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Table 2 Temperature for separating solid and liquid

precipitations in China
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Figure 3 Projected changes in technically produced snow (current snowmaking technology)
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Table 4 Projected changes in ski season length under different climate change scenarios (%)
RCP 4.5 RCP 8.5
Kk 4 2020s 2050s 2080s 2020s 2050s 2080s
WAEEAR BIHA WAEAR BIHAR HAEAR IR AR BIHA AR ETHAR HWAHEAR #THHAR

e deae -19 -7 -61 -21 -80 -39 -22 -8 -79 -37 -97 -86
i) -8 -4 -23 -11 -40 -16 -8 -5 -40 -17 -68 -54
Ko -5 -4 -14 -10 -22 -15 -6 -5 -23 -16 -64 -35
Sl -1 -1 -4 -4 -6 -6 -1 0 -6 -6 -13 -12
ik -7 -3 -15 -7 -20 -13 -7 -2 -19 -13 =31 -27
b Bk -l -1 -4 -3 -5 -4 -2 -1 -6 -5 -10 -8
AR -2 -1 -5 -3 -9 -6 -2 -1 -9 -5 -17 ~14
uTr -4 -4 -13 -10 -19 -13 -6 -5 -19 -14 -33 -32
[ | Y -2 -2 -5 -4 -7 -6 -2 -2 -8 -6 -16 -13
HA -5 -3 -9 -8 -13 -12 -4 -3 -13 -11 -25 -22
TH -3 -3 -10 -10 ~14 -14 -3 -4 -14 -14 -30 -25
i -1 -1 -5 -4 -8 -6 -6 -2 -8 -6 -21 -17
By -8 -5 -23 -11 -34 -17 -9 -6 -36 -17 -65 -41
KR Wk -18 -7 -54 -23 -76 -39 -23 -7 -75 -38 -95 -85
ferh iRy -21 -8 -51 -20 -66 -33 -22 -8 -68 -35 -92 -75

E’J‘éfﬁ WEETRERE D, DERBIO,  RESEHCR 5 (RCP 4.5) Al & il = AR HE
T3 T H R B4 T A RE AT 5 R BERG n r 5t (RCP 8.5) T 8A A4 T+ A Toat 5 H AR 1 v [
3~6d. WEFEWREX ., fE Sanl %, 78 RCP 4.5 ik
FHTWHRE, K s ME 6 4Rl ExR T e ﬁﬁt‘rﬁaT,ﬁ}\Iﬁ%ﬁﬂtTﬁm,zozos A 30 L

x5 AILEERAREAEPEEEEHESTHREEME.

Table 5 Increase in ski season length with improved snowmaking technology (d)
- . RCP4.5 RCP 8.5
2020s 2050s 2080s 2020s 2050s 2080s
fiuld dtat 29 47 45 31 46 12
g 13 22 34 13 33 20
K 8 11 15 9 15 35
SESH 4 5 5 6 5 7
At 15 20 17 15 17 12
b IR 4 4 5 4 4 6
A 5 7 7 5 9 8
i 11 14 16 12 16 10
(s[4 B 5 6 7 5 7 8
il 10 10 9 10 10 11
TH 11 11 10 11 11 15
Hi 5 7 8 6 8 10
S 13 23 29 14 31 34
1R IN7R 32 41 41 34 41 11

dgrh baNEe) 32 42 41 32 41 19
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Figure 5 Impact of snow-making technology improvement on ski season length of ski areas in China under RCP 4.5
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Figure 6 Impact of snow-making technology improvement on ski season length of ski areas in China under RCP 8.5

FHILT 60 d; 7E 20508 B30T, VT B L 1L PG 4548 T 5 22
AR EEALT 60 d AT S A ERE B RGN, EUBrEE
S H SRR AT 100 d(1& 6¢) ; 2 2080s
I, B AR SRR VR ARG 1 55 21 K BT RE O
76120 d DL b (B A X 5 0 55 37 g 35 245 K 3 B
WA, RHIEPEILHIX (E 6e) o 5 N T HHAR
FETF, 20208 BHA T A W A S B K &
T 65 d(&l 6b) ; 5 2050s A1, i 5 =1 K LT

hitp://www.resci.net

60 d P B L BB 9% , BT A i 55
WEFEKER ST 100 d(E 6d) ; BILT A T
Wi S 1 K TE 2080s I RE4EFR7E 120 d L |,
HPGIERE M F I EH WK E & T80 d(A
6f).

