 9 2 AHIAS F7I6H| el InVEST Crop Pollination
DS S0 HY EXNISES MEeS FE/F ZetE S8 EXLEEE 242 MEot0] InVEST
s IO X0IE Hlw-ZH5IH 58 +EAHIAS F7IIAH. HAlH

2

T X ASoIReH, F & & o
I 5(2021)2 FIIot0] ZA=E HOINELE EESIL LM ~207HK= 7+ BL0]
H(Aois cerana)tt MAEBH(Apis melliferayg ANCZE ZE HE F=oILCE 2016~
4 HO|E{(SUSAAZE, 2024)E &€&t ZE HO|
=

2022'7_:'9 %HE-' oo\ = =2 O = é)kEHIﬁ EE’E HI XHEHE'HE-|
0.05, MUEH 0.952 ZHSIOZM 2L £2017) 2HO| AN BEX EME UIHSIACHE 11 -1-29).

(B 11-1-29) YYZ U] AZ45 2Z00A INVEST 7S 9I3t ZE B

oy 5
3
Apis cerana Apis mellifera
Nesting suitability cavity index 1 1
Nesting suitability ground index 0 0
Foraging activity spring index 1 1
Foraging activity summer index 0.8 0.6
Alpha (@) 1,375 3,250
Relative abundance 0.05 0.95

EX: sESLMAEL(2024), Kitamura and Maeta (1969), Visscher and Seeley (1982), Greenleaf et al., (2007), Guedot and Kemp
(2009), Koetz (2013), Liczner and Colla (2019), Jung (2021), Pugesek and Crone (2021), Zhao et al., (2023), Kim et al, (2024)
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d-=-

B 1|-1-30) §Y EXIEE 7|8t AR L IVEST 25 913t 4-

X~
=

BE 7| 617 N2E 7[¢eE A

nesting cavity

nesting ground

HESIAULHE 11 -1-30).

floral resources

floral resources

L EAmS 79 availability index | availability index spring index summer index
111 H=EFAHAE 0.18 0.18 0.25 0.20
112 SSFHAE 0.10 0.10 0.20 0.15
121 SHAL 0.00 0.00 0.00 0.00
131 SY-UFAE 0.00 0.00 0.00 0.00
141 zZ2h A FLAE 0.20 0.25 0.30 0.25
164 £2 0.00 0.00 0.00 0.00
161 IRV EINIS 0.00 0.00 0.00 0.00
162 M= RSN 0.00 0.00 0.00 0.00
163 7|EF SSAIE 0.00 0.00 0.00 0.00
211 AXEH E = 0.10 0.15 0.00 0.35
212 BRZet et = = 0.10 0.30 0.00 0.50
221 BRZet # & 0.15 0.25 0.48 0.50
222 AR o # & 0.20 0.40 0.68 0.55
231 AATHERK] 0.00 0.00 0.00 0.00
241 e 0.25 0.60 0.70 0.50
251 SRR S 0.30 0.70 0.90 0.80
252 7 |ELRHEH K] 0.30 0.30 0.68 0.50
311 E2E4E 0.93 0.90 0.70 0.60
321 HEE 0.60 0.50 0.40 0.45
331 =54 0.82 0.61 0.75 0.63
411 RIAZK| 0.30 1.00 1.00 0.78
422 BX| 0.20 0.55 0.40 0.40
423 IS EN 0.60 0.70 0.60 0.55
511 HESAXI 0.11 0.11 0.20 0.20
612 d7ls 0.20 0.20 0.10 0.15
613 L 0.25 0.15 0.10 0.10
621 MEXS 0.00 0.00 0.00 0.00
622 25 0.00 0.00 0.00 0.00
623 7B 0.15 0.20 0.20 0.15
711 ofd 0.00 0.00 0.00 0.00
712 =R 0.00 0.00 0.00 0.30

£X: Seeley and Morse (1978), Lonsdorf et al., (2009), Groff et al., (2016), Koh et al., (2016), Zhao et al., (2019), Rothwell and
Ginsberg (2019), Collado and Bartomeus (2019), Antoine and Forrest (2021), Serret et al., (2022), Zhao et al., (2023), Natural
Capital Project (2024), Hinsch et al., (2024a)
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HIY. efAMEA S F7F JA 75

2FE MEZE HOH EXIELY] SHEEE Sgot/| o, &-22|X & 715 Al 38 IEE
F7tet sy FEZ J|&=2=Z Polygon to Rasters 8610 2t 59| 2RE LM Q|2 LIEHE=
HAH H0|E=Z Mdotct. MaE MEST A} EXISEE Zfol’| /ol ArcGIS Pro2| Raster
Calculator®ilA| Con &5 8%t Z71E HEle SHGIRULE SEAH|IA HIIE 2loh 23 1671 32
= t 2 EXI=ELO g, 2gsd, 288 59

5 28 S8 lucode/t HIEE S EXLIE HAHE F=0IRAL. +~5E
EXOE It S2EHA| EESE B9 900 T== 23010, Y¥+32 900-910, HE+S2 911-
: : : VeI, VIEEESE

: S 2 ZHAEZE InVEST Crop Pollination
D9 YeEitsE &0, +EMHIA ZUE ME 5 0 H|W - 24 = UTF StAUCt |
ANHEe 25 M T 16719 & 3 4= MUY N=E HIECE gt HYEs= =20t AUS
EOSIRCHE 11-1-31).

H [|-1-31) S8 EXLEE 7|80 YYZ LY InVEST 7S 93t 422/ B

= nesting cavity nesting ground | floral resources | floral resources
lucode EXOE &%

availability index = availability index spring index summer index
1M HE:HAIE 0.18 0.18 0.25 0.20
112 SSF/AE 0.10 0.10 0.20 0.15
121 SYAE 0.00 0.00 0.00 0.00
131 o g2A- 0.00 0.00 0.00 0.00
141 =&t Hs- FUAL 0.20 0.25 0.30 0.25
164 E=2 0.00 0.00 0.00 0.00
161 S EINES 0.00 0.00 0.00 0.00
162 M BEPSINES) 0.00 0.00 0.00 0.00
163 7|Et SEAIE 0.00 0.00 0.00 0.00
211 SREE 7t E = 0.10 0.15 0.00 0.35
212 BRI ot # = 0.10 0.30 0.00 0.50
221 ARYe ot = 0.15 0.25 0.48 0.50
222 AXga7t o & & 0.20 0.40 0.68 0.55
231 Al ERHHX] 0.00 0.00 0.00 0.00
241 =2 0.25 0.60 0.70 0.50
251 S - IAMY 0.30 0.70 0.90 0.80
252 7 |EXXHERX] 0.30 0.30 0.68 0.50
311 7|EreEsE 0.93 0.90 0.70 0.60
321 7|EHEE 0.60 0.50 0.40 0.45
331 J|Et2 sl 0.82 0.61 0.75 0.63
411 INNESIN 0.30 1.00 1.00 0.78
422 X 0.20 0.55 0.40 0.40
423 7|Ef=X] 0.60 0.70 0.60 0.55
511 NEEW 0.11 0.11 0.20 0.20
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nesting cavity nesting ground = floral resources @ floral resources

eged SAMS 74 availability index = availability index spring index summer index
612 a7 0.20 0.20 0.10 0.15
613 A 0.25 0.15 0.10 0.10
621 XA 0.00 0.00 0.00 0.00
622 o) 0.00 0.00 0.00 0.00
623 7|EfLEX] 0.15 0.20 0.20 0.15
711 S 0.00 0.00 0.00 0.00
712 s 0.00 0.00 0.00 0.30
900 O2ALR 0.93 0.90 0.57 0.00
901 =ZHLUF 0.93 0.90 0.84 0.00
902 7|EHEU R = 0.93 0.90 0.95 0.00
903 e 0.93 0.90 0.46 0.00
904 HLF 0.93 0.90 0.00 0.60
905 ST 0.93 0.90 0.63 0.40
906 dLF 0.93 0.90 0.68 0.00
907 HHELUE 0.93 0.90 0.89 0.00
908 OFFAILES 0.93 0.90 0.79 0.80
909 NESIRE 0.93 0.90 0.46 0.00
910 n=g 0.93 0.90 0.73 0.00
911 =2 0.60 0.50 0.00 0.00
912 HEs 0.60 0.50 0.60 0.00
913 2|7 |ALR 0.60 0.50 0.40 0.00
914 ENEES 0.60 0.50 0.80 0.00
915 HLU= 0.60 0.50 0.20 0.00

EX: 0|AF (1998), AHZA(2024a), Janssens et al.(2006)

nesting cavity availability index2t nesting ground availability index g{2 M8 AN F=TH
ALY GO U2 JIUE BHHSIROM, floral resources spring index®t floral resources
summer index &2 16702 £ 32| HA HHe} ZIAE Sl £ 24 32 & H 4= M
=g 280t #=oiRULt. 2t 52 HAN He|HAY & 2 A2 WMES 5010 5
LHEoIRCH, =& 7F HUHAE SQEE BtFol| flo AldtE 4ol =2 7|8t X =8 g+ KC F-
rank normalization)E HMZ5AL}. H 4
20oldl, &% H2 2 L0 0-1 RS && SHEUCE Hetol 2 F
X0 A=AIE HTHE HIZE HSSH. £Z2 MEIN EM4S 121510 B2 Hsoiien, 5(3~59),

IT
HE(6~8F)2= F=ot0 AZEE

floral resources spring index2t floral resources summer index &=
AESICE 1670 & & EF2t G0l siEdote 2 182 Btal0l IR0 Jhetcle gY+= 0.7,
=0l 7Helots AEe= 0.4, GE00 7Hetcls Y= 0.6)0] oIS MY EHE HE3IUL, 0|2 S

=
A 349 floral resources spring index2t floral resources summer indexg Bt
FYE Y2ZE InVEST Crop Pollination 2d& Al LSCHI™ 11-1-19).
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CF MERZIAHIA 7]8t 12X 29 SE 98 25
1) MEIAIMHIA 7]8t SAX] 29 2E Q8 28 M L M8
7h RN 2o HA S5 U M 7|t

(1) =18 s
712217 3ot MO HXg 9ot FAALEIQ 0| Z3tE 1 QIT}. R MECLYHEeH(Convention
on Biological Diversity, CBD)2 2022 H|15XI HAIZE30A "2U-2EZS 22Y MSOAYAM

I AAF(Kunming—Montreal Global Biodiversity Framework)'E XHE{SIRCHCBD, 2022). O]
oA F 9l 2030 M= H(Action Targets) & SH 2(Target 2)= 20308 7| 3|2 S4-LHF+Y-
off k- IOt MEHAQ| Z|A 30%E M= =7otH MECHYY, HEA 7s R AH|A, HEfSE A4}
HZge Mol A FHE St UCHEZEE, 2023). Ol= 2011~2020 WSO HA =9
OFO|X|=H 15H(2lI& MEIA 15% S|)0IM SHE F HIZ Aaket A0|Ct.

A7 |EtelfEH(Nature-based Solutions, NbS)2 7|297| i3l HAZE O|dS fIst F0&0|0
A&E7tset oiZ2gee=s, sMXNC=E HXEHT QUCt 5o MEH =/2 HASSY MES Filotd
AT o, HO| EASHE

SUOIAE 202085 SESY SM=9 HM0| 2AHOR FXEQIC, JISHHXHZRE 20204
(REHY SMBY OIAESH 2US B AT,S AISOR, 20211 BERY SMEY S5 4
OIT, 2 Sof AN A=l TR AT FTFAS DRIGIICL S HZ0INE “RE-TAIQ| M52 (Green
Recovery)2 S3 21251 s1=2{(Resilience) s Xi47Hs REHY S='S HHO2 HAGKICH

(B, 2021).

202301= TRESY =MEY SHSS MYUO A7, S MT TS AANL HEK =5 U
291 SRS MY DHYYIE HUSIAON, 22 o PHRHASOR TBHIE MEIS HEEY =7

(2024~2028) 2 =Y

X
fon

IO = 3,9557149| YEI= HEAE & 2 HEX| 441a5 2028 AMA| HE-

2ol A2l UHSIUCHBARIEIE, 2023).

OII

20243 680l= 7|12 UHRIZERI} TR A E= R £

7, AEAE 28, Al ZXE A=de] SO et A AH

3) A ZA

AEd=de B 2A=s TACZEHE, 0 AR UM 20218 18 5% JHEE SHUM=
MASE=HAGY] HARM2ZM192), SESE HG(M4A5E2(3), AMEAE +H(M4b5x0l4), FHHH

A X
B HIHHA5E2D), SX|- HE|(H4bx2l6) SOl &et 20| AYE ALY,
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(I 11-1-26) HEHA LHOIIA TSt Sl 7 sE EYotks ZRFS2 O

= OI0JA Oy U B SBS IKWOR AASHD QU= BE HFR0| SRS S2 1/ 55)
r . OhATH SHHO| I AR HZORA B
2702 SH0| J53 1 HMyors)l HFE B0l 3 4 Ugion, ol o
X2 MARIZ Gl AEY SFRA MEP LIS ShE R XE S
SERAAHIA 7152 BH QUCE 2TE SSRIRE QM| A 20251 4LE| 7HIRIY TR S
% 133920242 S ol85i0] FXIE S5 WO S
820| Jks8t It MBIz ERERK), HESl 29 EU TR U
217,414710) T2 THEIAOH, 0] & EA 66,453710] TIUS a8 SaER R A 7|
07| KR S8 BUER T} RISe SUSH 7R L 2411 21202 AHERI0n, S2 2479t s S
DO SHO| 2 A HSIS HIGIACE OI2 HIZIOR, 07|15 KR 24| 21k ALY w276t

P2
HU
i

>.
e
Ol
[<)

T JI
b}
U
O

m
o
=
oM
!
o
oX
10
rQ
ox
0x
mjo
=

(o]
QI

Q
il

8
¢
N
[
e
A=
ubd)
In
w
oy J
it
O
d

[
nn
in
Ml
a
> 0
ou
mo
b

0= J

rQ

ne

oz

r¥

N O
rol

0
rn
|0

=
ne
HU
o
mn
:Q
|0
=
o
O
0
0f0
@

3%
ol

no
rlo

S

A
om 4 J @
19 o opw

M

_84_



MY, SEAMEIA SEE B2t A =

O= LIEKTT,

A

t

ot=

=R

== Jdiis

2l 2%

o2 oryx

B0l HoH ST

F

3
[

L= 22 ()

o0
B

H0
__o_”_

2025.04~2025.07

2025.04~2025.09

217,414

133,920
64,031

66,453

1,553

1,756

28k A=

= N=E JHe=

2 Stz 07|

H

b

3
2

K|S0

Off Hloh HE

Q1| ALt

F

3
2

KIS X017t

=
[

00 =t STXM=AQ A 072 E40]

AHt= S8H0| SSH2=2 HERILT.

om
)
KO
od

| B B

Aol

b= & S20A 25 JHAIZ0 At M=

B 7} LIEHATS.

=
L O

t

(<]
Ot2{0f 0]27| M=o, o]

oMye HI|IHOR 0/8

30{| et

—
—

HH

A
_l_

0| &AH LEfLH, &7 229

A

_85_



24K
o

CHPerry,

MAX| 018 IES

b

Mz Mol 8t
HIX|S
AC O

=
=

=

=)

2erE FAlets 422 UEH ST
A2 018 549 At0]

N Al 1S9 SEIAMEIA TIRIS

“i"l..- LY

3 o bl

| #

=
=~

>SPS[e)
o
Al

-

—

—

t

o
[

i‘I
f

1t
3

1"

e

1

J
3

Qg 11-1-27) SHA U

=3 | L

2IEACH, Ol 3=0| MSst

—||- ?

=z UHR= 27 7= 830 b
2

= ZAF F0AC]
=

=
0|
2013). &
(Whiting, 2022).

