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Abstract: 146 short-time severe precipitation cases in summer (JJA) were selected to analyze the distribu-
tion characteristics of short-time severe precipitation in Chengde from 2008 to 2017 based on the multiple
data of automatic weather station, meteorological satellite, Doppler radar and NCEP reanalysis. The re-
sults show that the synoptic circulation patterns controlling severe precipitation in the Chengde Montains
can be divided into the cold vortex type (45%), westerly trough type (34%) and edge of the western Pa-
cific subtropical high (WPSH) type (21%). The short-time severe rainfall in June mostly occurs under the
background of cold vortex circulations, with scattered rain falling areas. The dominant circulation pattern
in the early-mid July is the westerly trough type but turns to be the edge of WPSH type after the late July.
The severe precipitation under both the westerly trough type and the edge of WPSH type are generally dis-
tributed on the windward slope of Yanshan Mountain in the southern edge of Chengde. Differing from the
traditional rainy season in North China, which is influenced by the position of subtropical high, the con-
centrated period of the short-term severe precipitation in Chengde is from late June to late July, and the
peak appears when the cold vortex and the westerly trough circulations take action together. Mesoscale
convective systems which are responsible for short-time severe precipitation move in Chengde mainly
through southwest (northeastern Beijing) and northwest (Inner Mongolia) channels. In addition, a con-
siderable number of convective storms are born locally in Chengde. The short-time severe precipitation in
Chengde are often along with less water vapor and poor transportation compared with that in conventional
rainy season. The water vapor content of cold vortex type is only 8 g + kg™* at 850 hPa. The median of the
area averaged atmospheric precipitable water (PW) is 33 mm in the Chengde Mountains and is only 29 mm
under the cold vortex circulation. Even if the median of PW under the edge of WPSH type gets to 38 mm,
it is still 15 mm lower than that in the south plain areas. The short-time severe precipitation often occurrs
in extremely unstable stratification. The medians of temperature difference between 850 hPa and 500 hPa
of cold vortex type and the westerly trough type are 28. 6'C and 27. 9°C respectively, while the others are
below 25°C in most of areas (including mountainous areas) of China.

Key words: mountainous terrain, short-time severe precipitation, spatio-temporal distribution, environ-

mental parameter
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Fig. 1 Mountainous topography of Chengde

ARSI eI 10 4F (20082017 4F) e A 15 7R 8
Ll DX it o 5 e K A e TS [ B 3 T R I
it e 7K B4 IS 22 3 A1 K R 8 R AL T 23 AT i UK
A I PR BE B R AL LU A R Ly DR I S R K RS
240 P R N e 30 A1 0 R A E 2 K

1 BB A5 ik

WFFEBEIL 2008—2017 4% 6—8 J 7R 11y IX 3% 4k
PESRUE MR 211 A4S [ 23k 38 /) B 0000 45 4%
HRAE CB % BE R AUH B A A SO R vk, FY-2
RYVLL AN 2 B 5B 23 i W 2L &2 NCEP(1° X
LD PR BT o8 kE . B - 3 132 /0N B T Rl 1 o A )
i 3 i o) o R K R Y B KRR A = DT 1 A
Ui 1 h KR =20 mm HLJE FEL b R R K B
FE SR — YR R K 4 (5 OO 253 [1) %85 32, (N By
20 mm LA b B K LR BBl 3 5 T B K 16 D0 AR R
ANET SRR SRR, et 146 A4 M) g B 38 i 7K 3
P FERA B ELAE BT AR R RZ SR E
FEMIE MBSt .

R T 5 R L R T R B S R
VB 5 7K 75 VY g ST JEL RN A [R] 26 By 14 2R g AR T X
[ /N ) DX 3 A7 X B 43 M (BT 2D 2 R A1 X b
0 A X (40.2°~42.7°N,115. 8°~119. 3°E) , Ti /g
SEJERRIE S B X (37, 7°~40. 2°N ., 114°~117. 5°E) ,
G X ARIC A C X (37. 7°~40. 2°N, 117, 5° ~
121°E) . thF B X PG X, G814 BE 5 R
B X H PG ALES 1 X (BRid “D”) 7 B X A7
A b [ 45 TR AR DXk o AR e R 7 X3k P A g
R 7K 1 B S D i T 2 B el g L B 5 8 7 1) v RO
XU R G B Bl B AR AE R 7 TR SR R X B 2 A AT
Hb 2 B 58 REE B 2 A S s o 3 oD .



A

1472

% AT %

120°E
B2 R X 5 R e X3
(A:ﬁi%LUlZsB:ET'ﬁ%ZEsC:}'ETﬁ?@Bs
D:B X H AP AL AR 1l X))

Fig. 2 Mountainous terrain of Chengde and

its surrounding comparative areas
(A: Chengde mountainous terrain, B: southwest plain,
C: southeast sea area, D: northwest mountainous

terrain in B area)
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Fig. 3 Averaged circulation patterns of short-time severe rainfall events in the Chengde Montains in summer during 2008 —2017

(a) Mongolia cold vortex type, (b) Northeast cold vortex type, (¢) westerly trough type,
(d) edge of the Western Pacific subtropical high (WPSH) type
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the range of the small inset]
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Fig.5 Spatial distribution of frequencies of short-time severe rainfall events

in the Chengde Mountains during June— August of 2008—2017
(a) all events., (b) cold vortex type., (c¢) westerly trough type, (d) edge of the WPSH type

(Dots represent the occurrence times of short-time severe precipitation; shaded represents altitude)
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(a) all events, (b) cold vortex type, (c¢) westerly trough type, (d) edge of the WPSH type

(Both number and shaded indicate frequencies of occurrences of convective storms)
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Table 1

*x1

AR X G EMEKEXBINES BT

Features of key ambient parameters for short-time heavy rainfall in the Chengde Mountains

KiE/g - kg™! Fa EHRYERFELE /m s !
2t e )LCAPE / -
= g/ C 850 hPa 700 hPa PW/mm ATgs/ C J/ K 7/1 K%/ C 0~3 km 0~6 km
* kg
S H 18.8 9.7 6.7 33 27.6 658 33 6.7 10.5
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