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ABSTRACT

The ski tourism industry, reliant on winter temperatures and snow, is highly vulnerable to climate change. Despite this,
research on the impact of changing weather conditions on ski demand is limited. To address this, we analyzed the nonlinear
effects of daily weather elements on ski tourism demand in South Korea from 2018 to 2019 using a generalized additive
model and big data on ski resort credit card expenditures. The analysis results showed that maximum temperature and
maximum new snow depth had nonlinear effects on ski expenditures, while precipitation had linear effects. Specifically, ski
expenditures increased rapidly when the maximum temperature rose between -13°C and -4°C, maintained their peak value up
to -2°C, and gradually decreased beyond that range. Additionally, they increased with maximum new snow depth from 0 cm
to 1.2 cm and then decreased up to 4.8 cm. Increases in precipitation consistently reduced ski expenditures. Among these
weather factors, temperature had the most decisive impact on tourists' choice of ski destinations. This study underscores the
need for adaptation strategies to ensure sustainable tourism in the face of climate change and natural disasters. It reveals
specific weather preferences in ski tourism and suggests further research to examine the impact of disasters and predict future

changes in the tourism industry due to climate change.
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AeEE Ao E gAY AEY o|fHE ol&st
= I Eoke 7]1%0) B WstA WERtth(Atzori et
al., 2018; Cho et al., 2015; Toimil et al., 2018). & &
of AHA] T2 715t AT WAL =, 2k, 4%
&, Aot e JA e AT 7)o JIS w3 Akek
&5 5 AEES w9 o V] "WiZelth ERL s
&, AY, FF So= gt ofieh M2 S8
of A%t o] = Qirt. o]F % 7| EHte] it #
T ARG =2 FHoRgolx EFotal, thero] EoA
AARE AT} o], W3lol= 7% 2o ©E IF 8
HH8-& 2ARE A= AgHA o] th(Gossling et al., 2012;
Steiger et al., 2020).

27 B2 AZE 712 w0l 3A &5 dZel
7| & H3lo] E5] FHoRgt AFJo & AA|E o] THKim et
al., 2017; Yang and Cho, 2023). 7|&¥3t2 91t A&4
7| st Adg ae T YU A7) Agol=
et BsiE =L Utk o4 1L FA4o] UER 2019
dofl= itk 271 71 o] BdlYy Y 7hg
71E9oH, AR A7AL 29 HE S7F R 7
A2 HA o o]27]% 3} THCho et al., 2020).

o AfATs FE 7IFHBIE QIRE A7 AlE AL
o] ZHZxlo] o]FojF on(Dannevig et al., 2021; Heo
and Lee, 2012; Kim et al.,, 2015; Scott et al., 2003;
Steiger, 2010; Vorkauf et al., 2024), 2A7}A dvj&o] &
et Z2 FAE F7lotes 71 FH3E AUE] (RCP 8.5)
o4 AQUTE BEY AL, TR A7) JxEs
o A7] ¢toll &L & A 2 Aol ASH U
S, Scott et al. (2020)2 7|FHSIZ QISE A7 A|& o
o] RIEA] E2 GAR ofojx|A] g3 ERlte s
W A7) WG FRE 185 A7 TS AlAHA
o} olet #este] PR AgPAFoe A7) g H
Ae 715849 FFe AL, 7123 F50] Wil
AdFo] #2545 HA g W YE2o] FIRt=
A7) AAE 7= SFHEHShih et al.,, 2009; Song et al.,
2014).

[e)

