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Meteorological Field Experiment and Preliminary Analysis Result

in the Winter Olympic Venue in Xiaohaituo Mountain

LI Ju CHENG Zhigang ZHANG Jingjiang DOU Youjun
Institute of Urban Meteorology. Beijing 100089

Abstract; From January to March 2017, we carried out an integrated field experiment in complex terrain of
Winter Olympic Venue in Xiaohaituo Mountain of Beijing. The observation network consisted of 7 auto-
matic weather stations (AWSs), 17 HOBO temperature and humidity data-loggers and 2 comprehensive
super stations. During the 7 d intensive observing period (IOP), GPS radiosondes were launched every
three hours. In this paper, the temperature profiles based on AWSs and HOBOs are compared with radio
sounding temperature profiles. Based on the data of IOP, the characteristics of mid-mountain clouds (MMC) that
have critical negative effects on alpine skiing are preliminarily analyzed. The results show that when MMC occurs,
there are diurnal variations in surface wind direction. MMC tends to occur between 1100 m and 1700 m above
ASL, shown up as a saturated moisture layer by radio soundings. In general, the top of MMC is at same height of
the bottom of inversion layer, below which MMC exists. During nighttime, affected by downslope winds and
down-valley winds, wind directions are more northwesterly or westerly below MMC. Inside MMC, winds blow
more easterly or southeasterly at lower speeds through the day. Above MMC and inversions, westerly or north-
westerly winds are obvious. Leeward subsidence-induced inversions and easterly moisture transportation in large

scope could be the main causes for the MMC in Xiaohaituo Mountain.
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Table 1 Instrumentation of the main observation sites
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Fig. 1 Instrumentation and sites in and around Xiaohaituo Winter Olympic Venue
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(a) Downward short radiation (DSR) and (b) upward short radiation (USR)

at 140 m at IAP tower, IAP1 and IAP2 stations during IOP in 10— 18 January 2017
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Fig. 6 Temperature profiles (a), relative humidity profiles (b) and wind profiles (¢)

by intensive radio-soundings on 15 and 16 January 2017
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Fig. 7 MODIS satellite visible images in 15— 17 January 2017
(a) AQUA Satellite on 15 January, (b) TERRA Satellite on 16 January,

(¢) AQUA Satellite on 16 January, and (d) TERRA Satellite on 17 January

(The observational area and Xiaohaituo Venue are in the red square;

peak of Xiaohaituo Mountain and XDZK Station are indicated by black and red triangles, respectively)

3000 JXURRF 2 00 90 L 3 16 3 Bl 1 B 25 A5 M T 7 7Y
2 | VL RN RSB REIE R . I 6a .15 H B
2400 o PEIRUR R R R RS R 2R M 1600 m 7
a0 | e 47005 BDTFHEEL 1500 m(11RD . fCH]FHAM
glm | 107 ] 48 KUY 5% i) g BE 2 B BB 100 m &2 45 (& 60)
1600 OUR O MILRE R R ERORR N B 2R AR
ook L TEEIR R PG I R B A 0
1000 5 B2 N (E 3a) 45 T 3O VE = A ) B3
Mg 0 e ® 0 Qe ® 0@ KR T b 28 R R B 8. 30T T8 0 5 L1 2% L3 1
bR/ b B A P AR 7R O T R 5 A R B MR AR X 7R

K8 20174 1 H 14—16 H Windcube 100 s RGeS, 259 BEEfMESE. 15

23 O T A UL 1 2V I AR o 5 R A H A 16 H Ze/NE¥E L 47 7 17 s 80T 90 B Y O

Fig. 8 Observed attenuated relative beta (ARB) by ZRIRIK IR . HE AL 1 A0 0 4 M o 3 T 1 2

Doppler lidar Windcube 100 s in 14—16 ]anuary 2017 /_:C ,Ewﬁ%ﬂﬁﬁ*ﬁﬁ&i&%io %ﬁ})—(l‘iﬂi%‘]?



AR NI A IR RGO R K] AR O 1187

W R A ) - 25 J2 TG A A A 1 [
o 30 b T A 18] 1 94 1)1 SRR ) R 25 XU ] 1
55 AR PR 52 b ak Z2 R DR R L [R5 ) B
TE/NESE AL B TS P I = X
2 11 2 9 AR 5 Mo et al (2014) A i B AH 3T
H A FrAS 6] 38 5 B 7R 4 5 T e 3 22 4 B0ry W 5%
gy b TAE.

