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Ecological Sensitivity Analysis and Evaluation Using GIS:
A Case Study of Gyeongju City
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Abstract

Ecological sensitivity, which refers to the degree of ecosystem response to external disturbances, serves as a critical
framework for regional environmental protection and sustainable development. This study focused on Gyeongju, South
Korea, a historical city with rich natural and cultural resources, that has faced increasing ecological pressures owing to
rapid urbanization in recent years. By integrating the geographic information system (GIS), remote sensing technologies,
and analytic hierarchy process (AHP), this study developed an ecological sensitivity evaluation framework based on six
ecological factors: slope, aspect, elevation, water buffer zones, vegetation coverage index, and land use types. The
weights of these factors were determined using the AHP method, and a composite ecological sensitivity map was
generated through GIS overlay analysis. Furthermore, the spatial clustering characteristics of ecological sensitivity were
explored using global Moran's I and local hotspot analysis. The results indicate that Gyeongju exhibits high overall
ecological sensitivity with notable spatial heterogeneity. High-sensitivity areas are primarily distributed in the
mountainous regions on the eastern and western sides, as well as in the southern highlands, characterized by high
vegetation coverage and steep slopes. Low-sensitivity areas are concentrated in urban centers and plains. Among the
factors, vegetation coverage index (0.4576) was identified as the most influential, followed by land use types (0.1992) and
water buffer zones (0.1295). The global Moran's I index of 0.930 revealed a strong positive spatial autocorrelation, with
hotspots concentrated in the eastern and western regions and parts of the northern and southern areas and coldspots
predominantly located in urban and plain regions. This study enhances the scientific robustness and applicability of
ecological sensitivity assessments by combining GIS and AHP with spatial autocorrelation analysis, providing scientific
foundational data for environmental protection and land-use planning in Gyeongju.
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A2 WAt 23 233t Ay, Yy, 3= 7}
=, Ahtat 5 2 A sl et 3 BAlE A 94
T} QIZE ALS] M o] B A GRS vt o=t 3
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A7 2 991 9 17t Ehgof duhit TigtstAl vt
So=AE UERH, o= A9 dejAZE &7 TS
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(Ouyang et al., 2000).

T GIS 713 914 942 ZEst A7 = W
7 ot A &84S
et al., 2016; Zheng et al., 2019; Chen et al., 2024:
Qin et al., 2024). °]&3t 7]&-2 traFst Q2lo] 2+
of njX]= FFS BATFOZH 2 H 9 3G FHE &
Ao 2 Hrtet 4= 1A St (Liu et al., 2015; He et
al., 2018) , 373 59 9 A B35 AS S=Hof 35}
A ZAE Agettt 712 Ao g2, e 184
ATE EA A9 A BAIE sidsta =3 o2
g £Hsh= f 583 IS Frh(Wei et al.,
2020; Pathak et al., 2021; Hamad and Surucu,
2024; Al Waeli et al., 2024). ol&gt A+ FHES
219 A A 243 O3-S 213t 71ed A9E Al
& Et ofy g}, theket 2199 24 s T Al
g Hof sk 7|9k ahAg

J

Al 24w o 72 = 248 BA(PCA)(Akbar et al.,
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A2 o g =2 8 AR e Ao
2 Q5| SAFEAALS] o8- wtedstr| ol tt= A
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of thet =2 27 A7| =L Aok, e 71E A
EA 29 = E4 A" 2A ASE 9lom
(Ohetal., 2011; Shin et al., 2024), AFA] e %
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Fig. 1. Research workflow diagram.
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Fig. 2. Study object location map.
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Table 1. Evaluation factors and study areas from previous research on ecological sensitivity