o

% z700] HlEel Aol ohiel, 54 FaolA At
= HAGA Folg EAttal IEA AUrH(Kim et al,
2016; Steiger et al., 2020; Wilkins et al., 2018). A~7] 3
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Sh71e Skeleh sf¥ Wg FEolAd= 7HEs] XIS
FHoz Ansle, BIAUNGE, &% 45, BIE
so) T MHYH WY ASEE ST BUD
HCI:Beach”} 7= o] o 9 &0 &&= Ut
(Rutty et al., 2020; Zajch et al., 2022). E3} 7]& 70|
A JFE By B2 $uhs S4oE EASlE
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b, ol 71¥847F A7) Aol A= AAH FFS
ZIOHA] Rttty A7) IO Y] At A5 vl
€ 5 I AEo] T, APA+= olE THH
og JestA] Lottt
o|Z|gt HjFolA & A= A-87IE & Y|
[Bl & &85t dd 7|F847F A7) I =80 7]
FFE Bt A gk A A H9ls AR
AH/d3 COVID-19 7]|7He] Eo]dS & sto] 2018
5 201997HA| 2 AAstelt 7155 A= §gtst
7188459 714 B AHE rlste], 7]+w#s}
F A= 10~2099] A 7|7HE B8 E S, A
At A ] @A B2 oF 1T 5ot eH, o
3t Fr o] Hal= 71 e 40 dHAE AHY 7Hsstth
upeha] 29 o19] 714484 ARt w2 #g =9 wist
E AEFeEHN 7T JFS 4R =9 5 3
ot AT A2 B4 717 W gherollA 29 1670
2718 5 9 AEH A5E &8 F e 1174 &7
Zolth. B AFoAE IR 349 A7 AEHe] &
AE Hrh AA5] F5tr] ol SHRse] vldE &
E 59 & e GuEPHZEY(GAM:  Generalized
Additive Model)S Z-83l9ch ELHHSE A7 oA
et A AE7tE IgAEdoln, 8 SHHSE=
A Har|2, HAAAE, 9d4-ES, e s
HAER, FFEERE EFol= 7|F34E HAsH3
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A== A7l 821, 7iIE A7 B4, A28 B AR
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21, #3471z =4

B Y50 7137 8 AR 0|k ALL 2
gel teol AgATN FEHOE YFHol k.
Scott et al. (2007)0]] W2, GH9} 7| T Y BE E
L 7k A9 B2 74 8484 Aol By
% o A71S 29T W B4 89108 Mgtk ET,
Oh et al. (2017)= 715 #Ao] =9 FHIY &
A ol APA GFS WAL 2AAS AT F
71 5wek B Ak o] A7EekE 7HAE 5 9l
& AABTH

SHH Dogru et al. (2019)0] W=, #F AHJL € 7
A o] wls) 71 5usto] B wsHA whesie, ol
3 Ao BY Bt 4 L 71F AL o) B
OEEE 7HA&= A% SHekd 4 It Kang and Hong
(2019)7} Yun and Lee (2022)= #3F72]o] 2 ofQ]of A
i o] oEshs Aoy YA Aguct
7% 9 7] 0. go] ol wzkehe Wtk Eak A}, 9
W, 3o]7) 5 Ao Yol vIX: 7|50 G 24
3 of 2] AYATY Aol =, Tt 715847} o]
oot Y Aol ot FeFe UErHSitkKim and
Heo, 2019; Kim et al., 2016; Martinez-Ibarra et al., 2019).
Kim et al. (2017)3} Yang and Cho (2023)= 7]ZEA 3}
FloFgt T Fro® A Ade &8sk AEAA A
ASAl, 271%, -84, ST JRES AASHoH,
715st 28 G 59 A olgfat Alglo] LMo T
efsojof e F25Ht olge] HPAT Anks 2o}
3hwl, 7k 1Y Hopoll AYY /1% 24 B BFl 9
o Wiolr, 53] AAL oI} ALA o|FS F8F
L AL 715l &2 Hopye shrt
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22, J|=Hejet A7 HE

7] g AHQo] vlA= 7]
£9] A= +9 dolgt 7|2
7hsst AlE9] ZolE B7tst S = A} Scott et
al. (2003)2 22 AHEZ FHT A7) AIE AlEd oA
29 SkiSimE AJA|BHIL 2020, 2050, 2080WT] A7] A]=
Zolet A 84FS AIEott. o]F dig AlEH ol
oo 43t 5= w9 & 1k, A7) 2I9AY F§
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59, Ao W& & 4 55 Fdste] 7|1FRSol o
£ 27 A2 &85 AM 27 e A7t o
o|FojF o, 2147] 4t o]Fdl= AES T &71F