2017 4 1—3 J A xTdbat 2022 4F BIE AR Mk
55 AR R 5K 78 b 50 SE PG/ i 3 4 B3R 37 ] 100 0T
JB TR ARMWIE LA AR MY . A A4
s AL b OB TR G H S RIS L AT T
I P JRE UL 3ty o I A T B L PG R B i i A T A
LB O I AL AR ER LR S WM s, 1 A 10—17
F S 1) % 0000 399>+ A6 P9 R B il B S O R T
GPS /NERR 25 0 38 WL . ) 72 A () 9 $4 05 2
T {5495 it 20 3 0L 00 3l A 8 gl R ol AR T % X
KA . 55 P25 1 i B8 30 4R R 1L b T
LI 5 FBC ) ik JRE 0 2 5 % 2 O I i R R R A
18— S0P BE S JH $ 12 3 [X 300 I )2 25 4 B T AR A
X T SO0 S F 0 ek HE AT T 0 A a0 T AT
FE T B = R FFAE AL RN . fEF B =
B T X e B R H R . RIS
EE BRI E 1100~1700 m, 76825 W &5
R LRI RRIVZ . — BT 5 - 25 T B
FHRIZR 2T LA R . %W, )2 R 7
S BRG] R A KU 22 0 P4 G XU i P XL
RIZNZ N3 AR RER R R Iz T LA K3 )=
U S 12 I AR i N i e [ AR o PO i i ST
B 2 LM T 55 A 2 UL e T O TR U N A 3
O I8 WL 45 R 2 18] AR BE A% B by A LRI . B X
ANIEYE AR I BE = B JSOHL 1 2E A7 1 40 28 o A A
18 - AT R TR R i 0 il = LA R
T 1 i 2 XK P o2& ] B 7 AR R LI = Y R 2
.

PO B8 AT 1 /INBEYE L1 A B3R 37 JR 1R
i TR D R S R LI B L O T R A TR K ) B
AR PR A 2B T H 2 B Gl R 45
2018) o H T WL 3t 5 FR B A5 1 A 25 R 0 WL A
AT H AR BE U 1A 1247 5 2 A 5 S0 X 5
T LA 58 3 MO o o o LI S [ AR BT X g Ll S

TEFAT T ZL 02 1Lz 1 SRR, AT LU 4
JE T AT XS PR ) G i 5 42 it i B AN 2 0 . R
SRR 2 WM AT LAARAT 1l B = 3 0 A AR {H 4R
ZE WS N Ty ) 3 T RE R A T A R B S L
DRI » 4 J 4 A9F 5 Ao ) AN ) g 56 st T ) Bl 752
L 5 31 A RO/ IN TR Y L iy L S B S i 2 1
B ARAE . TR B X 32t DX 2 L B 2= DA B T R 7
A AR RE L JRE TR AN W el L 7 2 o G A 0L
T B N = 838D - 145 5 BUE AL 3 B 98
AT LB 2 9T ROHIL ) LA K i 6 5 4 1
RO R &7 s 22 R MR 55 A OR B4R R 2 i Bl

2% Uk

W, TN R KR, 45,2017, iR R Z R LR E REWIT R
HRIMO] <% B, 45(5):804-810. Han Y X, Wang C G,
Yan J D,et al,2017. Development and application of new boun-
dary layer meteorological sounding system[ ] ]. Meteor Sci Tech-
nol,45(5) :804-810(in Chinese).

BEARHE L S L WO 4L 2019, 18 RS R N M IX & T AL R 1L
A WERIE S BT ]. B2 4], 77(3) 1 475-488. Jia C H.Dou J ],
Miao S G, et al,2019. Analysis of characteristics of mountain-
valley winds in the complex terrain area over Yanqing-Zhangjia-
kou in the winter[J]. Acta Meteor Sin,77(3);475-488(in Chi-
nese).

A2, 2016, 3T 25 4K P E NI R e L)) KRR E R,
6(3):115-122. Li G P,2016. Progress and prospects in research
of mountain meteorology in China during the past 25 years[ ] ].
Adv Meteor Sci Technol,6(3):115-122(in Chinese).

AETCHF - BUGELL 42000 45, 2017, & B 2e UG 55 0 I 1 e #) L3 L 96
R o SR (). o R4 L (S1):305-313. Li Y S.Jia X H.
Li Q,et al,2017. Olympic winter games bring opportunities and
challenges and coping strategies of meteorological service and
safeguard[ J]. China Soft Sci,(S1):305-313(in Chinese).

XUHBER » i tH 6, #AHE 45, 2018, L B 2 /Nifg 31 1L 38 X 30 L2 KU K
TABEIIF 5L (] ], R34, 37(5):1388-1401. Liu Y J, Miao S
G,Hu F,et al,2018. Large eddy simulation of {flow field over the
Xiaohaituo Mountain division for the 24th Winter Olympic
Games[ ] ]. Plateau Meteor,37(5) :1388-1401(in Chinese).