KIS FIE 6 25 SR 3T AN T FHHOR
FEAS R AR HE BT S5 RS [ B SR 284 B A
WEGRESETRKE, LR A



T BREE AT SN N T SHOR T o T R B A R 1219

r

2020 6

KT, B, 76 RCP 4.5 HHERE 55, 454k
FroiA N T3 T4 R, 20508 B PE AL 340 1 55 5
(R 25 2= K BRI T 100d (AT s s T3 T
T3 55 B A A A5 T LA X W 5 I W 5 B
5K B RIS AE 2080s B I 475 & T 100 A (K 5) o 7R
RCP 8.5 HHEBUE ¢ T, & N Tl FH AR T,
2020s [ AL Fife v XA AR 1 B s S &=y
K EERHIE T 60 d T A T T B AR B THRE (45 [ st
WA ESHNESEETRER R T 65 d(E6).,
AT T, ST N T 35 AR X 32 A AR Ak s il
BANIE S IHER R, B, Tig N TSR H AR
BT, R i 2= KRR Re L
FE120d DA |

BeAh, i X LB AR TR T S R K
N E S R KB A ARG AT A AN R i A
HEBO 5t AN TaE HHE AR 2 TH 5 oA b =
HWEGEERTRKEN MR (E S, E6), KXk
WEEWKEMRT 60 dEEHIREE T
L ARAEHL DX, T 25 2 K B REAEHRF 100 d D) I
S E A E AR . T AN TiES
AR ZERT, b EW S K 2 A
LRIRZ R I —BH L —# 3% (h— K 1, iZ AL
AW S T K E R T 120 d, THZL R TR S 2=
TR JERFBMET 100 do T THESY
KEERA_EAPB T B 51 X R 1 5
VERE RN A B B FEA T . WFIT R, TR R B X
P BRI RS T Pl R B B T
BIRIHZ 4 F kS A MBS AR EY,
4 HR5iTie
4.1 g

AR SCUIN T 25 RE 1 A 25 24 K R
FEbR , PRI T3 5 R P& TR T 98 2 < fme A2
A ER . EEE5E N

(DN T T AR T T o [ 0 55 3 10 % A
KA B E T, BARE, N T SHH
ARAR TR A 15 v B T AT IX 3 5 3 < A Ak
P A SRS R B B RN AN [ ek 2 AR HE RO 5% 2R
%, TP PP S 2 K B N 3%~12% ; BIHi ¢
2080s I 1 114 e oy T 25 SR HE AU 52 T (RCP 8.5)
N T S HARBETHE [ 78% 191 5 414 100

dUL RSN RKE, WA AN T &S AR K
AT 12%.

(2) N T T F AR TF v [ A ] (X 380 =5 3
IVE R EEAIR] . 52 SR AR A s i R 1 i 2537
N T T HARSE T X HAR MO s 32 328 Ak 52
NI, N Tl HEORBE T AR EL R,
Aent (AR TR A AT S RO 2 TGN 47 41 F
42 d; T ZR AU RGBSR 9 18 25 37 32 AR AR /)N
AN T FHEARRT X HAERARR, B Ip g =S
TR EUE N 3~6 do

(3) BAR N T35 T AR v [ 1 5 3 2 Ml S Ak
AL R AR B BURMER (B S5 5
KT EE AR R e (A %) .
WA TELRARREGES, P EES KA
SRR K A I— B —A8E 1 —K 1l %2R
JCEBIR M T B KJEBIRT 120 d, MR R T
KA AR T 100 do
4.2 g

