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Temperature and Wind Characteristic Analysis in Zhangjiakou Olympic Area
for the Winter Olympic Games
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1 National Meteorological Centre, Beijing 100081
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Abstract: Based on multi-source observation data during January— March in 2019, the spatio-temporal dis-
tribution characteristics of temperature and wind in Zhangjiakou Olympic Area for the Beijing 2022 Olym-
pic and Paralympic Winter Games are analyzed, especially for their diurnal variations under different syn-
optic backgrounds. It is shown that the characteristics of temperature and wind are affected both by differ-
ences in solar radiation and topographic altitudes. Additionally, the diurnal temperature range in the basin
or valley, where temperature inversion phenomena are frequently observed, is significantly larger than that
on the mountain top. Meanwhile, temperature inversion intensity is closely related to daily temperature
changes and background winds, and the extent of temperature inversion tends to be deeper as environmen-
tal wind speed decreases. On the other hand, diurnal variations of wind speed can be clearly seen in the
studied area. Winds tend to strengthen in the daytime and reach their peaks in the afternoon, and minimum
winds appear at night on average. Local and thermally-driven circulations are dominant under weak synop-
tic patterns. An obvious shift in wind direction between day and night can be seen in Guyangshu Basin but

not in Genting Snow Park. At the same time, cold air tends to accumulate at the basin bottom on nightfall
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and bring temperature inversion phenomena in the basin, which usually reach their peaks before sunrise

and weaken or disappear rapidly after sunrise under weak synoptic circumstances. It is observed that the

extent of temperature inversion in Guyangshu Basin is much greater than that in Genting Snow Park.

However, there seems to be no diurnal changes in wind direction in both Guyangshu Basin and Genting

Snow Park under the influence of cold air, and temperature also decreases monotonously with the increase

of altitudes in such a condition.

Key words: complex terrain, temperature, wind, characteristic analysis, temperature inversion, orograph-

ic wind
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Zhangjiakou Olympic Area from January to March 2019
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Synoptic chart at 20:00 BT 3 March 2019

(a) geopotential height field at 500 hPa (black line, unit: dagpm) and wind field
at 850 hPa (barbs), (b) sea level pressure field (black line, unit: hPa)

(red dot: position of the Olympic Area, the same below)
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Time-variations of (a) temperature, (b) average wind and (c¢) peak wind at different weather stations

in Zhangjiakou Olympic Area from 10 to 12 March, and (d) vertical temperature observed

by radiometer in the early morning of 12 March 2019



160 A

% 548 %

M B IR 5 CRLE . MR aHT R, %8s
ST, aRGEE RS RE N LR TR EEH
7 v ek B A B K A 2 JR A 0 T B K I B ) A WL
FN3 )2 (B 15d) . BLAh. 2 TR A% 44 58 35 17 78
WIS . 76 10 H 22 F % 11 H 01 B, B1 3k
3h JHEBEE 6 C (K 15a) W R ST %0RH IR RE
12 HE R IFHRI S (& 15d) . 7% 8] 3G i 14 Bl
il % 52 2% » T RE R IR TR ad LS A9 R TR 2 5
T 5% IXH N K B0 U TR A 1 i 45 B 3 (White,
20093 B IR, 2020) A SCA XS ML B G #EAT T £
. YK BLA R RGH N K A s 1L R A
8 DL T G TE AT RE A G IR L 4 .

WA GBI, B B R BES 0  AR JR M B
FRAETE 2R 8 28 S ) o 4 0 32 et o7 . Y
11 H B R 2 KPR FE X G, T AT 0l 0 R i 34 6 B
B H AR RRAE , TC I8 F- 35 XU 2 A R A5 13 AL i B
A A [F (B 15b, 15¢), 11—13 H, = i $£¥ G1,
G2.G6 S AR FEVE AU K, = I3 G4 3l 4R 45 It
e R i A B i C2 3 P4 8 XU, B 3k A C3 3%
AEFEVG ALK LA RIS 25 S AE OB B T 1Y 3%
], XUy T o 9 3% 37 b T XU S 35 0 0 O 4
TERCE XA, b = 100383 G1.G4 . BL il ¥ 0L ) )
I 20 mo« s AR KRR,

TRV 25 SR T o 3% DXL B A0 XL 23 A1 32 22
2 INBE AR AR T e S A Y R B S
B BRI G TR A L A5 A% 4 38 3 B T )2
IR AR B A AT RE Eb gt IR 4 I I v

4 ZhgSihe

FEF 2019 4F 1—3 H 5K 58 H A€ X Iy 50 W00 £k
it o 0B AR 5 R 2 A FRAE R AT T Ge it e i, OF
XA R FR G 15 50T AR SRR AE 2R 47 T % LA 5T
25