2

MBI MEfAAHIASL] HAHE 25| St O

g

—

Lo $712UEES 82

HEHAAEIA XE JHES 22 AIY 7=, S=8EA

2
iok

Y
K

_86_

A|-=8X g7t #let 7|

ES
—

|

2

S

2 B Y

f

1
)



MY, SEAMEIA SEE B2t A =

OII

2. HEfH H'E(SEEA-EA) =S {ISH MENAMH|A A Tt

I'

1) S MEfA AY =T 2ty
70 TItO| AR UK NEA BN 27h)

F=2 20119 'UK National Ecosystem AssessmentS Sofl MEYAMHIAS JIX|E HMAXOZ
Lotst x|lx9 =7t & SHLHIE 0] /0= HERAE MSote 2% -HISEH =0 A 35, BA
XY, 22|00l S)E FEEI6HL, 015 ZHA 7HXI2 2H6IRICt 01 Sl AI¢XRZ(Natural captial)2
S2ds 0| ¢ = JZXoICE UK NEA E1M= 0|F MEfAME|A JHXIE =71 HA &
M AZ0 Sefok= 7|=E Otdet E1M2 2 4= U

_|
02 o|n
Q'E
H
fo
0z
o
N
ol

L}) XtHXHE 2|23|(Natural Capital Committee, NCC) A& -2

UK NEA 0|=, X1 XH2Q| 7HXIE A0 S&ot7| lof NCCE HEsLL NCCe HEHAMHIAS
27t K| 7:||Jgo1| HISH= 2iorg Atotdl, XXM ™ (Natural Capital Accounts)2 £2 X|Qt3HLt,
MEHAMHEIAO]: 7 [E 7HM, At 38 )5 3t 7IX|Z 2itst, 01 =7t Al X|EO: GDP)
HAAlots WHIZ IS JHESIR2n, 2014H NCCE A, SX|, &l & T2 MEA K& XAt 7HXIE
FYot HIME UHOHH, MEfA AN =7| ZES MAISIRICH

Ch) G= SAEL &

EH A (Office for National Statistics, ONS)2 NCC2 SZi5t0d MENAH AXHS =7}
%i*ﬁfE HAZS LIMGIACE. ONS= MEfAMH|A St 7HXIE H7|NMO =2 FHoH YHSH| Al

LHS7| Al
20184 BTNl P=O| MERAIMHIA 217t 7HKIS of 1,300% T2 E(3Hat 21X 2)2 £H5I9

A HAO
siEon,

b

0

ch) A =le| oA

A2 HAZ(Defra)= 20179 2 2HESH ‘261 3HAH (25 Year Environment Plan)g Sdff

=
GEHAIM B AL TAXNE Ee]o SRFS MEQSIRCH, 0] A=dMe LEiA AYS &M SEIMe
=

SIE EHIT XL 7156 WA
oh = A BZate| Fakd

2 UNZQ| ‘System of Environmental-Economic Accounting(SEEA) T /UATE RHEHSH AEHA|
HHES EZSIIRALCE 20203 S0 ONSE SEEA 7|8H MEHAH A B OME HI|HOZ w7t

F=2 20214 HEES Sl GEIAAMEALL MANZO| JIXIE BH= HEoi #elsie MAE

=
ZE5Iais L|CH T EEH!EN MECHFM 20|2(Biodiversity Net Gain, BNG)O|| 0|X|= F&S
E

of T
AN
S
=

M
O|Z HEA AZ0 2tFol 2 Hafs oA, YEAl AYE EE0I0 /e Z2HES| 2y Jds
Jefelot, MEfAMEIA 2HS 2Ask6| ?Ieh X SAZEE XEok=H| 7|0{ot== SIRALt



- 0f: 5 2X2 HM=(Environmental Land Management Schemes, ELMS)= AME{AH A{H|A
(O E EX, MEORE SENE MESots 72 XIYSHH, 0|2 MEA AHCZE 2L HEY

(B 11-2-1) g= dEiA AE 28 1+
= FoLE

MEAMEIA ZRIE JH 2% B}
- KO BN UE, B S8 7|% OR

20119 UK NEA ¢

HEHA A E Mt

~ ERpN! s sl=
2012~2020'4: AIAXEPA2I(NCC) &S MEFIMEIARI, =X S) 31 717 25

* UN SEEA 7|2t HEfAIAH| A FEfs}

ERES MEHA AHX JHE
2016 0]5: ONS MEfAH AHH 74 o174 71%/(20184 ©F 1.3009 TIS.C) 7| 81

o MEAIMHIA B 2 XSRS 22 =5
Lg: g 374 Sl © -
201818 253 A Xo Thol MER IR Al KR SAHEA)

=T o 1o

d2UAY £0|%(BNG) =¢
YEA AY 2o 7R S F7t

o =20

20214 =238 ME

AD G= AfeIAkE AE Y 22
20124401 =7} SHHONS)Z Defras =7t Xt X2 A JHL0| o] AXGIRCH, 02
ODZNE HlZ Sl 2015E(0NS, 2015), 202001 Xt X2 AY 2EUS LSIACH S= A A2
HH2 67712 7|2 2757 HOIE LS AFBSIALY.

Sarural Capial Sooountng roaseap, 201 3-20

T ——
TE.H of pocrHEm Enn'iznrlcn

283 el o b L N T I Eolld Heu ]

L T E———
=TT P
|y | e Bnsani
L S T T T E YT e A TR T
Carban socoumi  EEE—
Epd mezowrnin 3]
el Doy L PETSS PRTE P S S — e
Errd i fmrrriensd s ™ 5.3
i LN S ESIURL
Triin rariem’ el nbenin m il —
Ul i P —
U amwmi mvpay i s ——
S A T, (PR ] BT BT
Bl em LR mi
HEPITEFEITEEL, A PR G0 EESRETE S PR 301 T
LR B P PTLTE , remai 1 U NS S BL Ol iTIR bnan e R

Enwrursmamsd s coumin
#es Jusd 16 e i dEria miE 2am

8 11-2-1) X A2 AE 2E7(2013-2020)

2 2EUS Soll MAE g2 1371 YEAMBIAC THRE F71XQ1 ST A M4, ' ATSUE
=7t A A A2 AF, =7HAE "Blue Book™of A Ak= AZE 2, ‘871 Y PIer MAIXI Tiet AAK|

A, MO YA NS st 24 T 52, HEY O[S AN U 2R gAY, YR Hee| Kot

O O 1

_88_



HIY. efAMEA S F7F JA 75

JH R P AT 0l U O|= &= X A== dEiAMEA 38 L ZUEZ 2, 27t A-S H L2
JRAES ?let 7IE KR HE, St did: S, 7IsH A 22, ZH-2tE AGXA ZH0IE S0
UL

__I_L

HI

. = 0| =X35
2 DLER Skt T ol 2= OIS =8otd

MEPIAIA 25

o YEIA XHHO] 7|S Kfotol| et X

HUEHY S
RI£oAT HEHA IHRP AHIAS] MRS 2ot 7

S2|& ok =3 -
SEH Baldegration) £, 100 715 18 HYHO2 SH5HT 018 AxE £
2= ARESUTY - S SO AME MED AHIAS OfE RRAHMAX)OIA LABH=RIZ Tt
+ 27} SUTs A9 S812 Saf MEIAAHIAL TRIZ Tt
.« XQIRtE B Q02 QIB WFHE MBI 23
BIRIOIS RN QRET . mEN LI MAIS SIo AR OIS 07920 97t HIR MNS K|
(1BBISH2 I3t S HIS £ B, 7|3 wate] 26|18 BLEY W Y
27 M2t « 7|0 BTNZEHE S5 B2, XYY, 71, NGO ¥ thE0IH = X3

JISH AR U2 US| ol e 2sior &

2) F= TA| MEA A

kS

7h M H FQ Hat

=9 LAl AHA
Accounts)| YEZ,
=

G/tok= ol =83

AL RIS AEHAMBIA(O:
NRO EA AERE AE

R A

(Department for Environment, Food and Rural Affairs)?| EEHOZ JHLUZAC

BH AY ANAH) DJUJAIE 7[HtO2 SCE TA| AXS Al X[F(QIF T X9t =X|/+Y

EX| 72, AMEY, MH|A JiX|2 X561, HAMXOoZ= 25

AN Al =X Q12 5, 7= HE, d=HYd ST

_89_

SEH| B2 MBI AQ4O| RFH HAH0| glE

= |

o LZX 27 E(inclusive wealth accounts) 4AtS

SE{2E AH|A 9] ZA O] et o i E

2= U
SIALS ApALS] LIS 714

Rl

A2 A™(Urban Natural Capital Accounts)2 A XAtHXRE A ™(Natural Capital
220014, 37| et £Al E2 S)E 4o
Al ONS(Office for National Statistics)2t Defra

tal 7Hx|

M, UN SEEA(EE-
Eol‘)o|

2tZ4H2l(25 Year Environment Plan)it

K| Eot=S Shal AL



H 1-2-3) A8 S= TA| YEHA AE 2 2
o Ee]=1 NEEY

Defra #A] (The Natural Choice: | « M= &0 XA ZEHS M TA| SX|(2Y, &
2011 | securing the value of nature) kx| 7t 719t OF
QI7h KIQIXEE HIE MiAt of% |« ONS9 2= 2013E =7 gl 2020971 2EY +8

18
on
]
H
el
ro
0=
2
R

ONS-Defra AoiKH= 2 s | * 7t T2 A 0 AL SAI X1 et Bl Kotk SH(EX 8e,

Af HIA JHx
2012 3 AIZL 2020 2EW g7t fEH’ g 5 5
- « M H2o= HE S -NGO g 44X
eftec(Economics for the o TA FHOI(QIT UE XY FH HIY IEHQt 74X 7L WHGIZY 7™
2017 | Environment Consultancy) SOl 5 =
oI5t EA| AN HiH= Jhgt o 25 DA AFYl 7|8 OHE, EA| =X H2d - e KB WY

S A HERA AE(UK Natural
2018 | Capital: Ecosystem Accounts for
Urban Areas) &7t

UK Natural Capital: Urban o TAl AN 27| BT, MENAAHIA(AMZE MA T LX], 7|2 ®A)
Accounts AAZH &7t 7Hx| 7t

. EAI HA 31%7} X EX|/SX|; MH|A 7HR]: A2 ZF, EA|HZH0.5°C),
S TR £1309Y. 263 A=l Ut MHE EAZ AR, SEEA &4

>

2019

« TAILX|S F C0JE Mt 2R HE-NGO £ HY)
2022 NMOARE AE 2EW 2022 A o £A| 5K QE2(E2H-Z9) . Dasgupta Review 1222 Fst
=8 7t
« TAl EX| 2002t HEF2(UK 8%); & RHAt 7EX| £7,92024(2020H).
2023 CA| AR AE UK: 2023 22h | =Z2]0fl01M 242 S|Ed & IEH(E£3,2402))
YHE 710|= HOI0|E. « 37| Y HA 2F 23
o 2L} G HIH(HR 20% T4). SEEA EA & L5}

UK HEE 42 2024 W2k A1 =L AA] 8% (1990 6%01A S0
2024 XA MHA K|gf 2% gojg & Al 8 EH 7HX| £4.869(20243)

Mz o X|9f XFX|THA| CIOIHZ HAX| 43t State of Natural Capital Report
< for England 2024: £A| 2= 4534 A d=x

o TAl MAIK] 04T 8%; ERE U™ 24% ZA| 7|04
+ 23 2(0]0]4 1 ol|E A Z|TY
UK XX A1 2025 L2k o X|EAZ ASER (0[5 K2
2025 | ENCA(Enabling a Natural Capital =« ENCA: EA| SX| QIZEHCH|S 27H 24X, Ml Me(AZ- AN e 7|S
Approach) X|& HHI0IE. H3)
» The role of natural capital in the UK's green economy 211A(5€):
ONS HI0|F 218, Defra ELMs(2td EX| &t2]) ot £8.06Y AHF

L) 25 % o)

Sl HEA AE, S0l FHIE AZ0l ZAAR, EAEE], ENHEY 22 S8 dHs Yl Vg
A E|0{OF Stfal Z23UCE [MetA] Of2feh AN A2 Al HEHA HZ0| HEA HY==X0] Sets
OX0F ot =X+ 28 ZHOA, NS 7|2 o220t LA E 0]219] Hets Z2Fsk= Ol AN AZY HAHA
HE0| ZREL}. QAAZZUAMS I AES B & X[Hot7| loh, EAl HEHA AZM= YEHA ARt
e I S0 Thet XIE1 MENAIMH|AOA THEE 0]le] X9 ot HOXN Ho(F, XY &HFH

X
THARRNE Rt B2 O0|E7F B 0f0F STt

_90_



HIE, el 58 B0t AP 75
3) ME{A R0 ME EA| WEA AHst YHE 24

71 HEHA A2 AF et YW HE

MENA Y 257 SHOIM, Al dENA 722 SEEA EAS] Y ArRtE ME211, [UCN GET MEiA |3
Z

S2E HE2 J|EHoR ABSIEE 5t ATt EU SIA| CHT} 22 SA| MEf R802 725t T
HAX| U 7[E 1B K| MEH RIS TA KITO| 20| B0l HE MBX|, E2 T HE, E=
2E ZF9 YA S2 Ea BE B EX| =g ojujsich Est, TAK SHo|L _a S
YOl BE R ARBET THBICL 0l DE SR A7 RSOILY, BT BHO| HY 01 SHS
51851, TAl SH2 2T Qs FH =X U 22 QF AIo|AS TSI OECH ME AN SMS
SloH "HAIR| 2 7IEF 91 XIof' MEIH RBO| WA X012 Q15 TA| MENAS CHESIC 71 4 gt
2 olnjofA] A AEIO IS A XIS MGt EE 74 KD 7|0 LRGP BAE FHo
=X| U 23 QF AWOAZ OISt 0] 0| GEH, TA MEHOIA 2 XS 50 ME, & U

B YEIAIRE 22 S|RQI BR0|13E F4ok= 02 74 24 F St E25HCHMaes et al., 2020a).
AKX 3 7|E Q1F K|S0t A HERA"ON CHEE MENA AIE XIS FolE F VK| THE F BAlg m2tof
Ct. O|= EU MY HHHZ20|M ANM|5| AT QUCHVallecillo et al., 2022). & HHij AL, 0| E2HS
MENA S0 RS MERA A1 X0 20K 2eB=, MA| EU-27 2 EFTA 3|3= HEQ}
TH MEHAE YRR Sh= J7HRCez N0l H2H0| MgEUCh 2L & ¢l 32, 24
7b EA| HEHAIS, Al MEA AR)= ?xﬂerICHOF otH, 0 42 2M9 Hels IE2 TASHH

T =HOZ EEK|MH, 1 H7 MEIA AN X|HS Ho|StCt

oE my oo
40 1o M £

ol

Rl
18
H

2 A GEA AE AlE A 0AE A AE XSS 2o |
QI MU XY H EAH SHS FEoks U AEEE XY AFH HAE 7|28C =2 oh= A0|Ch(Heris
et al., 2021). Ol= X[ ZA| HAS oot FMAIZQ YO TA| MEHA HF 20| MESITt. LAl
HEIA 72 AES IS EA ZA 2 TR0 #et R =Fut Ol &2 Ot ZTHSEEA-EA).

et 0121 71X| CHIO| MIH=|RALY. SHti=

_HL—qo

:l:ﬂ—

O A SEfALt I8 BEE 7 18 TA] YA EAl XF9S Fdoks 218 BHEN O W2 89S
E25tH(Vallecillo et al., 2022). SAI0 218 BHE TA| X|F 810 EX{oHH, SEEA EAE TA| X998

O
CiEESH: S48t S8 Q14510 XAl XIS TS 5126t YL,

@ ZAl HEHAE B2 ZA0[F2 712 BA| YEAE 218 BEED OfLfah Tt “A” dEA Y
Of: &, =8) X TE HEA AHSS Zefots &t ZX0|FE LEHHCE 0l YEA RS 42 BEH

