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Abstract

Abstract

In 2022, the Beijing Winter Olympic Games will be hold in China.
Snowboarding is the most important question. The snow quality of the track is the
most crucial in the snow work. However, at present, little research work has been
done on the snow quality of competition-type snow track in China. By studying the
snow quality characteristics of the track of Wanlong ski resort in Hebei Province,
which is dominated by artificial snow, to understand the current situation of
competitive ski track in China, and find out the difference between the standard track
required by the International Federation of snow. According to the characteristics of
snow quality changes, put forward the scheme of snow quality maintenance and
technical improvement, and risk assessment of the factors affecting snow quality. To
enhance the scientific research capacity and technical level of the snow work in China
and provide scientific basis and services for the successful hosting of the Winter
Olympic Games.

The main conclusions are as follows:

The snow quality of China's competitive skiing track is influenced by the outside
world, and it changes with time and space as a whole. The temperature of the
Wanlong skiing ground is -17.7 °C ~3.1 °C in the period of good snow quality, the
highest and lowest temperatures are in line with the international standards; the
thickness of the skiing ground is 58.6 cm~120.0 cm, which meets the requirements of
the standard track thickness; the density of the track is 410 kg-m=>~550 kg-m™, which
meets the requirements of the snow density of the snow events, but the density of the
track is affected by external factors and the stability is poor, and the race density is
poor. The consistency of density is also poor; the water content of the track is
0.79%~2.54%, which belongs to tidal snow, and can not meet the needs of landing

and stopping areas in snow projects. The hardness of the track ranges from 4.5 N to
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68.0 N, which can meet the hardness requirements of the ordinary track. However, the
hardness of the track is insufficient for the above 70 N standard of the ice-snow track.

The maximum net radiation is 59.19 W-m™2, the minimum is 13.69 W-m, and
the average net radiation is 39.07 W-m™. The maximum temperature is 5.3 °C, the
minimum temperature is -17.7 °C, the average temperature is -3.8 C, the
accumulated positive accumulated temperature is 230.2 °C, and the accumulated
positive accumulated temperature is 113 h. There is a certain delay between net
radiation and temperature, and the correlation coefficient R* = 0.319 (P<0.01). The
temperature difference between day and night ranged from 1.2 °C to 5.9 °C, with an
average of 2.9 °C. Relative humidity ranges from 15% to 90%. Considering the
characteristics of daily temperature variation, the suitable time point for artificial
snow making is 21:00—6:00. In the period of relatively low temperature, artificial
snow making is suitable all day. During the observation period, the wind speed ranges
from 3.0 m-s™! to 9.0 m-s™'. The wind speed ranges from 2 to 5. The wind speed in the
snow field is mainly from 2 to 3. The wind speed in the snow field meets the
requirement of artificial snow making.

Under the influence of external factors, snow temperature first responds,
followed by snow moisture content, and finally snow density. The highest temperature
is -3.8 °C, the lowest temperature is -18.8 °C, the average temperature is -10.0 °C, the
temperature gradient value is -0.1 °C, the surface temperature is the highest, and the
temperature is the lowest at 10 cm. The average temperature of the track is positively
correlated with the daily average temperature, and the correlation coefficient is
R*=0.761 (P<0.01). Snow layer temperature is controlled by temperature, wind speed
and ground temperature. The correlation coefficients of track average density with
daily average temperature and snow field average temperature are R>=0.526 (P<0.01)
and R?>=0.636 (P<0.01), respectively. The snow density of the track is related to the
snow temperature, water content, temperature and wind speed. The water content of
the track ranges from 0.59%~4.81%, with an average of 2.62%. Tidal snow and wet
snow are dominant. Temperature at 0 °C is the threshold point for the significant

change of snow water content in the track. The water content of snow layer is greatly
v
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influenced by external meteorological factors. The track porosity is smaller than that
of natural snow cover, ranging from 0.33%~1.57%, and the average porosity is
0.83%. Porosity conforms to normal distribution, Mean=0.858, SD=0.237, mainly
concentrated in 0.50%~1.25%.

Artificial snow is the main snow cover in the ski track. There are some
differences in snow particle size compared with natural snow cover. The snow cover
in the track is mainly composed of powder snow and fine snow. The hardness of the
track ranges from 4.5 N~68.0 N. The fluctuation of the hardness of the whole layer is
obvious and the consistency is poor. There was a significant correlation between track
density and hardness, and the correlation coefficient was R*=0.894 (P<0.01).
According to the relationship between track density and hardness, it can be known
that the hardness of ice-like snow track required in some winter Olympic events
should be more than 70 N.

There is a significant negative correlation between track material balance and
positive accumulated temperature. The correlation coefficient is R*=0.854 (P<0.01).
The DDF ranges from 2.1 mm-°C '-d"! to 6.1 mm-°C -'-d"!, with an average of 3.4
mm-°C "!-d"!. According to the relationship between track material balance and
positive accumulated temperature, the quantitative data of high resolution rate and
artificial snow recharge are provided for track ablation.

The one-time compaction paving method is used in the production of the track,
which results in different density and poor consistency of the whole track. It takes a
long time from snow-making to snow-pressing in domestic snow farms. There are
usually some problems such as working every other day. There is no quick paving and
compaction of snow, which changes the physical and chemical properties of snow,
and has a great impact on subsequent track laying and snow sintering.

High temperature risk coexists with extreme cold, heavy snow and heavy rainfall
risk coexist. The highest temperature, the lowest temperature, the minimum of the
highest temperature and the maximum of the lowest temperature all showed an
upward trend in the historical period, and the lowest temperature had the most

obvious upward trend. Total precipitation, precipitation intensity, daily maximum
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precipitation and heavy precipitation all show an upward trend in the historical period,
and the upward trend of heavy precipitation is the most obvious.

Key words: competition-type, ski resort, artificial snow, snow quality, global change
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3AFEIX, a2t FEIX . IEPRFEX MG K X o 5Kk K BRI A7 T 5K 2K 1
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A= TR AR H 13

115°23'30"E 115°24'0"E

40°58'0"N
40°58'0"N

40°57'30"N

115°2330° 115°24'0°E
2.1 JiEFE G X AL A 18 3 A

Figure 2.1 Location of Wanlong ski resort and spatial distribution of observation points
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MTIRE 1.5 m (BIERSE, 2015). SALIXIAT MIRFLEN 4K, Ak 155
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ME G EBA AR GEME, SALEEX Ay b E B FZ X
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H B 5K DL TR [ 5K AAAA X (gIEIME, 2007), 2 HA. #HiE
LER LIS E) A TR E N, Reg R Ir & K E R KA H 2 d, DLt
5 SRR AR E BR S LU SRR SR R SRS K E R . 2B S
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Figure 2.2 Length and slope statistics of skiway in Wanlong skiing ground
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Table 3.1 Snow quality parameters of track
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FEH IR LAMNREETE BT UREE T .0
FETE Snow Fork AL

FEIEFKE Snow Fork 25 454X
FEE LR Snow Fork ZHEHAX
HhiR EEL WA C
FRIENHE F1FE i (Snow Wicro Pen) +5 mN
W) T i N ESIN +.0cm

FOEE L FHKE R ASLBREEE . Snow Fork FHRePEHTA0E —Fhill &7

i
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ﬁ
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e
&
5
B8
H,
@
munf
=
IIKI&:P
3
=
H
N
%
ot
2
S
S
>Fi
i
=

N\

Jit. BRI IR . SRPEACH SR 2R R A, AR Ty
PE AL, BARTAFIR L AIIE-40 °C,  REWS T (I FHERA A EAT B SN S 2 500
®, EEC)ZNH T RS H . Snow Fork T4 AT BN & 3L R
PR IEIEA 3 dB WX 3 NS, FIAIX 3 NS EINEE A RS
AL JREE AR A IR RS BB EKE . WER, Snow
Fork THRAE T CRIRERAG : IR . FLIRMR . 3 dB 4798 /rHEH (4
SEHRARE AL MRE KR R RS KE . FILRRREE T i Fah il %
PRI A 2 TR

FHEIEEHE . THER R A T RZAMEEE T BT I &, 3898 iR

13



S S 3 P8 S o e L U RS VAR - LART AR 5 el 35 9 1)

FER R 2R T AT
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KFARIG . T Anyty 318X B8 3R-VS00IR/UV Z 511 &A1 F i
o WLES, KBCRMFAT AR EERIRE T, (2P RRAT R [A] a1 4R
B E BRI IR, ORAE N JPEG #%3X, 2R A 3R-V500IR/UV Viewter
Plus #fF, 5 RLAR R TR E RN &

FRIERE A . F ORI S oK T o JE I BB AR, HAT, TR
IR SR P DB T o PR B TE I R VR SN S JE AL, AR A D
BT R, DARIERETI AT NS R RIREE, AT DA R R . (HiX
MOTE—ITHRZER, AKEW: 55— T ICEN B R SEE AT A AT 8L,
DR s Bn A AR AN IS AR . SR, S+ S5 vk O A 7= 1K) Snow Wicro Pen & —
AR PR TR, i R T I S e U R SR, R R E A A
73, BEM RS FTREE N UK R, A 2 (8] 43 3 3 A s v SR A
TSR R AT, W0 B iR SRS IR S TS SRR L
(FRsB MEIRIG) o 1B B AL, AT AR IR AT BT B G 11
BRI g8, B NI s i, B AN TARREVE E -30 °C~35 °C, A
RAES ZNHEHEEN 2 coms™, FEAPHA 0.5 mm, RZE N5 mN.
EREEEREW E, RN R RRSE NS FEAT RS, Rl
AR & 77 BB SRR RO R . MR Bonfeasm 2t b, IFLL
RS A TE SD R E, ERI SR LB IS Snowmicropyn FEFEZEL. 42
HFIEA .

