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Abstract: This study conducted a comprehensive analysis of the multi-dimensional charac-
teristics of park golf courses across South Korea to establish a typology system and
provide a foundation for tailored management and policy development. A total of
424 park golf courses were analyzed using data provided by the Korea Park Golf
Association. The variables considered included climate favorability (based on the Korea
Tourism Climate Index, K-TCl), surrounding environmental features (such as proximity
to rivers, parks, and land cover types), accessibility indicators (population density and
age structure), and facility size (number of holes). The 12 K-TCl indicators were reduced
to three principal components—Peak Season Comfort, Winter Limitation, Summer
Polarization—through Logratio Principal Component Analysis (log ratio PCA), which ex-
plained 88.2% of the cumulative variance. These three components, along with six
additional variables, were integrated into a Gaussian Mixture Model (GMM)-based cluster
analysis. Based on the Bayesian Information Criterion (BIC), six distinct clusters were
identified, each representing a unique typological group of park golf courses.

Keywords: Cluster analysis, Gaussian Mixture Model, Park golf, Principal component
analysis, Typology
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&2 459, o] F & &% 72 S diitE -4 S04 grol oofl 7719 ¥E o] Wil kS| Ao A
ALJstAatt. 2SHoZ 107 Mol disy, Fol 191 2/JAE (compositional data)?] 715184 £ Hefsles =1vE
WS S5 R A log ratio PCAVS H-8315EE o] 107] W o] 23] 0gbe 2411 A4S Aoh 2% Fe) oz
A5 olE Fdll B TAOIA = dr(centred log-ratio) Mg AMESIAIOH, FF A Sa+ A2 7|HH9] ILR
(isometric log-ratio) ZHEAOA PCAZR FA5I L} o= AR EAoAq AT 4= Q= ﬂ%l A3H(spurious correlation)
Wehn v 7 AE 27 ARE BESS HAOE WE RS A¥sp] AFolth FHL At saree ploto] o A1
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Table 1. The result of principal components analysis

K-TCI PC1 PC2 PC3
spring_good 0.44 0.12 -0.04
spring_normal 0.22 0.3 -0.59
spring_bad -04 -0.21 0.29
summer_good 0.37 0.15 048
summer_normal -0.37 -0.15 -0.48
autumn_good 0.34 -0.35 0.01
autumn_normal -0.34 0.35 -0.01
winter_good -0.09 0.52 0.11
winter_normal -0.01 -0.52 0.01
winter_bad 0.27 -0.16 -0.32
SS loading 2.087 1.791 1.123
Proportion Var 0.436 0.321 0.126
Cumulative Var 0.436 0.757 0.883
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Table 2. The final data for cluster analysis

Region  park golf name "GN o polarpaton e Pk TR TR T ol
Gyeongnam Gagok 0.082 -3.878 0.003 1 0 0.288 63,886 0.722 18
Gyeongnam  Gasan Waterfront Park -2.826 -1.886 -0.708 0 0 0.045 225,625 0.587 36
Gyeongbuk Gasan 0.042 -1.034 0.464 1 0 0.000 4,980 0.580
Chungnam Gayagok 1.422 0.950 0.252 0 0 0.290 8,041 0.680

Daegu Hyoryeong 0.381 -0.712 -0.371 1 0 0.426 3,334 0.818 9

#% 758 NSEL o|83lo] NABIG FYTE %) GMM e THLHS ANA. M) 7Y 58 245
7] 98l 248 ASE 2705H 107]71K] HSHA|7|H RS AJAJokl Hjo] A9t K 7]S(Bayesian Information Criterion, BIC)&
SR 2 27 1L 1 BIC 548082 1 S 4 Mol HH 2 S8 ol AWokAc 2UE W 94
S5 Table 30]t}.