T, = |- OI_
L7HN SO 2 MO|5l= SEEA EAQl 271 mtdnl BaEICH CA| MEfAHE A BXI0|3 2 MEHSH=
A2 FHE AgE Soll 7tsotX|T, 0] ZH2 0t Heto| H2|=|X| L0 ULt

bh
E

® ZAl HEA AY XS FQots &4 37
71E MIES MIAISHA| S4=C0t 11 2t AE St o
HIZSHHO 2 2ot QLY. 104 Tief H|0|E weto

@ T HEfAC 519 715 D8R0 IRk CHE MENAI2 ORIV IXIZ ZA| MEWA = 59l 7|15 O82=
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SEEA EA&= IUCN Global Ecosystem Typology

S EIF 02 YEMISHY 25 2 4%
WRIR 718712 PHSIE £ 22 T2 MES QX3
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IS0 Oet 258 HlwE TE &= 7| 20l Sh

® HE Al YEAIS ME YEA REL20 WE FE: HEY ZAl HEiA AE XG9S ZAl 4EA
EX0|A2 FgE B MEHQ! YEA 22 FoliEt o U0{0F oI, Ol= EA| YEIA I LEIHRI FOIQ}

of?l 75 182= F&elohs At OIVIKIZ, MR HElA RIS LIE 20| Tifst
212} 227510 O|F0{X0F otH, &< H|ul, H|0[H ulets S51&5H0F Sttt

|'0|I

O[cH&AXE

rob

© A MEZY XpATQ] T BT T9), 27} 2 XIS A 7 YR SEEA EA MERH AL 23 20t
U A B YIS ol MWUEICL DAL SA ME A XIoj HA 272 FZAY 4 e 2

=
=
HMHLZ QUAME D QO MetA EA| HEHA ARt B0 Hel9l o= =7t H XY g3 Hel 250

0= TAl XF9E dots 240 et THfer Fo7t ULt Ol2feh ALY MAX| 2M0|A, d=

o
o
HUS XYok= B2 20|19 "=A| MAX]" oL O W2 2|02 EA| H? YOS MEoIU. HE0|

U= TA| 28 TA| X 37t Lo EXfols &3 2 =@t 42 OE -t MAX| 719 58t
SExgs It s = AGY SHO| 2ot YA0ICH 20213 = Al MAX|Q] HA E= A
TE"S FH517| el Economics for the Environment Consultancy(eftec)OllA| 2t= BHH=2S MEtCt

180t I= 4 3 +28 ME EX| I8 X|=(LCM) 202101M O] X|H U
FIE FHL ZAl A2 FoE O HYet /R H0[H A=E M%ﬁfofl
EANMEIAE FEYCH Ol=iet Atzs TAl HRIE F2ots YO 222 M| Hlw
IUM= 1) Al MAIXIS &2 20|, 2) SX] &

T2 AgE Agotal A

2t J21 3) HBMHIAEIY) ez #2050

oH

(B 11 -2-4) @@= TA| X9 LY 25t A9 He|, 20219 Ol(EA Source: Office for National Statistics, UK Centre
for Ecology and Hydrology, and Economics for the Environment (eftec) and others

He2 AKX THX|(GIEL=) TA EAl HHO| HIZ
SE22 Soiel SX 351,034 17.2
CEN 94,385 4.6
2IAIE =K 23,865 1.2
B SA, gEE 17,837 0.9
ofiet EA 6,560 0.3
A, g2X|, #=X|(heath) 5,078 0.2
Mgt 2,711 0.1
7B B MAIK| 501,470 24.6
SAL MAK| 1,635,646 75.4
T A BY 2,037,116 100.0
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41,198
22,292
5,972
3,433

HIS7H E20| 7tset 718X S

-
=22

KISiAE] AfH 27t

7B ATE ALY
BA72/(0/E)
e
IO X}
o
Xt

=
S o

Ho m

OH

20/t
=)y
J|E AEE ALY

=272

SSMEiS

rio

15,355
6,831
258
11,171

781
3,008
750
867
1,810
1,014
1,510
1,035

ATEMC
1,656
11,335

4,387
2,212
686
492

1,899
145
217

1,297

ATEUE
921
2,230
811
900
1,728
1,023
1,257
3,493

MY, SEAMEIA SEE B2t A =

S
1,432
3,721

1,080
1,174
239
205

222
258
22
520

AL=
839
2,913
659
1,147
1,718
1,220
1,635
1,387

tf =22jE o
23,559
121,566

46,665

25,678
6,896
4130

17,476
7,234
497
12,988

o 22l o
796
2,938
751
881
1,799
1,023
1,493
1,258

Lt) HEHAH B AE YEE

Al MEHA HE AE2 Al X9 YEA HEE ZUHYSHH YEIAMBIAO: 37 Y HA,
d22]0j01Md 1 lE) MS sHS F7HUL HEXIE= UN SEEA F2l0f| 2t MEfA 2| 71 1 %&-
1M 545 I YEIA SE0 SQ8t A2 7IE HEIOIL. 7| HEi= ItA, oA & O2H2| YEHA
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o
AlZHl| ME UMl Hets 01| ?lofl AEEl= £40IL. Ol YEiAl SEf B9

eiE HlDsiof

2ol Ol AEE= HEA SEIE LEHHAL
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EAQE A HEfSE2
NARICZ N, YEHH XM 2l0 = AtelXd 5
al., 2018). 0]

=X A|AHIQILICHPicket et al., 2016). At2|-MEi-7|&X
=
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3= A A, 0|z A MEiA HE Aeot= E=, Q7S e 4 Q4= HeoljOf oftt. A
HEA= QIZH0| =2 g QA2 Eloh= Q¢ &5 MEHAOIH, Ol Al MENA HEHS] ZL{EZat
IO M B E|0{0F SHHAlberti et al., 2003).

E|MO| LAl MEHA AZ0 3EH2 YEHAMBIAN Chet ARE £2F SFA7|=
MOl 7|52 H¥ote sHE QI Ol TA| AEA AEf ZLEZO0| 217H0|Lt

21l AE1A 2

% il

Z0i| tiet Fets Hetots M2ty A Hld=stN BH430| 0EA Jee DIRI=AE
=

i PN
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0x oA

|0oeT =

e = Sh= AERA
SEI7E {EA Fets D|X[=X|0)| Chet Z&E7F Late|0{0f otTt ot | MENA HEN7E XSG AERAAH|A
380 0jXl= R0 OfL 2}, ZAIGIA MAE MERAMEIACN TiSt =20= HEA Fa2 DIXI=XIE
12450} BHC}

SEHA B AF D o HEE =L Yot HE2 Hsd 2
O YERA SEHQE HEHA 72 ALY 72 LB offl RS T2 W YEA SEQt 72 AF 2t
20| SHE = ULk A= YA 20N HH H0l sigdle 549 7I87|= 22 &= AN AF
ZHE Lot/ | flol 2t 712 T =7t #2[0] 2L 4= UL,
@ 4HA dH B H VIE dHO S8 2 OF HE DAl dEAS B, JEA JE B2
I

o
HEAMBIA S5 719 HAZE B

AXRKO

= [ = = AN = = TE=

AlEe JHsE0l 2o MISHEIT. QI7H 2E0] X[HAIQ1 HERA O AR, HEHAME|AL| X ZS(Z|X HEH
A2 7|E &S Yolot= Meltt 2HY = ULt

@ 7t &F MEAE Atal-dE-J a8 A|ARCZ HEo/| flot i B A MEjA= THE 21t

23S HEIAR OIEVIXZ Atel-ME-7|sX Alﬁ'%@i ezt 59| Vls2 590 8 LayUt

SEEA EA MEHA HEH AE2 EA| HEfA Q] B 2HE0| EQ0otH, HEf Ho MEi2 X1 S41 HA9|

BRI MERSIN 40| 9IS WA Ho,

@ JEjery 2gol 1A g0l 7|2tokk| 2 Q7 s YEAIG JIE = 21t EE WEAIQ
Ls—

1T EA dEis QAR dEis 2Ed JHEol Vlgekk] Eel, Ol =H JHE0: SEot
40
oT

HEEC Ol 27t &3 YEIA O LHHC 2 BAILX| pIOH MEE|X| pI=0. EA| HEfA O

ol HAOICE
T o =7t

® MEH MER XIEQ| B8 K420 YE:  MH 42O HES SHX BRI MY
SEEA EAE MEIZ B XIES X142 HEohs 73 H8et S0 tiof 23 Ik, 2t
U/EE XY Y= 20| BSH HAY

© MEV HEI ABS S3 MR Ofslol CEr 2HSH 13 (C) 1 2N %‘EHHIE oo Xy U 22
TA MEPA AR Ao

SZ0IM THE MEfA0 2 YHEEH 2 2HEA 42
FYEE MSatiof ettt

i = | -

2HEE|0{0F ofH, T=A| HENAIZE HENA r=tof DfXl=
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07| ¥ 22 s (NO., PMx, O,, SO., CO)
o7l Y =& (PM10 & PM2.5)
SioHE| Al %7k AQ S (T7 1)
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=X|-z[tf AHZF NDVI
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(O 11-2-2) S= EA| YEA AZMSTLY)

SJEUANH== Ofiet 20| MSEf2|QF ZA| ==HH0[ Tt dESEe| Ad2 HAL Hel= AEE0
HIAEILE EAl 222 EA] 22 &(Urban small woods), =A| £=2 J1&(Urban groups of trees), TA|
QEAMO|AN 2I20| A = LER(Urban lone trees in open land) 37tX|2 FAECH HQ= haZ

HAEL.

Araa [ ha) Langth (D00 km)

Urban Urban

England B.5 3.4
Scotland 1.3 6.3
Wales 1.7 =
Graat Britain 115 431

Lource: Forest Research

(O 11-2-3) =2 WSER2| HEL ZO|(HEHXIE OA)
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Urban smaili woods Urban groups of tress Urban lane troes in open land
(o0 ha) (0D wa) (00D Jum)
Erglamd ol a7
Sootlang i ]
Waikas 11,7 VR F
Graat Britain i, 7 b [ B 150
Source: Forest Research

(I 11-2-4) =9 A= HH(SENXIE GIA])

ESH AEOILL B S7|9 2O U B o KBS ME] MBI 3t MAE YES THIH
UN

= ZHoHK| Zot7| MEo| SEZHAZHA(SEEA) =

Cf) HEHAMEIA A Y

MEfAME|AE ZHA 2 J(EF QIZH 2S0M AIEEl= MENAS] 7|0E Q0|5 MEfA 82 X
MERA B, &2 2 AR Sl0lA, St E= THE MEfAIMH|AS] 0|2 S50 2EHC! =S OIXIX| E=
Ql= S20|CHUnited Nations, 2021).
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S01, 0l= YAHS 2ot MEHA St A& E A 2{5HA & == ACHUnited Nations, 2021). E3t,
X 7HA| MH|AS] 50| JHE HEiA SZ0| Tef Mote® HE JEiA S0 28X ks DX
Hr= 2T o N SEEA EA= YEIA ALHO| 22 JE7H YEHA STt YEHAINHIA S50 Ses
OIRICHT HASE D ACH(United Nations, 2021). BHH, HEHHAMH|AL| AHZ2 HEfAH EHO Fets DIX|H
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2 AF0ME IUCN GETS 7|12C2 '2EX EX|0|(Intensive land-use)'Of THE =7+ TR XHI0i|A]
HolE OffSIALt. &3H EX0I82 =AM EX0|29 WHEXNC MEfA= F==Ch OfHel
710U X2tEE 2R EXO=LC2 IUCN GET(Biome) =20AMQ| HIWE HOWF1 QCHKeith et al.,
2020).
(B 1| -2-8) 7I30L{X|2EE EXL=E9} UCN GETIO| 25 0| 241 AaK(5ZX)
720U X=EE RS EXOEE IUCN GET Biome(s)
SABH RS FTIA, Y BYUA U E5E JIuI0= Bl 59 % A
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MERA 12 A g2 floide BN EX|ISLet 22 SHKEE 2800 A faS dAEC=
2F0I Ol RYEY Hald, & &7t 44 ¥ =3l (Net change)g MEQEM MEIH HIIE
HIFHMoZ motst & QI A™HE(Accounting statement)?t WAFHZE H(Cross—-Tabulation Matrix)&

=
SEoIH HEA 7 2t e YT MANCR B4 o UL (O™ 11-2-38)2 AE LHES ?IeF 2RI}
Q

Extension
| ChamgpEs
Land conver % & /4 Mat changes
cartography | T /!
o4 — Ecosystem 3 E".I'.:i:.'!-l.-'.'l:l' .} Chonge per
Bypes transformations | ecosystem
Erosystam ] I I )
Classalhe At . T. TUITEETS
¥ ] =1
FlE D | GRS
Ecosystem
Pl B
Florars in Flosaes in
Gain tenms Lioss terms

(I 11-2-5) HEA H2 AY Ext

(1) 1990~2000 HE{A H2t 4

19901A2 2000 AtO] SQt9| #2 M@t BHS 2 =A|(13,303 ki), =XI(5,803 ki), LA (4,037
k)= S7FoHKITE, A (=756 ki), SAXI(-19,585 ki), =(-1,292 kn)2 LAt A2 LIEIGCE MENe=
HHEH, TA| YE|A = 1990 CHH| 20000 ML= HY S/H=20] 7+ U2, 27| HH 21,310
kit 7IZC= 62.4% B7H+13,303 ki)E 7ISoIUCt. LK SXli= 22 31.4%, -20.5%2 HelEs
LIEHHOH, LHYEIAE AR CHE| 71 & 24 BXHO0| FARHY HeE(-0.1%)0] e KA LIEFTT.
JdEA RYE UWREY B RAss 2HEH, MEdEAE M BHQ of 90%/t RAIE0 XLl
Eds EACH, U322 =ZdRXet kA= 24 63.7%%2 59.1%2| THH0| RXA|ZJUCE ©rHH,
LEXI(14.3%)2 ZX|(18.4%)= JTHH O 2 HalZ0] 2 A= LEHFTY.

