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Abstract

This study analyzes structural landscape changes over a time-series for a small and medium-sized city, Gangneung-Si, based
on area and distribution patterns, and according to the type of land cover. Among the types of land cover, the area ratio of
urbanized areas increased by 2.02% in the late 2010s as compared to the late 1980s, while there was a decrease of 2.69% in
farmland and 0.69% in grassland areas. On analyzing the changes in land cover use by applying the Fragstats program, it was
confirmed that landscape changes in urban and management areas were relatively severe according to the Landscape Shape Index,
Largest Patch Index, and Aggregation Index. A pattern of concentrated expansion was also found around certain areas. In
particular, from the analysis, it was established that the proportion of urbanized area had considerably increased and that the
extent of farmland damage to management areas, including planned management areas, was large. Additionally, the Total Core
Area generally indicated a reduction in the core areas of farmland and forest within urban and management areas. A
medium-sized city showed significant changes besides large cities in terms of landscape structure. The developmental pressure
on management areas, in particular, was quite high.
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7|2 o= 3lal Qlom(Vitousek, 1994), A|A G2l
EX| & Ha} AL 5ol AR =S s g
ol 4= It Brown et al., 2000). £3], =A]- A1
A ATt S A A o] Bt Al of| A A|AfskaL
U EAE T it B4 BEX|u)E e} ARk, A
Aol theh HA, =215 A7 9 FlE WA 5 AR
of] thgt Fl& 2|48}, A5, AS sl izt 44
A Foll gt WS AABIL St Ministry of
Environment, 2020).

Zatolet Qkrt ApASHETEe] AN LEh =
B =) mAe|aR HofE 4 glon], A
EAJEjo] T Exal wsle] S5, ExjuiE fu
ol s, x0] A4 ke ol dhet e

92 71551 SHN(Griffith et al., 2000; Buyantuyev
and Wu, 2010). 7|& AUIZ 4H AP ESL FEE
&S 7|REe = sto] FXIth|(spatial unit)'H 7T
S AV WIS gl o, e, 4w 75 9
, 715 S0 tjekst 242280 7153} Fragstats 13
S 83 AFe HIFo| EUTHMceGarigal and
Marks, 1995; Kang et al., 2018). ©]& d7-= A% &
4of )%t 73 wlH3)(Shiliang et al., 2014) 42 7]
wkoz sl glom, Atglvh 5P Sy EXTES
@7 abdst 9 By Sk 24 A5 (Heo et al., 2007,
Choi et al., 2010), S5, HPAFAX], HABRTAA] 5
& oo 3 mAe] shis} 9 Q124 sk A Q1T
(Kwon et al., 2012; Kim et al., 2016; Kang et al.,
2018) o] eyl Hf Qi

SHANE EAAIE T} SR Tieh SlsAlTE AA
H31 Q= AR R SollAl, Z12AAHA| @919 s
Al= oF 27] dHAlo] Jlew, S RAAE A= 7
Thof| gt FAZ S RsH| Hof Qe o]F Heh
A 7|12A4=27} v FE53 d=gelrh Al gt &
ofgh th=Al HH(S0TE oVhS ez she A7t
T 3 HE Qlony, 7 Fo] At F-ateAld
oF 7t A AT ARl BA] B 91t
Ago] EXuEHA W}, 7HEFAQl =452 AAV
o= AdgollA, 8241, 9, s 5
{PekQ] FhEof] e HA[G0] =S A9
FA R QXS = Qe s 5, TA] e v
A8l 7h=tlol f-835HA 282 5= & Ao
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H Qe gleln Zaw o] ZJ2AE gike s 5
Aom, T HHL 1,041 lafolch. FEA2) g 1
o T 13502 FJEfo] jlom, EAIQIA= 215,603
(2021 71®)olek A HAHE(2019' 7]
D) AR o] ZAA) HA 9] 8.1%01%1aL, 1 €] e
2121 19.2%, A9 60.6%, AATH A 12.1%
Zo|QitkFig. 1). QA 544, Al AEE W)
Zto] SIx|sHH, S0 2= Fafuirtet QIR M A<l
s d7150] TAloe). ojeidt 9=t Aol 7]k
Sto] I AFTEAL Qlom, T e
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APl 5 W l=ze) et 9l AR 7S fiRt
EAPIE o] S7FstAL Qick
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Fig. 1. Study area according to use area in Gangneung-Si.
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Table 1. Landscape index used by this study