Table 3. Average of the park golf course clusters

Cluster Pezcalgns:fe;ston Livmviitn; tei:)n Pgll;:?z?t?;n River Park Cropland rate Pop total Senior rate  Hole

1 0.194 -2.298 0.381 0.623 0 0.361 107971 0.686 24.5

2 -0.475 0.565 -0.03 0 0 0.124 133373 0.643 18.3

3 -4.188 1.101 -1.573 0.125 0.375 0.040 51282 0.625 15.8

4 0.064 0.482 0.025 1 0 0.313 139980 0.659 20.3

5 0.409 0.2 -0.031 0.647 1 0.143 195530 0.621 17.3

6 1.58 0.343 -0.668 0.706 0.353 0.084 1397336 0.578 10.7
A 12 4571 HAYPCO] 01942 B SF0|T, AS HFY(PC)L 22085 TS vrol AL vl B Aol
t}. o ESKPC3)E 0.381F kst 74Fo] Bolth A= 6}% 300m O H]& 0.623%2 W AJZo] FHsta, 3 AP

A ch(Park=0). FZA] AHEE 03612 F7 oA, AT & 107971522 F0F $2H, B 24582 FEE SHgolc}.
oo B #3L2 "235}7]% 7FH, PP (Mild-Riverfront, Large-scale, MRL)' O 2 S|4 697]2] mtZ LA o] £3lct.
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Fig. 1. Spatial distribution of park golf course clusters.
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o, 17749} B2 ZLgo] Llct.
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Table 4. Frequency of cluster type by region

Region N Cluster 1 Cluster 2 Cluster 3 Cluster 4 Cluster 5 Cluster 6
Gangwon 37 0 9 1 21 6 0
Gyeonggi 43 0 9 0 12 21 1
Gyeongsangnam-do 66 21 17 2 18 8 0
Gyeongsangbuk-do 62 23 9 0 19 11 0
Gwangju 9 0 4 0 4 1 0
Daegu 34 24 2 0 4 4 0
Daejeon 4 0 1 0 1 2 0
Busan 1 1 7 0 1 2 0
Seoul 25 0 2 0 7 0 16
Sejong 7 0 3 0 1 3 0
Ulsan 7 0 1 0 3 3 0
Incheon 5 0 2 0 2 1 0
Jeollanam-do 36 0 15 0 15 6 0
Jeollabuk-do 22 0 4 0 12 6 0
Jeju 6 0 1 5 0 0 0
Chungcheongnam-do 32 0 13 0 9 10 0
Chungcheongbuk-do 18 0 7 0 10 1 0
Total 424 69 106 8 139 85 17
TEEL} 4P T ERE FHUEE £ A9 HEE Bt 3 1(2¢7] FHHEE, MRL)S A5, A,
g+ & edol At Bl doA diitk AF AdR 7sshke 4 Eold, 4 2% =8, 9= 54 A9
HF Qlo] A= BE Al-kof| 124 E22He A2 EAvh 24 301F FHFaFRY, CVS)2 F2 AlFE HS5H
% A A 3o £T7E TF P SHUch 2R 4P EE, TRE 24 29 ARV AT BES Holw,
sde met gARE 494 94 S4S NRth 24 524 39T, Upre SEAT F2 fEAe] A5 23
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Bolr},
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(MRL)”, ‘U5 SHF19)”, 715 2oF, 2qFEF(CVS)”, “IFA FHF(TR)”, “=A] SLF(UP), “HEA]l, £FEFMS)’ 22

Of

https://doi.org/10.5338/KJEA.2025.44.38
Agric. Environ. Sci. 2025, 44, 386-395

390 https://www.korseaj.org



Article

% oA 744 HE §9o] HFHoR HRH
7} 939 94 E4e okt theat Lk “2abIF A4, GRS 949 44 15 4 9, 2 FuE B4
2 3H 293 54 Adelglth W UYL A BrY AT AT Fo] Y5 got SYHolx Aol St
Qi Aoleh. V1% Kok, ATRYPL 7159 HPYL AT S FEE EHOR Sh AlMoltt “AFH FUP L
SE SHABEY U2 ol EAokD Age] /IS Selih AL Hole Ngolek “EA, FUY'E B NEAS
Yo% Aol Hold 3 W A4 EHL Roh thHog YA, AFRYS AL0] WFH LFE AN,
295 AL 7 B7ekn GEAY AT +5 7§30 ekt
oleigt £33} FaHe AT FAHQ Telo] A Mol B Wi st AL +YS: o AT 2AZ
AFTHCh o Eol, 30 AT YW RYB@IT A, AYT, A BHYOA obA o A4 Y L oA
2 ok 4 ok E3 /1% B4 uet 44 959 f3L o184
5% 99 5 oA 240 ALY 29 AAL +YsH:

b
[
o
[o
k!
<
H'F
of
Fol'
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289 % 9l 712 A4S ATHHE Aol Aot ek FF AToIAE A4 HokEL) ujg: Qe
° Yoleg £715tel 43 B8AS B8 Ansti, WY Holg BA Fof /15 Halet
2L 47149 84 W] gesks sH9 wel AAS mag wat ok

A gz Ao 7|5 342 AFokslr| Y5 oy 3473 X 4=(Korean Tourism Climate Index, K-TCD)E AR
-TCI= MleCZkOWSk1[11]7}' AoFgt I347]| T X4 (Tourism Climate Index, TCI)Q] 7F=X|& =29 A EAJo| 9
23 AoleHiz). KICIE 3 79 719 84S el 9 s 2ol AN, TSl e £ BAAICO,
QA (Ca), (), BEHW), YRARKS) O FHET, QY A FRES T2A Welr] 943 7+ axel
AZAE e A3t ol eyt

;gj_:‘
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H

K— TCTeppiny = 2(2-58CH + 1-03Ch + 3-04P+ 131 W+ 1-145),
K= TCT . mmer = 2(3-07¢CH + 1-:00Ca + 3-27P+ 0-00 W+ 0-365),
K= TCT g pime = 2(2-37¢CH + 2-18Ca + 3-43P+ 1.04 W+ 0-085),
K— TCTyriger = 2(2-27CH + 2-30Ch + 3-07P+ 146 W+ 0-815),

o714 EHHAY X HE(Cd, Ca)= FE2T(Effective Temperature, ET)E ©]-85t0] o} 43} Zro] AAHETH13].

ETg = Trean™ []--U.Immn—l[}].:_l_# ,

BER02 KTCH AEdE m 12, A A, RIS, Wi HUSE, B 34T B B4 3
1 B2 W57} AGEE B ATNAE B(G-5Y), 01B(6-89), 7H20-119), AL(12-29)9) AF TR et HEY
K-TCL 448 240 Z83H9ick.
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15]. GMMO] BY 2= Tt 2t
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Hhgett14]. GMMO| Ea= EM €5 o817t Hde=ador g
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714 K £F BES Pt 7HAIE 220 AR@A] F)olu, Tk HA) Hole F kA 2ol Aot
Mgolet. Nl D3,)E kil /19AS $29| S UE Polok Mish Dyt 22 kA /1A R0 B et}
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A B 249 B4 X9 e, 23 PP 2FATHI6L BAL R ZEIHY melust W71 4S 0] §3ko]
oul, Hx 23+ BIC 7132 BEHI0H, mdust W7 AL BIC glo] 71 2 Rde Ao WHATHIT.

B ATE A% P goly Ju Y5k 99, AEA A4 Ax B9 @y
°©

EESHE 24 5L A45AHIS10). FAHCR /T84T FUSAL BAH W, P4
FEe tEsHs a9loz THMt 2 89 Pk i A4ast Hlod FAL Table 59 2t

Table 5. Data composition for park golf course typology

Group Variable Source

Spring (Good, Normal, Bad)
Summer (Good, Normal, Bad)

Climatic environment Korea Meteorological Administration (KMA)
Autumn (Good, Normal, Bad)

Winter (Good, Normal, Bad)

River National Spatial Data Infrastructure (NSDI)
Site environment Park Public Data Portal
Cropland_rate Worldcover
Total_pop
Accessibility ) ) Worldpop
Senior_ratio
Facility size Hole Korea Parkgolf Association