ol Ao =T Aolgt= ZIE H Y tH(Dannevig
al., 2021; Steiger, 2010; Vorkauf et al., 2024).
o4 ARE LR APATIAE M 7T %
Ao W& A E4S B4k v A7) A}le AT
stlom, st ARe} B|gH oA Agol #EE ©
b 7Pgsks 715 AL AIB)OIA B A
O] 27172 2071dRH 210087b4] Azt §F 2= 7N
sHAl £ Zolghs 2HE AASHtH(Heo and Lee,
2010, 2012). ESH Kim et al. (2015)2 A7] RE 29
AE iAoz AARE AEHFE &85to] A7] A& 4o]
o &9 7Fs/d= B7ISHRAL, RCP 8.5 3tofl A 2090
o= ZE W A71F0] 100€ o9 29L& FAT
a A 2 Aozt ASsi3iH
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st7] 98l DeAoltt. w5 mAERY] A7) R
A wofjgat 7199 AAE ZARE Shih et al. (2009)2]
Aol WEH, A7140] YRR A ] U HA{7]20]
231 AdTo] EE57F &7 B 87 STk AL
2 Yl E3L Song et al. (2014)= X173} B
FT50] RodeE R W vwjEHo| F7HeE el
AQGA SRS F4SHUTE Scott et al. (2020)
SkiSim 2.0°] #F7A P& FAlS Addota o, A& 7+

Vg gRo] BT & UeS SASATE. ol%h AL
A ARZAE B3 50 ARl HS AW Steiger of
al. (2020)9] 23t o] 27] Y] B oA
M 8% 249

A7 &S A3 o] 7|FHsl7t A7) g AHY
of WAL JFe thEolH BAHT ot g =
Aol ofgt BY Ha WSS Y AL ol
(Cho et al., 2020; Gossling et al., 2012; Steiger et al.,
2020). E, 712 BY 58 TP APOAE B
T84 QAU B FEA o mXE FFE A
A BAZ 7135t BEA519ch(Kang and Hong, 2019;
Kim and Heo, 2019; Oh et al., 2017; Shih et al., 2009;
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Song et al., 2014; Yun and Lee, 2022). StAFF LH A3]
AFolA At A o] 7|2 FoT, HE 5 7%
AL Wed EAL R4S Byo] S8 Aol opy
o, #YAY $87 HejshEls A4 o] EAfat
(Kim et al., 2016; Steiger et al., 2020; Wilkins et al.,
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725 B9 B SALAB! Y 20114 A
& 686w Ho2 3Ue WYLt A ol% FAT 7
sh, A4 Ax=0] b3l el 7|3 HskE Q) gk
o £7] QL ko] HE SebAS Holw ki 1)
and Fig. 1(b)). E3], 7|FHst2 QIst AL4d HEF T
A2 A 1197 397HA] o|fojXd 7|& A7] &
AlEE B5otal H4dS A5 9t BlES Eole &

271 29 SHAME 784 IFS vIHH(Fig. (o)
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Fig. 1. Changes in climate and the ski tourism industry from 2012 to 2022
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o7 AASIATH SkiErpenditure). A&7tE TR
B 2018 ¥ HIK7IESR} 4I%H7EE0] A H|olH
59 2R ARl o U 4187}
8700 S Aol BT U4EY B ABUCR,
3t 4H]9] FF oy A AME FAl= & 5 AT
9l Ao B 4ve] Folg 2t Fuof et el
= Slof o7 AgPAo A E-8-E TH(Choi, 2024; Yang
and Kim, 2021; Yoo et al., 2023). A7) B& AP =
H2 A7} D A7 EES Yot AAAEEolA B
220 AgER ABE 20| Jolsel, 27 B4
3} Zu] df 59] B8-S ZIHH(Choi et al., 2020). 3t
=3 HlolEHolAs A 71T W &7 0] 2JH 14
N ARA T L DA, AL B, BT 7
71% B, FEFALL SQAAl AR, o] Al ZHA| 5
9] Aele] 2714 ABNG BN Uck. B e 2
714S 2Iote o AAAL 22 BTl 3719
27170 YAg. & AFtolA= #EAE 9 39 A
B g WA BAASBEY FaBBAL 4
A SAE 7I8te &, AT a4 370 27149 4 I
A Feof wet 7HEAE AEoto] AE A7 AEHS
S