(D3R 1 28 XV 2y fe i AU AE 1415
b S 2 AR A B AE 06—07 B, H )5 (08—10
W & H % J5 (16—18 ) -2 35 B AR fb il 20, 7
s LA TR H 328 KT LT, o b B 98 3 8 28 ]l
H#g2eml ik 12 C L1, K BH%E 5 25 53 0 3k
SRR AR E R R,

(2)7E 2019 4F 1—3 H W] , 7 o] 76 1 % 407 1
FHR ¥ 2 ASUHE AR o A7 v 2 0 TR & (R R 2
B BL R R GR RN (0~0. 5 C) 3 IR K

F3.55 CHykEA L 5.2% ., iR 8 B AER A,
F1 K 52 K PH 6 S35 i) 396 1 B A AE SR AR AR . A B
IR J3E 17 A% Ak 5% ) 390 3L 50 3, — T & XL
JIN o 30T R BB, H S IR Dy TE FL BRI 0 IR

(3 = TFEG I H AS Ak /N B 7 35 LA P AL KUK
T 5 PR w7 A YA AR ) — B T A
b XU AR 5380, XL ] B 1 A 7 A BT A ) i TR XU
fiE o FETR K EFEIX XU AR Bl g K e B2 T o T 1
K KAl i R 2L A B G H AR (R R AE L B A TS
SRR TE B I AT R D . TR R
BRKLZANTF 1.8~2.8, Al ik 3. 0~4. 1. &ifFk
Ly DX DR R T A

OHEGT BRI/ w7 R A
Wl B et T = G AW . R 2B EY
Tl A B R 0 B RVRRAE 3 TRZ AE H YR TR 18 B A2
FE s, 7 H AT 0506 BFk B ek, H WS
09—10 B o 76 A BH 46 5 A9 VE BT 300 0L B0 52 90 2k 5
VS TV o R TR R ) s TR X b T AR ) T
¥ 3 AHE DAHE AR 39000 5 B T X0 55 T o R A A L
152 R HAERS a] bR #EgE,

(5) ¥ 25 S0 sl B, B A R K B s XL o 4 4
Xof G M A o JR b AR T P UL S B TR KURR A T 2K
TR BTUL TR Y RE B4R BB T
% » P 38 3 K1) 34 JC W 8 H 28 4k, = T 3E 3% LAV b sk
AL X 3 i A i 33 LA Jb s vE XUk 3.

AR SO K R OB KRR AT T T AR A
WHNHFEXE R L ERFERMYE TAMEN S
% EXT AR RS T A IR 33 T R TR T A
G R A R SR JF AN R L R ok 55 BT I EAT
TR AU DA B AR 5T . eAh B 2RI T S
Tt 55 DRI AT R B A5 B A B T A A A A
KBRiRE., £ F—H TP B EERKRYS
JURFAE B X 5 ARG 2R 1% WL
AL ARWETE ol 55 TR A I F AR L

BB AL S % A E S B AT RN BT
@, ARET AR E BB E L RKAERIN B E IR 5T
FEAR S b B0y R S W .

&% ik

UMK, 2001, [ A P AR (8 S e 35 0], R4, 59(3)
327-333. Dong S L.,2001. Gust extremes in China and its statis-
tical study[J]. Acta Meteor Sin,59(3):327-333(in Chinese).

BRI LS IG5, 2010, SERR-TR R M IX & 24 B & 2 1L
BIRAEE BT ). R4, 77(3):475-488. Jia C H.Dou J J,



%2 PRA L A B A AR XUR S KU RAE 23 B 161

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).

X2 S 2 5 L A B, 45, 2019, IR DI X =55 MU ERF ST LT ], <4,
45(2):263-273. Liu B R,Li Q L, Yang L, et al,2019. Seasonal
wind characteristics in Shenzhen Areal ] ]. Meteor Mon,45(2) ;
263-273(in Chinese).

XURIR Bk L 28 T 800, 46, 2020, 22T K 255 m L4 3 %) i 4F R
I M T ROl A P R A ) WF S LT ] G5 46 (9 1235-1244.
LiuJ L,Yao Q,Cai Z Y,et al,2020. Analysis of temperature and
wind variation characteristics based on the 255 m meteorological
tower in Tianjin[ J]. Meteor Mon, 46 (9): 1235-1244 (in Chi-
nese).

B IR RO s REL 2020, b 50— U5 DL AR T 98 & i 4 1L 1 1 R
SrMiI]. 4. 46 (4) : 478-489. Luo R, Zheng Y G, Chen M,
2020. Mechanism of a rare night sudden intense warming event
in Beijing and surrounding area[ J]. Meteor Mon,46(4) :478-489
(in Chinese).