(E 11-2-9) MEfA 2 A™E 1990-2000

NERH 93
(91 ki, %) s

AZISHAZRASY  SEXS MFEAY =X Al LEX| =9

RHERA| w2 1990 21,310 237,865 669,716 38,022 = 7,399 | 12,892 | 20,883

Z7| el 2 Mg 8,711 86,359 = 66,970 = 31,044 = 4,987 @ 11,047 @ 7,543

Z7| el #2 &7t 22,014 66,774 = 66,214 36,847 @ 3,467 @ 15,094 @ 6,251

E7| | &2 H-XA) 13,303 -19585 | -756 5803 | -1520 | 4,047 | -1,292
Z7| HH] &2 #H3K%) 62.4 -8.2 -0.1 15.3 -20.5 31.4 -6.2
RMERA w2 2000 34,613 218,280 668,960 43,825 5,879 | 16,939 | 19,5601
FYH MEA X1 12,599 161,506 602,746 6,978 2,412 1,845 | 13,340
QP SENA TH1(%) 59.1 63.7 90 18.4 32.6 14.3 63.8
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2 EA R AM0|9] MEt Eds 2H, TAl EA BY S0 JHY 3 710t %:EH71IE S3X2

7(

=)
HO2 UEIGTL SZRMEZE AT ZX0IM 4Y 22 HE0| OZO0HOH, 57t % 2 BXO
SABI LIEIL 4 HEZ(Net Change)® W@ AE0Z WAEQC), £X MEPS USH wa)

dUHez 2 ez, 38X A UFUEAZRE Q| Mt Fets I Y= A= LR, SAIYEA=

oo

% — SADIQ HA ME0| FQ Q0102 FMEUCE. LIX| MEYH=

APRAERIS s MERl | &N eR um 4o A0

=l FaEIN R 12,599 4,322 1,354 1,255 126 1,348 306 21,310
S8R 12,963 151,506 | 45,953 17,015 571 8,006 1,861 237,865
LAY 3,860 40,776 | 602,746 | 16,930 261 3,467 1,676 669,716
ZX| 1,630 12,493 15,513 6,978 64 1,012 332 38,022

= 523 2,546 460 165 2,412 419 874 7,399

LtX] 2,198 4,819 1,635 1,055 128 1,845 1,212 12,892

= 840 1,818 1,299 427 2,317 842 13,340 20,883

(2%&)) 34,613 218,280 @ 668,960 &= 43,825 5,879 16,939 19,591

(2) 2000~2010 HE{A M2 £

200083 2010 = Al7| AtO|9] HEfA #3 EMg M3t 7|E, 58XI(-5.5%), EXI(-35.0%),
&X|(-28.8%), LIX|(-2.4%)°] M2 ZEASHX|TE EA|(20.3%)Q ARZIAHENH|(3.5%)= HHEO| %7@
WOZ LYEHHCE Eo6| AZMEIA = 1474 19901 2000 AtO|0lE ~0.1%2 O|0|5HH LA
A7|0l= 3.5% 0| S7t5t A= LIEFRIC) ZF MEfA Y HE MY QX HIER2 TA| 74.8% %
77.4%, % 95.4%, =X| 35.8%, &Kl 55.2%, LIX| 45. 7%= LIEILL, MUIXOZ 0| QFYA{Ql HAS
S| dEs ELL.
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MY, SEAMEIA SEE B2t A =

B 11-2-11) HE{A 2 AFH 2000-2010

(2L kt, %)

AZRRIARXY sRRE A=K =X = LEX =9
MERA 72 2000 34614 218277 668960 43826 5878 16,937 19,591
27| OfH] 72 M2 8,735 49312 31084 28137 2633 9193 3486
27| O] 72 57 15,769 37,248 54190 12816 939 | 8785 2,833
27| O] ARRESET-NY) 7,034 12,064 23106 15321 -1694 408  -653
27| Oft] 2TREEH%) 20.3 5.5 35 | -350 @ -288 24 | -33
MER 72 2010 41648 206213 692,066 28505 4,184 16,259 18,938
oA MER X1 25879 | 168,965 637,876 15680 @ 3245 7,744 | 16,105
oFER MER THTL(%) 74.8 774 954 3658 552 | 457 822
RE 3 E4E B TAMEAE O 240 OIRVIKZ2 SEX[0M ZAI=2] MS0| 7HE IA|
LIEFHCE. o SR = SAIRDE OfL|2f MEMEIAI] THA Moo I 7|HE ot A= SOIF ALY,
ZAMEAE UE HdAGIFE=0, Ol Y8 X7t Moz Moty Ants THECH SAIMENA 2o
POI2 sZXZ MBH1,414 kif)0| FQ QIO Z LIEMHT), ot LIX|MEIAE TAIMERAZ ] ME HXO|
=2 ZOZ2 UEMGHOH, 7|& UX|Q QK| HE(7,744 k) CHH| HH3K3,746 ki) ZO0| AMHst o=z
SOl (L
(B 11-2-12) MEHA Het HEZA 2000-2010
APISIZIERIS]  seiXlel ARRel &K sK ux o4y A
(2000)
N7IBIAZR( 25,879 4460 1,601 897 84 1454 239 34614
QRIS 7,228 168,965 31709 5582 273 | 3392 1,128 | 218277
MR 2,259 20674 637,876 5090 124 | 2225 712 668,960
E 1,881 7151 | 18007 15689 37 826 235 | 43826
ax 286 1414 188 247 | 3245 224 274 5878
Lix| 3,746 2811 1525 806 60 | 7744 245 | 16937
2o 369 738 1,060 194 361 664 | 16,105 19,591
(2%0?0) 41648 206213 692,066 28505 4184 | 16529 = 18,938

(3) 2010~2020 HE{A M2t £

ZlZ2 20101 20204 104 ALO|Q] AMEHA XME EM
SAGHA 7t

H

ol

2 HHEH, TA| MEHA HM2 0™ 7|7H
P QAO2 LERICH SXIMEIA = 84.8%2 HAM0| RX=HNM &Z7t5 ECt 1
MEA Q82 5K -6.2%, MEH -0.9%, =X| -0.3%, UX| -4.7%=2 HSIGIACEH 2F MEfA Q&E 7|&
MX 2X| H|&(Persistence)2 TA| 95.1%, 5ZX| 90.6%, A2} 98.0%, Z=X| 80.8%, &X| 54.7%, LIX|
68.0%2 LIEILE, A ARO[ HHNMOZ O MOl HYES RX|GHX|TH SX|Qt LIX|= H|WX #351Z0| 2

Ao 2RI AL.

10

r
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I 11-2-13) MEfA 72 A™E 2010-2020

ME R
(S K, %)

AVIRHIZNS s8N MEXS XA = LEX| =9

MERA 72 2010 41,647 206,213 692,065 28506 4184 | 16530 | 18939

Z7| ol A2 MY 2,028 19375 13728 5483 1894 5286 | 3,020

Z7| el = Bt 16,640 6552 7,680 & 5410 5443 = 4515 = 4574

7| hH| &REHEHS7HKZ) 14,612 -12823  -6048  -73 3549 | -771 | 1554
Z7| U] 2 HEK%) 35.1 -6.2 -0.9 -0.3 84.8 -4.7 8.2

MERA 72 2020 56,259 193390 686017 = 28433 =~ 7733 15759 20,493

eSSl v i 39,619 186,838 678,337 23,023 2290 11,244 15919
OPYE! e T (%) 95.1 90.6 98.0 80.8 54.7 68.0 84.1

MR HEiA REE det Sd5 dHEH, TAYEAZ et HHOM 7t A OfHiXer RE=2

SAX|Z, 7,147 WS RXISIHOD, A2 3,750 ki, LEX] 3,207 k7t F1Z OI{CH SEXMERS CAZ9
Bt BIRO| JHR ZOM, MY BN 4,722 kivt SAXE HMEE HOR LIEIHCH MMEHS SAlSt
R|2 22t 3750 ki, 3,664 ki7t HBHE0f QAISH BN HIBIS HACH EX| ME{AS AT BIXO|

L OOL L1
A= &= Heles EY2 LEHITH

0

O
oY

SKIMES SZHRIof0] HEt SHO| FEAREH, SA0IN SZXZ WSS A 749 WD,
U2 SZX|0IM A2 HEtE HEE 2,172 2 LERRCH LR MEjAlE SAI22] Meh HAO0| 7+
2, 0|2 53Xt 529 Mt Jett Aoz =LA +9 YEAE SX=9 Mt BH0| 7t
301, 7 9| SAX|S ARIOR 0| MEE A LIEHLI= SRS BYUCKE ||-2-59).
B 11-2-14) SEH7 #5 HEA 2010-2020
APRRIERS SRS MR 2R &K um 4 ooh
AZteAZEAY 39,619 579 297 195 359 360 238 41,647
SR 7,147 186,838 | 4,722 2,129 2,172 1,824 1,381 206,213
LAY 3,750 3664 678,337 2,346 788 1,337 1,843 | 692,065
ZX| 1,919 636 2,104 23,023 306 278 240 28,506
= 185 749 20 142 2,290 243 555 4,184
LEX| 3,207 487 378 508 389 11,244 317 16,530
&9 432 437 159 90 1429 473 15,919 | 18,939
Z%SZEO 56,259 193,390 | 686,017 @ 28,433 7,733 15,759 = 20,493
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MY, SEAMEIA SEE B2t A =

CEAYEA SEf X E= EU KB & H27t =98 Sdll 9719 X BE HFoIUL. 2 X7 et It
Soll = =Al B AE HE 7tsdS dEot, Hat FHIE Lot A Hele A A8 E4d

(B 11-2-15) AIMENA SEf A XIE 452

X|E o9l = I 82 Il NREH
Zojols 2 9020 I BEXE
R
HCHOF U= o '90~'20 JIME BEXZ
® 7129 S = '90~20 | JISOLIXIEAS 270K R ME
P B EE e
HJ|= Hiag = ‘96~
® 712 = %620 AR | S
JIS0HK|BIAE ALOIH|A HEAf ol
o s e | e [ROILiXIEES N wy
N EEr
OIMTA| ZE U= & "15~'20 710X EHEE ofjo{Z 2|0t
® W sE _ __
St e A4 o 0720 7| SUL{XEZHE ojo1T 2|}
| O| A HA}
- ws g ] 50220 0 RIEEAT ey
J|SoLixBAY EXT=E
JINEYBME M2 BE LT 23
@ =X oz X4 - goegp | HuSERdE O HE L= 9
J|SoLxEAY EXT=E
5t KEHIAF XK
CARY U x| oI at 110~20 XeI==Eansit HdM=
SIEREYHTA TA S
®T BIAE Ats A
® CA=R| F2A % 20 03_% £ A5t Natural England?ﬂ y
RAJE @m0 T2 olmat BE AfR AT
TAMERA AES flot MEIXEE MYSHH S 2 018¢ M| 242 of 2= TUadh 20
I5l7|At S8k B OITT EOYAL 1990 16.67L0IA 20201 9 26UZ OF 44 4% ZHASIHLC}
At 30872t ZL A Z2HUL= 19939 £|MZ| 0.26L€2 7|SUAITH 199430|= 31.12¥ = £IX|E
7|Z5IRU0. 20180 & M2 H2 30.749 EGUSLE HIAOH, 0|F XHXHCZ ZAdl= FHE
HRACE LA EZ S HEAF ZHULE XL 30W7E HFE HQst ZE LAANZUA LASH Aoz

2 HWR ACHOF Y4 19908 11.14U0IA 2020 10.89UZ OF 2.2% ZABIZCE K|t 307t
AmA LOHoF Y47t 7P M2 e 1993ECZ 0.37¢g8 7|Soi¥L, TS el 1994H0=

L
EHOF Y-8 7|=otULE. At 30 612 M|Qle 2E HAIE0A SOHOF L7}

@ CH712€ BiZ: 19991 330.552F E0IM 20201 351.707 EQ2 HsI50] K|t 22147F OF 6.4%
S7FSIQICt, X 2237 2L 7|2 HIEE2 AYH 381.172F ECZ, Z|4 330.557F E(1999H)0| A
Z|CH 451.952F E(2016'3) 71X HSTH A= LIEHGICE

A 0|0 M2, 1999EFEE 2013E 7K 2U 7|2 HIESZS of 14.4% S7I6IRCE 2014E29)
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=U U719 HIEE2 366.692 292 2000 =Et +ZO=2 U7|2F HISZH0| ZHA0IRCH, 2016H0=
451,952t E5 HISot0] At 202t LH7|RF 2O BiEES 7I=5UL. 0% 2020E7HK| =W 7|2
HIZSZFS 245t SAIS B0, 2020 351,708t EO2 2016 CHH| Of 22.2% ZABIRICH,

ﬂJIO

® H7z2 Zd: =W HV|E 242 1996EFH 202097HK| X&HC=z S5k FME EAL.

1996E0= 63.9443H =0|UH =L IV |Z Lz 2000 855142 =02 K| bA Z9F ©F 33.73%

S7tot¥en, 2006HM 201788 Mgt 2= AZMM HI7|E YdH0| 37Ictks A= LIEHALE

202099 U HI7|E LZF2 1954340 EO= 1996\ CiH| 2F 205.4% S7t, 2000 CHH| 2 129.5%

S70IRT. BE AN HY|E YMZF2 1996RH 202097MK| S71oIRCH, X[ 2567t
=

LA 7|2 WM 7182 B 240.4%, Z|A 68.6%, £/CH 500.9% S7fet 402 =& QUL

@ Wl 71 M2 20004 7,906,726m' /Y, 2005 9,180,698m'/Y, 2010H
5,229,147m’ /¥, 20153 5,088,925m’ /Y, 20203 4,841,508m /YE TXt ZASH= FME EAUL.
200092 M9 H-ZdZ0] 2,977,110m 2 7Hd BUAL, MZFe 5,817 2 71y HRAL. 200080 =
U2 YMEL, LU FHARAH st /N SO U HEES0| S7IotHA HiHYZHO0|

5

S7RE A2z FHEECD 2020H0= Z717F 90.68%= 7t 2 AAE2 7IEML, SH2 & 706.5%2
|.

.y

® W71 sk #=7)ZtE 12610 DIMHA| ZE2Ue+= 2010E8RH 2020E7HK(9] 7|12ts, &AL
dEY4= 2007HEE 202042 7)7ts HEL2 OIMEHX| & At ZEU40| Hat FHE 22I5HUCt
=L OJMZX|(PM-10) B2 Y= 20159 2E 2020E7HK| & 582=, 20161 16, 20174 12, 20184
262 HSCUCt 0|= 2019HZ 20200 22 0L} 1U2 AASIULt. ZOIMTUXI(PM-2.5) B2
U= L2 7|7 S 53YUZ, 2019H0| 510| LHE BEO| 96%/t LSEUL, 2020H0= 0=
AAOIALE =W A 2 Y= 200732E 2020E7HK] & 8492, 2010E0I= HE2| 50%7t HEH
42U 7|55t £ 20113 2= S G 0| 2015 (4)1 2016H(1Y)E MQSt HE0M= BRI}

Ct.
£

©)
o >
Jm
\ O_EL
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N

19900 289l == 717o“éiol 0.782 7t =4, ts2
=0, ME0] 0.592 7hHy KA. 2010500= HMF2 ==
48, &5, 449, i, 871, 85 39 =011, MS0] 0.71= 7

480/ 0.8622 71y &AL, U2 55, MF, 871, 85, 8

[
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@ =X A2 K== HEYG A=9] AAE Hat= HERF EXLFEE AAHXS =

O] 1990 CHH| 2020E7EK| HHAE HE Helet EXNES 7|Hez NS £(HA, IiX| 4
OIUCH. 2A 1}, XAXY HHE 81 XFoM A ZO HE ZA: —25.2%)8}919&1 974
M= B7HEF |t HBlE 71 13.6%)8t A= LR XMAXS THX| += HFE

Z0f HIE g4 -70.6%) otRACh. AAXH AZ2E2 HY S/t IX| 9

Ct.
71 194.1% S7tet A= UEtL= S 870 XF0IM 71t i, MS0| 84.8%
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HIY. efAMEA S F7F JA 75

UASHE S F7|, 244 HIE, 218 S O7H KO 2ABIRAC,

SAIBY Y x| BE: 2010-20204 B7] HEOIH HR0| SAZH U =X BN waks MuEoR
ABHE Hal2 S LIERACE EAZRIO 5719t SR0] ZA0 T3t HRN #at YL 1919 EAZ U =X
BI%Y BSOS 27 LIEIHOLE st HEO) Ciohis AEE2 X07H UUCH EAZH BIE| BiatB0IA
NZ2(B2.7%A)1 SAB4.1%A)2 LA LT 191 A Y HEE ot M2(49.4%A4), S4t

H
(34.4%A)2 T2 K|S OiH| WA LEGCH O 2 X9 +5% 0|42 AYst 740] O|R0ALCL Ol
2020 Y= H| AIH0l| M2 O] T3l JUS| HAHX SHX|0l 25t A= SHAMEIC.
=X HY H389| AL BM(B.5%A)1 2H(14.4%A)2 5% 0402 SiXst XIS LENHT, 1 2
X|H2 £5% 0|2tz WaEIt QItt 1919 =X| HA HER0|A SH(27.5%A), MF(14.3%A)7t 7t 2

HOZ ZASKHT B XS0IA +5% O|SO2 Ma7} oitt M o 27| X|oo] =x| B H5120]
AR Z701E 27K S XI%0] 1915 SX| HAS 247 14.3%A, 11.5%AM 248t 2O LT

© EA SX| H2A: 20204 J|EOR 32, 52, 155 MEH UM TA| X0 EIE 2+ s H
ZOAE 017 B8 TRS 212 48.3%, 48.8%, 65.7%Ch 152 MERH0N HIH0| SUXK/SH, 321
5 MEFOA NS MUK SOt ATR MEH U A7t HUKOE 2Est %2 U 4 ULt 177)
AT 5 32 MTH =X M0 JH £2 XH2 H7I(614%)%U0. [1SOR HF(E8.5%),
29U(58.3%), FEH(56.6%), ZE(55.4%) SO 2O0ICH 0loks =2l AIE(30.3%), HT(35.2%), F=

T%)E 40% O[Tt otIX|0| SHHBIRICE. 177 ZIAE § 62 MEH =X FZH0| 71 &2
S Z2(63.8%)0IUCt. ICH2CRE HMH(61.6%), 271(59.2%), ZE(56.6%), Z=(56.3%) 52
QUCt O|2t= =] HT(31.9%), MZE(36.4%), TE(36.4%), QF(38.4%)2 40% 0O|2to] FAM
Off SHYSIULE 177 HYAE & 168 MEH =X| F2Y0| 71 52 K92 Z'H(87.6%)0[ALCt.