FEEY)PCPEEE . SRER R IR IR RS = R, ZEMNE X 13 A A
ABACHT, BN RO S FEIEAT KR, SRS AT B BEg 2: L3R AesT
KEEGAFIRTEIRE . MIA N FEE 1 D PP, RS sz H S 5
MUV s B S R b A A S U P B
Y5 - o

NTAEH R EAE . XA A FELREA R 3 Mg SR S, 5E 32
AN E A A, A R RG22 BRI
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x32 AGg3H

Table 3.2 Meteorological parameters

ZH AT IR RR LS K e
SRIE T TR P AL R A% HC2S3 4.1 C
FHH IR % TRIE AL A% HC2S3 20.5%
PNLEEE) W m?2 V453 EE ST CNR4 +.0%

R m-s’! KA A% 05103 4.3 m-s’!

Hh i T IR E AR B 109 4.2 T

B 7K mm 4= [ SR /K &AL T-200B +0.05 mm

SALFEX T SR TR AR 2017 43 H 3 HE 2017 43 H
19 H¥dE, B3I RubERR RN 1 h.

1960~2014 =2 AL DXGE H T30 S Ul SRR BURGE H K
BRI P ESRRER G P ORE. NT RIS R, T R R
i, HrrEREEEE S ML 2 B —8 HERARAT KT HEKRS
T Bl AR RN R (S O ik

32 MRFE
32.1 BREARE

AR BB “hRUEZEAR”, TR T S B AR R gt
o PN B AN AR SRR AT LU, i SR A RSP Y R
FAIE, AT AR AR 2R LS 5 AR T 7 R R
A A6 K /NFNEE WA TR . e SONARHEZERIEIE 2 L, A
Xurre
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CV=SD/MN ER))
A CV R R ARE: SD NhriEZE; MN AFIIE.

3.2.2 HXAREE

FR M R s i BB R 2 (R ELOR R I B UIRR R, )2 A T b4
SAH SR T . A O SR B T 5 6 56 2 0 5 T B B 3R 2 (R AH LR R VAR FE I
FEITIE,

HRRE R, RERBILEZ AR ER G abs, MR RER EN
T-L1XE . R>0 Fon i HEHE L 82 AR IEAHR R R: R<0 RRm4L
WAL R [AAE UGG R R AHMEBRIEIE T 1, R 18] (AR DG Bk
If: R ANHEBREEL T 0, FORPIE I AR B2

BEAL, MR A T AT H B 5 R s B R A K ) 22 /0 elURE 7 2
AFETANE, BT EXS K RBOEATRLR, BRI sefh iR L r S A, il
A PR B A I B A XA, 20N 95% (P<<0.05) F199% (P<<0.01).

3.2.3 Mann-Kendall #23# 16 7%

Mann-Kendall % k3022 — ISR g it ki )i, RmE TREAAR R
TN — B, AR E AT/, &M TR A A
T EAME T LUK 38 R AR I 5] 17 5 AR AR A a3, 3 W] ARG R AR BB I [R] 7 31
B RAERA, WEMEH 7=+1.96, BIEEKT a=0.05,

3.2.4 YR EIRE-E HEE

P ICOR T RE EGOIRDL, T DA S A de i T i AR A SR A
TS, XA SRR AT, b T 5 S
FER (R FEK KPR SE) Z RIS &, BRI b A &% Fh 5
BE, W aE ROV BT . SETE RS T AR T DOE R S T A R Ok
BEATHEN, N FEERDUAN N TS fh e 1R (it 2 (e S8 . i T i 3k
RARZH,  HArE AT iR 2 S ST R 1 e &1 1l
BRI T 2RS0T (IR TR B AR A . R B 4R B AR A2 — FhFi iR K 1 A AR
HHEURRARMER AN, MR TREE TEEA, &EREEE TS
A, AFFAAEEE, TN T KNSR dt . B, KSR E
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RN, FEEA. TR FER AN LET AR S H M F A, A
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EENEEE. 5EHATMHEL, NEFEA%E, 10cm JENETHYT
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FaEMEF A (Lintzen, 2012). FEMFEEST ), 7 LURD 1 S BN FEE H52
Wi, PRbEE R RIS 3N RAETERGL— B, DR G IR A, X T HRES
FE X, BFHENET W LFET R ER. B SRl

XAEEEE/D, BARRSTLEHLCHESHNFEMER. EiREHZR AL
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HAT, E RSN HE DT HRBCN M &S, e RsaElEss,
FERE AR I REAT AN T 2 T3 BRI AT 1 77 T K B 3. A
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V&S Y N

SEEEE SR NE S enE SIRTULRIIE SEICY P - SERTYLAE S L)L AN

[ EAREULTRZ AR R b5 TEY, RESHZ
FEFHARMRS KR Bk, £ k#5445 BT 265
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115°23'51.97" E, 1765 m), F4&H8 50 m g4k = B2 (A b S S BT SR ), ik
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DERRESS ] B TORPRRSS . B GERGER, AORIEERE RSN, IR TS
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WesE 13/ (F1—F13) F[UKUIl s T e 5 vk BRI, B B A 2.1,
JI T FEE N L H R ETES EHHETEA TR RS, ¥
MR L) FEIE . 1S FRER T, REPORIEE R, RS
JFIRTE A RARKILAE . B, FETFENFRESARRAR, KEESH
B CERAR. XD EFEIE EIRRNIRE, 1%5E 0~20 cm FEERE N2 TE 5 &7
S A BB RS . A2 ] Snow Fork SRRSO IR SE4T JFAX 28, A AR
B EEAETAN 15 min, BT RARIE, WKRIERAEMPREMETERE CGEREN T
1200~1 500, #iZAT 800~900 Hz, 3 dB # % /T 19~21 Hz), ¥ Snow
Fork #Rk4fi NFRIE T JZHIHIAFNRE (5em, 10cm, 15cm, 20 cm), RKIK
BRI UE ROGE R R . Bk . FEE R IR A ] R LM B T AT
D, FETE Py B R P B R BE T E AT & o A5 OV I TR CRAIEAE B T I (]
9:00~11:00, FF#HATRTHEXTHTHI M2, 05 &S E e EdE N E =
O SRICTEY,  DLORUE I & 50408 1 S A e S
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EH AT 0, WIS P 1 S e KB R BIAE 17 HOA 59.19 Wom™2, i+ i i /IME
HIAE 5 B9 13.69 Wem™?, P4 E )y 39.07 Wem™=. R P e el B2
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Figure 4.1 Variation of meteorological elements during observation period
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T 4.1 RT5A, UL S0 P 450 SR AN SR A AE — 8 IR o 3 I 2 A UL 34
N HIJIRAUR AR R R, Wk 4.2 B, HISEAGGE S SO0EMHE S, H
FHICTEARRKFEAR, MK RFR>=0.319 (P<0.01), JRKETHFZHELX,
. AA. B3, TS NRmMECYE R, BN EER LA K, Hfd
H B IRANGR AR AN ERAR, AP — IR, (R A b0 T 22 R B A A
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y=-2.172x+37.871 -
R*>=0.319 .
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-8 -6 4 2 0 2
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Figure 4.2 The relation between daily mean temperature and solar radiation during observation
period
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Figure 4.3 Daily and night mean temperature variation during observation period
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Figure 4.4 Hourly variation of temperature during observation period
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Figure 4.5 Daily positive cumulative temperature and time variation during observation period
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Figure 4.6 The relationship between daily positive accumulated temperature and time in
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Figure 4.7 Changes of solar radiation during observation period
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Figure 4.8 Changes of relative humidity during observation period
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Figure 4.9 Variation of wind speed during observation period
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R,
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FLE BESERTUIH

AHEFCEE AN T 13 ASTURERNSIZEH . BRNZEE
FEo L HKERS SLER PP IEEE . SRE TR S . SEE A
i FEE T EE, SRR ERD . AR R BT HRIED T YR
PR, PRIUEE SER IS T 3RE S R

FASE % E B2 FRUKIE Z AR Akt 85 e S5 R R E Sk
oM (BEIESE, 2011), RHERAEYIRER EE s (RRES%, 20105 31
H, 20100, WAERBAAREZMH (Jansson P-E,1991; Sturm M %5,
1997). JEAh, FEIE T B AT LARE A - S SR =5 5 AR

600

3456 7 8 910111213 14 15 16 17 18 19
H#l/(GH)
B 5.1 WL A B s AR A
Figure 5.1 Variation of track density during observation period
Bl 5.1 UL A N B81E & & R AR Ol tHIE AT RN, SEE S R AR
AT —3, ANEEH 2 2 A AR RS G E 15 3818 5 R R AR
oo WL EA P S8 5 FE AR AR BEE, 3 H 3 HA 3 H 10 HEREHEVERIN 410

kg'm3~550 kg'm3, FEE THEEN 473 kgm, FEFEERLK, EHHELT
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Werh, fEtiEZzE, 3 H 11 HE 3 H 19 HEEESEuE N 220 kg'm>~350
kgm?, FEIEVHHER 298 kg m?, FEHL R FEBH, &2 FH%EN
A 310 kg'm3. 300 kg'm>. 290 kg'm3>. 290 kg'm>, BRFEE 15 cm. 20 cm 4k
SPIE SRS, FRIE R R RA b R DL BE IR G IR NS, B -6
kgm?o KL I FRIE S E % Py (il 5.2) mIA, FRIE R RER F 2
BER LRGN g NS . W HIGTRE S TR, RORFIKEE @ /N TR AA L
IERIE, TEHRT H SRS, SR IKEEER R TR FS
7, BUERES R T EILEEE R, FRERERD.