S5 i@ 2 B AR EE , P D K
N TESRBRER S, EAUREAERT, BAANT
1 G HEARPETHEFE 6 B SRRSO AL 1 5 4 (N
TNEE R IMEAR ) Mg 25 21 K B 348 o i 32 5 v [ 4
PRS2 K423 AR B AR v [ AN ] DXl o
EHMEHZERHE S TENESF N, —J5
T T [ S A 2, A 78 Ak B S i) 1) X s 22
SEREY I TR EE S 2 AR
SRR, FIh EE S50 A TEHHEARET
SO FV 8 o I O T | NS B8 =S 5 N S N[0
o S A T R R R A A R RN T A
SRV S AR R B DX s A o 5 3 (Andedt
TE7R Aerp) o RPN T 25 3 B $ 73] -
2°C, W 6 148 1y 1 25 2 0 KB A 2080s B T 1Y)
o HE T 5 R (RCP 8.5) Wi /b HE 145 5 3K 35%~
86%. ILAh, N T HAFEKE FEHLK MK
b AT 25 DK 2 Bl A SR i, WA A IR B 3 e K
EORARTps A W PR A= S =ol A B S W VS
FHEFEN T SHA ML 7R Gl X K %
TR Y RTEE N, AR = i T s 5,
NI REAR N T35 55 119 5% % A FIRE RN AE

ARSCHIARTT N T3 5 AR 3 T X b [ =

http://www.resci.cn



1220

42 6

s & MR E M AR I, AP AE—2E A 2
ZAb o Ho— , NTIESHEARTHE AR E -2,
R ERKEARAW FH RO, WE A TiES
A IRTH R 0°C; H ., T TIRIRAS SRR I T L
Xt A A 1 4 187 S e (ol e /D T 8 5 3 4
FE S E ) PR SR Al fE 2 e Al e feox
WEFWRENERY, )5, A SCRER S
TR EE AR AR —— 1 T R, RO R 45
I, R TR R AR N TR T AT 5 Y
BABES B o X SEA AR Fp A6 Jm e 5T
AWToEEE HIR S o

S % ik (References):

[1] IPCC. Climate Change 2013: The Physical Science Basis|[M]. Cam-
bridge: Cambridge University Press, 2013.

[2] A, o T NI TR LLABEFE)]. A SCHLEE, 2010, 16
(3): 26-30. [Han J, Han D. Comparative study of ski tourism at
home and aboard[J]. Human Geography, 2010, 16(3): 26-30.]

[3] Steiger R. Scenarios for skiing tourism in Austria: Integrating de-
mographics with an analysis of climate change[J]. Journal of Sus-
tainable Tourism, 2012, 20(6): 867-882.

[4] Elsasser H, Biirki R. Climate change as a threat to tourism in the
Alps[J]. Climate Research, 2002, 20(3): 253-257.

[5] Snowathome.com. Wet— Bulb Temperature Chart: Snowmaking
Weather Tools[EB/OL]. (2013- 12) [2019- 07— 25]. www.
snowathome.com/pdf/wet_bulb_chart_celsius.pdf.

[6] Steiger R, Scott D, Abegg B, et al. A critical review of climate
change risk for ski tourism[J]. Current Issues in Tourism, 2019, 22
(11): 1343-1379.

[7] AR, BRPCAE. o [ 57l 15 (2018 4F B2 41 75)[EB/OL].
(2019-01-17) [2019- 07- 25]. http://www.8264.com/wenzhang/
5524759.html. [Wu B, Wei Q H. China Ski Industry White Book
(2018 Annual Report)[ EB/OL]. (2019-01-17) [2019-07-25]. http:
/Iwww.8264.com/wenzhang/5524759.html.]