NFHAL o] A4 BE Folot WSES RS WY 2ot 59 BABu} 2
1% 240 A FFE wo 2

Az 5 7 o2 A ol§ HsAS SHIE AL & cH(20).
2 ATNAE AZE 1Y STES F, BE, WY A WER o] BABE 5] AW AVI% A 8912
WSE TSk

9 S Mol 1A Wt BeREe AN BAGFS WA Delstel APtk Y BIE e wm
OpA| ALEA] o] TANA A B0l Bl BAH Gl A& HOE kojwo] Soma1], S A of(River) FAA
B4 a2 Hsste Ay AE7t Brk22). B8 FAPark) ol 9% AHL B o7t BEAe] AUAE Pt
%537 H1&(Cropland rate)= OFA] ALEA] A0 X AAH AFS WIS 98] ALGEI O, HHOR BE A9
42 woisis WeE BEHL

AL AN FAH 28 7S 25 ATolc FAdold A4S o §BS JEAOR WF QT FE(Total
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pop)°ll HlFstH, 39 o] &At AFY Qe £ wtet AA ‘;‘E}X CH23]. sEEx7t 2 49 94 ki
RI7|E Hol= H& 1LEsto], 40A4] o4 1T Hl&(Senior ratio)= A7 W42 FASHAT

oAt o 2 AlE R AHA 88T 1] oS (A0 E YEhle Ao|th A9l &(Hole) o= 78& 7
ol &7 $5 ZAAStaL, FA T AT YUY FEE 7HeoHA sk AU EFF 4ol

ol}lv

A

tll-l‘

flo

Jr
et

A AAT 7 9919 MFEL Table 6 Y Table 73} o] £ =9Ik

Table 6. Climate environment variables

Spring Spring Spring Summer Summer Summer Autumn Autumn Autumn Winter Winter Winter

e Rangoaifiane _good _normal _bad _good _normal _bad _good _normal _bad _good _normal _bad

Gyeongnam Gagok 0579 0416 0.004 0265 0735 0.000 0502 0498 0.000 0.260 0.740 0.000
Gasan

Gyeongnam Waterfront Park 0427 0.561 0.012 0.157 0.843 0.000 0410 0.590 0.000 0.262 0.734 0.003

Gyeongbuk Gasan 0627 0368 0.004 0277 0723 0.000 0495 0505 0.000 0.110 0.885 0.006

Chungnam Gayagok 0.598  0.401 0.001 0342 0.658 0.000 0471 0524 0.004 0.110 0872 0.019

Daegu Hyoryeong 0604 0393 0.002 0245 0755 0.000 0493 0505 0.002 0.127 0866 0.007

Table 7. Environmental, Accessibility, and Scale Variables

Region Park golf name River Park Cropland_rate Pop_total Senior_rate Hole
Gyeongnam Gagok 1 0 0.288 63886 0.722 18
Gyeongnam Gasan Waterfront Park 0 0 0.045 225625 0.587 36
Gyeongbuk Gasan 1 0 0.000 4980 0.580
Chungnam Gayagok 0 0 0.290 8041 0.680

Daegu Hyoryeong 1 0 0.426 3334 0.818 9

71535+ W AddE K-TCI B35 B8R ARtk WA 7143 ASOS T&49] 44 7|AFR}E(2015~20244, 3,653Y)
£ o]&dl 74 #5499 dY K-TCIHSTE ARESIH. oloA ma i 9 K-TCIE ¥7] 93 s+ @9= 284
(Kriging) Z7FE7Fsko] At 424719] p3Zm4o] AU K-TCIE FA51c} o|ZA 2HE A5 28708 o), ‘BE
(40~707 w\IRly, YE40H mghye Al MR £7 T AEE 37 Aok HES "R A5

FH 84 Wee 3 2402 L5 oh(River) T - (Park)S X4 FA4 300m BHF Y ohd Es 399
A RS YEdl= g \EA Al 1, 1 9 0)o|th 9] 300m 7]E2 o JF L2419 A A= ’?‘Ml WA= L)
Zolw, FU9] 7|&2 AIAIEA7]F(World Health Organization; WHO)2] 2017W A& HI/ME Wit} =2HA] H|&
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