=R/ (kgm™)
370 375 380 385 390
" 1 " 1 L | :

Scm

10cm

IRFE /em

15¢cm

20cm

5.2 NI FEIE LR IR AR AL
Figure 5.2 Variation of track density with depth during observation period

3 H#E 10 HEEERAL BTG FER BT (8 5.5), 08 % =R 30 E
JERK, FIEVIREN-123°C, 7 HEIEIR L FRILER-18.8 °C, IS
TG V1% B IR BB RAE N 550 kgm™>,  FLIR FEROR S FEOK . FRIE % /AR
sHEE 11 H, BB SEE TIIEE N-10.0 °C, THSEN-03°C, FEH
0N 320 kg'm™. FEIEE B RARK BOTAA H I m UK T 0 °C BIRA, 700
N9 HO02°C, 10H3.1°CAH11 H1.0°C. 59 HZE 11 HIEEEE RS
MALG, FEE% ARG 5 TR AR, RIS FH G207 vkt S A i 2618 15
FEo BKE HREBAEAT A, AR RN 0342, 0278, 0.243, HUA
PRI/ IR B R BSOS, X TE— B R bR FRIE 5 R AE /R F SRR 3R

—
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R, FEEMRERICWN, REEMEAR, RETHEE. K53 0N
W HIE S FRE TR R R, HEH, HIESFEE TS AR
EAHZEME, AR REON R>=0.526 (P<<0.01).

600

| y=14.673x+322.966
2504 R*=0.526 -

H iR/ C
B 5.3 SN H5R 5 F0E % E R R
Figure 5.3 Relation between daily mean temperature and average track density during observation
period
Y WL P S 1 B S S P IR AT AR O b (i 5.4), 3§
TH 3% P 2808 TR 2PV IEMI e, SR RECN R?=0.636 (P<
0.01), FEIE ¥ B 5 FE P IR BE (R AR DG I K T FR 18 35 %5 B 5 E 3408 1 AR
Sk, DRIUL, BRI T 2R B BT T34 % R (R T H BT SR TR
RIS o
TG B FE AR JG PR N-8.1 °C, “PIYSIRN-1.4 °C, “FIYE N 290
kg'm?. 9 HATHR S UREANIL 0 °C i, F0E % T 5% R AT £ 30
REFEE RN, FHFHEERN 470kgm?; REUEET 0°C 5, &HE%
FEBR RIS, SR 35 % B PR A 290 kgrm> . 9 H G e IR 0 °C (IR
BN 10 K, HEN 90.9%, BRI 0 °C s S T LAE 3838 % B i AR B35 AR
R BIE A Guvh 2818 % FE SRAZ MY BOERURFIIZ /N R K T 0°C 14k, 15
A9 HNO05°C, 2h; 10 HA21.0°C, 12h; 11 HA3.6°C, 5h. FEEEE
A B IERRL S BN 25.1 °C, B/ ARIRK T 0 °C BIRFECH 19 h, B

¢

¢
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ZERAE — E RS OV FHE T R AE R AN I 3R 25 K5
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g
&
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o7 300 -
y=-23.453+145.770 -
R*=0.636
| |
200 T . . T . T
-18 -16 -14 12 -10 -8 -6 -4

TEBRE/C
B 5.4 WLIIHA P RIE TS50 B 5 T 2 B OR R
Figure 5.4 Relationship between average temperature and density of snow layer during
observation period
SRR N, FEE T E R S5FREFHEE (R=-0.797, P<0.01).
R (R=-0.626, P<<0.01). LR (R=-0.619, P<<0.01). HIJid
(R=-0.725, P<<0.01) FIFRIEFHE/KE (R=-0.902, P<0.01) HAEEM R
M, HXIE (R=0.591, P<<0.05) HABMGMIEMIH. Fik, ZRE%5E
HEGETRE . FEES/KE, . XA K,

RERE RIS s B S K B A6 R (You Jinsheng 5., 2014), 1
R E RS IR B S AR RS R CIROREE, 2014), B ERERHE
A RESE T ENAKREE . SRR & 5.5 U0 P SR i R
IR A, WL P 2R 18 % 55 2 R B AR A A R — 3, IR B U e P BB R P
FAOEZE 5, TR R TR R Sl PR /N s U0 4 Py i P A AU R IR AR e
AR5, HEI I — N —Fhm— N —F S E . WO N 3R i s
%N 19 H-3.8°C, WAGIRE N 7 H-18.8°C, “FHJIRE N-10.0 °C, KIFEIRE
BREEME TS (BAVLSE, 2004), FEEWR R -FMEN-0.1 °Co M Py 2EiE %
PR R S emy 10 cmy 15 cm. 20 cm AR F343E FE 4 5108-9.5 °C.
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-10.0 °C. -10.5°C. -10.0°C. -9.9°C (¥ 5.6), FEEREIFEEHKE, 10cm
R K. B ERIE S BT E S H RS AT A et (i 5.7), #&iE
SRR S H YR R IEA S, MO RECN R>=0.761 (P<<0.01).

—XH
Scm
——— 10cm
— 15¢cm
20cm

34567 8 910111213 14151617 18 19
H#/ GH)

B 5.5 AMINRIES RR AR

Figure 5.5 Temperature variation of snow layer on raceway during observation period

TR/ C
-10.6 -10.4 -10.2 -10.0 -9.8 -9.6 -94
M 1 M 1 M 1 L 1 N 1 M

Ocm

Scm
=
Q
Py

#X 10cm

15¢cm

20cm -

Bl 5.6 LI N BE3E T SR FE BEIR FE AR L

Figure 5.6 Variation of snow temperature with depth during observation period
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44 y=0.599x-7.656 o
1 R>=0.761 "

-10 4
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TR/ C
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-84 =

'20 T T T T T ' T T T T T ’ T T T T T

H 3/ C
B 5.7 WL 6T i R S H R R
Figure 5.7 The relation between the average temperature of the track and the daily average
temperature during the observation period

KPR . shHGE R, T YRR B AR S5 R P B L R S 2
REEASAE IR, 2014). KWL Py FE R B SR S i AR . AR, T
B eiEst . KR, MR MRS HHTHSE T (RS, GRE
W], LEIRE. Scm. 10em. 15 cm. 20 cm AFEEEY SR RAK
AR PR RN XGE IR AR . FRE R IR SRR KBS
JRGH [RIHE S T 2818 PRI 5/ KBAR ST RGE AR SC s S8E R
P 55 0 P SR B A G PE R TR K BRAR ST R 5 238 P S0 P F A
KMk, YRR KBHFEN . ROESE SR E R TIRIERME, 1M)5 T
K R E R R IRE N

W B R T I FE S MR RIS 2 B ARG SR, S em. 10 emy 15 cm. 20
cm FETE I E Y 5l IR 2 IEAH S . DI SETE R R AR KU, bR
=R
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R51 FRWEHRMERAR

Table 5.1 Correlation of snow temperature

RMEE R BIEUR HSE RE bz FXHRE il

FMR — 0.848™ 0.878  0.899™  0.250 -0.657™ -0.202 0.303

5cmifE 0.861 0.667" 0762  0.758™  0.162 -0.464" 0.096 0.647™
10cm iR 0.884™ 0.731" 0761  0.776™  0.144 -0.593" 0.027 0.564"
15cmiEiE  0.866™ 0.693" 0.743*  0.750™  0.035 -0.617" 0.015 0.559"
20cm #E¥  0.846™ 0.783" 0767  0.782"  0.122 -0.645™ -0.133 0.390"

T ¥R P<0.05, **Fx P<0.01

TR KR IG AR S oK & &, HES 2N
RERER A, RMEFRIENRIN (Michael, 2004). &l 5.8 Uil A 2&
W EKFAR, FIE RS Z KRR B E AR A8, 5ARMIHE
T E IR H AR — B, FRIE S /KFTUHE N 0.59%~4.81%, “FIMEN
2.62%, Scm. 10 cm. 15 cm. 20 cm &b & 7K EFSFIEME 73 A8 2.55% 2.65%-
2.59%. 2.67%, FEAEFEELER . FEENBESKN LIZE TS, ik 2
HREEBRIR Bk K (WKl 5.9), ARAEEN 20 eom &8 /KFE KK, 5com ib
TIKFE RN 10em, 15 ecm WAFERH, JEFELE T ZEE 10 om AFLERRE iR
UK, BRASRAK NS, FRE EEE/KEE R, ZXAEOE — @R E LG R gEiE
GRS, ERMKRMNIEE) RFEERMA 5, 2 EE A PIEF St

