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Abstract The mechanisms involved in the development of high temperature anomalies in Northeast China during the
summer of 2018 were studied using observational and reanalysis data. First, daily temperatures recorded at observation
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was calculated. July and August were the main anomaly high temperature periods when high temperature anomalies
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(WPSH) were significantly intensified during this period, and overlapped with each other on different levels and extended
northward. There was also an increase in the negative vorticity anomalies in the overlapping area of the SAH and WPSH,
and the two northward extending systems continued to drive the negative vorticity anomalies. In addition, an abnormal
down draft occurred over the southern part of Northeast China together with sinking adiabatic warming and clear-sky
radiation warming, which may have been important factors involved in surface warming in this area. Furthermore, surface
temperature anomalies were significantly correlated with negative vorticity anomalies at geopotential heights from 300 to
500 hPa during the summer of 2018 in this region. It was also determined that the quasi-stationary Rossby wave energy
propagation in the summer subtropical westerly jet was closely related to the anomalous enhancement of the SAH and
WPSH. Significant simultaneous warming of the western Pacific warm pool during the summer also promoted unusually
strong convective activity in the Philippines. The Pacific—Japan (PJ) wave train was excited at a geopotential height field
of 500 hPa, which also led to the enhancement and northward extension of the WPSH. In summary, the existence of the

SAH and WPSH and their overlapping were the main causes of the high temperature anomalies in the southern part of

25 %
Vol. 25

Northeast China during July and August 2018.
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Fig. 1  Geographical map of Northeast China including the Liaoning
Province, Jilin Province, Heilongjiang Province, eastern part of Inner
Mongolia Autonomous region, and northeastern part of Hebei Province.
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40
20 —
o~
O 04
X
()
©
£
o, |
T
w  -20 —
-40 —
1 EHF_south
EHF_north
8 ————— EHF
-60 T [— T T |
1 May 1Jun 1 Jul 1 Aug 31 Aug

Date

B4 2018 4F 5~8 A ARIAX (k). RAudb# (9.
RAH X (L0524 BB T (EHF, 86 €7 500
I 41

Fig. 4 Excess heat factor (°C2) index time series in Northeast China
(solid black line), northern part of Northeast China (solid blue line), and
southern part of Northeast China (solid red line) from May to August
2018

FER AR, AL e EHF fR50EE
R, (HRFFEEEARIEE, MDA 7 AhZ)aE,
RACTFE AR X K] EHF 458019 2 & 2% 1 9, SEA AL
FEIEAEAR S IR, XU AL R ARAE 7 At 25
2P Vg KRR R, X EIE TR 2
Brétik

4 BEREHSHISENEATES
)

NHEST 2018 4F 7 A F| 8 A ZRILFE iR 7
FAFRTE RSOHLER,  FRAT T 2675 SR M X 1) K3
W SRIE, & E RS RRE v DLk
M, B 7. 8 H&RIbHX %5 200 hPa F1 500 hPa
A A 35 w5 B E S B INBR 0o A7A4E, 500 hPa 7
b e S =R o € S A B | PR N e 2
Ay m R AL A AL B AR IR R, I B R
VERI R 2 2R 78 2 O BRIR SR AN B e s 2 R
JeH X 2% CEImg ). S5Et[REF, 100 hPa /W &
JEi 5t 16800 gpm &5 m 4kt i it m 4:, H2—
&5 VE RSP R o s R EA R s 2 L AHE S,
XFRIRGIE BAE RN B SES A HI. BT
0 /5 R 7E 100 hPa = 25 Fe 5 %, HF7E 150 hPa.
200 hPa. 250 hPa b4 AR, FRATREE TR
e AR AN [ e 5 2 b ) T2 56 50 DA K G K-35
iy = e 500 hPa =1 5% (13 5+ 5880 gpm, KN
THESMNBARSCNTASHEIS A3 H, M
ZEBEPPEPIRE RS, MEERFRE, B4
= 2 B ST R s R A S, &
S BRI BRI, SRR UL H AR
—Hr . BIS A TR AR PR
1t A 7] 1 B 2 R AIE 2R 7 v i o B RN A0 P 38R
BMAEX L. WE S HRTUER], miRb B