(o]
O M, it ZH, 8458 59 =0IUL. 0/2t= 2| 2AM(44.6%)1 H=(47.7%)= 50% 0|22

4) & A AAE

Lol EHA AZat SEiet MEHQI MEX YR S+t 258t HE0IH, Wefh Al HEA AZY
TROME H2 HAZO0| ZMICE TAl HEA AZO0| 7= EEE 11=ot0] EA HEA A MAE +=5t

HH Oh21 22 Q471 HES00F St

@ OI0|H AAR J|& Q1Zel: Z7F HO[H(GIS, HAEAD, ME XIEMSOAY, EY-3 HH), 3H|
HIO|E(AIY 71, &4 HI&)E S&olof otH, MEA 23 22(UCN Global Ecosystem Typology)2t
MH|A 2F(CICES)E AI8E == U= S+ R
AL 7188 Al SH(OECD Functional Urban Areas)g 7|&2=2 & A2 OH0|H =7t &8s £
ULt 2Lt 0|25t EA 480 B2 20| EXfol22 S0t AF0| TE ZA| MEfH AE A

530 LR

@ ZH SFET He| MOl TA| ME{AH YY(Ecosystem Accounting Area, EAA)S HEHS| otH, X
A

@ OISR} ZOl: HE, HRIHAMENSIRY, ZRISHKY)
B2 TR TR0, HMD AHHAR

J

0_9

FIEE)E DY BRIt AS



@ Bt S B0 5t 22X ZF(TH, MHIA L)t 2t Jhx|2Hulet 7HR], SR KRS flet 220
InVEST, iTree)0| 27U Sty B7HUE 7124 AL 2A)E Zesit

SALHEA AE A= A 2+~ U= A EHVF ALEZ 0| ZAsH| fl6h St 22
ArdsE 7" BRI/ UL
@ GIoJH S=2fdit oA BI0JH Al7| 22X U sildE BE2 =2 Qlot RALE AIHSZ 2116H0F g

@ = L YR YEAMHIA(ZZ MBIADE 7iX|ehet AR 2RE HF BHEFHO = |X[5H0F SHH,
K& MBIAO: 2 &8HE 2B MEIA0]: B4 22)2 S5 HII6IX

3
(@]
—_-
(@]
-
gob

@ A X ALY ZH: BE BA R FAL 2R 4= ALE 2, MH|A 2/2E(00: &

M——T,
XH)S 127t 27
@ 23hAS1H 71X £5: S T1R|ePt BE T1RIS DA 2102, TN BIHHZD XA)S B,
TA MERA AEE 9I5H EAR ERHS SEEA EA DY) 7|MIOR 0] UHOR o1} 22 RIS
=y

(& 11-2-16) SEEA EA A 7|BF EA| HEHA A F 3t =Xt} GIA]

A 49 Atdf| HE OlA|
=X o . S A 7 S X 9||AE Qlgd: © O 0|25 A
173 2 A a2 —175. HO|(0l: Al B4 EEI),_ RT_TJ&JAIE'—IHE,J-I_O Y3 1Y,
O[GHEEAIR; 204, Of| Ak UH A= FHN HE(YSOUY g3 24 4
2 27 U KA HE EAA B, MENH RE(ZAl &, Xl S) XI=dt G= A5 X9 HI M E, 870 AAlX|
GIS At 22(EX| I= X 7[9h
A B3} =X X HAMS0IA, o2 QO =X, | W2tC B3 =X| HX HE
J|E 2| XIEE}, INVEST R 2 ALER %iﬂ.
4. MH|A BTt (Services | 22|18 SE(Y) 2 3HH 7 HX|SHul 2t/T5H 5T H| ). DI:?' AL AEIAIM A
Account) 35-018 HOIE & (B 2F, 0l4X| &) =231 Zot
5. Xt 7EXI3H (Monetary 0j2f S5 NPV(=SM7IX) A, A= 1003 7|2h A 7t AL HIEC=E
Asset) SelE ME(0): 3-7%) At ZER| A
L2 TA| It X|XHA| gi2io 2 M
6. B 2 I} Z BHI(H, XE, HAEE), S2ZHE, H0|E | Tlst: ZxiA| 2 °

2T 22, Hl0JE] 2 A
Al MERA AE(Urban Ecosystem Accounts)S EA| ZHZ0IA AEHZ| XtADF MHIAZ XAHXOZ

AHaloks D UYIZ, UNQ| SHAAMALGAA(SEEA) SOHIA EH™E 7HHOC}. Ol ZAISPt 7143tE=

J120| MENAQl J7IXIZ ZAM|-AtE|IA QJAFZAO| HIYGH= O Al

Cr=1h 2L

IMOICE Al MEHA AZel S2d2

SHoT

O A& 7kseh Al el XE: ZA| HEjA AZE2 =X 32, A, d20ed 59 7IXIE dE=6tt
g 290 23 5+ U Tk 015 Soll TAAZA YEIAMEIAS ZISHA] 20 HE -Yeke

- o
UACH, Y7IH= A9 X|&7tsd =01 2.
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HIY. efAMEA S F7F JA 75

SAl dEiA = DAY 7|e2E, 8+YX], 57| ot 52 ME|AS
GIIoHA| 4T A HIHE|0f 22 {0l AL, M2t AES Safl 0f=et

—= T

Ct.
MHIﬁ% 704?(1| IIEOH 2HPotH, FXAteL At BiE0| B @ 8M2= 0|FM X[ FHME A&t .

=9 SUH-MH dds flofl A g2dd ==22(00]4

=A| SU2 AEYA At Y WIS FLoHH, 7|12 Het 80 242
RE 2|0 O[HtX[tT. Ol= §5] 217 T EAINM 33 2 ZHOIM S0t

2t ?17| tS: A=tz Qlot MENA s LX(ok, SEAMBIAS TN 7|
HMSHS 0T AF A2 0l2fet Hats FXoHH HAM i8S 7HsolAl oftH, =MA BE2K: UN
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EfAIMEIA TIF 7 HM 2Y XA HA +E

X|57ts #8412 w83 ?le
QEAME| A SE-+Q X|E TS

1. EA MEIAAEIA 2E 22IS 9ISt 48 KE e
2 Fopy 24

2. MEIAAHIA 201 014 Y DS 2AS S5t
RIE 74 2 Tt A5

3. HEHANMB| AKX IS HA S 210d AHEL






HE. X7t

or
fl
o
X
Jpot
+
i
njo
0
ror
o
m
=
x
=
>
ok
o
>
o
>
i
=
iz

1. EA| EHAIMEIA A EE|E flot =2 XH 1T R F4d =4

CAI9] FEES! 2 N YH2 HEA 722 7SS L0t A
Of ZIFXQI Fate DIRILE ZA| K92 21712t ZH| &S0 ’é%EIEA

y
AEHAIMBIAO TSt =27t A LEILXIRE, EA| RS =X|2t S92 M|t
u]

[>
oH
ruT5
oy
5
>
N
=
=

LE=E Y O[]
MHlA S8 SE2 g8z X2 FAE 220t 0[0 W2l MH|A S5-+29 IHEH =49, &
SE AN E|A HAH(deficit)? ofal ALk

IHXH2== Bar6 et al.(2015)0] 8 03] TAIE YRR A N Of7|QYF Fotel 35—+
ol0 Al LIRS 5 BF1 2 HEHAN| thet oEHS XIMSIR2H, Schirpke et al.(201

-2 JiEE AASH OE MHA 7H dSAEs MoK SUHUME 720U X|2tE
HERAMHIA T X2 L& ARI(EHEE, 2020) 2 0|2Z(2020, 2021, 2022)° HRE Edff =7}

H

O

9] A& S587t 7|82 0= Sk DL, 2 KBS Zget A2 &2 g =4
C

0z O &
IIuLI El
ol
I £ o
1o 1o nw

19

o
-0
=

O

k2 Ot&} Z=7[ HA|OILY.

08 HTOINE W 22074 VIEXACHE HYOR BA U 4£TWat AHIAS] TF-42
MO WISHH, B4 4K U YUSH(T-P, T-N) £X/9 27t £H0 HTES A0
Xlojo| Flopge RITKSICE, 0] 24 AT ECI2 SA MEAMHIA £2 XIFES| A 7t TS HIA/SHD

012 Al &EA 2, SA = St SAY o= A= FH L0 Tl L 2IoH E A} STt

7} 0|2 HjZ U M3 17

A
.
0

MEfAMH|A(Ecosystem Services)= MENAZL QUZIOA HMEot=s Z7HEA SEiE 2J0lotH, A
MENAE7HMEA, 2005) 0% FHXL= JHEO| YEEUCE MEHAME|IA S5(supply)2 MERAZH T
AZH SOt MBS 4 Ue AMHIASl 21X Y0|0, $2(demand)= Ats|-AH &S Saff LstHL
AH|EE MH[AS FOICE S5 20| HAE 245k MEIAIMEIA It Y X|=3t HHE(ESVM)E
MH|A K& X|Y(Service Providing Area, SPA)1t ol|& X|Y(Service Benefiting Area, SBA) 72| 7t

t

C A ARl X|Gle QHEXOZ =2 AQ

SR e 2YX|(mismatches)E Ofelst= O S™S =0 T

(- 22-0|8)2t MpHE BR(SK|- 42 £3)3 SHOR 5i, 1 Z1} Erh o
(4291 X|20| LYIGHH LIEHTE EA| X/ ] X
Sloh QIR XIGOl: ME)ORBE MHIAS QY W BAR £28'9 SHS HO|H, 0= A9 Y

FlefgE Ttk ol S BAM7t E.

2 gt MHIANMN S5

A
T
MH|IA 202 £ZA|7|7|

|'|'|\J
o
0=
m

==
o

P}
i)

N

SLHOIA HEfAMEA JHEO] =AMz FHo| =/E A2 2010 0|20|L. 7|20UXeERE=
2018HFE] 2020E7IK| X0l 2R HEAIMEIA FIE A-ARY'S FLSIACH, 0|12 Sl =L AFo
= Bt YEEL XE MAS HLSIAC. 55| AI-AMY oAM= 7I2AXSH S22 B2 ZHYAZE
HMAISIL, S8 22 23t MH|IA0 et ¥ EIIE M=o sks g7 SH0IM 0125(2020, 2021,

3.2 5 1
2022)2 = U B EAIS YO BA-AT U71E S £ AHlA0 3F-42 23S WHEC=
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EMOIACE. 0 AFS2 ZAIX|FO0| MEHAMEIAL "wrxQX2A FH AE-5& XF0| 2Ech= F2H
S48 H3Noz fHoIRRn, 2 ¢79 WHEN EfVt Ut 2F5F 520162 IE X92
ao=Z MEfAMHIA XIEH(PES: Payment for Ecosystem Services) =@ 7HsdS HESIFCOH,
SF-otF 7t 5|-25 A0 7[Htet 24 HIAHLSS MRttt

ERUEIACH, M5 =7 f%*’éoi71l%'(2020 2040)01|A1E EHAMB|A THR| %7f ERSISR =g S NUAES
2ot RUACE. £ 2022EFE AlME EHASHI|ZEL 1 ot A=S2 AMAHE Ha
JIE2AE +EE oFetetd AN, = AU MAldks 7

/t580] &HOMX|ZL AN, IHHL== TEEB(2010)% %3 YEIAMEIAS] FHA TIXIE M 20

HIEH= HO0| SASION, 20223 128 XEIE 2U-2E2|S 22Y MECIUN EHI%'-?—JE(GBF)QI

—

|ZRIRITHA T B K| 240| FHxX

Target 110] ME§AMH|A(KIHL] 7|04, nature's contributions to people) 2, KX & SXIS HA|6tLL
QUCHCBD, 2022). =&t XA &3 HEHE 370 YHOA(TNFD)Ql £E H110H0] 2023E 9% WHE|HA
7|99 MEfAMHIA SJEE I HEF HWIPL 2 QNE BEAMSIFUCHTNFD, 2023). 0l2fst =ZA| S2

T7teb KIREA| TS MEHAIMHIA g mefo| Hast A7t XHES ©0 M3 O3t =& 2119 7|=
K22 7|50 BHS AJAIBICE
Ll 24 Xtz 3 2
1) BA T3
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=l 23t 37|(r)= A0 vs A1 (0.467), CO vs C1 (0.542), DO vs D1 (0.790) 40l
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BO vs BI 109.5 0.0146 12 25 0.386

CO vs C 73 0.000607 16.5 5.5 0.542

DO vs DI 16.5 5.865x 1077 115 1 0.79

TBased on Cohen (1992), Effect size (1) values of approximately 0.1, 0.3, and 0.5 indicate small, medium, and large effects,
respectively.
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[ i v b 3 AL o i :
— i| spmsiman | s - i
|| madACERON [0 6 Oyra - CLUE |

[

! 1y (5] gl 2 i
' i f o g e | . !
o e e - 4 A im e i
—— i . '
_ A TR D] ¥ LR T !
":.-_h:nlr_h‘] I“'\-\,_ e e el ; A ".I

s e
= — = § #
-

i ol
ol ,
i iiaze IAVEST
i B AR - [ATEREIE A D)
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AT 22 UIMA AL 2 - SO MAIS AZato, 015 EXI0I8 0F 2¥(Dyna-CLUE)Z} MEHAAH|A
E Z2H(nVEST)M MEsh= 7I&X ZX =828 FUH. F2 W82 O AU & iy S219|
el @ BEXOIZ 0= 2 2F, © YEAMEA O F 2 2, @ 20 SEH-Hlu 2422 A=,
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(1) AlL2|R 2 ey S019| Hkst

2024 MAAFON ==E 3 HMA AU2Ret S0 =5, QA HO|01™S HIESE,
AU LB = HH-Ate]- ZH|-7|& - dSTdd ol Hat Bets AMF2[oIRA. 0[N SAIH, 710U X 2B 2
S S5 H0|He =X SAE &&510] 27, ML, HUA 7=, SY-AEAA, E3XF =X S
2 S0 Cier 1990 0|29 A|AE At=E FHoIUL.

2t SOI0| TS AE-HIME B, T2t 87 5 S 712 ¥]a101 “HK FAM sigets TI1E
NS EEIT, ALIRIIt THHGHE HA-TIE Hek AF0) D2t SOl D)2 24 TS SHGIQIC
0122 SO 7t QBT CiO|0IIYS EXOIG Hak-MEIMHIA HIBIQL GHE 4 YES SHoI0],
BN ALRIQ M} ¥ SO0l 2 U2 A0 QB HAEES MRS,
(2) Ol EX|0|18 et 6| = 2 2 (Dyna-CLUE)
EXIIE R 304 Wal8S 55302 7RI HEYUS SNE F, 012 BAU ¥ 37 UMA
(@]

AU2|R0| EX| fE 2050 HH 2 L0 2ESIRACE EX|0IE HF0= Dyna-CLUE Z¥S &8
StACHVerburg & Overmars, 2009). 0|5 flall HX =7t EX|LEX|ES 7|2O2 A7, sYR|Y,
HEXS, =X, Xl WA, =9 S22 Heslet BEX 78 ERAASE Z0IRAN. 0|0{A Q725
EAElE, 1919 GDP, =2 H TA| SHA| 82d, 1-BA: 39 Xd-7|= e, HSXY OF S
EX0|8 32 N=E A4 +Z0A F=0IUL.