T8 SYHSE AMERH 7T 240+ X 249 TS
B2 ol WA 8 AL A1l AU, B
& 3o 2 LAFE N Temp_mazx, Snowdepth_new,
Wind_avg, Precipitation). 7|2 W42 = A7|% 50|
FE 9 A7t o]FojRtt= M 7|2 I A% F 3
17120] 27 B A0 A B AYS T
Song et al. (2014)2] AE TS} AT/ LG TE
Stk HAAHAS o Axto] 24412 Bk A2 ¥
o] +9] Zo|Z W3t} Lee et al. (2022)9] AHF Ao
mew, BEEA e A9 A9e A4 Ang FEY
o 77k BEAY BESAEG FHEA EPEE S5l
2748 g A8E Aol BFHOE oS FH.
b 2 A GX 8aE 71 7R ERE
o FWHBE DE A2 Bstel BEINGt. B
o AF&E I 715(IDW: Inverse Distance Weighting)
7IHE 7hE AR Y] BS540 dHHoR & TISAE
7ol Al Aol digt gh& Ak, AL Bgo] v
A eeln AREsl Bohn Leld chKim e al.
2020; Kuo et al., 2018; Masoudi, 2021). IDW EZ} A|
powerts A2lo] T2 7157 Holo wg Ak o)
ASRA, 3ol 2718 Yol Woldl Bae) g
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Table 1. The description of variables
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1=
ol
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Classification Name Definition Source Collection date
. . . Korea Tourism Data Lab,
. . . Domestic credit card ski resort K .
Dependent Variable SkiExpenditure . Credit Card Tourist 2024.01.
expenditure (thousand won) .
Expenditure
Temp_max Daily maximum temperature (C)
Snowdepth_new Daily maximum new snow depth (cm) Meteorological Data Open
Weather 2024.01.
Wind_avg Daily average wind speed (m/s) Portal, ASOS
Precipitation Daily total precipitation (mm)
0: Cold wave alert not effective
WA_cold .
1: Cold wave alert effective
0: Heavy snow alert not effective | Meteorological Data Open
Weather Alert WA_snow . 2024.01.
1: Heavy snow alert effective Portal, Weather Alerts
. 0: High wind alert not effective
WA _wind . . .
1: High wind alert effective
. 0: Weekday
Holiday . .
1: Weekend and public holidays
0: Pre-Olympic period
1: During the Olympic period
Olympic 2: Post-Olympic period
Independent 3: 2018/2019 ski season
Variable Period 4: Winter of 2019 Self-compiled 2024.02.
0: Early season
1: Winter holidays
Season_segment 2: Peak season
3: Late season
4: Off season
Slope Number of slopes
Official Websites of Ski 00403
Number of shuttle bus stops in the o
Shuttle_stop ) P Resorts
metropolitan area
Ski Resort
. . Ministry of the Interior
) Number of accommodation facilities
Accommodation . . . and Safety, 2024.03.
within a 24 km radius, divided by 10 .
Accommodation Industry
) Distance to the nearest High-Speed .
Dist_HSR . . National Transport
Rail (HSR) station (km) .
s Information Center,
Accessibility 2024.07.

Dist_highway

Distance to the nearest highway (km)

National Standard
Node-Link
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AQl A= 0.5~4 Ao]ld wf YEPdthAmadu et al,
2022; Chen and Liu, 2012). o]o] w&} 2 Ao A= 0.5,
1,2, 3,45 29X 84 WHEo] s B4 AlE 2%
(RMSE: Root Mean Squared Error)E | A3}5l= power
£ Z24ston, 452 96 A+ 712 i €9 A=Tt
FEEA] g YA ES 1 SIS AR
ol & RO E &8It

