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ABSTRACT

The term ecosystem services refers to natural ecosystems' benefits to humans. Various models have been
developed and applied to quantify ecosystem services. Habitat quality assessment is a widely used leading
InVEST ecosystem service model. In Korea, habitat quality assessment is conducted for national parks. For
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habitat quality assessment, the initial value of habitat quality must be used to assess the sensitivity to threats,

which varies depending on the country and application field. Therefore, an expert survey (AHP) was conducted

based on previous habitat quality assessments in national parks to adjust the sensitivity, the initial value for the

habit quality assessment. As a result of the AHP, 18 items were adjusted, including 10 items, such as natural

grassland and unarranged fields, upward and 8 items, such as rivers and ponds, downward. Based on the adjusted

sensitivity results, the habitat quality of Bukhansan National Park and Gyeryongsan National Park (urban type),

Gyeongju National Park (historic type), Hallyeohaesang National Park (ocean type), and Jirisan National Park

and Seoraksan National Park (mountain type) were adjusted. The results of the analysis showed that the habitat

quality of urban dry areas and water bodies distributed in the national parks was reflected in the habitat quality

assessment. In the future, it will be possible to evaluate the habitat quality of natural parks using this standard.
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ME

Ayl A A B] 2 (ecosystem service)TH AFARYE A7} Q17F
oA = dEe F=0] Y= Gofolth ol QIXtoA
Agehis Aol WAl AeAeh AeAE AL Qs
WEFo| Ad7lselolo o), ko] Bz el 1
Ex e A wE Eakgh AEd e B}
(Millennium Ecosystem Assessment; MEA, 2005)0]| A=
AYEN A M)A 9] 78-S FFprovisioning) - ZH(regulating) -
F3}(cultural) - X X|(supporting) A H] A2 BFal3l it

A A2 SRR 200 et Ao o)
Q77} ORAL Tk, 7 B A b, o]
7149 dol= %o ulg} InVEST, TESSA, Co$ting
Nature, WHBET, ARIES, SolVES 5 ctjoFalth(Nelson
and Daily, 2010; Vigerstol and Aukema, 2011; Bagstad
et al., 2013; EPA, 2016). L % InVEST 232 u)a 2t
ZAFSE 2 A E (Natural Capital Project, 2023)9] o=
~"l2= 8k, The Natural Conservancy, 123
WWE(World Wildlife Funds)”} ZE02 7jursted.on
(Choi and Lee, 2018; Choi ef al., 2019; Jang et al., 2022;
Kwon et al., 2022), Ao 2 HE A= zsto} Hu|AE
Aslelal 7HA S Brlelr] 93 B s QTN A
EfelE ol&dl v HPoltt 20087 E AEE e
o, AA7HA] Sax g, Aa aw, AARE 5 1970 &
5o A mgo] NI 24 2P EANEAE
(LULG; land use/land cover)E 7|Hto 2 g QA& &9
sto] 7HAE B7FE = Q=S o] glck(Sharp er al,
2014; Bhagabati et al., 2014).

INVEST 44474 m3e £xnae usl Aucky
ol gt S8 Aol AANY AR AR

(Terrado et al., 2016). P84, P2 40f Oist U F
FAE, 4 Qa5 AT A 22al EX O EYE
d el 3 dYARR ARSheT, dEAtEs AT
Aoz AMPAR 7IES ARGSfoF Rt o] & fsl 7MY B
o] AHgsh= WS AHPE ARESLY] 7|Ee ke 20|
CHChoi and Lee, 2018). AHPE= X2 JEld 4~ gl=
A2 B 713 GArEA wAlOlA AAgstr] ol H AL
AR ghom ok s AAA B} 71EE A et
QU A= OAAA W 7] HoITHOR e al, 2021)

AHP(Analytic Hierarchy Process)= 1977 Tomas L.
Seaty 047} e ASEATA R, BT A4 BAS
A% FEE P opagAte) Fuh Aol mpainvise
comparison) & 53 WFFste] 2 7| Ea= Hickel A
NAE BEelel 17 AEL Eaelt 3k 7ol
HApISe] oul FH Ee 4T AE 5 ofgel W
0]7| % s}i(Saaty, 1977, 1978; Mu and Pereyra-Rojas, 2017;
Kutakowski, 2021).
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1. AT CHEX|

AAAA 7)o gt HEkE YotR 7] §jste] 2371 =
Had & =AR %@4}%‘%%%(76 922km) 7} AlFAE
5U(65.335k), AR =7 F-A(136.550km), 3)
Faora ¢l she sl U(535.676kr) 12]a Akeld
2 A 2|4k 5 (483.022kn) 2} A OF Akt 5-91(398.237
ki) & A= A8 th(Figure 1).
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Figure 1. Study sites.

