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complex terrain area over Yanqing-Zhangjiakou in the winter. Acta Meteorologica Sinica, 77(3) :475-488

Abstract Based on fine-scale hourly data collected at surface automatic weather stations (AWS) within the study area and
sounding data at Zhangjiakou during two winters (from December 2016 to February 2017 and from December 2017 to February
2018) , spatial and temporal characteristics of wind field in the complex terrain area over Yanqing-Zhangjiakou (including
Chongli, Chicheng, Xiaowutai Mountain, Yuxian, Zhuolu, Huailai Basin, and Beijing Yanqing, Changping, Huairou District)
are analyzed. This study reveals the temporal and spatial variations of local wind field over various complex terrain areas, and
helps us to better understand the dynamic and thermal effects of complex terrain on the near-surface wind field. Results of the
present study provide references for the forecast of wintertime mountain wind field and will be helpful for improvements of nu-
merical models performance over complex terrain areas. It is found that in fair weather days, wind persistence, which is defined
as the ratio of vector average of wind speed to scalar average of wind speed, can be used as an important variable to study the
variation of wind field. According to the significant diurnal variations in wind persistence during fair weather days, the stations
in the study region can be divided into 10 distinctive patterns, representing different influences of local topographic features,
and the correlation between diurnal variation of wind persistence and wind direction is quite large. There are three types of to-
pography-induced wind in the study region: slope wind, valley wind and mountain-plain circulation. The spatial scale of the
mountain-plain circulation is larger than that of the former two. The diurnal characteristics of the wind field and wind persist-
ence vary significantly with different topographical features, and the mutual transition time between mountain and valley winds
is also different. In the mountains, the mutual transition time is the earliest, followed by that in the basins, and the transition
time in plain areas is the latest. The duration of mountain wind period is longer than that of valley wind while the mountain
wind speed is smaller than the valley wind speed. While the measured winds during fair weather days reflect the characteristics
of the actual wind field, the theoretical valley wind that excludes the environmental background wind field and weakens the dy-
namic effect of topography during the wintertime can better reflect characteristics of thermally driven mountain-valley winds.
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Fig.1 Study area and distributions of topography and meteorological stations

(cross symbols denote automatic stations, hollow pentagram indicates

the sounding station, shaded indicate topography height)
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Fig. 2 Station distributions of ten wind persistence types in the study area

(different colors represent different types, shaded indicate topography height)
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Fig.3 Diurnal variations of wind persistence (solid blue lines) and mean wind speed (red dashed lines)

at representative stations for each individual types
(a. Samall valley type, b. Entrance and exit of valley and basin type: XZZ, c. Entrance and exit of valley and basin type: GTSK,
d. High altitude hilltop type, e. Deep valley type, f. Hilltop ravince type, g. Piedmont slope type, h. Plain type.
i. Central basin type, j. Valley slope and transition type: a bimodal distribution, k. Valley slope and transition type: small
during day time, 1. Valley slope and transition type: the change is gentle, m. Miscellancous type: LS, n. Miscellancous type: DYS)
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Table 1  Wind persistence classification of stations
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Fig. 4 Distributions of prevailing wind directions in fair weather days in the study area at 3 hour intervals
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different colors respectively represent different types of station, which are the same as in Fig. 2; shaded indicate topography height)
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Fig.5 Horizontal distribution of measured winds in fair weather days over the study area

(a. valley wind period, b. mountain wind period; red: Chongli mountain area; blue: Chicheng Haituo;

yellow: central basin; green: Zhuolu Yuxian; black: plain area; shaded indicate topography height)



B A < S PSR T M IX A ZR TR & 2 1 45 URRAIE 23 A

Az H Y i AR FR A E R T LA B A 22 e
AR DY 1) AR TR AR 1) P4 e 2 XL DXLl 45 2
WRI-FAT . B R HE KURI i 45 XU i [ P4 1]
AR L LA JRGHE B B A v R ) — 5 1 )
B E AT A KUK TH 75 3t 3 B U S TR it
58K 2 1 PG 1] A< 149 R (ELXUGE 5/ T 4 3 1 4k
T VR R S8 A B R 1A P AR WA R XGE B

RRE/INTL 6 Ll s 4 A o 5 L M 2 T
T 25 508 U Ll A5 R H AR AR R R B R A5 KU B
T % 1 PO 1] L1 1L RURRE B o ik v 1] 5 4 7 1k
AR AN FT RSB BRI 3 10 R W 3 1) b s AE
1 L 2 [R] Y e A L XU T 2 A A

PR SR E P IREOP B X, Z AR PR L
YN E R AR ) I S R 2 WARYAN
JERR . H ARG PR R AR AL WD S o ol KU B ey JA]
DX A5 i) WG i 1 D 45 XSS B BCSP- JE e g 11X
3.4 MREZMRESEANEZFFHin X LA KA ER

FFAEXT EL 53 4

A5 LA b ek /N RO LA URFAE #9923 A 2 B 36
R ORI S RIIRES ALK NSRS LY A L)
T A BRI A S 1 3l 7 A TR XS AR R
T HEBR IR 5 55 A s 3 0 VR TR R
P J) 3t IR 3 B 68 7 0 0 A 2 R 300 18] 9 J=) st 1 4
PRSI A HR 23 B H R s 23 BT DX 38R P o A & g
JRH T A XRFAE CIET 6) o Jay i XU AT A fB) 3t A Oy J2

200 400 600 800

485

HE A KU L XL P L A XU A I 1] 1Y 22
S ST T DAL DX 3 P 3 D X A XY
PR A W] A U HE E (Y S A . B A T R L XU
iE B /N AU S0 A 4 R A B RE S e S T A T Y
Wi o J2BEA LT L5 B AR R 22 5

(D) FERFRIF 9 i R ARE E Ll Ay a 2z L/
JRUTR S0 XL Jrg A2 RE M4 B i B 9 2R A
fiE o L AURRE BT 35 8 8 1) 1 5 A% KU BEWT 3 78 2 )
s I DR SR 5 AT 3295 L XU B i L X )
Ji s A XGRS BE R P B ] 1l X {ELJR) 3t KUFE L XUESS
B AU B 1 XU Xt b B B A L 48 XU B £ K
T Ll XU B A U

(2) fEFEE I TAL A T5 - RBR T SR e A
P LR i PG R Al 78 L T 1 XL Rt XA B
A H AR RRAE - LR B AL T 35 18] 1 45 XU
By k.

(3) FEFETT WP L SE PR 3 2 o o A 7 1%
1 L1 A RURFAE XS 32 3 o HE BR 25 558 75 5% KU M R Bk
(S OTAIDESE S AINERE: S8 VS B NN E R S R
AR A B U A S A A R W M B R T 4
M5 T /ISR N 3 3 v 52 1) 1 B SO0 Y B
W] o — 48 T A 1] A IS 2 G XL A 3t A 0 Ak L] 7 £
SEO% T AEF L AL L 32 0 4 A 3 3R B
By H A2 .

115.0 115.5 116.0

116.5°E
—
S m/s
1200 1400 1600 1800 2000 m

16 Bt 5 DX IR Py A 2 Je i KUK - 53 A
Ca. 8 U BE b KU B s 06 S AL 1L X5 T 6 AR A B 5
B P M 5 L VAR P ST X 5 (5B 9 )

Fig. 6 Horizontal distributions of local winds during the entire wintertime over the study area

(a. valley wind period, b. mountain wind period; red: Chongli mountain area; blue: Chicheng Haituo;

yellow: central basin; green: Zhuolu Yuxian; black: plain area; shaded indicate topography height)
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