k5 3 A 25 4
474 Climatic and Environmental Research Vol. 25

60°N

45°N

30°N

15°N —

0°

60°N

45°N

30°N

15°N —

0°

60°N

45°N

30°N

15°N

0°

60°N

45°N

30°N

15°N —

0°

60°N

45°N

30°N

15°N

0°

60°N

45°N

30°N

15°N

0°

0° 45°E 90°E 135°E 180° 135°W 90°W

L
-375 -325 -275 -225 -175 -125 -75 -2|5 2|5 7|5 1215 1715 225 275 325 375 gpm

5 20184E 7 H 8 H&E 8 A 31 H PR m IRAFFLE CGIESE4). A EETE GHE, $A: gpm) FMFEMIAME T (1971~2017 )
B R AE LR (L 4R): (a) 100 hPa; (b) 150 hPa; () 200 hPa.; (d) 250 hPa; (e) 300 hPa; (f) 400 hPa. £ {4554k
218 B2 2 0 )2 R HR E) 1A T2 (1971~2017 4E) 500 hPa 74 AP Bl HHH5 0 R HE 22
Fig. 5 Boundary lines of the South Asia high (SAH) (solid blue lines), geopotential height anomalies (shaded, units: gpm) from 8 July to 31 August
2018, and climatological (1971-2017) boundary lines of the SAH from 8 July to 31 August (blue dotted lines): (a) 100 hPa; (b) 150 hPa; (c) 200 hPa;
(d) 250 hPa, (e) 300 hPa; (f) 400 hPa. The solid red lines represent the western Pacific subtropical high (WPSH) boundary lines at 500 hPa, and red
dotted lines represent the climatological (1971-2017) boundary lines of the WPSH at 500 hPa from 8 July to 31 August




58
No. 5

BURE: 2018 425 2 7R ALk i S CF BB L 3 A7
LI Na et al. Analysis of Physical Mechanism Involved in the Development of Extreme High ...

475

1 AR T A3 325 8 R R TR AN [F) = 2
P S N AREE P R BRI R, XML R
7£ 100 hPa. 150 hPa. 200 hPa (& 5a. 5b. 5c¢)
(LA e BRI R . SR, e
BTG P ) s R R AR R AR BT P34
A Bk, 5880 gpm 2 £k KA
RSP R AR HL iR . B R R
. 1y Hs A5 18 P Rl Y e TR R SRR AR R A AN [] v 2
E EESE RO EEGIEE R, DA .
iR By R e | A =1 S S iy N e o | o =) e =
XA PE AL CRP AR E R ACHLIX D) FEAS R B2
AR R .
WERAWIRR ARG R, Bleht TR
e X BN EIAE RS I T b B ) o A
0. WKL 6 ar LA B, FEXE R b3 (1) e e e
VG A ) #As  FE E& X I, A 500 hPa |
100 hPa ¥4 7] LU B SR FE R 8 o AR 2 B2
HE ELH IR, S0 B2 57 78 [m) AL S A 1) s 2 v
ANWriEEE, 7E 40°N. 42.5°N Ak (F 6c.

200 200

& 400 400
e
3

600 600

800 | 800

1000 1000

45E 90E 135E 180

200 200

& 400 400
&=
3

600 600

800 800

1000 1000

45E

90E 135E 180 45E

-16 -14 -12 -10 -8

90E

-6

6d). ELLE (37.5°N~47.5°N, 120°E~130°E)
YO A AT DA B 4000 S A ) S e 5 e 380
ANFEALEES, SHATLLRIL, XA S5 &R
P RSP B Ay v AR A X 32 W& 1. FRATTIE
— W HEZIX I AT AR A E R AR
o [ 7a g5 W T H TR R ) v FE— T ) 51 1 P
MEIHRRIL, X B2 7 H ERE 8 H Al
FFRFME ORI, A B )2 n) A A
e, XA F A FIEAR Sk ey il R A
—EH . WA R IO R R U
K 7b 25 T TR A S R LRI R TRD T B, R
ATCVR B R AE B, 5 RS P AP R #iy
i A HL B 7 DX 3 A P A7 PR e LE ) b e A
b, [RINGSEREE B B FUTRR, N4
PR SIS AR, X TR AR IL R R R
M — N EEE R,

Rt — o M AR bR B 2 S SRS
HBEFRR, AN EZ7H 1 HEI8 A 31 H 62
K R I #6245 300~ 500 hPa [ 5t [X 35

200

45E 90E 135E 180

|

200

‘x

135E

1000
180

180

135E 45E 90E

4 2 0 2 4 6 8 10°sT

Bl6 201847 H 8 HE 8 H 31 HIFUY (a) 35°N. (b) 37.5°N. (c) 40°N. (d) 42.5°N. (e) 45°N. (f) 47.5°N [ &% 5 4 i —
BEHIm AL 1079s7D. MR X IR PR R I X 4% 300~500 hPa

Fig. 6 Longitudinal-vertical sections of vorticity anomalies (10-3s~!) along (a) 35°N, (b) 37.5°N, (c) 40°N, (d) 42.5°N, (e) 45°N, and (f) 47.5°N from
8 July to 31 August 2018. The area of the red rectangular frame represents the geopotential height of 300500 hPa over the southern region of
Northeast China



