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Anomalous circulation patterns and wave activity characteristics of
extreme drought in North China in August from 2000 to 2015
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Abstract Based on the daily precipitation data of 54 national meteorological observation stations in
North China in August from 1961 to 2015 and reanalysis data from the European Center for Medium-
Range Weather Forecasts ( ECMWF ) from 2000 to 2015, this paper investigates the anomalous
circulation patterns and causes of the extreme drought in August in North China. The results are as
follows. The extreme drought events in North China show interannual variations. During the extreme
drought years in North China from 2000 to 2015, there is an abnormal wave train structure of “—, +, 6 —,
+” in the geopotential height anomaly field at 500 hPa in the mid-high latitudes. There is a strong
anticyclonic anomaly over the western Ural Mountains which makes the warm ridge move northward, the
strong anticyclonic anomaly over Lake Baikal strengthens the upper-level ridge and enlarges its influence

range at the same time, and such anomalous circulation situation impels the cold and dry northwest
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airflow in front of the upper-level ridge to be transported to North China. Western Europe is a key area for

the wave activity flux in the mid-high latitudes of the Northern Hemisphere, where the surface

temperature at 2 m presents a significantly increasing trend, and the vertical wave activity flux TNZ at

500 hPa corresponding to this key area also increases significantly. Due to the abnormal thermal forcing,

EU wave trains are excited, low-level energy is transmitted upward, and high-level energy is dispersed

outward, which strengthens the warm ridge over the western Ural Mountains, causing anomalous

circulation patterns in the mid-high latitudes and frequent extreme drought events in North China.
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Fig.4 Distribution of geopotential height anomaly ( colored, units; 107" m® - s*) and climatological mean geopotential height
(isoline, units; 10 m” - s*) at 500 hPa in typical years (2001, 2002, 2005, 2006, 2007, 2009, 2013, and 2015) of
extreme drought in North China in August (dotted area denotes passing the significance test at 95% level, black rectangle
indicates location of North China to the east of 112°E)




9 A

EE

541%

RS Ly M2 22 5 A M L — 7 b 2 A7 A2
RS G i S R R g A
H L P L A8 AU R B S ol 75 ARSI R N T
JB , SRk L PG ARl X b 28 7 AR 55 ) S AU PE R
S A B N 1] T Wi, DN R ) b A A R R
LRI [ 14 5 S8 P B P (45 G Ak 1) 1 25 3 5
JEE S TSR 5 MR BN O, X A R B A H
F0 25 ATV P AL U s B AR b X, A 0
Tz E T 8 ARk, SEEILIX 5 8
At 50

it — L BRIV X B 5 R
PR S H R SC AR H 2000—2015 ARAEEHIIX 8 A )
S+ AR [ 9 500 hPa {3 35 B2 - 7 A T
BT (B S) o WIS af RUE ALk b

EAAAEE — D AP AR AT~ + =+ 15
BhAL , FLrP AN 3 B TEAH OGO 23 AL T PG ORI
DURMZR A IX, WA~ 2 325 B SR O b o T4 B =
By AR X IS AL T BU BRI 28 A1 5%
I SRS B S BT R IR A A 6
ol HEZFE 8 AL X A fEE AL 3w IE R
I, 52 UECERAL ISR, o 23 5 52 R Y B o, 32 1
VTN UTATTRAE ) A ARl DX A I 3 i/ T A g
TR E R FER S XU T, B T
SRR R S PR T B R T R DS A5 R Y S
XS S 2000—2015 4F 2 %= 8 H ek X A v
TR ERENR . 5Pk, AR T4k b i 5 Ik
R BEFR 57 HAAOCRE X, 7 0 M 5 BOR R
T A

90°N "

|

60

fas

e ‘ -0.6
¥ -0.8

0 60°F
€5 2000—2015 4EALHE X 8 F M st 545 2 0] 01 £ [ 300 500 hPa i 3 i B BE 37 (4445, 437 . 107" m® -

120 180
73 T A5 X B

DR ik 95 % 1 REAS 96 14 35 DX, SR T HE N 11298 DUR YR [ AL X))
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Fig.7 Heterogeneous correlation coefficients (colored) of the first mode of SVD ( singular value decomposition) between surface

temperature at 2 m (a) and synchronous vertical wave activity flux (b) at 500 hPa over Eurasia in August from 2000 to

2015 (area in black dotted line denotes passing the significance test at 95% level, rectangle in black line indicates key

area)
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