Landscape index Formula
CA 5 1
(Total (Class) Area) cA = .“;a"[ m,rm] '
PLAND 5 ?
(Percentage of PLAND = P = &rmn) ;
Landscape) oA b
LSI .
(Landscape Shape . "SE i
Index) VA A=
Al AL = [ 21 100) _
Aggregation Index max-g, g, =
TCA _— i%’( 1 ] ' e
Total Core Area 1 10,000 Sy
LPI ml;x[au_} a, =  area (m) of patch ij.
(Largest Patch Index) LPI = J"A—Um) A

total landscape area (m°),

Range Unit
: CA > 0, without
{ parch i, .. ha
limit.
! pical by pael
0 <PLAND <100 Percent
LSI> 1, without )
limit.
0<AI<100 Percent
of patch ij based on specified edge TCA > 07 without
. Hectares
limit.
0<LPI <100 Percent

2.2, ZAHEAENH

A0 AA| BX|ul W} ke A8 Sl
AR FAHF7PY R A H](Ministry of Environment,
2021)olA AlRES 1980~2010E7F4] 2] 1:50,000 T
55 EX7|RAES Se1900, Arcgis 1085 24
3l 1980, 1990 A, 2000 AT, 2010 )
T 7PA O] AAEA] EXu)E HARlE(%) W3t HkE
BAE1IC)E BEX| B 58-S A X2 (Urbanized area),
7321%|(Farmland), AFH(Forest), Z*](Grassland), &
A|(Wetland), UA|(Bareland), 5=%(Water) 5 77l 53
o8 R Eglom, 35 HAHIE(%) H3ks = 71E
AJ3EE](Korean Statistical Information Service, 2019)
of| Al AlFoh= A& WA Bisjel vl wgho 2a] EX|h]
0] @7 7 e HESIGIT: -84 AlAI G4
A JLzo] gt B4 FRAGSTATS 4.2 T2 73S
g3 EA A= iR (Patch), Z(Class), 7
TLandscape) F-7NH FPF 15t EAITEG
3 7k0] Ws} AL o5 Kang et al.(2018)2] G170l A
28 A= 5 ZT(CLASS) DRJollA 24 7R3 6
Mol A5 A7kt MeGarigal, 2015). AJAEE
EAju]gee] 2o Wake B 9o Ses
Z|(Class Area, CA) 2 ZHZH]-E(Percentage of

Landscape, PLAND)S E4J519low, ulHst AxS
sfofal7lofl E&2el sl S (Largest Patch
Index, LPI), 73 ex]4(Landscape Shape Index,
LSI) 55 41513k LPl= EXuERE H 7P &
jj2) 0] H2] W} molS Sl A, AR 5 AR =A
O] F& ke vt & 4= Ql= Aol 1R o= A
3} Ax=E ol 4= Qe AgoltKChoi et al,
2010), LSI= ¢ W 2= 7R Y] S8 29
HA O] PO B Use A A] At 245 A
FE7t ekl ERteliele ou|gheh =3t 4] &
2ol F47] o] W Wefolss wek ebyE
22 Uil ol 24ab] 98 FeelE
(Total Core Area, TCA)S 24515tk npR|eto g, £
Ak ARAL T71s1) S1s) HR Ageregation
Index, ADE #4513 em, Al 245 924
o] &2 S ofuigitiTable 1). &=A|E 2
73A|(Border) 7S I8l W (Buffer) gks <7J5I31
or, 24~ 17§9] Al HulE 7]E0= 31o] 30mE Wi
BATHMcGarigal, 2015). A5 Z1o](Edge depth)=
7} QI BEAuE G A% Q=S s A
ofu, X gHEof| tsfirli= QI7te] ZHde] 7Hg 7Jet A
AlJo] YmA] ol FaF& = A=E 7IHke = A%

Wy
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Fig. 2. Changes of land cover type according to the time.