SIU
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Figure 5.8 Change of track water content during observation period

wIKF/ %
2.54 256 258 260 262 264 266  2.68

1 L 1 L Il " 1 1 1 L 1

Scm

10cm -

#E/cm
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20cm

5.9 ALY S S KR BIA AL
Figure 5.9 Variation of track water content with depth during observation period
R H brok SCRHEWR 2 (TAHS) RATMIF T WA K S HEH KT R,
HER KB NTEH (0%). #FH (<3%). BF (3%~8%). JEHIE (8%~
15%) FIEHK (>15%). HE S8 A, 3 H 3 HAE 10 HIEE PSS KE
BINT 3%, JE TS BRI, SR TR, SRR SRS
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B KR LT 3 H 11 HE 19 HIHEWN FHRRS ST KRIEDEAR, B 12
H. 14 HWEEKFEANT 3%50, 735108 2.83%. 2.82%, FHoax HIAFEE P4
SEKELHEL 3%, /TRE. FFERS VRS H WK HEEN-6.6 °C, H
OIS H I H iR 9-0.2 °C.
4.5
4.0- ¢
L 4
] . 4
351 * 2
| L 2
3.0 1
X *
i 2.5- *
% * o
41 2.0 -
] 2
*
1.:5 — ’ .
1.0 H pe
1 &
0.5 +
2 0 8 6 4 2 0 2 4 6
H % =i )&/ C
& 5.10 WA FEE EKES H s U< R
Figure 5.10 Variation of track water content with depth during observation period
WS E KA RS R TR s Tabr,  HAL PG P RAEA 5 Rl A i
(EESE, 2017). Srit WA H s SR AN SEIE T4 5 KGR Ed, 1k 5.10

Fis, ZRESH)R

R BERET 2 I IS M H & &R T 0°C

I, FEETEEKEMIETE, SKRYERE 0.70%~1.60%, AR “H
B R T 0 °C B, FEEHIPUERAIL R, FE R SHANRS, A
TERT i, T8 SRR BN E, RRAEKERN4.10%. FHit, 0°CK
A2 S8 B KRR A R E AR BIE A, X SR8 % R B AR R E AT
W& . Bk, 0°C A2 MNESSRIES MR EENSIRER.

XPFRITE T B KR G FE TR . AR USRI RE RTINS
B, FTRIZEIEF3 S /KR SIOE PR . s R BRAUR. I, X

HEAE 0.01 15 MK F RIS
0.760. 0.780. -0.708. [Xlitt, %%

FARNE, HA R A4 0.785. 0.778
Y &SP P e S EN U A RN
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5.4 FEFLRBRET K

EAE R BVIRE N AR 2 AN BT, FLBRR R T A
PS4 MEAREBEXN T ZHPAET (Wo odside 5., 1958). VKA
(Sokratov, 2001). /K F#5 (Kuroiwa 25, 1968) 25i44 HEHIMEH . AHfF
FOOTFRE SRR BEAT 00T, — 7 1 R E ST B E T AL AR O, 4R
B IRTEbR: i, ARRIRESEARME S VKRR KUK TS
PROLER A . BRI, XDULINA A SEE FLBR AR AT 4087, W 5.11 Fow

2.0
[ ] 25%-75%
1.84 | I L5IQR AL =
— g
1.6 1 s HE
1ad L FEE
X124 . ‘ |
L2 1.0 H . . B
- s
PA\_'
0.8 4[] [ & %

T B

0.6 -

0.4 - -
0.2-

0.0

I I I T T I I T
3456 7 8 910111213 141516 17 18 19
H#1/ GAH)

Bl 5.1 UL A SR TE SLER A AR
Figure 5.11 Variation of track porosity during observation period

H P AT T, W00 40 P 28 TE FLBR U N 0.33%~1.57%, I FLIRE N 0.83%.

T8 FLRR A 5 IR AN FE TR BE AR A A F T AR — B, TR BE T P SR AL A B 2
TR, Rz BT T B RIR R ACN-13.8 °C, FE5E T FLBRAIE BIRAK A 0.46%:
19 H-F 58 Hm, A~ 2.1°C, FEETILERREN 1.12%.

HE TR MR TGS R M T AR E RN, R T HRIER S

S T R, FEEBIESRUGE, FEFLRE FEZ AN

M. M S.12 A, SR H IR S LR SRR BT IEAE DG, MO R
R*=0.634 (P<<0.01). FEEFLBZEMN AR TR, — s T=EK L TEE),
UK SR BAR AR R AT, UK TR S BRI AR L 55— T TR S K S SR AE
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2R, TR NFEE LI . B 513 w0, MIMHINFEERUE)Z (5 cm,
10 cm. 15 cm. 20 cm) FLBRZFIME 57114 0.83%. 0.86%. 0.86%- 0.87%,
FEE LR AR BAGR B I S, EARAGIERE N, B8 FETE LR RS
BN, X5 E AR RUKHESRE A, 5 BAS M AER KA.

1.2

1] y=0.032x+0.942 .
R*=0.634 .
1.0+

0.9

0.8 1

FLERZ/%

0.7 H

0.6 H

0.5

d4——7—7——7 T T T T T T
-6 -14 -12 -10 -8 6 4 -2 0 2 4

[ #38/°C
B 512 UWINHEAN SRE LR R 5 H R R &

Figure 5.12 The relationship between track porosity and daily mean temperature during

observation period

FLBEE/%
0.83 0.84 0.85 0.86 0.87
1 M L M 1 M 1 M 1

Scm

s 10cm
9
NG

15¢cm

20cm -

B 5.13 WL A R FLRR AR Bl R B2 AR AL

Figure 5.13 Variation of track porosity with depth during observation period
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Figure 5.14 Normal fitting of track porosity during observation period
Xof MRS P EE FLIR AR AT REAN B G h, WA 5.14 Fros. WHERN
T LR IF & IE A0 A, Mean=0.858, SD=0.237, fLEHR EZELEFLE 0.50%~
1.25%.

T R EE SR, H /NI B35 RS HR L 1 45
EREFEUNGESE T, HFRAHET RS FE—ENE
BRI SR LR S 1 T I Sl SRR RIS, ARG
EERAKR, REIRFM—HTE—TFRMEA, fRtEE
BN

BRI, XA S FEE BT R 248, 22 (0 em. 10 cm. 20
cm. 30 cm. 40 cm. 50 cm. 60 cm. 70 cm) JUEUE RFiAZEHE. WK 5.15 Fiox,
FIEAE 0~50 cm IR, FHRAIZDLHIR, REFRAZE /NN 0.29 mm, 50 cm
W KA KA 1.21 mm; 50 em~70 ecm FHRAZZE DI/, 70 om b FRiEH
0.59 mm, FEEFIERAEHN 0.67 mm. HRIEIRIE S 5 XS 5 HKbrifk (BE3CH
g, 2001 BAEAE, 2007), MHEME CRARTEHE 0.1~04 mm). 40K Ok
YEH 0.5~1.0 mm). AL CRIARTER 1.0~2.0 mm). HALE CRIALTEH
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2.0~2.0mm). EFE CRATEE 3.0~6.0mm). Hit, FREZHEMNESISEE
= PAKY S AR

HHRL1E/mm
0.2 0.4 0.6 0.8 1.0 1.2

1 " 1 " 1 L 1 " 1

04
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J&/cm

R
) 40-

1
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B 5.15 UL HA P B I RS Bl R AR AL

Figure 5.15 Variation of track snow particle size with depth during observation period

56 BiEBETK

LGN P AR FOE A T RPN AR E NFLR W BE ), R A sE—
DRSO, SOIIRASRIE RS AT 0, an&l 5.16 Fos. 38
B RTEE M BLEERZE 3.0cm 48, N 68.0N; 3.0 cm~25.0 cm A%, FEMHT L

TRE#a, FEREEVEEN 4.5 N~23.5N; 25.0cm~30.0 cm X%, FEMELE
Fash, BEREEJEEEN 13.0 N~44.0 N; 30.0 cm~45.0 cm {RF, FE@EBHE 2 N4

#a, BEREVEEN 17.5 N~40.0 N; 45.0 cm~50.0 cm (&, FEiEmE £ -7t
#o, BEETEEDN 22.0 N~37.0N. Kit, BEFEME FTNEshtEmE, —
MR E. AYERESTEN, FREMEESER R, Al B IRIERE.

(i
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70—
§ :
60l & Surface: 0.00mm
o Ground: 500.00mm :
50 2 |Max Force: 68.02N at 30.08mm ; ;
o otier 0.186% S R
E | Drift: 2.12e-01N/m
?;40 ' - [Noise: 8.55¢-03N
9 .
8 30l
e |
200 |
09 30 00 150 200 250 300 350 400 450 500

Depth[mm]

B 5,16 WA Py S TE A RE I R AR A

Figure 5.16 Variation of track hardness with depth during observation period

y=0.222x-40.763
601  R>=0.894

200 | 3(I)0 | 4(I)0 I 500
w %/ (kgrm”)
B 5.7 WL A FEIE % S G R
Figure 5.17 Relation between track density and hardness during observation period

PE 5 B R AR B o, B EROR, BRI R R R AOR, fE
—ERRE LT DL S R AR . DRI, 7 I DX I AT S b T4
&, FEMESCES ZHE . AU SOE % B IR E, SRBUN RIR AL 2818
T R . W 5.17 AFRIE T R AV A A R, R R, FEiE

% ERIE FEAFAE A R IEAH G, AHOC RECH R*=0.894 (P<<0.01).
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[ PR BEAR VL 50 22 R > BOR A B p T (P, 15 KInlHesE) B
FEH & — B B EARE IR S 2818 L2847 . VOR T B R IRR T E LR T
500 kg'm™ [IFEE, HATRAVCIRS SEER B fabr . IKIEADE L IEIE S
FEFRERERIOC &R, T AR ANVICIR S5 SRR B R AE 70 N DA B o 3X 9 3R[E 55 4 7 T
TFEE UL BT 3HE RO 7 BRI R, ATUONESE S
BB I S AW -

5.7 BEMRFEETK

1B H G IREY T4 & HIGE Re R 5 RIS YRR, HIE 518
CIPSI VIR TSRS 7/ i T ol N 1 AP B2/ A i 1 X S 7 |
N4 H-49.9mm, 10 H-78.2mm, 15 H-97.3 mm, 16 H-116.0 mm, 17 H-
45.5mm, 18 H-78.9mm, 19 H 132.5 mm, “FI¥F45~-63.1 mm-d', R
YO J5 V-4 9-694.6 mm. WL P9 SEE TC IRV BT A, R RIZE T FRIE HIE S
TR NTIET S, BRI ERDN, WRAEAT.