[8] Etthag:, tRoprk, X5E, 45, hERSikiz B iz AR5 A7 7R
i) 0 % X ST, vk A £, 2017, 39(4): 902-909. [Wang
S J, Xu X W, Deng J, et al. Chinese skiing—tourism destination:
Spatial patterns, existing problems and development countermea-
sures[J]. Journal of Glaciology and Geocryology, 2017, 39(4): 902-
909.]

[9] Fhde, (o, BRPSAR, . Hp ERE S5 Ik & i (2016)[M]. b
50 A2 B2 SR RHE, 2016, [Sun C H, Wu B, Wei Q H, et
al. China Ski Industry Development Report (2016) [M]. Beijing:
Social Science Academic Press, 2016.]

hitp://www.resci.net

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

TrER. G AR F EE 5 37 K3 R SR BT AR ST
[D]. AL 5T dE AT 24, 2019, [Fang Y. Potential Effects of Climate
Change on China’s Ski Resorts and Ski Demand[D]. Beijing: Pe-
king University, 2019.]

Fang Y, Scott D, Steiger R. The impact of climate change on ski re-
sorts in China[J]. International Journal of Biometeorology, 2019,
DOLI: 10. 1007/s00484-019-01822~x.

Konig U. Tourism in a Warmer World: Implications of Climate
Change due to Enhanced Greenhouse Effect for the Ski Industry in
the Australian Alps[D]. Zurich: University of Zurich, 1998.
Hennessy K, Whetton P, Smith I, et al. The Impact of Climate
Change on Snow Conditions in Mainland Australia|R]. Aspendale:
Commonwealth Scientific and Industrial Research Organization,
2003.

Steiger R. The impact of climate change on ski season length and
snowmaking requirements in Tyrol, Austria[J]. Climate Research,
2010, 43(3): 251-262.

Scott D, McBoyle G, Mills B. Climate change and the skiing indus-
try in southern Ontario (Canada): Exploring the importance of
snowmaking as a technical adaptation[J]. Climate Research, 2003,
23(2): 171-181.

Steiger R. Scenarios for skiing tourism in Austria: Integrating de-
mographics with an analysis of climate change[J]. Journal of Sus-
tainable Tourism, 2012, 20(6): 867-882.

Steiger R, Abegg B. The sensitivity of Austrian ski areas to climate
change[J]. Tourism Planning & Development, 2013, 10(4): 480-
493.

Scott D, Steiger R, Dannevig H, et al. Climate change and the fu-
ture of the Norwegian alpine ski industry[J]. Current Issues in
Tourism, 2019, DOI: 10. 1080/13683500. 2019. 1608919.

Scott D, Steiger R, Rutty M, et al. The differential futures of ski
tourism in Ontario (Canada) under climate change: The limits of
snowmaking adaptation[J]. Current Issues in Tourism, 2019, 22
(11): 1327-1342.

FERER, AR, AN, 4 SEARFEIR 1501 EE H iy
23 ARAHRAELD). vk -, 2010, 32(2): 265-274. [Cui Y H, Ye B
S, Wang J, et al. Analysis of the spatial-temporal variations of the
positive degree—day factors on the glacier No. 1 at the headwaters
of the Riimqi River[J]. Journal of Glaciology and Geocryology,
2010, 32(2): 265-274.]

Hock R. Temperature index melt modelling in mountain areas[J].
Journal of Hydrology, 2003, 282(1—4): 104-115.