Aol A o FA-H(Tsou et al., 2017)2 Denizli 2008). A+ A S A7 gL

Previous study Study area Evaluation factors Selected factors
Li et al., 2006 Minjiang elevation, slope, accumulated temperature, drought index, elevation, slope, land
River, China land use, vegetation, soil, water-soil erosion, and use
population density.
Wang et al., 2008  Tibetan altitude, slope, rainfall, wind, accumulated temperature, soil altitude, slope,
Plateau type, vegetation cover, soil erosion, vegetation degradation, vegetation cover
mountain hazards,desertification, road density, pasturage
disturbance, cultivation disturbance, population density
Ohet al, 2011 Gyeongju rainfall erosion factor, soil erosion factor, altitude, slope, altitude, slope
land cover
Tsou et al., 2017  Hangzhou elevation, slope, land use type, distance to residential areas, land use type, distance
distance to main roads, population density, distance to to ecological sensitive
ecological sensitive areas areas
Yilmaz et al., 2020 Denizli elevation, slope, aspect, proximity to water surface, land landcover, vegetation
province cover, vegetation coverage coverage
Xu et al., 2023 Giant Panda elevation, slope, aspect, terrain relief, temperature, elevation, slope,
National Park  precipitation, vegetation coverage, vegetation type, density, aspect, density, buffer
buffer distance, land use
E4, oot T4 3¢ 219(Tsou et al., 2017) &, g A, AP EZ]H(NDVD), EA] o8
Aol E 9 SSAHE B7 AAE A=l S AH U 87 4 AR AT v
ol gefo] A1 AH| FizH/dol JE nldthes A& o5 AAE F7t IARe A w1z 1he] AT A
ZHg AlElolt). A A HERoR T2 P4 E AR A, ol B HIR o= WA 55 &
ol A& T|Estal o, 9 AF A= 219 A ol thsl =<Jstara} gei(Table 2).
EA] B0 FQ3t AT qrt ufEhA] & Ao A= I, BAE, 2 APH aRlez FAE L9
o AW E B7} A= AA 5 72 232, EG 54, 214 Ao 5ol St 9F2
A, Aol Thket B4 ol§ o] ZAfele], Atk A9 ol tEE, 1w &1 AATE FEs
o7]ofl= At 22, EAEA]7F TRt o] A% = A viAgde] S7eh= Aol ithWang et al.,

M EERETE

Z19(Yilmaz et al., 2020)7} +AFSH. o] 2 vl 7 o] Hhtof] 912]15ke] HF A o] BaF A E O Hi Y
A EZ] o)L 53L& 27t g0

o v

mpgto R, AR
U TPeka 9o, 4

1R Al B3 9%
2 Wrgsl Fa% B} ARz A Eglc

2 thopgo] Exajet ol

rr

TS o e Tt} o3t
o] T2 Aoz w2 Aoz YR TtHTsou
TS A A ZHy et al., 2017; Zheng et al., 2019; Xu et al., 2023).

o A 35 27,

574 w2l J& At

FAE BHE 07| & X

A u 52 =(NDVI)7E A 17 F7telAq Fast 5 oS AHA 715S w35, oMY S=lAl

847} B o]foltt. Al ATE2 AT EE] /\1“7\]‘2 A FTHOh et al., 2011). =4 Hol A
EZ Al EF FA T ], 71% 24 5 o AAH a5 A o7t dAaste] mizt/do] Wobx| = ek
A 752 85, o] wrhe A& Holet o] AtHNguyen et al., 2016). ©]°fl & d3E= 5A
(Oh et al., 2011; Wan et al.,, 2016; Xu et al., Na-S H85t] =9 SdFAH] AYE ’5@0}9&‘:}.
2023). olof wtet & A= Ao E2]=E F7t <l Ae EG E A BE Y F O] S 5 o
2t= =5t 2 A 75l Z4AQ g s, AHE Al
upEbA] s Aot Ao 219 2 AH 4 EA 2 9T v th(Wan et al.,, 2016; Chen et al.,
< THHCR HES A} £ AT 1k, HAE, 2024). AN EARE 2 A A% AH Fotet
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Table 2. Criteria for classification of ecological sensitivity evaluation factors

Level type
Ecological facto i
& " Vem.f .lo.w Low sensitivity Mod.e.ra.te High sensitivity Very. }}lgh
sensitivity sensitivity sensitivity
Slope/ (°) 0~5 5~15 15~35 35~55 )55
Altitude/ (m) <150 150 - 300 300 - 500 500 - 600 » 600
. Southeast / Due east / Northeast /
Aspect Plain / Due south Southwest Due west Northwest Due north
Water buffer zone/ (m) > 150 100-150 50-100 20-50 (20
Vegetation cover index 0.1 0.1-0.3 0.3-0.6 0.6-0.8 0.8-1
Land use type Construction land  Agricultural land Grassland Waters Woodland
F2E BUE R AMEH Ui(Ryu et al., 2024), A+t SfsFairt.
st g2 -190A4 1 /\}014 TZHE 7HATE o714 -1 2. 8219 Fo L= 17HA= s 4 §lew, 247+ 1/9