0 -

/} Z\//

=20

-40

N
S
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&
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Figure 5.18 Material balance change of raceway during observation period

41



S S 3 P8 S o e L U RS VAR - LART AR 5 el 35 9 1)

0
" y=-2.298x-15.136
T " . R*>=0.854
g .50
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=
R
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=
R
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EARR/C
Bl 5.19 FEED-F S IERUR R R
Figure 5.19 Relation between material balance and positive accumulated temperature in track

A W I R, HARAFAE IERNR I, ZEE 2 B4
H IERUR MK S E T AisR 20 5 H—9 HAI 12 HYFCPNE, HAEART
FEIERRIR . A A FRTE Y AT AT H IERUR G R (& 5.19), )53 P-4 Fl EAR
BATERAF A SN, M5 RECN R*=0.854 (P<0.01). K, HIEBURMK
KNI FETE Y TP H A AEAR R RGN o B FEIE W P IE AR G R, Al
AR 5 FETEITH RIIR AL, — 7 TR A& B 28, JUHE X ATk s B AR TE Y
TR R AL R AR 5 DMK IR SE T R, W AN TGS A
PR R .

SRR, FEEDFR-VE % HEF (DDF) YN 2.1~6.1 mm-°C ! -d"!,
FIMES 3.4 mm-°C™ -d? . R FEEY T B H ¥ (DDF) EAH IE
FURBAE HEAT ZEEM TPl (i 5200, mEW %0, ZEEM T HH UL S5
SCME AR 35— 5, AEHOE M Sk I CE SEDUMEL R 26 bR sl W P
PUEN-774.9mm, HSZANE K 80.3mm. 3 HE 17 HIERME B SIEEZ /N, F
E 5 SEMME R ZE RN, RE AR L SEE AR TV AT AT 18 H& 19
HAAME AR T SEE R K, R 273008 39.6 mm., 56.2 mm, J5[RI7E T1X
H EBOR A s,  IEAURER A <. 0 2EE A S BADUE A S B 3R 4T
MM T CnlE 5.2, BERTAN, P BAARAFIAHDME, M RECH

42



5 W OFHES AN

R?=0.919 (P<<0.01). [Xit, W] LA FITE = 5% 5 V-1
PETTM AR L RIE BIHFEIE R T R AT REAR L, Hom
Re A7, FELABEHE AT R H A TR Bl YE AR5 4 i

H 7455 SR T
FEAE T o TR AT RS DA
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-50 4
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Figure 5.20 Variation of the measured and simulated values of track material balance

079 y=1.208x+3.794
R*=0.919
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Figure 5.21 Relationship between measured and simulated values of track mass balance
B8, 1T IHFEER T AEAE TR, HAE XL 3 €8 R TH A i BE Xt
TS R T AR N TR . R, BT TR FHER Y 2
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At

5.8 ANEEE

L0 3 P S T A R B S FE T LA 220 kg m®~550 kg-m,  FRIEF 48 %
N385 kgrm™; FEIE B FERLAS b R AR B 0 R IR (i, R
N-6 kgm?: FIEFEHIGEEE . FOEEKE, R AEGR, HIRE
JRAESN R BRI BB N, SRR RSB, ARG 5K, R 5 R %
FE, 0 °C S U N FRIE % R A 3 A BB o ORI P B e v i P
N-3.8°C, HAKIREEN-18.8°C, TR EN-10.0°C;: FEERE R HRE. K
L MR SRR, B H YRR IR I IEA S . RE S KR EN
0.59%~4.81%, “FIJMEN 2.62%; FEE & /K FRBEAK | 52 I BE IR 52 3G I 34 K 1)
s, FEEEKBEZIMARERMEIE KR, 0°C fm U ATHE & KEK
AR A B A LI A BT AL B SR ORIFLE 0.33%~1.57%, “PHIFLI=
N 0.83%, HALBRRAFGIES A, FEESLIERE R B nmagin, HE2314k
WREE/N, AR —2. WHN TEE THRARTEEC 0.29mm~1.21mm, &5 Lt
HRGIRT N TR Y 4.5N~68.0N, HEEIEEMEE F TR
R, —BEZE, HARGREST)ZN, FEEREZERERR, Ak e LRt

EARHE; RIEFEE R SRR, B R IRFIRMVICKR S FEE
RZAE TON LA Eo WA, SEEY B H EF (DDF) Yo 2.1~6.1
mm-°C"-d", “FHMEHN 34 mmeoC! d',
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£ 6 B FEREERLITME

LA Eigid 7R ESERAE T IRE S HAIUR, 43R E T R SdE,
BN T i M F I IEE S R A E R A, IR AR TR EF T T )
AACHUEEATIETT, R 7S A EERE M R, A S 3RE
AN . TR A R A S ORI IRE SR T 3

B FIVRIAT VR, SR AR R AL PR TR ER A bR 28, JudE
THE T 5 3 38 T B AR 7 TR AR e o AR5 [ DY it 5 I AR =5 A7 At ik
S IMAE X il =5 i (0 BRGHEAT VAL, IR TE H AT S 7 RATEOR RCR
FFAT PRI 9 H AR R Lo

1 FEHUET
FOEHE RIS B I T 0 E AT, R [ PR R )
@At RESERA T el B A 36E s S WA S PIE S 5 R S LA T Al
RIS, BEME ST L) FEiE . B 6.1 nlAn, WEIHFE R A R,
S KIEE RS, MERFHEARAEMRKILE. SOERRT, NGS5
B, ETFEERAR, RE R EENESES IR T B R T
BER, FERE®ERIN 360 kgm>, (HEEGREFE /N TIME N 286 kg-m™.
EEI R TG, FEEE LR, FIMEN 403 kg'm™; 0~15 cm FEE IR LT
ﬁ@ﬁﬁmn@nﬁ:mmwanm% EVRE P N 375 kgrm™. [E Y 3EIE
HE R — IRV SR W7 %, B 6E B BN, 2% BT
TERKR, BA—8EZE, HMGERIRE AR, — AR a5 2
MREWAHT G RS 5) RSB TR, FRAC7 LLBI A, A6 E R
bt I THARE FEEEER, TREEEN, BT SEERR AR T,
EREIE . A, MWEFPUE T A TES SRS ETE, ENSH
P, B AR AR S R, A DU AT 2 b A B R R S
ZE LIS AR S B R AR R, G SRR TE B T AR S R A S s P AR R
SO . R, FRE TE R R T A B TE ) A Uy TS d VR B T A AL
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AR H A3 S5 R T 3 FEE A 595 BLR R T L N =5 IR 46 E
(7178 3.5—5kPa), $RIMAMNKISGER . EANTIET 5, RRIEHHRE
AT 20 cm, EIEPEERE RS 3—5 R, REFEERTHEE KR, Bz
B B RIE B R FHE R SIHEURST & [H bR e H e, EIRIERPE T, FRIE

)

WBE R X FEE TR AL, DS mSRE R T R

1:1
X

450 A R
—a— GRAIE YL
—o— MG EEE
400 -
=
40 3504
i,
</
i
8 300-
250
200 L ———
0 20 40 60 80
#E /cm

B 6.1 FEAE bl e il 5 2 L B VR L AR A

Figure 6.1 Variation of density with depth before and after track laying

6.2 FEERITME

WEHEHR G MNFEE S TS e LG B K 2=, 2 PR Ek
A 3 2RI Wt LU SR 67 & BEARE A AT LU R A OB 2L 3R . AW F FOIEHNAAR
FAFBRRMER, AT 5°C KT-20°C, s i my AR xHE A K
BEEEESL R, SERFMETE RS A LI R EIFHRILEE, G
R THUH TR SR IEE A E b, LOFIYFEEERE 50 cem~60 cm
NEAE GRBRAESE, 20090, I EANSIKE KGR, SEFEHHERAN R
B, A EINERZ e FEE A BERE TP AT B BORE LR A TR T 1 (K
G0, SEEERMERERAT TR (R 6.1). F4h, FEEW Koe b,
FOIR . EKRBNOE, FEHTREES . LBWTHS; SKEMTE
KigeE, FEATHRRES. BHRESE. BEEITWEERX. F1EX5%,

=
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NEIE ESEBIs s Ak —BEA e bk, [ PR BEARIL 70 61 2 SR A
UH GERFE. B KIBIFEE) N4 5 AN VIR S 3818 E4¢
7o

F61 THEHIR

Table 6.1 Snow density list

PRI & R kg m3
s 150~-200
ERIS: AN 250~300
SRS 300~350
LR INGEET €LY 350~450
TR SRR R S (s ) 450~500
B S SCLET =500
[ U TIE =& SEhE 540~560

VE: BBISRIE: http://ccsam.ca/wpcontent/uploads/2011/09/grooming CCC_CoursePrep_Trackseting3.4.pdf