7VFEE Hpe AZE g 9L vAE ELR,
NEEE, FFERE XSt HR[Hgolth( WA _cold,
WA_snow, WA_wind). Ju and Kim (2018)°f] w29, tj
Buo) A7 HRAL OARE DA FxEd w2
stol 18410141 214] Afolo]l W(&4)S T FLE A
o2 Uehgr. olo] wjet 94] o]e] AE|A 214] o]
T wEE RS A e 27 B A2 o
A= FFol vme Ao wste], 94 21A]7HA]
ZF EXZFEAEE 1, O34 o 002 AA5Hi

SAHPolE &7 TF 0] FFE vE = AU Al
7] 821, /N A7 B4, A4 ¥ 8Rlo] xbHTh

N
A 0 50 100 km

KR

' Ski Resorts
Accommodation

(O 24km Buffer

[ ] SIGUNGU Districts

(a) Accommodation Facilities

gk 7|MRA9| HIMY SIIE SAo2 641

Al719] et 89l Fd o, S 77h A7) Al
w2t Zyzke] HulHag AASIH K Holiday, Olympic,
Season_segment). ©] & &HM 7|7+ 20184 1Y 1Y
FE B34 SASHY MY oA, 28 94 RE 17
7] 295 [ 717, WL ol % NG 7] B 7171
FEURA 39 3197, A 27] H3go] AJFHE= 2018
| 11€5EE 20199 34, 1837 20199 11€95E 12€
A9 717e® FEEY. EJL A7) AlEE AE|An)
2o, A A} B 7\k0] WEAT} 0] ZRAH A
7] Arglol WMl Qe dohe A3 B 2789
g7l BoBleT] A VES SEE LR Este] 44
S} TH(Scott et al., 2003; Steiger, 2010). oJo] wa} &
FolA 119RE Feanta A4 BadrAe] 7zt
& A2 27], ZEc0s 47 2RUVE 19 A 3
EQUe A% AF, 19 4 7 dodvE A AF 77
o] EQA7AE =71, o1F 389 ARA EQA7A
717 Al S, 19 399 EE 7Rk HlTlE A
oJsteart,

ME 2718 B4 71€ APl 2 F8S
ol 2714 AEgdon sux Sof 2 B2Hol A

o

AET AL THFFAHAIn et al, 2016; Kim and
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Fig. 3. Accommodation and accessibility (HSR station and highway)
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Kang, 2020). o]o]l, Z+ A7|%o] BG3t &
on gyl AEHAY HRY %, Teln
of SuEA 2 WS STk Slope, Shuttle_stop,
Accommodation). Kwon and Kim (2015)°] w2 H, 334

28t 2N A7 o SAt0] O 128 of
W o S7Fstet. ol=et Axto] 2018FF 2019 ==
B EFP&EE oF 60 kmhE 2851, ZHAZHE bt

7 12km olujol] %47 AAT o B o7 AL
& & At (Gyeonggi Traffic Information Center, 2019).
SHAIRE ARX|o] §A|sko] A AlE W7t w4 2 &
717849 JAA 54T & ol Hlsl oL v LdAd
ALY B A4S Este], £ AdFolM= A7) ¢
0] st FS Bk gubygoz FA5H7] 9 28
A 24km ¥ 7o R A7 ZAY SHAE 5
A5l (Fig. 3(a). SHAIE F5ole A= 56,37570
SHAIEO] Q15|17 2w AL, 4, FAE JHE Al
She WA Sud ARE TEAUT

ATA T BSg s 7F A7|AA 7B 7k 14 E
T AR, N&E 279 AYE AESHIUTH Dist_HSR,
Dist_highway). g H4e= Z7IRESHBAEHNA A+
ol= YT EE2HE 7|HIO R 5139 H, ArcGIS
Pro9] HEY T EA T Closest Facilitiess
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33. 24 2y

B BEAoME Qs R (GAM:  Generalized
Additive Model)2 &85ttt GAM2 H[AE Ao
QU= W Afol9] QRS BT > UES YiHAYE
S &3t 574 vhio|th(Hastie and Tibshirani, 1986).
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+ 3, WA_snow, ,, + 3, WA_wind, ., + 3, Holiday 9N 94 HE '?-_{1—% -rlﬁﬁ power 0.5, 1, 2, 3, 49] oj
2 it T P3 1it 1 1t (1)
. A s IDW H7F & SEE AF&3SE Z3}= Table 29} Zt}.
+k;| B+ 401ym;m,cm+k§] B, gSeason_segment,, RMSEZ 53]_1_5]-’6]-—1: power—‘;— }4 _1__7] L ‘L], o]'—/r\“j’okoﬂ /\_] 3,