L

e EXOEL A8 0] A= ZAAE 2 248 Soll £o10, 24 EX RE0| &
IRIOIA LIEHE SE(RAEYE)SE &I SAM BEX| G 7t Met 7tsd & H& HO|=S HHst

=]
Het A N dES 2Eol0, M- A2 HMefs 20 2tEoiAct

ALE|RE=E o HANN A8t S FMHE HIEC= EX| Y 20504 & HA £
O|2 Dyna-CLUE 29| HefA X2t Zgfot BAULL 371 YMA AILI2|L0] CHet 2050
EXNIEEE ME0IC 29| MZdS =0lot| o LA 7|17ts A= ZojdsS s, X

H ol X

EX|IS Hatet H|1Wo6t0 Kappa Al & F&e X|EE 48010 HEgds HHotilH.

fo
(il
Ra
bl
_O'ﬂ
k1

(3) MEHAMHB|A Ol2f o= 2 2F(InVEST)

MENAIME|AS] S7HE-HHA HeE FAM6H| /ol InVEST(Integrated Valuation of Ecosystem

SRE AISYOINGHS GIS VI8t B8 HEIOR, HIDH Creslel MAEs TXES 53 B N, 2257,
HIEOY, MAK| H S sy NHIAS HYetE 4+ UES 0| UCH YA A AL2I2E 20504
EX| LEEE DE D50 3502 AIZHE %Y YIANR2 B8EH, 07| OXYIZDHDEM),
L4125 YRR, EYRL 45 BY-EY LS FBGH0 2F YAH0[ES

TEOIRAC

i
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274 MEP) WIoL B B TH5HS T2010 2 AT0INE IVEST R 120 B XY Y
=t g ¢

o
B4, 7 AR MEY, EYRY U FA IH, IUYYR S, MAX T OX 7IX 28

, & g, EYrd & g4 2F, Y = 13
(Natural Capital Project, 2025). Et4 K& 2 S4(Carbon Storage and Sequestration) Z&2 EX[0|&
wAEE KXot W=, IAE, EYHAE Zohole B NEH AxE 20l 0|2 44 HY
EXIS0 MEC=M S7HE BHA HYHS MEch= LACE AHELC AZE £ AMEZ(Annual
Water Yield, AWY) BE2 242k 7|ZSeAMZE EQF EM EX|IE HEE Q202 AR50 S24-X|0f

=

2
o
=

}‘_

7lgrst REH(blue wateng F8 =0 AH S EYNIE Mt 42 St A
MEZHO 2 HOISHHMulligan, 2013; Natural Capital Project, 2025). EZRA 2 2A XX (Sediment

Delivery Ratio, SDR) 2&& RUSLE AE2 ELFAAD X[ EXIS0 M2 &4 QIX}, SHEMK|S

0|5 HIE(SDR)S &4 12{610] ARt T EQFRIA RN} M| 5HMO 2 QU= E|XME HIEZS FHSHIT
Hord= Hi= (Nutrient De I|very Ratio, NDR) ZE2 EX|0|2E A -0l Sii|2et EQF XY - EX|I|=0|

OE Ol XF Sd5 2Foi0 442 JYF =
MAIX| Z(Habitat Quality) Z2=2 EXLSE MAX| HMele, ABQRU(ER, AVIE, Hofsd 5)2 S
EROt e R, 2 0l et AT S sitE SEOI0 AN TRl MMA| E X8 M2

Ol MAX] CHESERt 28 S oA B3 & AUES A AT

ox
e

M4

A
e

Zb BE9| j7f#H4E= InVEST 24! 5 (Natural Capital Project, 2025)1t =Lff-Q M3zt =7
At=E HIot0 =L K0f S| BHOIRCH, So| BHa Bk, YT LA, ELREA LT}
=2 H0] oM atel HRISE HESIH HISaXQl AU MK IS 2FoIRAM. 0| 7|&EA:
(20203)2t 2050E(BAU & 371 YMA ALZ|IR)E HYCE ZHS AT AKX TR MEfAAMHIA

PEUN
Z
SEE9 SUREE MSotl, 018 %’8?%&40—1 Hel2 AR AlLe| 7t #et et 7|

N
on

0|2 Soli AlLtZ|REZ O AfH|A ZEI0M &5(Trade-off)0| Lo, OfH Z80|A S0IS(Synergy)O
EAIE YelolRCH, 0|2 EX|0|8 71 Hal, YEAME|A Bt £, =71 M| ¢A TisdS

2 OIT0IAE @ B ME]- 2R B S s 5010 FYH FA| 24 2T, @ EX0IG st 54, @
EXIE 301 HatE0l 38t 77t U ALY thEZ A, @ BAU U 37 WA AlLf2iog Xst
20501 EX|0IS 015 Z, © AlLI2I2 MEAAMHIA U MEIAHIA 52 6 20 © MEPAIMHIA
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Bl & Atel7rE, A S =HMEE S 02 7HHA12|=2 FEotd, 2 S0 HSsks XE2

MEAMS 2o, Ol SAY, SYFX S, =X HOIHH|0|A SOA w=Eet 1990 A 0= AlA

HHITOIN TEE HY SOl B2 F IfHEA, 01T, ZHUH U Bs, 0UX| 7|2, S U MY
] PSS

=

AEAl g
AN2E 0185t IUE XE @Ql HeE Mot 37K/, da(N), M) § FZH FME
CEOIRACE Ol2f8 A FM| 24 Zit= BAU & HMA AUZ|R S Al 2 32| 02 Het ekt

= =2 dEEH/UN. 55| BAU AlL2|2= 1A H5E Y FHE 7IEL2 4
S| Dl2fl gtE 8oL, MF 7= datdd AUe|RE oid 20F & SHet MALE 2ot 22
SO FNE Yat-2Aslot=s A2 ZFOIAT

SiAl O] SR M BN AP MMM IESSEAH|  HEIA 2 EtA 80| AlCH
e es ALI2I2(BAU) (A1) 1%) (MSCHUA)
HAT HH A \J
o1 A N
- ERATOIT

- OHX| 7I& st
- MK HE

At2AstA

oo

NNNK

02

it =}
HAHSEUE

ol

O 7|
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A0 CHEH ERE
M=o st M=

- AEAE A=

- H5X|Y
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NN ZNNNENNKEN
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I8 2. N2 sias?l Ol Het Bk Huwl

o

F30EZte] EX|OIE HelE A4t 21, APIeiIEXAY2 BaMo=z 30d S o

(o]
+4.31 %p S716101 74 215t StY AL BACKAIZTIL +3.60~+4.88%p). BITHE X/} MX[2S
-6.51~-5.10%p) 52| U S 20| I7|HO2 SHK2
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©
v
CTI
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= TR +2.96%p(0.08~6.85%p), LIXI= +1.09%p(0.64~1.58%p), £212 +0.69%p(0.35~1.16%p)2
I0I5t 5712 BYOM, &K= +0.24%p(-0.50~+0.87%p)2 #&t 20| IX| 05 HOR LIEIHCE 0[2f3t
iz, 1A = & S Ut EX|0[E2 Al7teh LA 9| HIA 22t s -LEXH2
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Ch) EX|LIS 30 Hets Sa=tet AL 2E et 0HE

& "ol HAlSH EXIO18 ¥ 30d Hat EM4E Tt dg 20| X[X] 2210, AlLt2|2E 20504
EXF=QE o] ot A iz UL HA 1975-2020E 7(7F S0te| EX|I|= A28
280l EX|0|8 RAE 30¢ Halgs MHolll, REAEY J|HE Mol Exd HaEil 95%
HEF7tE EEOIRUNt 0|5 HIEC = 2 EX|0|8 R0 ol “Ii X7 Hat, “HA B, "ok =
Hal", "H0| B, "IiR TLO| Hayef 20| CHA HA | et Se2 d7%otl, S5 Hate 77 11 e
CHot= RS HlofALt
H 3. EX|IS 30 Hateo| ME S5 717+ X tHELL

EX0IE 7 S8 CHEZ EXOIE 7 58 CHEZ

0 XA Hat 3.60 0 A Hat 5.10

7| Hst 3.81 | st 5.25

A7 F=AEXA oL HE H3t 4.24 LHEXY oL Mt st 5.56
oro| B35 4.67 =O0| st 6.11

i< £o| 3t 4.88 i< 20| 3t 6.51

i XA $i3 0.44 0 &7 Hst 0.50

XA et 1.67 KA et 0.56

SRS o F 3} 3.94 =2 o H 5} 0.69
0| H=t 6.28 oro| =3t 0.81

i< 0| B3t 7.46 0HS B0 H3} 0.87

O 2o Al7t=tARXSY, sYXS, XY, 5K & F2 EX[0|E FIE= 304 Helg 225
dEst 7, 2 fd9 E4E 12ol0] Hats F17tS Lk, oiE 71710 £ol= AAtE2| Bt Hales S8
HEUCE AZOIRLE GIE S0 AVIRtHRXA[Fe] 4, 30 St HO| HolA| E2 F7HRE 5409
S7tet ZUNKIE BAMC = FLEot, ZF HAH0 siFck=s Hete BxE IR HA 37, ‘2a 3,
O = 37F, "HO| 37F, "I 0| B/F S22 HHSIH AlLf2|Q HF0| E0IRACt. YRSt
LIRS, X2 ER0= da-S717F EXoks S48 2rFot0], da {1t B7t ks B Eeloh=s

0127 Fol Heot S5t HELUZ 0% ALU=LE EX+QE d¥ot= IF0AM e LS ot
BAU AlLf2|20M= 2t EXIOIE RYO0| IHA0 HEE A Het &5 FAlRIT L 7H6H, sy
7ol 304d Hakg XM "SZ &0 digdls S 1 tEUS HHGIL. B A, U=,
d2HYY ML AU 0ME AL AAtRE 3 et el EX0IE 72 Het S5 HE
SO OIS S0 Food AILE|UME SYAIH| Het SES "RAI 2 A% A" 2EC= HHol=
ofH, MEl Al AR BV +ECR, 7|20 4= A0 tE-5XI19 Hat S8& "HO

o
S E= IR Ho| 71" +EL= e 2Tot= P4{0[0
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B4 NUE|RE EXO|E RN ME EA|LS Hat S5 2 R4 0E

= A CIraEINE:: SR At2IX| A%
R7h2 AL TEESE AH|  Of &
WSt TEEE a2 z3us 1 memAB 51 HewoIET 087
IHA 2 EtA L MO -
1(7|§ 01% F 424 WRXEZ UL 044 OB 611 A LA 056
59| Ak =3 - o x
(MECHEA) =7} 3.81 | O Lo| ZA | 7.46 DHQ 20| =7 6.51 O 0|7+ 0.87
o o re)

HEHOZ, 7|EAE(2020H) EX|0[E HA|

N

EXO|2 K- AU E2 MEHE 30E Hakg Of

XG50 2050EMXI9] H7| SRt B £25 MHGIGOH, 0|FH TEE ALY EX| R
2050 BN 227t 0|5 Dyna-CLUE 23| AHZIOR LU THA| Udl, EXIIIS 30 #1220
CHS SSafet THEZE A2 27 BRE HE IHS ALR(QE Dj2f EXSQ2 Metsh= dzne| gt
SIACH, AlLf2|2 2050 EX|0IE 0= Zte| 7|27} QT

2h) AlLt2|QE 20504 EX[0|E Of| = 2t

JIEHEQ! 20201A9] M= EX|0IE A= AVIRIAZEXS F 66.62 ha, SYXIF 182.02 ha, LHEHX|SH
587.8%t ha, =A| 96.62t ha, §A| 14.62t ha, LA| 30.22t ha, +9F 2442 haz, L SHXHO

HISO0| 2 7120 =X|QF LIX7t 28 72 E RHX6HL, 95l A= HH0| A2 A28 2R

rio
P

2050E7tK|9] EX0I2S S A EIH AlL2|2(BAU) 2t Ml 782 FIMA AILF2|Q (REZH2 244,
AH|(MF), "EHA 2 BHAC|IR), T At(ESHYY))= HEer 2= TS 20

R
ror

2 7|&HE 65.62 haOllA] BAU ALt 20Af F 111.92 haz 37| 761K 7t &2
U= , A 7|2 ALUE|Q0M= 2H2E Of 68.48F ha, S AlL2|20|M= 2F 68.12f ha
FEO2 HEEACL. HMA AL QUM 7| TH| Al7te HHO| T4 SHTHE[X|ZH BAUO HIsHAE
S7t =0| 2 AM == A2 LIEFRILT.

%2 7|ZAIT 182.02t haOllA| BAU AILIZIQOA O 173.58t ha, MSCIHA AILIZIQQA o
ha2 ZtAGHs 2102 LIEIHC ATt 715 AIL2IQ0AS 2424 Of 17918t ha, 181.28t ha2

2424 9 1791
o HIWaH 24 Z0| NTHHOR X0}, SX|%0| HHR SXIE= HBHS BHY,

2 7|&=¢E 587.82 hatilAl BAU AlLf2| 20 M= 2f 538.32t ha= H4oh= BH
ALI2| 0= 22 oF 617.88t ha, 623.72F ha, 626.12F haZ 37t5t= A= OlF

So| Y=0Yd AU 0N L HHO =t =0| 7k FA LEL, Y SH°| EX0IE 712 Zat
O|R0X|= A2 s EICt

EX|i= 71EAE 96,68 halllA| BAU AILI2IR0IAI= o 96,48t ha2 740] 0| gl 2O LIEjH 8o,
A2 7|5, MESCIH AILZIQOIME 212t Of 8179t ha, 77.78t ha, 83.02t hai GISE(0] MetxoR
CiA UAGHS 282 BT Ol WAA AILRIQ0IK EX|9 AR7} A &X| S CH2 EX/0Ig R3o2
Mgiel= 22 0f5HE 4 ULt
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A= 7123 14.6TF hatllAf BAU AlLe|0|A= of 12.28 haZ2 ZaoiReu, ME, =0
ALI200M = 242F 2F 14.78F ha, 71% AL2|Q0(M= 2f 14.58F haZ OIS0 7|E =2t HIR5EAHLE
S/l +ES ERAC HMA ALEL0ME X9 RAI-2HE Sl +d-SXI YEiAIS] 2H0] g

A2 = = QL.

LKz 712AE 30.22F halflAf BAU AL2|Q0IAME= °f 4460 haz2 I S7fot= BHH, A, 7|=,
SOYY ALU2[0|M= 22 2F 1528t ha, 11.32F ha, 16.52f haz OZE0] 7|ZHEEL Y2
TOE Haiots A= UEKRL: 50| 7|2 ALR0A LA Ha F0| 7t 3 HEL, M8 -&X
C=29| Mal0| YSHE ZUE ENEL. 42 2= A0 of 24.4T ha2 S 7=

—

Seold, el FME et BAU AU R0ME AZISIAZRXHY] HitE 2Tt SH A -&X12

g, XS] 717t SAo| Edot= 2, M-7|s-dS0dd G20 7|2t Al 7§e] AlLte|L0M=

AZtet StHE JHHHLZ AXotl, UM A 2AUols SAN UXIE Fadts dgez 2050E
o

EX|0|8 TEI} MG OB Q013 4 QUCt.