53, AR, TR R PR UK F R T 25 [ AE AR AR
[J]. HF 2% 4, 2006, 61(1): 89-98. [Zhang Y, Liu S Y, Ding Y J.
Spatial variation of degree—day factors on the observed glaciers in
western China[J]. Acta Geographica Sinica, 2006, 61(1): 89-98.]
TVHERE, TR, AL, A, AL T SR Db o3 A1 K SO



2020 6

[24]

[25]

[26]

[27]

[28]

[29]

[30]

(31]

i BREE AT 5T AT SRR TR o

FARE R 1221

o LBE L] 800 0[], 38 AROR 272 i (L BB 2 i), 2011,
41(1): 137-144. [Yin X R, Zhang G X, Yang F, et al. Distributed
hydrological modeling in semi-arid region in northeast China: A
case study in the Taoer river basin[J]. Journal of Jilin University
(Earth Science Edition), 2011, 41(1): 137-144.]
XUBPAR, T B, A, A5 EII?H%?'%%/I\??{T/J?Iﬁ
VKNPSRS BT FER]. 22 58 T A2 E k)1 R 127
S SCE( A, 1996. [Liu S Y, Ding Y J, Ye B'S, et al. Study on
the Mass Balance of the Glacier No. 1 at the Headwaters of the
Urumgqi River Using Degree—Day Method|[C]. Lanzhou: Proceed-
ings of the Fifth Chinese Conference on Glaciology and Geocryolo-
gy, 1996.]
TERRYR, ATIMERE, MHATA:. JEhE L A SE IR k) 1 5 PKEE H A+
WL, vK)I% £, 2010, 32(2): 257-264. [Qiao C J, He X B, Ye
B S. Study of the degree—day factors for snow and ice on the Dong-
kemadi Glacier, Tanggula Range[J]. Journal of Glaciology and
Geocryology, 2010, 32(2): 257-264.]
SAE, BRI, Sin0t, A 5 R AR AL Y vk B
H B4R A0E B L D). oK 1R =, 2010, 32(5): 891-897. [Wu
Q R, Kang S C, Gao T G, et al. The characteristics of the positive
degree—day factors of the Zhadang glacier on the Nyaingéntanglha
range of Tibetan plateau, and its application[J]. Journal of Glaciol-
ogy and Geocryology, 2010, 32(5): 891-897.]
e 2%, TSR, HRAE, ST DY PR ALk K i 5 £
J1. AKBl2A0E R, 2011, 22(3): 344-350. [Gao X, Zhang S Q, Ye B
S, et al. Recent changes of glacier runoff in the Hexi inland river
basin[J]. Advances in Water Science, 2011, 22(3): 344-350.]
AR, BRI, X0, 45, RS KK A3 B T ARV vk
7+, 2010, 20(1): 249-256. [Han C T, Chen R S, Liu J F, et al. A
discuss of the separating solid and liquid precipitations[J]. Journal
of Glaciology and Geocryology, 2010, 20(1): 249-256.]
Chen R S, Liu J F, Song Y X. Precipitation type estimation and val-
idation in ChinalJ]. Journal of Mountain Science, 2014, 11(4):
917-925.
XU, AT, R TE, 45 SRM Rl A2 I BB AE R TR X 4
e 35 JR VA gt A 8 FH (], b B A7 4z, 2006, 61(11): 1149-1159.
[Liu J F, Yang J P, Chen R S, et al. The simulation of snowmelt
runoff model in the Dongkemadi river basin, headwater of the
Yangtze river[]]. Acta Geographica Sinica, 2006, 61(11): 1149-
1159.]
I, EARE, AL, A5 BT RR I TR A R TR 22 0 )

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

FEREIULI]. Vo0 K2 2 4 (F SRR R, 2013, 41(1): 26-31.
[Feng X, Wang C H, Li S J, et al. Multi—time scale simulations
with snow melting models based on energy balance theory[J]. Jour-
nal of Hohai University (Natural Sciences), 2013, 41(1): 26-31.]
SRIR, SPEL, W58, A5, A6 XA TR K AR S 1 U Al B
FE[0]. B R4, 2013, 32(6): 1780-1786. [Zhang L. N, Guo R,
Zeng ], et al. Research on discrimination criterion of precipitation
types in Beijing in winter[J]. Plateau Meteorology, 2013, 32(6):
1780-1786.]