SIGATE A 7S X A o Al o' A, A
A1) wet Aol grl= sl =H] X422 I (Hill
et al., 2002)2 Z-85}9.2H, Son and Kim(2021)%] &
Aol tigh QIZke} 7Hd 7HsA] 5 AR, A,
Z2(0.75), 5=24(0.75), Z4ZFA(0.5), YA1(0.5) 5= A&
sieict

3. Zm % mE

3.1, AAIEH EX[mE Hs}

ZHSA12] 1980 AT FE] 2010 7E2| 2] AlA|
A EX|uES #ARE Ail(Fig. 2), 2010 75
Alo] EX|uE {5 HAHE(%)S AFlo] 85.28%, 7
212 8.87%, AI7FEIA] 3.08%, LA 1.06%, ZA|
0.96%, %=1 0.59%, 454 0.16%2] <=0 2 Hyallrt
A7FERA L 1980 1.06%, 1990t 1.97%,
2000 2.29%, 20100 L 3.08% = 815t 27}
22 By on, A= 1980t 11.56%, 1990
A 11.65%, 20009t 9.06%, 20100
8.87%=A ZHaxEo] 7MY =34tk 24| A 1980
9t 1.65%, 1990FT I 1.69%, 2000t 0.86%,
2010t 0.96% 2 FHAsk= ek UeRith A
2 1980t 84.17%, 1990t 82.87%, 2000
o2t 85.89%, 201012t 85.28% 2A] Z7RS HkEs)
™ 1980t dof| vlal F71gh Al o' ARl LA
L 1980t 0.89%, 1990Wth 1.23%, 2000 ]
1t 1.35%, 2010Wt 1.06%, =932 1980wt
0.67%, 1990 0.59%, 2000t 0.54%, 2010
A 0.59% o]0tk SARKES 1980t 0.01%,
1990 T 0.00%, 20001ITHL 0.00%, 2010FTHL0.16%

A 1980 o] Hish 43 Z7 R A 0= FAE]ICE

Park and Kim(2014)2 57040 EX|uE 9]
735 EAES AAIG9A st kS Sjlsk=t
BIAE SAAE 5 32 SARES} H|usto]
EXE] TEF E= 4ol el HESk= Zlo]
2 ashar s9i=tll, =7 s A E A 20099 754l
O] APZEAY HI&2 2.02%, 72| 10.32%, ¢JoF
80.90% ©]231, 20193 A7IEIA|Y H[L-2 2.51%, 7
Z}2] 9.94%, Aok 80.17% 2A] EX|T| B0 M3} 75k
o} ket Ao et slgiek. Thl, A1R19] B9, =4
sol BARKRS] WA ulggte] Holh Ao s
2 Aoz A=,

3.2. E=X[9E ZEFx Hal
701—%/\ ]94 E/\]X ]Q% i—,—%‘a :g_x]l%’ T“é‘%ﬂ JLC\’:I]—%y
=]

QU5 5 197) 52 FHom Fiuo] ow, Bo
o]

&2 FARE HEHAHIE(PLAND) #2414 7(Table
2), EAIERE WAE1eL- 1980dteko]| vls)| 2010ET)
o+ 18.40% 271819, AZ2HR(9.75%), AF(8.69%),
59(0.25%) o= ABIATE FAAES 1.66% 57}
ST, o= 2008~2013 RFPE HrhH EAlY
o ok Ao HAEgIr}. HE|R| <2 1980 cfigat
Hlase] 2010t EASRE HAHgo] oF 2.44%
S7Feleic). 3], AaR|et At wsht 7 2 AL
2 BAwglow, AR 7.39% TAasioL), AR
2 6.12% Z713Ack Akde] S7R= 7FeAl AR
w2 wstola] SRIHE AtgiR| o] FRio) gt IEF E
= AFHEA] Foll tigh QEF2 15 Aoletar Ttk
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Table 2. Changes of land cover area and ratio according to the zoning(1980~2010)

Urban area Management area
Type The late 1980s The late 2010s The late 1980s The late 2010s

CA(ha) PLAND(%) CA(ha) PLAND(%) CA(ha) PLAND(%) CA(ha) PLAND(%)