WE TR S IRE S PURANVIR B R, S 53 BE I A A0 )
TALHPIRAS . R, 3EE 2017 453 A 3 HZE 2017 45 3 A 10 H AT E FA R B
Xt I E 3 FEE S FUEAT ARV . LI 5 e IR N-17.7 °C~
3.1°C, S WAV G EPrFEFbndt: HHI3E AN 58.6 cm~120.0
cm, W REERPIETOEE R, FEEE N 410 kgm>~550 kg'm? FE5FH
EWE X EEERER, HEEFEZIRRRLW, etz HFEELT
WE BB, AL EPRIEESREE R, FHEEIKEN 0.79%~2.54%,
FENF/THE, LEHLSE EWH P EEIX . 2 1EXEBREKER T
Ko FEEMFETEED 4.5 N~68.0N, AeigH & il P FHAE M AL 2R, (X T
UIREFZEE R 70 N LA EbrdE, H ATSEIE T A

6.3 EFiIE 1T

NS Rk N TEAHER, HFAERREE m B RACR AL,
HAZINF IR AR, LOERIRAS (A5t AIE AR i R ok 1 T 3E N S &
oK, Wil 6.2 fos. EALAT AR T, bRt BEBOA RA 7] K Rk
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BEET 2017 4 3 AL R A RIS E 7 N THRHF AR, JF
T 2017 4£ 3 H 8 HE R 3 Mt 50,

6.2 fifE Tk N LT HE

Figure 6.2 Snow storage test of artificial snow reactor

6.3.1 M EHFER

FEHMEREANLZETHH (0.5 em JEE) +2 2454 PE fR)Z2 (0.5
em—3.0 ecm) +HRHE L TR =Joa5 ), Hrh HHERFALM &R 2 2T
Ai+3 2 PE B LRIEZHERH 2 2L T80, SHEAREMI AR 1 )2 L T4H0+2
2457 PE fRiRE+2 B R L4, TR AR 3 7L L46+2 24§ PE
iR 243 J2 PE AREZHERM 3 2L T4 EFHRIBHLHIZ 7.5 cm BEJE
I B, FRAa TN o

VRN ORI A = T80, HAh e Ab WO S A 2 2, AR VE R
N1ZE. KNSR ERGEEARE L THM+Z ZEGRIEZE CLZEELN
3em) HEH L LA =Jcdity, HArmuiy 2 BEfifiiE+1 Fh T4
s AEZRMDN 1 BRI REE BT TEh S BEAREE . HANR
B0y 2 MEX A BB R IELZ
6.3.2 EEXWITES

WA T IR LT HE . PUO NSRRI NS HE, TR, MAE
WU EAIR S AAREAT TR, 113 6.2 .
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®62 MMETHIBSERMANE

Table 6.2 Shape elements and volume of snow storage reaches

VK SRR (NGRS
FEHE 11.12 62.9 13 606.5
PN HE 4.69 60.8 266.498
RN HE 4.63 61.6 203.129

ENTAE TR E#ATE 2 e AN &, 7251082017 43 H 8 H (i

Bl 6.3 fiti SHEE P il (R s iRE g
FEMAETHE A LNV NEHE . AR R /NS HE
Figure 6.3 Digital elevation model of snow storage reactor (false color elevation rendering)
The main snowdrift is on the left, the small snowdrift on the west is on the upper right and the

small snowdrift on the East is on the lower right.
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B 6.4 GETHRHCT IR (RGBT R
FEMAET S, £ LTINS, AN

Figure 6.4 Digital elevation model of snow storage reactor (false color elevation rendering)
The main snowdrift is on the left, the small snowdrift on the west is on the upper right and the
small snowdrift on the East is on the lower right

K63 MHTHILSEREN
Table 6.3 Change of Shape Elements of Snow Storage Reaches
mEARNELK  mERAE ERERNENALTTR R

FTHE -0.13 -1.17% -1258.9 -9.3%
PN HE -0.23 -4.90% -76.6 -28.8%
AR /NS S -0.17 -3.67% -25.5 -12.6%

To ORI = T HE -1.90 -79.0% -131.6 -94.4%

P DN iy 5 o e P S AR AR e, IR 6.3 o o JE I 5 M v EE AT
BREARNFLIEL, 3 8 HE4 H 8 HEMITHRMNFRAREN 90.7%. 7
M /METHED 61.2%- ZRO/IMET HED 87.4%. FAk T HETARH] 1 HIZHI IR
BZ, BUEH TR T A, 5o e AR R BN PN S
HE R R R R A I, H R TAU R S IR B (£<<0.064), RETHIK
IR RMMETHER L T+ A=A R IR TG I, 22 =
B 8] (KR 2 BB AR L B9 R R, THER S BRI IR B A 1 %
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B AR A R, P PRIR AR S TUME . 1FON PR, RIS oH R 7 2RI
i =5 HE 55 T DR 4 i T HE AT RIS 00, T UG, e O IR M A S AE AN S
RERAERM N PR AL, AR 209 95%.

SR, Al T HE I A A RR K AR AL B AN PP =5 100 R A e — A, 3
i E AT HE R T AR BTSRRI TR G, WA RES
B, LA ATSHEDUIR, HRMERE MG, TR R R R R, —
R IR R TR, — PR AEAR T A B 25 A B R S . BlUK BT RS 3%
fili 5 HEV it oD, RPEIZD T, T BKRER, TREAEK, SUEEm
TERRIKIZ T HE A SRR B & DK R B AN 0, il T EEANE — o S 45
Ja, ESHERIREAL 80%, HMRTEFAAEMRKALN, fEh BERMRIHER
TEARFE B, RESBRREERAN TSI, R3S B a5 i
EWE VLS RSt

FUAT, il =5 k36 R i R AS AR A i S5 7 SRR B DR R ER BT R 2
A bR, KEARAUTEREIZENGETHEN G, BEE A 0
A, EEHET IR T E, RIMESN A IR E AR, il T HE A B T T A R
SAWE, HEERRE F PR Bk, AR E IR IS T %
ANOREAT S AT N LAk = A

6.4 KRB

5] Py 38 R — M R S BT i, SEE BRI, LE%
FEADA T EROR, B8, AREmEZ: MESHHT A TIES
BIEEHERTIE, EANTHHANE, @ AEER P EL SR B, B P
AT SRE S B BRI S RS, 3 RO S B M T R AR e, N JE SRS Al
FAR ST R A A F P A BOR R . JRIE e 4 A T 4 FRIE R 2 A VR
FRRCIN, AR S I R AR S (R AR IR AS o WL A I 5 e 25 3 i -
17.7°C~3.1°C, ffm WAURMTEEPRIEFARE: W HIHTEEEER 58.6
cm~120.0 cm, 2R FHERPIARETEEE; FEEH AN 410 kgm>~550
TGS LU EHNFHERER, HIGEEEZIMHEREm, faetk

7, HIHE L NEE S s, AN e EPRSEHIEEEOR, FHEE/KEN

kg-m
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0.79%~2.54%, FEEMTETEIAEE, ke s EHHPEEX. (#ik
XEERCOR BRI/ oK: FREREEVE DY 4.5 N~68.0 N, BENS I 2 ¥l 7 5 3%
B ER, (EXTTUCIRE FEIE W 70 N LU EFRiE, HETFREMEAE . 3,
i =5 1R 62 P B KA A A2 i =5 7 SRR ) DRI A LR RETE 1A 01 A PR
KERBR L ERIEZIENETHEN A, BEE T HER A D, SHET
YR T e, RIAEAN IR AR e A2, i S5 HE N B R 5 T i Bt AN o,
BETTIE AR S T A 72, DAk, PR FEAGREG AN A i) 1 =5 7 S A O AL R 2
ETA LA S E A
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£ 78 FXSEBHRLITMN

SO TR X AR BB R R R, SRR S ERE BT, RE R
WU o DI, RN T o KRR R AT XS VA, T R XU BT V4 i S 49T
NEE, RURMEKREZNTREMER, B, AR KA
TFJE RS PEARY o

7.1 BEAESERETK

TR ) S SRR AR AR L B FE R M B 2 AR I SRR AL, S HCEE R ]
B S A A0 W (AR TR T B S A A o} R0 5 T PR S MR, 8 et I3k
TR
7.1.1 SRTK

e R IR iy FE VA A7 . BRI S R R . BRIRRIE . B AR
W MA L ARSI E R L BT (& 7.1, SGInHEEE 530 A
+0.58+0.26 °C /10a. +0.96+0.28 °C /10a. +0.40+0.31 °C /10a. +0.25+0.24 °C
/10a. it Mann-Kendall #3455 (Z=+1.96, BEJEKF a=0.05), HE<iw
(Z=2.06). BALRIE (Z=3.23) BRI EZE B, HA 5L F &R
B s URARIME (Z=1.22) SARRIRKE (Z2=0.66) 23 EFEHHAE
AEZE. 240 (B3 HEREESIE<-15.0 °C WA RKIHIMRIE 52.9%, H
AR IR <-20.0 °C IHEZIE 24.5%, & B2 IR R X H IR J8 48 R XU
B, BEPY EEHPiE-324°C (1978 42 A 15 H) IR RESIE.
I, ABFEXAEAE—E R IR RS K, 87 PR —RE0°C LT, H
oL HE AR 0 °C BLEEE H s Ui =5.0 °C KB, LB H&E &SR
=50 °C PR H IR R 20.3%, & HIT 17.0°C (2001 4£3 A 13 FD

FARERFM<-5°C, miRxE, —JriiEi 2N
EAE, WK T IRERE MR O, R, I SEE R T
FENRS, — 5 T BRI AR ARG RE , R 28I 12
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FREIERE (Rammsayer TH 45, 1995), #timisgmitb3Emkis:; H— 7, &4
RAGEMD SRR VG L. 40 2018 AERH P B A B2y, KPR Rl 3%
I DHHER R BOE . AL, FRFEMIEHRED, L TR
W, AFITEREA RIKFIEE K E