Sl A BIF Al APER At [EESh 4| HEAA 2 BHA Ol AlCH

OOI'

- = = : - -

1
i
|
I
I
I
]
i

T2 3. A|L2|2" 20601 EX|OIEE #HEl o=
OF) AlLt2|2E MEfAAME|A OIS 21t

MEHAME|A HZE Dyna-CLUE ZHOIM E&5 AlLI2|RYE 2050 EX| IEEE InVEST 270
Yoo, B MY-E, A A E¥=S ZE(SDR), A7t #AH HEZHAWY), SYFEF H1E(NDR),
MAIX| Z(Habitat Quality) & 571 MBIAE Q= UG

(1) EtA X2 S4(Carbon Storage and Sequestration)

_I

_'_ D
rOI|

MR X BHE TPHTH WMA ALIZ|Q0)A

2{1 = 257
MECIFM AILIZ|Q0A] 2F 1,001,132 Kt2 712 =2 £&S LIEHLE
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(2) 24l 2 E|IME XH(Sediment Delivery Ratio, SDR)

ENE HIEE2 EX0IE, AL EY E40| ME EQFAZ of = HIE(SDR)S 12{ot0 APYSIRAC
2020 7|1E & ENE HIEES 2 210,143 E/9 202 FFEUCLE, BAU ALZ|Q0) A= A> ZALL
LIX|-&sX| HIE &7t Y= of 254,787 E/AMK| S7IotULt. 0|0f HIsH AP, 7%, WSO
ALUE|Q0ME A S50 LEX| ZA0 M2t ENE BIEF0| 2H2F 2F 122,008 &£/, 111,391 E/4,
117,905 £/ Z=0=2 FH| ZASkE A2 =2 LIEIIC

(3) A7t =Kt A=2FH(Annual Water Yield, AWY)

InVEST 2& Edo ST ELXNF/L 2 M -sX NF0M= oA LEZ0| dUHe= JA,

=550 HIS0| 2 AVIe A0 =4 Mg &4 24, 20204 7|1E & S oA M4EE2 ¢
°F 92,026 Mm'2 7%

88,624 Mm* 0|0, BAU AILZIQUME Al7I3L & E54M SHIHO| JSOZ
66

e | 2
=2 we B0 WH A, V=, dE0Yd AU L0Ms 25 9f 87,166 MmOilA 87,470 Mm’

TELOE A4o0, tE-SA| U0 Ml Ff REF2 24 ST EYNFE S¢ +2 =2 7|0
JUHLZ Hetk=s 20E 2R

(4) YLH= HiE(Nutrient Delivery Ratio, NDR)

52 EX0ISY HINOY wMAAY EY X EXLE X2A0| G2 o Y HISS
TR5101 FRBISITE 20204 71F & A BB ©f 71,300 kafyr, O BISZE o 9,642 kg/yr £70/01,
BAU AILIZIQ0IALS AJ7}atet SQIX|e) T wiat2 Qlaf Tl HiZZ0] 242t 9 80,151 kg/yr, 12,157
kg/yr 2E02 B7ISIZICL Ol0f Boh YSTIYY ALIZIUIAE A&7 Stiet LiX|- 53X S22
T oF 67,617 kgfyr, O O 9,115 kg/yr2 7HY W US BAL, LBIX £ WA ALRIR A
7IEAESL QABILY Cih S 7S RXIsHs HOR LIEHT

?9>

(5) MAIX| Zl(Habitat Quality)

MAX E Kz EXLSE MAX| Mot T=-A7teHUds & A0 S0 258, K0 et
DIZE L k= SIS BHYGEI0] F 0| AESHHCH(Natural Capital Project, 2025).

2020 7IF MAX| H ZBXAE Of 5366H0I0, BAU AILIZIQUIAE AlZke ST MY-&X
ZAR Olof O 5,203%OR AE UAGICE YIT AIZ, 7|5, HSTIOH ALI2IQAE AAIX) Ho| 27

242} ot 7,428%, 7,458%, 7,852EO2 GISEAON, 55| MBLIYY AL THY &L
7| 26tHLY
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(491 KD (&5l £/)
1,020,000 300,000
1.001,132
1,000,000 993,857 998,584 254,787
250,000
980,000 972388 210143
960.000 200,000
940,000
150,000
920,000 122,008 111,301 117,905
mm 841 -
900,000 100,000
880,000
50,000
860.000
840,000 0
Baseline(2020) BAU(2050) H7H2 WAk F-LIPNEY Fao| Baseline(2020) BAU(2050) 7He g, EAHA 2 28|
MEES 2Hl(Foed) EtA(Climate)  AlCH(Biodiversity) WHES 4H|(Food) Er(Climate)  AlTH(Biodiversity)
A > < ME2 HiAHZ >
(EH9l: M (K2t ) (9l ky/d)
93,000 52026 82,000 20,151
92,000 80.000
78,000
91,000
76,000
90,000 74.000
£9.000 88,624 72,000 7.309 70,492 70.566
70,000
88,000 g7.470 87,166 87,291 000 67,617
87.000 68
66.000
86,000 64.000
85.000 62,000
84,000 60,000
Baseline(2020) BAU(Z050)  A7HE WAL MEES  EHA 2 EXEl Baseline(2020) BAU(2050)  Ap7hE WAL MEES  EHA 2 EXEl
| Eb2 (i ) Al i Il EFA(Cli ) A iodi
ATILO] A ;‘:a> <_ PPN iEF>
(R AEE I A HiEE
(2H9l: ko)
14006 9,000
7,852
12,157 8,000 7.428 7.458
12,000
7,000
9,642
10,000 9,352 9.264 9,115
.000 5.366 5,203
8,000 5,000
4,000
6,000
3,000
000
- 2,000
2.000 1,000
° Q
Baseline(2020)  BAU(2050)  Ap7HE AL, mHEE EHA EEE] Baseline(2020)  BAU(2050)  Xi7h2 MAL GES  EIx 2 289l
ZH|(Food) St (Climate) Al (Biodiversity) Z:H| (Food) Eb2(Climate)  A|Ci(Biodiversity)
= O =2 > < Al X
(& 2 = MAX H

T2 4. LRI MEfAMHIA 0 2T}

N
>
T
o
o
N
n}
O
_Ol
rr
0%
m
2
>
o

>
1o

b
fim}

Ja
or

NE-&4 ™9 E2, BAU AL2RE 7|EAE(2020H) UH| & B4 MITZ0| Ha5tH 7+
=4

2
S22 =2 B, M 71 '*1* AL B VIR 52 BHA HYES LIEHRD. So -
=
= =

7t x saz =

ALIZISON BISIAS A% SERIE!, BAUS) Bslel 25 811 A00C)

AN 2 ENE ZEST YYYR MUSS HN2 QYU HEY0 WS4S XWS0| 52 o=
ShAIgt 4 QICH EIXIS HISYD A0l HHSY 0F ZTS HIT6HH, BAU AILRIOIN £ XEV B 7h
52 £7S H0| FA T HHOY KS0| 7Y H2 MHZ UEIHTL Y2 M- SIS S50kD
LX) Eots e HIZS 591 7|59 M2 ALRIQOIAS %2 o Ha 0l HISZ0| 3 Z4510]
A AT U GUYAR AT ST THY 52 270 MEZIAEIA S22 HOl= 2O F2lHch Ay
AUElQs £ AlLk2|29 HlDE O Che ASHE £ZO0IXIZ, BAUY BIstAE HNE ZX52 QRl6H:
HO2 LiERT
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At A MEFE2 2 S5 AHIAY HMEE UE= XEZ, O|F 21 BAU AlU=|L0|M 7+ &2
20| AHEERL, ME, 7IE, 42U AUEUME 25 O|E0E O ®2 525 2. 0=
CAetet 2540 S XEE 42 AR REEHS 29| Y0| S/tots A, ME-&X| HHE HHZ ot=

- =

rio

A= X

Rl
WMA ALIZIQOAS SE20] AIXOZ SOCE ZIES ISt Zi0[Ch gt
0 SAOA] AHIA 7H

HEZQ ALl F7|F OfL2t THE MH|ALLS| BAIE e 11={610, 0|F SEX|

—

JUH PIXIE HluofRAL.

Are Y=ty B8N MAX| RA| S8E UE = XEZ, BAU AlL2|0|A= 7I&HAELE
Of MAIX| 20| KMotz Ae= LiEH 2tH, MF, 7S, d=abdd AU 0N 25 MHAX|
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- 2 QEAEC| SHEIEE FSHCE Levin®| MEIM X|9| K| A
- UAMEO BERLE THHSE of UEFHEA0IM AR AFE A bI42| SEH= F0
771 282 2¢14(Quantile)= X|F
_ 8007_:|II|. |_H % 0“ [[|-E AI-[HI:HE X‘IS?._
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H 6. HUZ2AE MYS flo 2E812] +X| He
Index Temperature Slope Altitude
1 6.6911-8.0082 0.0543-3.8024 0.0802-142.7904
Q2 8.0082-9.3254 3.8024-7.5505 | 142.7904-285.5006
Q3 9.3254-10.6425 = 7.5505-11.2986 | 285.5006-428.2107
Q4 | 10.6425-11.9596 | 11.2986-15.0467 @ 428.2107-570.9209
Q5 | 11.9596-13.2767 | 15.0467-18.7948 | 570.9209-713.6311
Q6 | 13.2767-14.5938 | 18.7948-22.5429 | 713.6311-856.3413
Q7 | 14.5938-15.9110 | 22.5429-26.2910 | 856.3413-999.0515

- & 4262572 22iAlE SO0IM, IPBES(2023)011A Holgt &
NEE =60, 7|0 UEXIZER0A oot UL E 5522 789
- H=AASEZAL OB E & 14052 HYULNAZO0] ZAZACHE
Levin XI4+B MEG10l, 49 5%3S I HYAysol HULe
HUZRIAER Ho| 2t 75N & 145 413,
H7. 3L A2 HLZAES 1%) B2
Al=H temp slope alt HQ bird frequency
Y= 0.6444 0.9128 0.4581 0.6837 0.3751 0.9563
Ux 0.6416 0.9116 0.4563 0.6823 0.3765 0.9563
EEES 0.6381 0.9137 0.4661 0.6822 0.3687 0.9438
ENZE 0.6415 0.9131 0.4659 0.6866 0.3642 0.9413
MRS 0.6359 0.9132 0.4716 0.6812 0.3693 0.9338
0|=7 1AL 0.6335 0.9107 0.4689 0.6808 0.3635 0.9263
OFIAILLS 0.6240 0.9013 0.4550 0.6741 0.3736 0.9125
TEdFHE= 0.4286 0.2571 0.2571 0.2571 0.1429 0.0038
SHHE 0.1429 0.2857 0.2857 0.2857 0.2857 0.0025
AR =2 0.2857 0.1429 0.1429 0.2857 0.1429 0.0025
AR E 0.1429 0.1429 0.1429 0.2857 0.2857 0.0025
20| 0.1429 0.1429 0.1429 0.1429 0.1429 0.0025
UHE 0.1429 0.1429 0.1429 0.1429 0.1429 0.0013
LY SAIL 0.1429 0.1429 0.1429 0.1429 0.1429 0.0013

*G: MUEZAE, St AHELAE, A 7
AHHZAEE 1] HiTHo| A2 Folgl

>
>
rir
Nl
SJ‘y
o
lo

2942 UEH), HLZ2AE

0f) NMDSE &5t 57t g 24
- HUZZAE U AHEZAE 729 NMDS 2402 2X1At Z7HEI Y
- ME| EMO| MHY Mot fI5tK, 2= real data®| stressX|= 201 AL

U= YE Hl0[H

- 201 -

HQ
0.0000-0.1384
0.1384-0.2768
0.2768-0.4152
0.4152-0.5536
0.5536-0.6921
0.6921-0.8305
0.8305-0.9689

= result MEFMX|IZQ| resultZt

Jon

—.-HJR

4

Bird_SR
0.0000-6.5249
6.5249-13.0499
13.0499-19.5748
19.5748-26.0998
26.0998-32.6247
32.6247-39.1497
39.1497-45.6746

S 4 S
E, offl b%E=S
result Hl
0.6717 G1
0.6708 G2
0.6688 G3
0.6688 G4
0.6675 Gb
0.6640 G6
0.6567 G7
0.2244 S7
0.2147 S6
0.1671 S5
0.1671 S4
0.1195 S3
0.1193 S2
0.1193 ST

=2 ==,

FO|

—

, 17.951= 200|2t<

Ju
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LIS
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4
S

H 22iAZ7t strong association 1§ &4
strong association 188 St 2[fAZ2| S7H HEIE X HY HAE LELHUS
0|0 ot 2 &8 & ol Lot BtSotAL &8 282 §d= WHote 5= 2l0lot=
o)
o a
O|E2 URE EF =t8 0] ZotA BtSotE= MEfM X|e7t Hi&MC= &2 J20| US +
UCH, EF MA 200 2Kt E42 XE
2 2M0| UM 2t =7t HE|= Euclidean H2|2 A6t 9T, cut off R2= 0.52 XA,
&40 = 4719 Al 150| AUALH Group 12 ALHF-HE-HO| WO -HA=sLFO|H,
Group 2= E0XE-EUE-A-AHLZ-FHNELEMNESLE-REEUHE-0ZA2 5=
4%, Group 32 FAHMZ]-0[=7 1AL -OtTIA LR -E7|E-710tS - L2 | M-2 4 2 2-2H0[ =-
ML= Ef%“-o”ol aA=0|H Group 4= 7152 -7HHIE-EE0|HLE -7 S LIS -7HA|E-

Group 19| % 2t /7| 220 M3 g 22fAS0] 2 7&K ALH NMDSY joint
Of HiE| et 2¥H0| =4 LEES. 712 &5 H 218t 7|29 MAX0A 24

—

°
S
K=
P
H1

ro
H
_i-g

tsds AIM%*.

of & Sdlot= 2M=S0IH, 2718 & 22152
o

)
o
[
©
N
rr
0x
o
Ip>
H—|
d
=2
40
=s
It
[T
=
ru
Pal

r
SERCHISTE 5719 HZTHE UEILKS AHASRY. 52, 28 S TS AARIA
F2 I 4 Qs BN MEIN XIS BRS YHO2 HUE,
Group 32 EAJSt I IiHaie GITHE QRIS REOR, QISIK MA0| B2 BN BEEO
2US. T3 2 TS0 =2 MSAS AT US 200, QHABO| SBRECH £ 0| YT
HQSH= Bitio) Z&o2 ety
Group 4 SHODE, &K, SHH¥ S &3t B U Hi47 248t EYOIN EFots S5, 052
SETH U EQ0|3HE S0 DIZeH ¥ISots B52 HE
2 M2 NMDSO| Z9 ZEZIO 2RA0| SO G, 2 LML joint plotd] O/t
UEHITE FO| 1Y J2|D SHES HIYOR 188 o=t oot U
AR MEIERIQIS DE MAKOIA LNF MRS Gt SO MHGITIF O, A
YAZ0IE ST MEIK XI9IS THRIE BS0| USE OO/,

Al
HHZ HAATM = 22HB0ll tieh 2 HtS oflte] YHO 2 +HOIUXNITH(E MM A 5) &=
2EHSE YAHE, AU QfE, FRAY U QS S DMK MRI0IE 250
e LSt MAISHHOF .

Ol= §3 2Z370] M2 HEET| M #EE =&ok=0| 22/t US.

i —
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0.334)

NMDE 2 (RE

NMDS 1 [R*=0.418)

1 5. Strong association| QI8 QHAIS 18 TE(R?=0.5, S| SHAIZIHS FALE QHAIS 42550| B7IN 21)

0OfH
olig
H1
N
(0]
S
o
=
>
el
>
1
i
_|\I
IN
0z
-0
o
X
=2
:Oé

Il
_O'ﬂ
rir
oo
S
d
[
>
1
i

o =
- 0l2fgt 2 S3RE ZAH= oiid A=l dEA X9l &, el MAIXME HESHH, 2|
et ods Fefo| Hlue & A= B2HEHY(Zurell et al., 2016).
- dEH X210 SHBHL GRS 2401| fIo10] BE eEHsE M2 TE RIS Hlu /Hsot=S

- SHAQIXE MEf™ X9 SHHML HY L FHE(Kernel Density Estimation, KDE)&
79O 2 510 && LT e=(Probability density function, PDF) HEHZ A|ZSISIRCH, & O&
7t 58 M= Schoener's D X|=2 MZ3KSchoener, 1970; Fieberg and Kochanny, 2005).