Urbanized area 749.97 9.76 2164.50 28.16 275.04 1.37 766.26 3.81

Farmland 2720.16 35.38 1970.73 25.64 5145.48 25.60 3660.75 18.21

Forest 344322 44.79 2774.88 36.10 13527.09 67.31 14757.84 73.43

Grassland 241.47 3.14 111.15 1.45 805.23 4.01 525.06 2.61

Wetland 6.30 0.08 133.56 1.74 3.51 0.02 35.37 0.18

Bareland 328.95 428 354.33 4.61 198.63 0.99 290.88 1.45

Water 192.78 2.51 173.70 2.26 138.15 0.69 56.79 0.28

Agricultural area Natural environment preservation area
Type The late 1980s The late 2010s The late 1980s The late 2010s

CA(ha) PLAND(%) CA(ha) PLAND(%) CA(ha) PLAND(%) CA(ha) PLAND(%)

Urbanized area 45.36 0.07 228.51 0.36 31.77 0.26 48.24 0.39

Farmland 3796.83 6.00 3270.42 5.16 406.71 3.28 334.80 2.70

Forest 58602.24 92.54 59089.14 93.31 11602.17 93.71 11723.40 94.69

Grassland 593.55 0.94 338.76 0.53 87.03 0.70 2475 0.20

Wetland 1.35 0.00 1.71 0.00 0.18 0.00 - -

Bareland 193.23 0.31 305.01 0.48 55.89 0.45 35.28 0.28

Water 50.58 0.08 49.50 0.08 183.87 1.49 201.15 1.62
o, Aria oz iR HollA HF ARt o= 137 wioltar AR v ik ATRES: Z=AIX]Y,
Tt ol SRS o EAEE F8at FEAolM tha &2 Ao® 24EItk Lim and
Al Kim(2016) Algko] S5 7ljdo] ehih = 5o}

= = 0
A A Park and Kim(2014)°] 518t BjQk 4H
o] WA it FARBIITE WA F EAIX S
At ARLE 4=8517] flete] AR Hof| Fate] A|A
o7 PeEal Gl AR S 70.80% 2 3L
slck FEA G 1980t} vlwsle] 2010
I A7 EPEALL 0.29%, AL 0.77%22 71}
HaL, 2= 0.83% 2 74l AFghg B A<
W EXIEHSE= A7l 0.13%, ARIXY
0.98% 27131931, A=A = 0.58% ZH45Hac)

ZdSAl AA AAEA $2K1980~2010)7F 71
AZEBHA S, 2R, Aldel oigh Akt At
(Fig. 3, Fig. 4, Fig. 5), AI7}8}A|oe LSIglo] mE &
LA Hol|A] F7IBFAAL, Aol ], @3] ]
A1} FHUA oA Q] HH o] w2 A o= 54
=|9Jk Kim et al.(2016)-2 LSIgho] Z718F 42, ubA
sk Il A14)2)9] Thegt 7t HA; B R

Bl RS Helvkar EARE vt Ql=t, Al71Ekx] 9]
shff sfjlo] <1 EA|u)E 759 uhasle]| ks vl
AHA] FAlof| Aqfie] AFEAQ] Zi R T E4YA|Y
= SH O AFE= ARS Hol= A 0% wE|Sich

ZZFx]o]] thgt LSIZES AR HofA] 1980 ATl
Hla] 2010t 15.83082 ZAasigla, Tajxjde
18.99= A3}t A ok ApAgh = A] Sof| 4
= 721 10.25, 7.14 71431k WEHo|| AIZES & %]
HollAf 1.52%~7.39% HflolA F71 2 2RIsHG]
th TCAZRS TR o)A 1484.73 haz 7 T4 7+
23193, EAAY, FHAY, A RS 52
o= gt A o' FAEQITE LPIFRS: =AIR e
A 4.5%E 7P FA) 7Hasian, weEA] Y, FEAY,
A AR Ao gt HEk= wjn|siict. ahHe
=5 Uehl= LSIghat LPIGE 52 thAl 8 o= wol
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Fig. 3. Analyzing graph of landscape indices according to the zoning of urbanized area.
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Fig. 4. Analyzing graph of landscape indices according to the zoning of farmland.
ARz 7d%e vEReH, A2 739 flke 3 EA A= TCAZERS: B HoflA AR Hof| vlsl 2
5 5 siilo] 05]e] sl 242 olmlslich 45 81w 2] dasth Aol SRIEI9I, Kwon et al.(2012)
A FR] AAGH MRSt BIE AZBKIE] £ TCAZo] S5 UsApEEe] Al AUsih
Z7H18.40%)9F ARX0) WA 20.75%) Aok A ez, AETlebo] i opE R FRAA o