Table 1. Property values of 8 threat factors

2. INVEST MAIX|R 2

INVEST 28 oI A5A-50] 45 Aol ALAar
(Natural capital)@} AJeAAH| A9 ES ALdl= AL
£7] 9jet Yo AurE e, #U3AATAKNPRI,
2019)0 4= =l AF+E S A8 7hsAdel AS5H
InVEST Habitat Quality 32 QGISO|A] 153t 4= Q=
5 R3] 2E(KNPS-ES for QGIS v0.3.0, 2020)& =35}
=t o5 o]&sto] FYTU AR AL EAE
oh A4 B0l EATBES Fko R 1) S1Eels
(threat factors) 2] FF} 9 QIR ol| theh T F3FA,
2) 7t A7) Qlzje] Sl asle] that Tl7 E(sensitivity)
3) AAAS} gl Afelo] ARAFETE AREE ST

HARI% SIEIR 7he] ol AR} 1S
& A4S "ok 9 A= <A P-4 (distance-decay)’
M2 g oEm, I Rte] SA00 wetk 7 AR; ko]
A5t dad wi= AF(linear), A2]7F 571l whet
JEA Fo] W £ ST G2 i A5
(exponential) &2 LEETE Z} QIR A&l o
TH(weight)Tt UHEE 7|Hto g 7 EX| 0L 3tAad
AE+-ES AL tHJang et al., 2022; Kwon et al.,
2022).
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NEFEAYNEEE 7|E02 AR FJAE AA
SIAETable 1). 41417) SJ@eIAE Al7ist Az o], 2l
A - 2FA Y, A, B2, FAAY, = L, AFHA] 871
o] glon, A7ta} AzA o9 HjgaA e 10k,
A (weigh) = 12 FSHET, 1 9] T2 SRS
2 Xu et al(2019)9] 7|&S wTh

L

Threat Max_Distance(m) Weight Decay Description
Urban 10,000 1.00 exponential Urbanization and drying area®
Industry 6,000 0.50 exponential Industrial and mining area
Rail 5,000 0.70 linear Railroad
Road 3,000 0.60 linear Road
Agri 5,000 0.60 exponential Agricultural area”
Paddy 8,000 0.70 linear Paddy field
Dry 8,000 0.60 linear Field
Bare 1,000 0.50 linear Bare®

“Urbanization and drying area: Excluding Industrial areas, Railroads and Roads

PAgricultural area: Excluding Paddy fields and Fields
“Bare: Excluding Mining areas
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2) MAIX| Y-EQUXE RIZH=(Sensitivity)

AAA] AR T EE A AAE tdS= Gloval
Land Cover(GLC) 2000(2020)9] EX|a]&Eo|xQ] H &
ZEH - (MSA, Mean Species Abundance)S £45}0] 7| &
AR 71A] 3RS A5 (Alkemade et al., 2009), A2
A YRR VNI X5 0~ 104 AAA MA=E
A vlasle] gkt Terrado et al., 2016; Chu et al., 2018;
Xu et al., 2019). 71 A3} AAZ] AGHA EAlof Qlo] A&
Aol wek Aaoh Alelsh gebgich ABATe $1
Aok SR WHE 35 T AL Ao
HIE S5 glot 3 A4 Aol BAt
915}, olel FYUFNATUNAE Xu et al 201997 A

Ast ARE 7uroz 3Rl e Al E 2R, A
sl 4l &2t o] E] 2 HQS(Habitat Quality Spectrum)
WA A gete] SRR 2k Al ulEE Foke] HAX
A 2717 FE 7 A5 24 SFFCHKNPRI, 2019). 1
it Qlelaol ) SAel 9 vl Wak oo
AAA SIFAE UES 7% AH(KNPRI, 20192
Bk Az AR7H 2B B ol J1Ee Hgetel
ok,

AE7} ARAHP)YS $3) vliE Az} 7|12 Ate)

A

S FUE A 48 9
B gpelo] e v 2UEY A4 AN
(NbyB), €5oluke] 4414 2(B), 1231 HAFARS
of §5TolS W vhalat AAXANB)O] 4741 A4S

S ashsichFigure 2).