AT BRIESE BRIK, 45, 2019, 6 T #45 MUBEORHI R UL 2 A [
1 R AR AL 5E ()], K4, 45(12) :1756-1761. Meng D, Chen Z
H,Chen C, et al, 2019. Research on wind changes at different
heights in atmospheric boundary layer based on sounding wind
data[ J]. Meteor Mon,45(12) :1756-1761(in Chinese).

RUAT » 52 T Z2 M5 L 45,2009, 5 2% 11 b 30T 4t )2 5 XURR 43 AT T .
KEH¥M . 67(3):452-460. Song L L, Wu Z P, Qin P, et al,
2009. An analysis of the characteristics of strong winds in the
surface layer over a complex terrain[]J]. Acta Meteor Sin, 67
(3):452-460(in Chinese).

1 H S, THHE L AN L 45,2019, Jb T X 5 5 4% 2 5 4t 1t XL
R AL 5 AE [T ], < 4 . 77(6):1107-1123. Wu R C H,
Wang J J,Sun J.et al, 2019. An observational investigation of
fine features of near surface winds in winter over Beijing Area
[J]. Acta Meteor Sin.77(6):1107-1123(in Chinese).

Mbese AL A VLUE 5, 2018, — R R AT Ll 5% KU 5 38 3 114 5% i) 43
MrlJ]. K% ,44(2):313-319. Yang X L, Yang M, Li J B, et al.
2018. Impact analysis of a Taihang Mountain fohn on haze
intensity[J]. Meteor Mon,44(2) :313-319(in Chinese).

B PRLAE S R AR )L 5, 2019, BUEESE M XK 2 R R AR IR 19 <
PEFFAERFTELT]. 4. 45(3) :381-394. Zeng P S, Zhu R, Fan G
Z.et al, 2019. Study on climatic characteristics of local circula-

tion in the lower atmosphere in Beijing-Tianjin-Hebei Region

[J]. Meteor Mon,45(3) :381-394(in Chinese).

ik E W A M, 2020, —FP R 22 1T IE IR TE T B A R ALK
F L] A 55 4. 31 (1) : 27-41. Zhang Y T, Tong H,
Sun J,2020. Application of a bias correction method to meteoro-
logical forecast for the Pyeongchang Winter Olympic Games[ ] ].
J Appl Meteor Sci,31(1) :27-41(in Chinese).

FBEIF AT E L E 4, 2018, Jb % Hi X R b 50 g W I oy A (. A%
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).

JERR S BB TR /N AL 2017, WL AR LR 9 R 1 R XU b T XL
RBAE LT, B % 2, 28(1) 1 119-128. Zhou F, Jiang L
L,Tu X P,et al,2017. Near-surface gust factor characteristics in
several disastrous winds over Zhejiang Province[ J]. ] Appl Me-
teor Sci,28(1):119-128(in Chinese).

Businger J] A, Wyngaard ] C,Izumi Y,et al,1971. Flux-profile rela-
tionships in the atmospheric surface layer[ J]. J Atmos Sci, 28
(2):181-189.

Clements C B, Whiteman C D, Horel J D, 2003. Cold-air-pool struc-
ture and evolution in a mountain basin: Peter Sinks, Utah[J]. ]
Appl Meteor Climatol,42(6) :752-768.

Jin LL,LiZJ,He Q,et al,2016. Observation and simulation of near-
surface wind and its variation with topography in Urumgqi, West
Chinal[ J]. ] Meteor Res,30(6):961-982.

Kaufmann P, Whiteman C D, 1999. Cluster-analysis classification of
wintertime wind patterns in the Grand Canyon Region[]J]. J
Appl Meteor Climatol,38(8):1131-1147.

Leukauf D, Gohm A, Rotach M W, et al, 2015. The impact of the
temperature inversion breakup on the exchange of heat and mass
in an idealized valley: sensitivity to the radiative forcing[J]. J
Appl Meteor Climatol,54(11):2199-2216.

Mahrt L, Vickers D, Nakamura R, et al,2001. Shallow drainage flows
[I7. Bound-Lay Meteor,101(2) : 243-260.

White L D, 2009. Sudden nocturnal warming events in Mississippi
[J1. 1 Appl Meteor Climatol,48(4) ; 758-775.

Whiteman C D, Zhong S Y. Bian X D, 1999. Wintertime boundary
layer structure in the Grand Canyon[]]. ] Appl Meteor Clima-
tol,38(8):1084-1102.

Yu B,Chowdhury A G,2009. Gust factors and turbulence intensities
for the tropical cyclone environment[ J]. ] Appl Meteor Clima-
tol,48(3) :534-552.

(AR SCHE 4 - )