HAXNAAL 05, BFES da) 12 Aoz eyt
olof wa} ZF A 849 XA powerE A-85}0] 2&1}7]
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Table 2. RMSE calculation results after IDW interpolation by power

Power Temp_max Snowdepth_new Wind_avg Precipitation
0.5 1.36 1.08 0.70 5.77
1 1.29 1.15 0.69 5.33
2 1.19 1.29 0.71 4.80
3 1.18 1.34 0.76 4.77
4 1.20 1.35 0.81 4.88

Table 3. Descriptive statistics and VIF

Variable Mean Std. Dev. Min. Max. VIF
SkiExpenditure 13447.92 19822.52 1.36 143831.00 -
Temp_max 4.11 5.12 -12.97 19.76 1.63
Snowdepth_new 0.85 1.67 0.00 8.70 1.21
Wind_avg 1.79 0.94 0.43 7.25 1.41
Precipitation 0.65 2.75 0.00 28.09 1.10
WA_cold 0.24 0.43 0 1 1.29
WA_snow 0.06 0.23 0 1 1.11
WA_wind 0.04 0.20 0 1 1.17
Holiday 0.36 0.48 0 1 1.02
Olympic 2.45 1.36 0 4 1.17
Season_segment 1.69 1.17 0 4 1.17
Slope 12.72 6.59 6 28 1.30
Shuttle_stop 32.95 24.27 0 65 1.52
Accommodation 69.70 35.80 34.40 167.80 1.53
Dist_HSR 50.65 37.27 12.96 132.59 3.52
Dist_highway 17.89 21.13 2.50 68.12 3.73
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Variance Inflation Factor)E £3f th5o-44S AASHA
THPark et al., 2017; Wahid et al., 2021). YRFH O 5 o]
9| VIFE /A w57k mgE sl 240 el o3

42. 7|24

2714 %ol T GAM 4 ATHe Table 49}
o RN HEFOR A8 WA 84 F V1L, %
%, 4He A71% Azoo] fol3t FFL lHO

AT (edf: effective degrees of freedom)x= % 117]
5.85, F AR 4.68, 735 1.010|t} =, FI17]|2T

Koo do 4y my

Table 4. GAM analysis results on ski tourism expenditure

Classification Variable Coefficient / edf p-value
Intercept 4.85 (0.15) 0.00™"
WA_cold, -0.13 (0.07) 0.05"
WA_snow, -0.15 (0.10) 0.13
WA_wind, 0.04 (0.13) 0.77
Holiday, 0.85 (0.04) 0.00™
Olympic, 0.18 (0.10) 0.09"
Olympic, 0.38 (0.13) 0.00™"
Olymypic, 0.03 (0.07) 0.61
Parametric Terms Olympic, -0.03 (0.09) 0.79
Season_segment, 0.79 (0.07) 0.00™"
Season_segment.,, 0.61 (0.07) 0.00™"
Season_segment 0.08 (0.08) 0.32
Season_segment, -1.65 (0.11) 0.00™
Slope 0.05 (0.00) 0.00™"
Shuttle_stop 0.01 (0.00) 0.00™"
Accommodation 0.01 (0.00) 0.00™"
Dist_HSR 0.06 (0.00) 0.00™"
Dist_highway -0.08 (0.00) 0.00™"
F(Temp_max) 5.85 0.00™"
F(Snowdepth_new) 4.68 0.05"
Smooth Terms
j( Wlnd_avg) 4.92 0.13
F(Precipitation) 1.01 0.00™"
Observations 2,029
Summary and Goodness-of-fit Adjusted R? 0.53
Deviance explained 57.1%

Standard errors in parentheses
" p <001, " p <005 "p<o0l
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