SRS, AT, b, S B TONIE] D e A o E O L XK
JEZA B IR vk £, 2017, 39(2): 235-244. [Zhang X T,
Li X M, Gao P, et al. Separation of precipitation forms based on
different methods in Tianshan mountainous area, Northwest China
[J]. Journal of Glaciology and Geocryology, 2017, 39(2): 235-244.]
Abegg B, Elsasser H. Climate, weather, and tourism in the Swiss
alps[J]. Geographische Rundschau, 1996, 48(12): 737-742.

Che T, Li X, Jin R, et al. Snow depth derived from passive micro-
wave remote— sensing data in China[J]. Annals of Glaciology,
2008, 49(1): 145-154.

Dai L'Y, Che T, Ding Y J. Inter—calibrating SMMR, SSM/I and SS-
MI/S data to improve the consistency of snow—depth products in
China[J]. Remote Sensing, 2015, 7(6): 7212-7230.

Dai L'Y, Che T, Wang J, et al. Snow depth and snow water equiva-
lent estimation from AMSR—-E data based on a priori snow charac-
teristics in Xinjiang, China[]]. Remote Sensing of Environment,
2012, 127: 14-29.

Racsko P, Szeidl L, Semenov M. A serial approach to local stochas-
tic weather models[J]. Ecological Modelling, 1991, 57(1-2): 27~
41.

Semenov M A, Barrow E M. Use of a stochastic weather generator
in the development of climate change scenarios[]J]. Climatic
Change, 1997, 35(4): 397-414.

TEHFIOC, JATH, B WINE, S5, JRe Mt DX fs BR824 S R
553 R ST D). BRI AR, 2017, 39(1): 157-167. [Wang H O,
Yu L, Lv M H, et al. The perception and responses of climate
change in Jiaozhou Bay arealJ]. Resources Science, 2017, 39(1):
157-167.]

Rutty M, Scott D, Johnson P, et al. Using ski industry response to
climatic variability to assess climate change risk: An analogue
study in Eastern CanadalJ]. Tourism Management, 2017, 58: 196~
204.

hitp://www.resci.cn



1222
42 6

Impact of snow—making technology improvement on ski
season length in China under climate change

FANG Yan', Daniel SCOTT?, Robert STEIGER?®, WU Bihu*, JIANG Yiyi'
(1. School of Recreational Sports and Tourism, Beijing Sport University, Beijing 100084, China; 2. Geography and

Environmental Management, University of Waterloo, Waterloo, Ontario N2L3G1, Canada; 3.Department of Public Finance,
University of Innsbruck, Innrain 526020 Innsbruck, Austria; 4. International Center for Recreation and Tourism Research,

College of Urban and Environmental Sciences, Peking University, Beijing 100871, China )

Abstract: Under global warming conditions, artificial snowmaking has proved to be an effective
adaptation measure to climate change for ski resorts. Based on the surface climate dataset (1981-
2010) and new Intergovernmental Panel on Climate Change (IPCC) RCPs scenarios, this study
assessed the impact of snow-making technology improvement (snow could be produced at —2°C
rather than —5°C) on ski season length in China under climate change using the SkiSim 2.0 model.
The results show that average ski season length in China would increase by 3% ~12% with
improved snowmaking machine, and 78% of ski areas in China could maintain a ski season of over
100 days even under the RCP 8.5 scenario in the 2080s. Ski resorts that are highly affected by
climate change (for example, north, east and central regions) would receive more benefits from
new technology than slightly affected areas (for example, northeast and northwest). Furthermore,
geographical environmental conditions are the fundamental factors that affect the length of ski
season. No matter whether snow-making technology is improved or not, the dividing line for 100-
day ski season in China under climate change is Changbai Mountain- Yinshan Mountain- Qilian
Mountain- Tianshan Mountain. For mitigating and adapting to climate change, more attention
should be paid to technological innovation in artificial snowmaking to ensure sustainable
development of China’s ski industry from the supply side.

Key words: climate change; ski resort; technology improvement; mitigation measures; SkiSim
2.0; China
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