12' y=0.058x-106.459 'ig: y=0.096x-217.962
1 r2=0.085 R?=0.179
14 =201
121 o =22
C_) B
= 104 @%'
i g 267
i T8
6_
3 -
2] +0.58+0.26°C/10a| . +0.96+0.28°C/10a
1960 1970 1980 1990 2000 2010 4Efy 1960 1970 1980 1990 2000 2010 E4)
(a) ‘== E A (b) MR
e
4] y=0.040x-92.817 5] ¥70.025x-53.803
-64 R*=0.031 o]y 50020
-8
© 101 © 2
iy P
12 =
EE -144 LE -6
-161 8
-184 -10
'gg' +0.40+0.31°C/10a|  -12] +0.2540.24°C/10a
1960 1970 1980 1990 2000 2010 ZEf 1960 1970 1980 1990 2000 2010 ZE4
(¢) B = AR /IME (d) AL SIRRKRE

B 7.0 SESEALE S U RICRR S URBME . RARE A B
Figure 7.1 Change trends of maximum temperature, minimum temperature, maximum

temperature minimum and minimum temperature maximum in Chongli County during the

competition period
7.1.2 PRI

O8R5 R [ R XU R A7 . BRI 7 SR PR K . KT . H kB
KE. EEKEMEI EAHES CnEl 7.2). $INEE 55 5 8+0.004+0.76
mm/10a, +0.19+0.10 mm/10a. +0.37£0.30 mm/10a. +0.39+0.43 mm/10a. it
Mann-Kendall #%#4a5%: (Z=+1.96, BIZEKF a=0.05), LHFFEKE (Z=0.63).
BB (Z=1.46) 2 FFHEBMEAREE; HEKBEKE (Z=1.79). 5mFFK
2 (72200 BEUEZE brHES, wmikE bHaRRHE. LRSI ZEX
SEKERE, HEa I mPE KRS, MEALE B 19.9 mm (1979 4 2
22 B mtkem H KBk E . RERBSWm KT, —HH, mFmk
GBS BT, WEHR LSS SE AR R B 0iERR: 55— 7, &R IEiE
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ENEEERERKR, ERARRTEI TN T EERM, BESKNEER
SR RIZRIE T S, TP RS, InRSRESA AR ENE, ERBER
MEESNER] g T LR T h, 55k “Sa 7 oK1
Ko ZENTFEIK, —J7iH, {efESRiERIMESIK, X FE S FURABOKER N, W
IR B G325 AR s 53— D7 T, BR/KEUE A IR LG R, R R
RIZEAT T ANRZEIN 3G T XESE, D9 BRI A0 = 1 T ] 9

504 y=0.0004x+14.812

-] v=0.019x-35.609
R*=7.571E-7 o

m o | R?=0.064

01 . i +0 004+0. 76mm/IOa 1 i i +0.1.9i0.101'nm-d’1/1‘0a
1960 1970 1980 1990 2000 201044 1960 1970 1980 1990 2000 2010 44
(a) MBIk (b) FK5R)E
20] y=0.037x-67.830 301 y=0.039-69.133
R>=0.026 1 R?=0.014
g 15
E 15 ‘
ey |
%10 <
8 = P/\ A A 4 A
g v W !
0 +0.37+£0.30mm/10a +0.39+0.43mm/10a
1960 1970 1980 1990 2000 20104FE4+1960 1970 1980 1990 2000 2010 4Ef
(c) Hiw KK = (d) 3 PR KT

B 7.2 FEMSEALEBROKE. BAGRE. HERRKE. mAEKERLES

Figure 7.2 Change trends of total precipitation, precipitation intensity, daily maximum
precipitation and heavy precipitation in Chongli County during the competition period

deAh, HAbmERm R (%, WA ARRS) WAAE—E AR FEI )T
S, SALBEHIIRE RS IR, 19K, HALS0K, #HP 13 K, Az
4 Ko WARRSHLIERWE, HilimRss) feett. 556, Bk,
WPRREEIRO R TR B AE BB I, PRARTEIE S R, (R R R

TR B R ARG, SE R e 5 5 IRR T R BAR TN EEL . N TESF
iS5 R ER B A B R S EA R EZEFR, B, ARIEARSHES
FIRRIEAT, ST RS (AR 220, N RIFR A SRES, 7EA R
Sy BN TAG S 0%, BEmefh e & BT IS 77 R .

-
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72 BEXAESEET K

BERTBE DX 7 SE SR AR AL, MR AR AR X SRR, T2
AR AT, T TR A B2 SRR FRIX AR, A TR RIAR JSL S e g 4
AR PR B R
72.1 SIREW

RFEZEN . 1960—2014 FFRALBRX DTN 3.7 °C, Bk LRI
&, HiEH+0.26+£0.09 °C /10a (41 7.3). MEIHRTLLAR%T, 1990 4R L
AP35 SRARR UG, BRI M IAE 1969 428 2.4 °C, Bl 5 iR i 2
Tt 1990—2000 3G B R, 4F i Ul HILAE 1998 404 5.3 °C, ZJa
I I PR

y=0.026x-48.487
504  R*=0.358

+0.26+0.09°C/10a

2-0 ' I " I ' I L I ¥ I ¥ I ' I » I » I " I L
1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010
G
Bl 7.3 AL X RURFEPRAR
Figure 7.3 Annual variation of temperature in Chongli competition area

FIRFENAE. W 7.4 FiR, 1960—2014 FEALFRIX VU< E 29
THEa%s, FEMATRAIBGINNEEE 7> 5 9+0.23£0.16 °C /10a, +0.23+0.11 °C
/10ay +0.20£0.15 °C /10a. +0.39+0.24 °C /102, H A& RIEERNHE . 5
IR EL, 1990 4 PART & Z= 1P X SURAH X BUIR, 90 AEACHT i I 2 i

K, ZaXEB T EES.
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B 7.4 ZALFEXSEFTLN
Figure 7.4 Seasonal variation of temperature in chongli competition area
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O
;13 34
Eg 324
30
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() =R (b)Y BARAR
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o >
191 Bl.18
IE i
"‘18' £ _20.
174 -224
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(o) B R iR/ ME (DRIESIRAAAE

B 7.5 SALFEDCER U AU B R AR AR i
Figure 7.5 Change trends of maximum temperature, minimum temperature, maximum

temperature minimum and minimum temperature maximum in Chongli competition area

W SR B 7.5 ASEALTRIX B m U AR B SRR
B BIRAIRALRAE AL, AR Bk s, 58 g 2 5 5N
+0.27+0.15 °C /10a. +0.38+0.18 °C /10a. +0.25+0.09 °C /10a. +0.36+0.22 °C
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/102, FH A RARS IR Ik B 2. 5 SRAR DG IR i R SR HU SRR
HIRIEN, HARESME RS —B, Wim R EREAT A F
F1E s H SR ALFE XU A AR AR AL o

7.2.2 BT

700
650

I /\M/\ i

f:;z:v RERAR VWW

350 4 y=-0.337x+1145.685
300; R ~0.004
-337i7o4nnnm0a
250 — : — : :
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Fn
Bl 7.6 SRALFEXSBEKEFEPRAR
Figure 7.6 Interannual variation of total precipitation in Chongli competition area

B KRR A . B 7.6 SRALTRX B K B RAE M, HIERRT, 55 4k
SALBRX PR S E RN EEY, FRIRNEEEY-3.3747.04 mm/10a, [E/KEHIK
{EHILLE 1965 425 263.0 mm, Femi{E HILE 1967 44 650.0 mm, 1967—1995
SE R BRI INIEE N, 1995 4F 5 & MK B S S I .
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Figure 7.7 Seasonal variation of precipitation in Chongli competition area
BKZETIAAL. WK 7.7 iR, 1960—2014 AL BIXEE, KE. &F
Bk E ST E T, Mg R4 5 h+2.16+£2.44 mm /10a +3.14+2.57 mm
/10as +0.02+0.53 mm /10a, HHKERKEMER ANHE, AF=MERDN; B
TR KE R T B, 1RE 9-8.0246.28 mm /10a.