BN, £ TR, 48 2018 K i e |Gl po e 52T ). T
B S5HE,27(4):65-69. Tian J, Wang Q W, Yu D P,
et al,2013. Air temperature variation along altitudinal gradient
on the northern slope of Mt. Changbai, China[ J]. J Arid Land
Resour Environ,27(4) :65-69(in Chinese).

bese B ARVLE L 4L 2018, — RO AT L B8 KUK 58 5 B2 114 5% il 43
BilJ]. 5% .,44(2):313-319. Yang X L, Yang M, Li J B, et al,
2018. Impact analysis of a Taihang Mountain fohn on haze in-
tensity[J]. Meteor Mon,44(2) :313-319(in Chinese).

TR E . LS, 2017. 55 24 JE A SRR 1L FE IXOE B4R 4
40 T R RRAELT ], F 4%, 35(3) :433-438. Zhang Z G, Cui



1188 A

% 5 46 45

W.,Bai X T.et al,2017. Winter ground wind field characteristic
in the Haituo Mountain division for the 24th Winter Olympic
Games[]]. ] Arid Meteor,35(3) :433-438(in Chinese).

LT TR 2, 2004, 6 A2 8 B 1L 7R R 4 RO A 3 R AR LT ] "R
4R ,62(2):251-255. Zheng C Y, Fang J Y, 2004. Changes in
air temperature variables along altitudinal gradient in Mt.
Huanggang, China[ ] ]. Acta Meteor Sin,62(2) :251-255(in Chi-
nese).

FAEDY AR E L m AR, 2018, bt H X R M PRSI A BT LT K%
44(3):425-433. Zheng Z F,Ren G Y,Gao H,2018. Analysis of
the local circulation in Beijing Area[ ]J]. Meteor Mon, 44 (3):
425-433(in Chinese).

R E AL RS 2018, U S A T B AR T S Ak
FRIZ I RBER X EELT T, TR 4 36(5) :794-801. Zhu P, Wang
C G,Yan J D,et al,2018. Comparison of three kinds of wind da-
ta in boundary layers under complex surface conditions in Bei-
jing[JJ.J Arid Meteor,36(5) :794-801(in Chinese).

Chen M X, Quan J] N, Miao S G, et al,2018. Enhanced weather re-
search and forecasting in support of the Beijing 2022 Winter
Olympic and Paralympic Games[J]. WMO Bull,67(2) ;58-61.

Doyle C, Scott B, Gravel S, et al, 2006. Meteorological preparations
for the 2010 Winter Olympic and Paralympic Games[ C] // Pro-
ceedings of the 12th Conference on Mountain Meteorology. San-
ta Fe: American Meteor Society.

Horel J,Potter T,Dunn L,et al,2002. Weather support for the 2002
Winter Olympic and Paralympic Games[]]. Bull Amer Meteor
Soc,83(2) :227-240.

Kiktev D,Joe P.Isaac G A,et al ,2017. FROST-2014 :the Sochi Win-

ter Olympics International Project[ J]. Bull Amer Meteor Soc, 98

(9):1908-1929.

Lehner M, Whiteman C D,Hoch S W,et al,2016. The METCRAX II
field experiment:a study of downslope windstorm-type flows in
arizona’s meteor crater[ ] ]. Bull Amer Meteor Soc,97(2):217-
235.

Li X, Xia X,Wang L,et al,2015. The role of foehn in the formation
of heavy air pollution events in Urumgi, China[ J]. ] Geophys
Res,120(11) :5371-5384.

Lundquist J] D, Cayan D R, 2007. Surface temperature patterns in
complex terrain: daily variations and long-term change in the
central Sierra Nevada, California[ J]. ] Geophys Res,112(D11)
D11124.

Mo R P,Joe P,Isaac G A,et al,2014. Mid-mountain clouds at whist-ler
during the vancouver 2010 Winter Olympics and Paralympics
[J]. Pure Appl Geophys,171(1):157-183.

Pigol” tsina G B, Zinov’eva N A, 2015. Assessment of microclimatic
conditions in the Krasnaya Polyana mountain cluster for provi-
ding the Olympic Venues with detailed weather and climate in-
formation[ ] ]. Russ Meteor Hydrol,40(8) :553-560.

Sarychev S A,Dudina L I,Zapevalov M A,2015. Sochi-2014 integra-
ted environmental monitoring system[ ] ]. Russ Meteor Hydrol,
40(8) :546-552.

Wang G Y,Zhao M F,Kang M Y,et al,2017. Diurnal and seasonal
variation of the elevation gradient of air temperature in the
northern flank of the western Qinling Mountain Range, China
[JJ.J Mt Sci,14(1) ;94-105.

Whiteman C D,2000. Mountain Meteorology: Fundamentals and Ap-
plications[ M ]. New York:Oxford University Press:355.