Alste] A 4= glow, shrHoR Baste St
9] 27k A T SRAGE S0

SKFrancisco et al., 2001) 3111 Q= =515 EZ3H
AR A2k Balofel, wAIAle QLR Bl
AollM I opgzFo] HolE o}t f4%|(Watanabe et
al., 2008)9] 72417} kel S0 2 prekeicy,

A Aol it LSIZES: EAIA| oA 19801
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Fig. 5. Analyzing graph of landscape indices according to the zoning of forest.

wol] 1] 2010\t 14,8408 7H45]91L, Tl
© 15,595 7Hasiech Sux|ela xjelainaxel
SAE 7171 3.44, 2.52 Zh45ldr). whalo] Alghe: s
A AoA] 0.71%~5.84% HSJollA] 2713 AL Bels
oAtk AftE o EAIX|(5.84)T, TIX|Y4.94)0]
o] Z71gr0] 2 Ao BAERI TCAL: Felx|]
oIl 668.34 ha 431, EAIK| S, FEUX|, X}z
ZHEAR| Aol A= 121.23~1,230.75 ha HEoA =7}
3 Aoz BAETh LPIZHE wAIRI oA 7.55%2
7V 2 7H4B1L, K| SlollA] 4,060 714519
o, 1 9] x|oje] Wizl nlulsl gk, LPIRE) AL
4, AR ola} el olAle] A flkeo] ubysls
3, AR} Afid 0w MRS s Aow B
HEIic). whs) S UeRs LSIgES Axtxe} &
Al EAIK e} TRl FAl0 8 Blo] Yol
AES Yepion], Ae §80) ex|nE B e of
A] sl Aow Bt 42A] ZAe] A4
) A n) & wsjolA) ZR1El Al A 7H8.69%) 2
Tho} elAjs}o] Alm R, ARk o 2 Harsld Zagtn
o] 2 Abe 9 sfelelo] FEhs Tl Ao

2 T 2 AR S0 2 Algo] uigE 2
o= e Hoick TCAZHS EAIX| oAl 74l
51, 0] Ajo] Golat 71 9 AefellA] A% F7kst
St Be el WA Z7t 1 2 ACR vlgtol
A A stel ) Stell Al oh gt
QAE A0 = PrEict

y

4. 2 E

ol EXuEa Yo w2 W 2 HE s
2 7o slo] Bt B9 ZEAle] thet %

3047k] AR A WakE AL Baskck
EX5E R4 F AR ee] MaRle 1080y
o Hla} 20109The 2.02% 27t Ao BAElgl,
AR 2.69%, 24 0.69 50 7hadt Aoz A9l
o SEAl W B4 BAR A Ak o)
7%, whst 4 Uehihs LSIghe e grrjolo]
A F7oke g M, AT A 53R
olA] & 4215 eRHgl=T] o)tz 7120] EAIAY

I FHA S| Aol shHgiel skl g
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Ao Bl AH0] 49, LSIZk LPIgte]
SrER|folA] FHAs RS BAL, Al Z7}

= Zake Uepgid), ol shHslrrks Fate
0] ZRA} SReEIA] B By} eeste i %)
235 A0% PRI, TCAZES EAA el £
sl xR 2] Bl o] mdo] 27 7Hasl RS
epelct. milate s AlglAlele] A9, Aol G4t
a7 LSIgt LPIglo] AAeom ghasis Aske 1
P, AIRES Aol ejx|ololx] S71a Alow
SRIE|gIC) o] Faf AbIH o 2 Hasie Fafuol
2 Ak 9 sjollo] Fkeshe TolA AteREs)
s, EAIK|dE S| 712 e
ol %S AR WAk Ao BAEgl

B Ay EAARe) S ol oAl EX )R
So) AR wst B4 o) A gelo] X<
£ A A0 AR WS BAS Bk
gl o7} oIk, SRk ALY 5 Q1 TRR s oHR
7} 35 e EATRES Jite s HAjs ks
Rl AP AT, T, FAEAS atow ol
XA} AR A BHg3H 4= 9l Fus)
3L, Tiaket 7] BRI 5 A7) A4 Elojop a2
ReR=PAR=A) =
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