R VRS RS N A7 25 %

476 Climatic and Environmental Research Vol. 25
00 (8) ﬁ‘ )
£ 400 I’ ‘
[ x ]
3 ]
600 —
800 ‘ ‘
1000 — : |
1 May 1Jun 1 Aug 1 Sep 30 Sep
Date
7 6 -4 2 10 2 4 6 710%"
200 | ()
) | ||{}
o 400
&=
3
600
800
1000 — | 1 | T |
1 May 1Jun 1 Aug 1 Sep 30 Sep
Date
-17.5 -10 7.5 15 102Pas’

Bl 7 20184E4 30 HZE 9 H 30 H&AILE#H (37.5°N~47.5°N, 120°E~130°E) (a) WESR® (PHX, Hfi: 10°s ) fl (b) HEEK

WRE (P, $f: 102 Pas ) BEFF]

Fig. 7 Time series of (a) vorticity anomalies (1075 sfl) and (b) vertical wind field anomalies (1072 Pa sfl) in the southern part of Northeast China

(37.5°N-47.5°N, 120°E-130°E) from 30 April to 30 September 2018

PE (TSR, FrUESRE 300~500 hPa)
5 [RIAZRAC R & H S50 5 1 R SR M R A AR O,
Ht 7 BRI . KIL—EHE RIFHAMERER,
B 99% F R, WRNIEAEFESH 1H
F8 A 31 HAILMH L2mER  (300~500 hPa)
SR IEFE TR RS, ORI IR U ) A
KKAR, BT 99% 15 ML, HAHK RN
-0.53, M _HMHMMHKKRETH 1 HEI8 H 31
Hix—f B EGAF, W3 BIAE G R E0514-0.55.
a0 B0 UF R . i e 5 G S Bl AT i
AH . H B ALk 3 BURIL R B sl e 1) 5
. AIHHEZFESH 1HF 8H 31 HH M
120°E~ 130°E Hh [X 78 X1 3 Rl #4iy v 1R 8 46 46 B
RE, BHARAEL G CFRON U RSP PE R A & R A
LRFRHD DA SR P PR R AT ) R R
FORBAT T B 5 W e AR bl S 4 B o B AN 2
EALE, FRHAR TS (HTHE&EH 6
H 2 HIFUEATE 100 hPa =i 3 A A S m L,
RIEE T 56 A 2 HEI 8 A 31 H), HiXH

LI [R] 7 51 3 b HEAL S B AR N, A3 3] — AR
JEGEETRE. X AMRBUEEROK, RN &R
LBk AR R . B 8a 4 T AR ALEE 0 H iR
SR F A 8 RSP ) s v R 8 ORI R
JEgEaiRE. W7 H 1 HEI8 H 31 HiAT ihk,
WL = AR T DUR B, — 2HI [R] 7 51 B AR -0
BAXE, JFHAESESEHIE 7 AP 8 Hd
. BANEZET7 A8 HiRE R 5 &EE
P K P I A T v R R R A Ok R R
0.58 A1 0.65, ¥JiEIT 99% 15 FEAR L . AT 4T Lk
AIDLER R, R R AR RS PRSP R AT S R
TR B AT 2 B B BRI R U T RN iR
(AT LR IR BN o I B A L A] FRIRE ATV i A DG R AL
AT DL I R 0 R FR G BT TR R 3 KA,
TH ISR, 3K 0.63; TUACFEEEIFA &
FEFREGE AT TIRE R 1R, F A MR AT
ik 0.75. &l 8b FIE 8c M FIHAARALEE & 2= iR S
BRI H XA, 455K 8a. 8b Al 8¢ AR
b3/ A=Y S ey N B o P = Sl [ O o= 9 1



5 R4 2018 4R B = AR AL ARG iR A B L 4 b
No. 5 LI Na et al. Analysis of Physical Mechanism Involved in the Development of Extreme High ... 477
6.0
] WPSH index
3 m;(a) “““ B
© 1 SAH index
2 ] STA
o<« 20—
O = ]
5 ® .
8 00 NFAL-—-"--"===
o ]
© .
N 4
—2.0 ]
I I I | | I I
1Jul 10Jul 20 Jul 1Aug 10Aug 20Aug  31Aug
Date
200 - (D)
& 400
< ]
< 600 4
800
1000 T T T T T
1 Jul 10 Jul 20 Jul 1 Aug 10 Aug 20 Aug 31 Aug
Date
7 6 42 -10 2 46 7 10°s
200 4 (C)
< 400 '
£ ]
= 600
800 —
1000 —| | I I ,
1 Jul 16 Jul 31 Jul 15 Aug 30 Aug
Date
-175  -10 0 7.5 15 10%Pas’

K8 (a) 2018 4 7~8 HARALBI R X IR T i e R (020, TR TR R T L (BED ML (L) FrdEtl/s i
57510 2018 48 7~8 A RILEHKIL T (b) WERH G 107s™) M (o) BENGRF CAfi: 107 Pas ™) wE—W T
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