L AAo] 9= 2o —12
WrkChoi et al., 2020). T=hA gro] S5 AAT]
EEo| FopAH, 914 EF =oRIthNguyen et
al., 2016; Xu et al., 2023).

npzjato 2 QI Se-2 A AEiAle] S4

T =20

0] X]H(Chen et al., 2024), EA] 1€ &%

2 Ao] 243 A

—17:3 L]'E}'

@9
Fe 29
785 £ Ao SHS WA o) AT B
Sl ofs] FAM08 Y4H B4 £402, N2 o
£ 5] &4 2 U 4we] Aolrt Avk o 5

Aok 2AE EAGARTG AgAe] FHTsou et

al., 2017; Zheng et al., 2019).

FTHH o2 Gt QA Wi 52 sHARE
Bt A FEH(Jenks) dlolg o] Ei EAJut
AR A BE R e 2 A3E oAl Y] v 5
° 2 = dhalolnt, o] Hile] w2 Fro] S5
g dol =11, gto] B25 T o] B2 ot

tHLi et al., 2024)(Table 2).

2.3.2. HEHRIR 7HER| B

2 AT AZEAYAHPE AHgstel e
Qo] AAEAE AT, Holee] AL %
o17] 18] HEF BoAHS BEotol BRREL A
shaich, AZ24WE 19704 (Saaty, 1977)°1 I3

AGHE A 157 A hilolek, FAH AR
A ohet e,

1. oAFEAE AE AH UaEe =
=

e o7HA 2 BAEY. 7P Fas 29129, 7H
g a3t 8212 1/9°f siFetk(Saaty, 1990).

3. WHES AAdsto] i3 jE o] BAE Hlwst,
)ZHA Zre 12 AA5EE) i3890] j"dEE} =973t
A (,)E 1Rt 27 ()= 1 947 =it
(Saaty, 1990).

4. A7t B7YE Foll g E S st Ao 1%
Z(Amax) Aktste] 7+ Q1249 7FA1E EE6H3
o}, 342 o3 ZtHSaaty and Vargas, 2001).

Amax = ——m———

TAA A= o E";ﬂeé, o= 71 9, L 3§

Ho| A4 145} o, (

E191 iw I »}Emm.

5. 9 HAE Fskel e, CR 0.1+, 24
H aasdo] fast AR ), A2 oS
I ZtHSaaty and Vargas, 2001).

cr= Arr;ax no4a CRZ% 54 3

o714 Cle €34 A4(Consistency index)&



14

olg
ox

i)

0O:
rél

Table 3. RI of low order judgment matrix

m 1 2 3 4 5 6 7 8 9 10

RI 0 0 0.58 0.90 1.12 1.24 1.32 1.41 1.45 1.49
Uehf™, n2 masde] 242, 2 Ao n=6 AR, T2 S48 7H 330 297 24 S
oltt, CRe €33 H]E(Consistency ratio)= 20| HOlS Yetdth 1= 0% A% 33 ASTA7 ¢l
stH, RIE= Y ¢34 A4*(Random index)Z, RI < ulotn, Bt 2hs] RIS vEpdt, &
#2 Table 37 ZTH(Saaty, 2004). A2 oh23 2ot

233. 3USHEA n sz(xl-—x)(xj—})

Global Moran's [= ——1=1 L

20150l ArcGISe]
BFA Y g

A

33 242 Sastel

FAO A P i A AEIQIARe] Wb 25

A AR QAR HEA], K

>
3
fr

It A7} Tke S BEEO]
= @4 9Justh(Xue et al., 2019). 37 A7 14
T B4 Ao whet Y 2471443 (Global spatial
autocorrelation)® A9 Z71“¢¥H(Local spatial
autocorrelation) 2.2 FEEC M 2A7)gHe &
g 29 W £49] T Bt 1A A gat dupt 4
e} JEAE UEH, 2 A4 I8 23714
AT Ex O] 0]H g BAd= o] E-8HrH(Han et
al., 2023).

fEAQ] A EZE= MY Moran's [ A5 AHEE]
™, Moran’s [ #t9] ®91= [-1, 1]o]th. 1) 091 A=
GO S AR PA R, AR H48S 7H B @9t
3 A€ RYE ou)gitt 1< 0% A= 24 33t

ofd
>,
(o]

1995).

na— )3 (2~ %)
Local Moran’'s I= =1

i)