Boundary of National Park
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o o WA § aeE : cblel FR5E e 24
woltk Fawk £ 5 S vl
m1’—HH]JJ_(palrw1se comparson) E5A AL 4 Q)
Aol = 1(EEsHAl T8), 2Rt FR), 3(F8), 4(°F
F9), 5080 )9 thAl 71 HEE Agslsct
1) ME71 M2

S-evet EXu SR %H >d Aol 9= A4
A 2713 A S YoM AT EXYEREE Fak
e S0k 3tk o]E flsiA HAert HeS e
Aw7F AREHE A AE7F T2 AHP 1454
A Z2aw2 olg)sla Td 42 9 S2o] 9= A
g 2 3 I AgAEA 349 o] HES 7}x 16cg
< ARt on, F 23]o] AAA AR AASHITE 12¢
AEL 2021 7Y 59~ 527k 22} AR 2021 9¥
69~8 3U7F Pkt 224 At 13} Adizoll A X1y
Feo] AA| A Abe] HatgkE vt & gho] Zpolzt
=l YHOH A oj¥o] digt AL Sk

a4 U8 Jang et al(2022)8] AAXE 2714k vHg
O 2(Table 2) it EAERFE, U3 hif EA

—{N rkm rlr _L_

Rugec)
rr ook

Buffer area of National Park

National Park only(N) National Park affected by Buffer area(NbyB)

Figure 2. Four kinds habitat quality analyses.

Buffer only(B) National Park & buffer area(NnB)
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Table 2. Sensitivity Values of Habitat Quality(Jang ef al., 2022)

Land Cover Type

(5M Resolution)

(1M Resoluion)

Sensitivity Values of
Habitat Quality

Single housing 0.05
Apartment housing 0.20
Industrial facility 0.05
Commercial-Office building 0.05
Mixed Area 0.05
Cultural-Sports-Recreational facility 0.10
Airport 0.05

Used Area
Port 0.00
Railroad 0.05
Road 0.02
Other transportation-communication facility 0.00
Environmental infrastructure 0.10
Educational- Administrative facility 0.10
Other public facility 0.10
Cultivated paddy field 0.60
Uncultivated paddy field 0.60
Cultivated field 0.40
. Uncultivated field 0.40

Agricultural Land o —
Facility cultivation 0.20
Orchard 0.40
Farm 0.40
Other cultivation 0.40
Deciduous forest 1.00
Forest Coniferous forest 1.00
Mixed forest 1.00
Natural Grass Natural grass 0.75
Golf course 0.35
Grass L

Artificial Grass Cemetery 0.35
Other grass 0.60
Inland wetland 1.00
Wetland Tidal flat 1.00
Saltern 0.20
Beach 0.80
Natural Barren Rock 0.80
Barren R.i\{erbank 1.00
Mining area 0.00
Artificial Barren Playground 0.00
Other barren 0.00
River 1.00
Water Lake 1.00
Marine water 1.00
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AHP7]‘?§% 7}%i]94 A A(consistency) A5 E3f
FHH o R AA3E Fawe] thgh =24 didS ERlIskal
JEAE 183 % Sk Saay(1978y AT A2 919
AU+ ] HE(consistency Index: C.I), F-2+9] Z] & (Random
Index: R.I1)2} €34 H]E{(Consistency Rate: CR.)S 0]&
sto] Asteith Qe AE(CI)E Formula 1, Q3
H]-8(Consistency Rate: C.R.) C.I. g& RILZLCE L=
Zh(Formula 2)& #-&3}9t}. Saaty(1978)= LAl H]E
(CR) gto] 0.1 oJidl H-oll= AlEe 4= Q= TS
S0 BOKL, 02 vigholwl Z1gwele] Apkeet Ttk
Sh 7123 AABIC

Cl = Amax—n [Formula 1]
n—1
CR = CIL/RIL [Formula 2]

Table 3. Consistency check

n 1 2 3 4 5 6 7 8 9 10
R.I. 0.00 0.00 0.58 0.90 1.12 1.24 1.32 141 145 1.49

4, EX|IIEE

249 ugto] Hi= EXTREE BAR0) BFFUH
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Table 4. Land Cover Type Importance (5M Resolution)

result of the AHP
5M Resoltiony Weight
Forest 0.266
Wetland 0.189
Natural Grass 0.139
Water 0.123
Agricultural Land 0.073
Natural Barren 0.066
Artificial Grass 0.063
Used Area 0.048
Artificial Barren 0.032

Sum 1
2) ME27 EXDEREE 32
YER EXTESY 5 AEREATE $ U2 AHP

mqmﬁz A A AT Table 5). A17}§}7dz<_?<1 o, sUA
04, AF2A T2 HA 9 AAUA| Y AlEF EX 5
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2] 9 zpAUR| e Q= E vjwdt A3k 37 §3 = =91 A
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Table 5. Land Cover Type Importance(1M Resolution) result of the AHP

A, A7

5}

A A, ZoAE A
, SIA Y, E22 107492, sk =
127k | = 7IEkzA,
AR 8. 1 5 A= o
A 4714 782
Hkgste] gro] ==t