- KDE 7|gte] && A gl SN 2t XHE st AU2(TA HA) 10|12 Schoener's D X3
0~1AR09] 22 7HNH, & 189 SEHFY HAEs Jetote Az, F IS0| 2E0NE=
HH= SFole MENAE X2 37t EEE
2005).

- IEBNEY S

9|0|&H(Schoener, 1970; Fieberg and Kochanny,

30

e F 18 H 4 250 B X0 tiet 3 &2 20|(Sale, 1974;
., 2019).
- QM ET E4AE 7 YEHH X919l STETE HIwo| ol 8719] 2t H0f tiet KDE 7|8t

ZHE(Schoener's D)E AESSIUCHIE 08., E 08)

Wandrag et

QO

- BM A 222 (precipitation)0] 0.7192 71X =2 ZHTE HO, T X 7+ 8 XF0)| Tist
MENA X7t MTHHOZ FAFRIS AIAL
- O[202= X7 CHRM(0.419)0 =2 Zg2(water yield, 0.397)0| FZ 0|UCH, 0|2st

YEHAIMBIA XN BES2 22 MAX B2 H MAN W SE240 HEE QASE 64,

=<
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o

=

2Ht

GEA K97 HEHE AS

—

—

of

o)
e MIHXOZ =2 normalized

2
S

I.

(Estimated Probability density)

=<
=

© normalized scale HY|OHA L=

=

TS LIRS, 010 ZAIE=(0.261)2F 712(0.276)0IM =
A5

T RAUNM &= 0]

I.

x&(normalized scale)d} vy

HES, M= M2 ST E= T
.

| S0|RO! MAXO =

/T

0.1572 7}
742

—

—

0|

ofi 4]

0|

M

3

scaleOiN HE BRI} HEH

o|n|. o|2{gt e
=2 normalized scale Z<0|

- BHH, oI

- KDE 124

= < H N of H ol o iol = — JJ o U Ny ol KO o = ol
K S IH RIS ol Ko O < 57 o o Ki O & wH o rowr
~N R ok o< oo O T OF o KU 0l0 n PR <C RO
ol Kl xo < L_H__.A_.w._nm._l n._@._.aﬂ._xlﬂ = 03K o o0 gl
0 ol g N g el mwm 20X~ oM
= o ¥ I S s — B3 T oo W = o
ur g F S Afwm WM O Lg®%oo ol
ol 4r = g .0 W © [ of o Lo g 3
= 5 . a0 < X =W & © B0 go X Al 53 19 o0
g o ow mwER okozm Fmley oo
2 P WH mEwl 2R T W ZIrm RO o
T R 7l < S Ir =) o B0
iz 22 szl 3 lF Sosxfanw
T R S | 5_@@% %ﬂm;_mm%_wﬂ_
o 80 of] Kl 2 2 B2 RU g I — ok =MW —_ g 3r
=g ol 0 o AT 1 = — O S =
or o R om A MM Koo mEIo_2 XK
L loF — K oH 50 e I — 9 g Ul T RN g R0 ool
B = 00 Y ol ol K il ol T S N oF 0o 3 Al 3 Q o g
L. g T =y oy o Rl gl 30 R o= 0o
& N oo ol <0 ok =1 = = zr o o% <r
= Lo < oJ TH s X = o o A 2
e 1ol < m_vlﬂu_luﬂ HH = 0l m_luAIO.__u__lh._._nmmu._.An_
£ 3¢ Z e By 2 o of Wm & oo 2 g
— _ a______ﬁ.m of o oJ o ol Koo &= Zpor Oy =
s O T Z & o= s = L R T [k =
2 Tz 2o Hl E oo SR A
= = K 2o 3 3w = O |__0T0Emom_wgol.
of oW gl oMo W BWM g E o 5T
ol ok i oo Ao o e gL SRERE I
ho%U xRN SoRE SE sd PIpHE BED
NV — o+ — = o T
T __ o = 1p B o JJ g RO 25 g W K Q0 & ol N
< o= k = = W o
o SIK mor T s oW & ST R
i T Igpog I MEg XE 2R KN e T
ol of z U of T O » N T o W @ o o)
23 - = JF %0 H hIo Wi 53 B2 oy ™ gy Mo 2t
e BY golMolpfSuwd S5 BZEXI 1wy
1o . qp - o R0 OQ = LS oo T oy Ea
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H 8. §7H B0 MEIEIS| 2 22

Variable Schoener’'s D

Temperature 0.276

Precipitation 0.719

Altitude 0.157

Slope 0.261

Habitat quality 0.255

Bird diversity 0.419

Water vyield 0.397

Sediment delivary ratio 0.277

Ly
LA dbi
1
I 1]
LT
14 in
| o
[T}
LT Bl
R [t} [IE} LY i3 Iis fan nl nid L T [ ] L1}
i
1.8
I
L
=
:
lE i
i.
£
3 LX)
g
3 r
L
| ®
i
aii iz i< i s (E1] IR Y] 184 il L] iiLE R}
1.8
I.X
o
14
|
L[]
[IL]

L] "R i i (L) [oR ] i L] IR

Pt soeln

13 6. A2 Y= FY(KDE) FH2 2IiE(L7 )0 EME(ZEM) D50 SEM X9 2EE OE 71K Yriatd &8

JHHO LIEN, 31 S92 = mmy}
LICH 87 14 (@) 712, (b) 24

O T oTOo,

BRlE Y. xF2 2 &8 0| el LS, yE=2 FEE 25 S UEH
(c) 15, (d) AL (o) MAIXI E, (f) ZF TR, (o) RAREE (h) £ A
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£ MAIX ZF NMDS ordiantion

4
S

- 1=} 220|M 2 R2= 242 0.609, 0.2112 ®A R?0.820.

- QHASI ELMAMEO MAK 7t BRES HIWSH 21 F OE2 YR ST 2 D50 SAA
(centroid)0| 2xH SO 22|=|0 O]REQI S2gg LIECE £5], 28 S&8(centroid)2]
QX|7} 2 XA B HO{A Q0] countour overlayl| 2 HQ= EAAZ MAIXTZEHLH SR
SR HYIE 7t = A= =0l

- Ol BEAAE MAXTE Oet B2 XC= LdE 0] USS AAFeITE SXHQ S0 FtS
O|X|= 2t8BaE SAE, MAXNE, FANEE, 42, 712, 2ROYHo = 245 Q0T

- MRPP-test Z1IKH 9), T=-73.89370|0, A= 0.28142 & 7t ZXM9| XI0|7} EAH®CZ
FOI5tH 118 W RAMSE ¢H 0| RXAIEE 20|(X0.001)

I|..I |:..-\.-|ll-||
[
E! ) 1:__—!'5;_;':'_'—']3"—-'-—_-— -
_'T 4 eimper
=0 'y
el L
10 i (VT3] 1.0 i)
Axis 1 [ R=iL6I04)
J8 7.2t 159 240 TSt NMDS MESHE T R*=0.3) 21, Ee2tM SHAH = PC-0ORD 7.02] Z21E E&(joint
plot)S O|&aH JHC’U\Is"%’é HIEQ. SHAEC| Z0|Qt R MBS Fute] MEatH Z=(R* ) 0.3)2F aks 2|0|stH.
A7 1SE 2t 289 BN SAEY.
H 9 NELOE JE 7t EXME H|WSH MRPP A A}t Qof
Compared T A p-value
Alien vs. Endemic —73.8937 0.2814 <0.001

TEA»2 I8 7 2215 LEU, A 22 J8 W YXEE 7|3|5=F(chance—corrected) 3t 2t& 2/0]. Rt ZuHp( 0.05)= 18

7+ 2 =H0| &f0|7t USS 20|

- QEfAIS T EAAISO| MEHX X|QZS HFXOZ H|wol7| 25104, 8742 2tA Bi4:0f| Chslf KDE
bandwidth, AFEHRI(IQOR), 22|10 Shannon HEZIQ| N 7}X| XZE XEE £AM. KDE
bandwidthe MEIA X[2IZQ| =M HRE, IORE KDE 34 7|& 50%2| 40|57t 15t=
SHAMAAS LIEHHTE 5 Shannon entropyE 29| ST E &QI6H 1At &

- 37X X BE Bafet 24 A1t 5~6712] SHEQI0A 22iAS0| SLAMSHL} H2 MEfM X|95e=
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rr

AE. Ol= 22fAl=0| S4HAIZ0| Hlotd] UM = Cifet 2td R0 ME I shitet = QL
HEf S KL 22| AE(generalist) S48 #10 AUS2 AAL
EMAEE 7|29 42 KDE bandwidth2t shannon entropy X|4=0{|Af, SHE 10 =0 A MI7EK]
|2iA S0 HISHH HUNCE HE X/ES 7HKIHM SAXLE R[5t Xt0(p(0.05).
M et b, So| 2= X719 Hal =0 M3ef Ciefet EAAEEO 2EE
olfjottt. =, L1 Eo| 21 HRIL HEsE 2HNOZ 2 2tF9| LIgHY Eot H0X|7| Iz,
- HOOIA 2I2AZ 2 EAAZSELE M| 7EX| MERM X=X H 2F H2 XFE2= LIEHT /9(0 01
KDE curve¥ME 2= normalized scale #2{0] ZX -EEBJ 2REH
B, EAAE2 HQ 20| =2 +7H0.8~1.0)01l KDE curvel] 27t &
H|oH0] M[SHA.

- Ol= 22AM=0] Q2SO0 ofgh W&o HHUA = M, Y2SCHAF0| 48t X Ot 2, THAS}
o MAXO 22X, Tyt 280 M3Sstl ASS AL 55|, Y=/t Zetd dE W ZE0UME
INVEST 22 MAME X7t JUHHCZ &/ HEE &+ Ats S 1dg O, LM=E2
BEMOZ Y5t AR UM E MA0] 7tsEE 90|,

- HIH2 SEMAE2 F2 0| B2 #F0 MeHez 2ot JUOH, Ol &2 MMM 2S
22 of= SAI0 2UPH W0 Fefst
, [ [ T B

5 - E—
—— : s e —— =
e —— Le —— 7 % A ——
" ) _ [ e—— ]
—————— o p— [ ——o-o-—-—
= < - o | e
7121 8. QAIS (LTI EAAIS(Z2A) MAIXO| MERE |2 £ (A) KDE niche breadth, (B) AH2L| #2I(IQR), (C)

Shannon HEZLE 7|ZE=C = 87tK| £+ H=0f| ChoH LIERH 1212, @K} 8itl= 1,0008 FEAE HFEOHA-I CEEHES
Y. F HH 70 AN RAEE =8 HE t-HES AEo10 B, 0.05= *=2, 0.012 **2 HA|.

2) HEICIYN 2M S Sot 2jAlE MAIXM7ZE Hek SHE et
- 5 I5E HHC=E MEHYYEES 2AM. Ol MAXO OE S35 et s oI 4+ U2,
n7He] AT HRIZ2 AR K99 SWAIQ HEE MS.
- n7he] ZAFOIN BRotE &8 AE252 5 UEIH, SEEL9| Yek2 #HS(Hui and McGeoch,
2014; McGeoch et al., 2019). 2RL&= ZALO &= =2
(0]

- HECY g9 B2t =M MEHYY HIE 243 HAGIAL MELYY Higs Sot &

SR RS XSG 7t RAMEL| XS oifMet £~ QUOH, &2 HIEFHIE2 HE2 S0l 02 AAIX0f|1A
SHEE 20lotl, 2 zeta ratioE= MAXZE SWA7F H=EA TYES 2|0|ot, SN =+-F
O|&MO0| 2 £ /USS AMAKHuI and McGeoch, 2014; McGeoch et al., 2019)
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HEH Bl TAO| SEf0l TRt MEISIE] SHAI0] ZRIE 4 Q=G F2 BUHY, LA H
HEIZ LIERD. 57189 29 3702 ORYE MEITES THIZIL, 240 SHap} wiE
ZEO| U0, LA B2 0JN0| E7iLt 22 HEPA O XS XU, X9 S0
HEY2 S 207F LHEHLEHA, S22 S48 SHAHZO0| Yol £ =8 7t A7t

DX0|3S HX[AHERZ7F LIEFATHHUi and McGeoch, 2014; McGeoch et al., 2019;
Park et al., 2020). MEHHIEE2 n-1ZAFON ST SHE0| nBMO| AN S SES
LIEFLITY, AE3AI2 Ot 23,

7~

{=-Tatio = —
byin—1

where, Zn= n7il X|¥0| 3R5t= & & In-1=(n—-1)712| X|H0| SRot= T 5
SHH MIEICIYM Q| ZhA T2 Tof eV SHate 2 X|pateo| B MO et MEjA Hat 1HYS
o M5t= 2ek0] et Hele D2 ZA™HEN Y, Apels D2 SEEN IHES OEA &,
oot RS ME 22 UX| 7|8 HEE, &8 HEE 7HES KXot MAIK 7t EH SO0| AR
otE 2is MSoldl, O|2fet etE=0| §H2 370 2 BEE0 2Eot=s Y2 LIEMH
Lot MAIK 7 S7HA, 23X QIR AL 0| HEEH, 58 etEA 0| ot S 27t FE6H|
LIEHLITY, &% StZ 0| Hat0| et X249 AN HatE 0F7.
Kt D22 S 7HEE XIX[otH, MAIK W S 2271 UH0|H, AKX 7t SX2H0| 52409|
et o QU= MESA 1RO |C AMAIX 7H S 9| HEM0| HOM, ZuX|7t US| LOLE MEHAOA
ZZXM0| ZEf7t 25| Bt 7tsME A|AKHui and McGeoch, 2014; Latombe et al., 2018;

., 2019).

St REIO| MM IPH0)| Cigt Mete A™E Akaike’s Information Criterion(AIC)22 {294
(Akaike, 1974). AIC= S 2H2 MMES 7t 511, 22 OIS STgS 125t¢

&HOverfitting)2 WX[&(Akaike, 1974). Ol Y = S42 LEILHH, HUHHOZ X

= 4n <
(@]
)
D
@)
(@]
o
D
@
®
mjo

-

L]
e iz uE
ro

HECY 24 21, QefAlsi EMAls 20N MEHYE2 SUE =7t S7edof Dt
HrHez Haots s B, QoM =2 SUMZEL dA20] 226 LEH.
5 25 MEfAZE S/l T2t 10 s~ot= 8

Z2+2+ —530.3144, —109.60020| 0, E4HA]

Kk 4n
e
10
>
(@)
rr
o
Tl
1=
Mo
10
oX
40

SRR n=E
—302.4994, —85.13482 £ 1F 2T 0{Ei4 0| MESIY IHS O U5k XIXSHE 202

ofiAl.
Olz & 18 25 2YEX IES XNAlotz A=, MAIXQ| 2t HE 0| 2o 20| A2t 1
!

— - =
UALH, Ol2feh & BHEY HE0| Az EMME MM ZH SUNE Fotd USE A0l
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Fetn dn l\.".iif-

F= il

Eap § L I

Lok J.__a_ 1
B 1] LN
D

Tain divenss

k]

o

T | I | P 25 il £ Il 4 fdd ] 5 M
Aetn vl

Y9 LMzt S =T 7t K& e 2rES ok | lol 2f 152 MEHFE(Z-

O M4 1
1 HIEF BIZ(Z-BI2)S Bl MEHF 0] Choll Xa-gt4 22 HY X (power-law) 22 &E*( Ittlﬂg)5f04
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