2~
N

ol 541 9] mf 7S o]
Moran's I A4E 53] ¥4&

ar”

)
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Table 4. AHP analysis results
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oz 15

F4] 17 4] 28 Bl Altetglon, 2EHor -
4] 3& o]-g5}o] CR 3t =&} CR=0.061 0.1
3l A% A 875 FE3%H(Table 5). 24 A=
oS 2t

AHP B§1o] Alat Azt m2d, A4 18 24
(0.4576), EA °l% #%(0.1992), 9 LZA|h
(0.1295)7} A&l RIzHge]l Fa37t g njxlE= a7l
o7 Al on HAE(0.0527), LE(0.1245), &
(0.0366)2t -2 7]et £919] JF2 Az oz v
UERTHTable 4). o1& AEiAI7E A4 1583t 2]
o]-4 4] o] ¥igle] ¢ Wiz wh-gshe, gt st

z Slope Altitude Slope aspect \X/atj;::ffer c\gevgeitiartlg)er; Latn;li):se W\?ﬁl}ll:sng
Slope 1 0.2476 2.6009 0.3511 0.1486 0.1961 0.0527
Altitude 4.0384 1 4.1333 1.2376 0.2139 0.2595 0.1245
Slope aspect 0.3844 0.2419 1 0.2152 0.1585 0.2335 0.0366
Water buffer zone 2.8481 0.8080 4.6460 1 0.2573 0.5276 0.1295
Vegetation cover index 6.7253 4.6735 6.3063 3.8864 1 3.6700 0.4576
Land use type 5.0970 3.8532 1.8953 1.8953 0.2724 1 0.1992

Table 5. AHP test results

Consistency index(CI)

Random index(RI)

Consistency ratio(CR)

Eigenvector

0.0758 1.24 0.061 6.379
Table 6. Area and proportion of ecological factors by sensitivity levels
Factors Unit s\;relrs?til‘?;fy Low sensitivity jﬁ?lfietir\iii High sensitivity l‘i:lt};lg;
Slope Area (ha) 29963.97 34624.42 53210.89 13430.90 1.01
Proportion (%) 22.83 26.38 40.55 10.23 0.00
Altitude Area (ha) 60833.75 39095.37 60833.75 5959.45 1017.41
Proportion (%) 46.13 29.65 18.92 4.52 0.77
Aspect Area (ha) 16380.50 32197.06 37845.56 31793.07 13015.00
Proportion (%) 12.48 24.53 28.84 24.23 9.92
Water buffer Area (ha) 111676.47 6501.73 6727.72 4146.80 2807.33
zone Proportion (%) 84.69 4.93 5.10 3.14 2.13
Vegetaton cover Area (ha) 726.46 15268.45 21384.34 31504.67 62979.61
index Proportion (%) 0.55 11.58 16.22 23.89 47.76
Area (ha) 24212.30 12894.86 19676.16 1828.81 73248.05
Land use type
Proportion (%) 18.36 9.78 14.92 1.39 55.55
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4 74(0.920)2 B 7 AHie] x|t o)z Q13
A Aol Akt
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24 AiNFig. 3d)oll w=d, SAURE F
(84.69%)°] tF-E= ARA|stH, HHIAAd T
(4.93%)°] 11 FE =t Eesvad 19(5.10%),
RIS F(3.14%), S5 TA(Q2.13%)

JoH T e WAS ATk AR S A
S5 P Aot S 97 BEoH 47 PelS

sk B ast qlet.

325 AMI|IE2|4 012t 2AM

A 15 24=(NDVI)= A o] 552 2|35t A
B2 A 0EE0] 2555 A 1R
(Choi et al., 2014).

24 AnFig. 3001 MW, IAUEY 79
(0.55%)7F SFHAZAA TA(11.58%)E i A
o} 3591 2] o] BES}0, Q1ZF o hgh whgo]
et REUAY Pel(16.22%)3 Theuy 7ol
(23.89%)2 Woket ket A SIA)h A4 W% 5

o] e}, E|RAA TOI(47.76%) AFA ] L A
Aol e Mol B3] Fe AegE vepdct,
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Table 7. Comprehensive ecological sensitivity ratio
Sensitivity level Area/ha Proportion/%
Very low sensitivity 11935.23 9.10
Low sensitivity 18641.80 14.21
Moderate sensitivity 11949.06 9.10
High sensitivity 37813.12 28.82
Very high sensitivity 50878.27 38.77
Total 131217.47 100
Comprehensive Ecological Sensitivity & Fa o P -3
Value 3 i & &
B Very Low g F f F
Lo 3 & &
Moderat > o
GLi s S By  EEteua nsioy Lewe
Fig. 4. Comprehensive ecological sensitivity. Fig. 5. Ecological sensitivity classification distribution chart.
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& 71k Qlol A £71HQ1 o] Zbssie, Jek 4 shet