F2lole zrotslm A

Ak E = B

T 1 O

Land Cover Type Land Cover Type Weight*
(5M Resolution) (1M Resolution)
Cultural-Sports-Recreational facility 0.134
Single housing 0.123
Apartment housing 0.107
Environmental infrastructure 0.101
Other public facility 0.082
Mixed Area 0.082
Used Area ) L ) o
Educational- Administrative facility 0.080
Railroad 0.065
Airport 0.063
Commercial-Office building 0.058
Road 0.056
Industrial facility 0.050
Uncultivated paddy field 0.230
Uncultivated field 0.163
Cultivated paddy field 0.155
Cultivated field 0.127
Agricultural Land
Orchard 0.115
Other cultivation 0.078
Facility cultivation 0.071
Farm 0.062
Other grass 0.437
Artificial Grass Cemetery 0.287
Golf course 0.276
Beach 0.457
Wetland and Natural Barren Rock 0.339
Saltern 0.204

* Each Land Cover Type(1M Resolution) weight sum: 1
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Table 6. Result of the rearranged Habitat Quality
Land Cover Type Land Cover Type Habitat Quality 1** Round Result | 2™ Round Result
(5M Resolution) (1M Resolution) of AHP of AHP (Final)
Broadleaf forest 1 1 1
Forest Coniferous forest 1 1 1
Mixed forest 1 1 1
Inland wetland 1 1 1
Wetland Tidal flat 1 1 1
Salt pond 0.2 0.2 0.2
Natural Grass Natural grass 0.75 0.91 0.9
River 1 0.8 0.8
Water Lake 1 0.8] 0.8
Marine water 1 0.8] 0.8
Uncultivated paddy 0.6 0.6 0.6
Uncultivated field 0.4 0.57 0.61
Cultivated paddy 0.6 0.6 0.5
Agricultural Cultivated field 0.4 0.57 0.5
Land Orchard 0.4 0.57 0.5
Other cultivation 0.4 0.4 0.4
Facility cultivation 0.2 0.41 0.4
Farm 0.4 0.4 0.4
Riverbank 1 1 1
Natural Grass Beach 0.8 0.8 0.8
Rock 0.8 0.8 0.8
. Other grass 0.6 0.35] 0.35
Agﬁz;al Cemetery 0.35 03] 03
Golf course 0.35 0.3] 0.3
Cultural-Sports-Recreational facility 0.1 0.27 0.2
Single housing facilities 0.05 0.21 0.2
Apartment housing facilities 0.2 0.2 0.2
Environmental infrastructure facilities 0.1 0.27 0.2
Other public facilities 0.1 0.1 0.1
Mixed Area 0.05 0.1 0.1
Educational - Administrative facility 0.1 0.1 0.1
Used Area Railroad 0.05 0.0 0.05
Airport 0.05 0.05 0.05
Commercial-Office building 0.05 0.05 0.05
Road 0.02 0.02 0.051
Industrial facility 0.05 0.05 0.02]
Other transportation-communication facility 0 0 0
Port 0 0 0
o Mining area 0 0 0
Aégigfl Playground 0 0 0
Other barren 0 0 0
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Table 7. Result of the Habitat Quality Analysis using four methods

. National Park affected National Park & Buffer

National Park only(N) by Buffer arca(B) Buffer only(NbyB) arca(NnB)

Category ; ; : :
original using of original using of original using of original using of

£ AHP £ AHP £ AHP g AHP

Bukhansan 0.84+0.11 | 0.84+0.12 | 0.47+0.37 | 0.47+£0.35 | 0.85+0.11 | 0.85+£0.12 | 0.55+0.37 | 0.55+0.35
Gyeongju 0.83£0.09 | 0.84+0.08 | 0.68+0.27 | 0.68+0.27 | 0.85+0.08 | 0.85+£0.08 | 0.71+£0.26 | 0.71+0.25
Gyeryongsan | 0.82+0.11 | 0.81+0.11 | 0.60+0.29 | 0.59+0.29 | 0.84+0.11 | 0.84+0.11 | 0.65+0.28 | 0.64+0.28
Hallyeohaesang | 0.75+0.32 | 0.64+0.27 | 0.53+0.41 | 0.48+0.36 | 0.75+0.32 | 0.64+0.27 | 0.58+0.40 | 0.52+0.35
Jirisan 0.89+0.07 | 0.89+0.08 | 0.71+0.22 | 0.70+0.23 | 0.89+0.07 | 0.89+0.07 | 0.78+0.20 | 0.77+0.20
Seoraksan 0.91+0.09 | 0.91+0.09 | 0.76+0.23 | 0.75£0.24 | 0.85+£0.11 | 0.85+0.12 | 0.82+0.20 | 0.81+0.21
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Table 8. Mapping of the Habitat Quality Analysis results using AHP

Results of Habitat Quality Analysis using APH
Category Buffer only(B),
National Park only(N) National Park affected by Buffer area(NbyB),
National Park & Buffer area(NnB)

Bukhansan

Gyeongju
Gyeryongsan
Hallyeohaesang

Jirisan
Seoraksan
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