7.3 RE/NGE

SRS 7 S s R A BRI R A ME . B R AR A AR
HPL BT, RERE, BIRAIR RIS FHE, BIRRIR BT
B 5L (B30 HERIKRIR<-15.0 °C FI%EA RIS 52.9%, HiE
LR <-20.0 °C IMEZIX 24.5%, [N, S48 H & &R =5.0 °C RS H
DIMEZE N 20.3%, el RS AR I S ¥4 H A7 TR SE i HHR B K & PR /K iR
BE. HEKRKE. BB KEEEIM LTS, HERBKE. sREKE R
©F FIHEY, srEKE BRSO, SRIET AR R XA, FEIX
Ji S SAR 2 ARSI N 3.7°C, BVR R EFHES: TUESRMEN BT,
AZEMREOR . BRIk E R NS, B KE LAFRKER
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FeE HditEREY

ESE LitE5RE
8.1 &5t
24 A EBEMNILwEs s (R 27) KT 2022 AL ETT . 5K

KT PIHIEE G 2875 KRR NETR BT R Ip, MRERKFIZS). K
Tl BFRE. GEET BHER, 2 RIEFNFHA BRI EZEE L.
TR VK S P2k R BPE R A SR AL TR B, FEHEAL . 7ok, BRI
FHF 1) 855 5 E PRFER R 2. IEARSIE R, MAUEX RKEKHE,
UK S AT T R RS . Rtk A7e s 1 E S A 53 B )
FOES I LEAKT, R ARE RN S S RES IR METRERY
W R AL, RS E PR SOE S B 20 . AR AR AL TR R D 52
WX TSI R T 36E S BRI, HAMEE TR Y L3R T
BRI, SR A RES TR S SRS IR, SRR R
RIEF TR AR T R, NERSRBREE RN RS . R, XA
At S 7 58 LA RO W i A 5 e B8 25 5 I R ORI B U AT A, A
IR RSB Y M 7. S R BB W

NI R P9 5 3 R A i BN 59.19 Wem?, $/MEN 13.69 W-m?2, -
B g E oy 39.07 Wm?; e ilRoN 5.3 °C, KRR A-17.7 °C, PR
N-3.8°C, RMLEMIRN 230.2°C, FRUEFURNEOY 113 h: IHIX B4 TR
ST, ARSI AORAAAE — B BB M, MG RE R=0.319 (P<<0.01), fH
s AR T KBRS R s BRI ZE VG 1.2 °C~5.9 °C, “FIE N
2.9 °C; MANBEEVEHEY 15%~90%, 456 HARBWRE, & H A TIES R
B8] KN 21:00—6:00 B, EIRAHXT BRI, 2REEEHFITATIES . U
DA KGETE N 3.0 m-s1~9.0 m-s™!, ARHEXGE Xk 5, KEEN 1T HES
P, VA2 3PN E, FIGIRGEH E TE S Re i KGR EK

WL T FTERE . S7KE . B R RE 78 0342, 0278,
0.243, fE—ERE LRMEEFFZINEBRFEREmW T, FEE 5 R
BL, HUCAEKE, RIGARE. JHES ZRE MR &S R —
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B, FEER SR N-3.8°C, WIKIREEN-18.8 °C, FIiiEEA-10.0 °C, FEiHE
SRR S H iR R IEF ARG, AR RECN R7=0.761 (P<<0.01). %)=
TR AR RO MR =R

WA Y A B8 T 25 LA AR — 5, ARFZZ A E KR
A AT A FETE 2 PEBR R B R A2 AR o FETE S FEAFAERN BRI, 0 I () B SR
Eﬁﬁﬁmomm%ﬁxmmﬁ,¥W%§%4B@nﬁ,%E%Ewﬁﬁ
K, (BEME ETES), REEEE, TELRLRNIREE R, REM R
FEIEH FEVL AN 220 kgm3~350 kg'm™>, “FHIEEHN 298 kg'm3. FEIE V1%
5 H ¥R S S 5 P IR R B A B IR A O, A OG R N R?*=0.526
(P<<0.01), R*=0.636 (P<<0.01). FEiE%JERAFM B 5 IEAR A /NS5 K
T 0°C WIN BAAAE—E R R, FTHEH R BOERIR Y 25.1 °C, B/NER
KT 0°C FIHCR 19 h, BEFCEE RAE— R F N FEHE =5 i 4ERe A i R ik 2
EAkHE . FRIET R STOERE ., FESKE, R KEE K,

TE B /KR S5 FEE L AR AR — 5 SR SR RGN
0.59%~4.81%, “F¥IMEN 2.62%, FEEMRT R HART NE. 0°C RiR2FE
AR R A RER A S, 508 % R A B &R BRME S S .
M H RN T 0°C B, FEE /KRS, S/KBYERFE 0.70%~
1.60%, HIEAK: M HESSERAT 0°C B, FESZEHIEBHIS,
FEER T MM T HACNEE, MERENT S, FES/KERINBONIE, &

FIKFENR 4.10%, FEEEKEZHMFIREERIEIEK .

M A PN FEE FLB AR FFLE 0.33%~1.57%, “FIIFLEE N 0.83%. FEEIL
B 5 UR A SR IR B AR B IR — 3, R TR SEE AL R
e, [z BTt REFLBRS HIRAFAEIEARNE, MK RE R?=0.634 (P<
0.01), FEBFLBRRF A IE&ADAG, Mean=0.858, SD=0.237, fLERHR T EEpfLE
0.50%~1.25%.

WEHFERE FEUANGEEHE, HFRAMETARNEGE—CmE
S, FEERETE 0~50 cm IRE, TRAAZDHK, RETHRAER/DN 0.29
mm, 50 cm AbFHRIAAF KA 1.21 mm; 50 cm~70 cm FHRiEZE LI, 70 cm
R RARA 0.59 mm, FEEFHEREN 0.67 mm. RT3 briE, KER
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B EIUER S UM S AR S .

FEERE AR E NS R, AEEEVE Y 4.5 N~68.0N, —#1E#
Z, ARERESEN, FEMERERERR, AL RS ERTE. FOE%
JEEFIE 2 AR BT I AE O, MR RECH R?=0.894 (P<<0.01). IR FE1E % JiE
FORERE DG FR, W] DAAR A4 B2 43 T H 2SR PR 5 F3E T 2L AE 70 N LA
.

WA P S5 T4 b R, IS 7 IRBUERTE R, P
Ji P N-63.1 mm-d”,  BREY AT 4-694.6 mm. FEE A ST R EAUEAF
TR Z A, MO R BN R?=0.854 (P<<0.01), MK ZRIEY) BT 1 1E A
TRIR R, NFEE ARG L = 23 1 2 A 0 AR N L T b s S A
bro MLIUHA P FEE X P H 7 (DDF) {8 2.1~6.1 mm-°C™' -d"!, “F
B 3.4 mm-oC -d!, WIBTETARAE S SEIME B A BRI R, HR R
¥ON R?=0.919 (P<<0.01).

5| Py 55 3 FRE IR R — RV R Sl 1 77 92:, B0 S B AR 25 T /A
A, —#hEzE, MFeLRSFEFEER, N LEFEMRTE, BT
A, AAAERR ARS8, B PROs AT A SO AR T R 5, I
A B E R AR O, G SR 3R TG Bl v AR 55 R b 3 s A FH P AR R R T

TR T 5 A ) B TE TS24 SR, e A I R )R 2 TR AR A PR
Ao FHET PRI BN R E 3SR N-17.7 °C~3.1 °C, s ®IEA
AT E EPRZE R bR T HIFRIEE Y 58.6 cm~120.0 cm, i £ FE S ZOR
FRUEFEIE R T, FRIEZE N 410 kg'm>~550 kg'm™> FF &5 _E I H 62 55 7 )
R, HIGEBEZINRFERYW, ez, HEE L TVHEE Sz,

BKFEN 0.79%~2.54%, J&THWITIRE, JTiLwesH EoH P EEKX,
{5 1E X AR BRI T R . FEIEREE VI 4.5 N~68.0 N, AEWE I & 1 il 2%
TERE TSR, (HXTUOIRSE S8 K 70N DLEARUE, H T SEE R EAS .

HAT, iS5 50 R 5 KA I A RETE O S Rt e b, K FABE AR DL ZE
BERIEEENT A, BETHAEIERD, SHEPIERE A, RIEs
RIRFEAA, FHNHBRT R E RS AW, FHRAE. Kk, RO
BRI I0A F T4 55 10 77 AR A RH 21 N TAE S 1 ri

tt
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i i XS AR g FE 7 A7 o BRI 7 S Ml vy Rl (IR e Ul
WM BAR TR KEA B LT &S, Hrh SRR ETH& SR . 55
o 5 R 3 R ARG I A7 o BRIN 7 SN LR Bk Ko . H KK
sl K EA R ETHESS, K E ETHERRIE. XL ARZ FT
RN 3.7°C, BARE ETHEY: WHETRAZI LTHES, XFHERL. 3%
XIS RK BRI N EEY, . KE. £LFEKEZI ETHES, KFHY

IR ANYIR, AFWER/D, RFERKELITRFEES.

8.2 RE

FEE TR A O I S UL SRS RN R, SR hIE .
FE ERE R F R AR FH U . Ni& S50 m] LAsg e 3818 5k 2 A
MEAEM, ENATIESILRAE T, FEETEER, FRaDEMm A,
HRMAENETF %, RIKEHR M. LRSIFRHEBEMFIRICIRS X
FEOR S, RULERIEVCIR TRk SEE N o LR LRSS ML, SRR
Ny IR NRRD, R T T AR — B e — K iy 2Ok HIE 2R
i, VAR PEEREAE ., WA A R

NLIEFFES IR RN T A RN EETR, NRREL
WO SR S R, e T R S A2 L 2. @l — &5
SRS, JALRA MOE HUEAE SRR AR A, SR AMGE T TRIE L,
BETIfE A ELAAT GG S 7 5. oh, FETAFILLIRIH MgeE b, @il
M FETE Py B AR SO, T SR o B, SEIAE G — I FR 0 SE T
WIEAFZSIAR . FEE AT RN RSG5 R A
EERMRR, WEAIRFG—HIE-FRMEE, RIS RIEREEE 0
AR LR B FEIE T R &= 1] e At W FIE R 28 X R 5 T vk Il T G
SEPRTIRAEAY, $RTT RN T FRIE T 55 MK f LA B JR I T AR K
AN EFIEN LRI R ST, TP UK S A R R B s A ity 5 A 40
S G, WTFTE — BB S S ARENLE], b S BT o
RIS

BN (R B A B2 i D45 I T DI 1) 5 KR 2 SR ), 4546 7 R4 50,

I A B T I PEEN RS T KK, RIETE XM R A, Bt
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