4 A7 g o R we BAE neeled, FF ool ge IAET 3AEe] 2Estn 9o
AR 4 282 ok 87 2SS o], o= T A AR A o] 24z fA T
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Table 8. Ecological sensitivity by administrative region

Administrative region Unit Very.f }o.w Low sensitivity Mod.e.ra.te High sensitivity Vew. }}igh
sensitivity sensitivity sensitivity
Area(ha) 1671.71 1880.33 1186.06 5144.94 3856.08
Angangeup
Proportion(%) 12.17 13.69 8.63 37.45 28.07
Area(ha) 992.93 1697.58 953.43 2525.30 1852.09
Gangdongmyon
Proportion(%) 12.38 21.16 11.89 33.48 23.09
Area(ha) 301.24 774.00 605.81 1390.28 2045.61
Somyon
Proportion(%) 5.89 15.13 11.84 27.17 39.98
Area(ha) 561.10 861.14 554.89 1708.94 1854.43
Hyongongmyon
Proportion(%) 10.13 15.54 10.02 30.84 33.47
Area(ha) 803.57 1293.55 742.29 1881.90 1104.32
Chonbungmyon
Proportion(%) 13.79 22.20 12.74 32.30 18.96
Area(ha) 936.79 1427.98 689.84 1586.76 4489.00
Gonchoneup
Proportion(%) 10.26 15.64 7.56 17.38 49.17
Area(ha) 3008.90 3788.49 2149.77 7131.83 5882.24
Sinaedongjigu
Proportion(%) 13.70 17.25 9.79 32.47 26.78
Area(ha) 318.13 857.16 901.37 3409.73 6441.93
Munmudaewangmyon
Proportion(%) 2.67 7.19 7.56 28.59 54.01
Area(ha) 109.07 412.50 499.34 1335.30 2040.09
Gampoeup
Proportion(%) 2.48 9.38 11.36 30.37 46.40
Area(ha) 81.28 644.94 1091.30 2343.24 9993.17
Sannaemyon
Proportion(%) 0.57 4.56 7.71 16.56 70.60
Area(ha) 627.30 1351.88 958.89 3665.60 5457.01
Naenammyon
Proportion(%) 5.20 11.21 7.95 30.39 45.25
Area(ha) 1931.16 2573.71 1047.45 2295.12 3060.51
Wedongeup
Proportion(%) 17.70 23.59 9.60 21.04 28.06
Area(ha) 269.94 811.70 858.70 2217.73 4248.29
Yangnammyon
Proportion(%) 3.21 9.66 10.21 26.38 50.54
3.4.2. A 3727 | A 2 4 A& oefstr] flsf A AP Bast, 9
29 27} 27 Akre] 2 AHE W o]ArgE Bl A 30 FF= A AL = AART 11 9] Ao
3 + Il 1
THFig. 7)o T, A7 A 2 Qo) e Mgy = FASHE AR FAA dh g2k Ay
o A oyl oo sy ©] vleFalol, a1 1eie] A Rg1gel ch2 ko]
_ 2| = oI5k 4.0 o 1}
IR0 LehIE), wiepd o) Aole Fa A e 7 Ve 3] AL A2 e, )
O 51} ES
202 AYFolobBek. H2 FHR, AR 3 524 S 7P A A, S8 Rad 7oA e
1 = ol 3T = 6_ 2 —
of. olefd AAL A4 FPsd Aol A vp T TR RAREZ SARU, oAU S I
o2 A5 A Assi o2 Szt Te g ATl Tl B2E FH BS 2
-4 2~ 2| A1 -1 S A 2o Al Eole 2A7F B asitt, ¥, FEAT 2|92
A7 A ol Aoz Busty glon] oz g VEMEEC Hal A AASAE BE Aol A
wo] glo] AAeH Ay AH HdS Foll ofid A4

2 el ol F4E Aoz Bt o5 A9 %
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