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Global Major Weather and Climate Events in 2019

and the Possible Causes

YIN Yizhou LI Duo SUN Shao WANG Guofu KE Zongjian

National Climate Centre, Beijing 100081

Abstract: The global concentration of major greenhouse gases continued to rise in 2019, and the global average
temperature in 2019 was 1.1 (£0. 1) C higher than the pre-industrial level, being the second warmest year
on record. The ocean heat content and sea level height have reached new high levels, while the sea-ice ex-
tent was at a low-level. Many significant weather and climate events occurred in 2019, including torrential
rains and floods in many places, droughts in Australia and many countries in Asia and Europe, frequent
extreme tropical cyclones, unusually high temperature and heat waves in Europe and Australia, cold and
heavy snowstorms in North America and Europe, as well as severe convective weather in many regions.
The positive phase of the Indian Ocean dipole (I0D), the continuous warming of the sea surface tempera-
ture in the equatorial central Pacific and the control of the subtropical high pressure system were the main
causes of high temperature and little rain in Australia, resulting in serious forest fires. The continuous
heavy rainfall in India from July to August was mainly due to the abnormally strong positive phase of 10D
and the tropical depression with unusually long duration.
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Fig. 7 Geopotential height field at 500 hPa
from September to December 2019
(Colored shadow represents the anomaly field,

and isoline respresent the mean field, unit; gpm)

TR S M R RS B TR R Z
— o EfVRE I T TR I R 2% 5 M YR KR I ) R K R
T PR B R VE A B 1 (TOD) 2 38K 1) I <4 Y 3
B J1 22—, 24 10D Ky 1E A7 AH T, 5 5 B08 K F
G I D TR 5 R Z s T 5 T SO R R K R £
2019 4F 1 H PAk 10D 1E A7 AH 48 %54 91 8 253 hn
P11 H K10 4880 51 1950 48 LUK I S d
T R (B 8) o 3 A A T B JBE ¥ 2R XU Ain s T
TR ) ST B 0 by DX X6F 3 3% 0 5585+ DA T 5 K U
o Sy —Jr T, ENSO 2356 K F W 1 k9 RS
ARBE 7 A2 T K5 0 (Williams et al, 2001), R4
2019 FFFZEALF ENSO PR R R IR IE K
T Ml DX T IR R 28 I 2 L Nino3. 4 $537E 10—12 A 4y
Wk 0.62.,0.61 & 0.5C, 5T H A7 3 X VU
RS Am 2 5 1E AL TOD LR 4E AT 23 im 5 8K F) I
b DX B TR AONE

2.2 78 RENEFHEREMERME

2019 4FE TR 22 (6—9 H) . BN JE %K & K
880.6 mm A W AEMZ10% . Horp 6 A K & W

2.51

IODH§%%/C
—_ —_ [}
5= n o

f=1
w

[=1
[=}

12737475 6 778 9710 11 12
H #

Bl 8 2019 4% H 10D 5 %% 41
Fig. 8 Monthly distribution of IOD

index series in 2019



%Al

FHEFHAE 2019 BRI R GSAF KA

545

D 33%.7 A% 5%.8 AMm% 15%,.9 AWZ%
527, MZSIRIGX G s B[R PG A0 8 K AR AL 8 4t X Wy 2%
R 7K B AT A R > 206 B 12 %6 o B3 w3 B v 35
X o 22 29% e 16% . M 6—9 A& H &
KA (B 9 F .6 H BN E H K B KT 5 AR
H.7 AUJEZ HBEKE DR E N E 450002 7 A F
OEREE ] i & PV g Iy

M 2019 AEENERERIG S E, NEERT 5 A
18 HHKIk %k B J Je iy BV B 2 H
i 2 ;2 g RS REFHEHE,. 6 AS8H
HRIE W R HL I B A B R e 7 ds T 7 19

20

H O a5 BB KRl B A 3 H e 4 d, R4
2019 4F B[ 2 XU 7 0 B 1A% b B+ (H 4 iR 1Y)
R [B) 4 85 AF 5 6 DR B (10 9 H DN ER 3 1 b 3 4
B MAEEE E B 9 A 1 H) &S5 2019 456
JE TR 2 e 0 R K S A 22 1Y) S DA
PP AIR He o 20 B ) A K 8K 2019 4 7—8 H
FNEERMMAN S — N EEEHE, #E5i1.2019 4
7 H N8 H BN 3 A FR G R M 1 R TE] 4 )
15.21 d, BCH AR 43 i 2 1.4 d. 8 J1 6 H I
A NPV AL ER Y B L AR 2 P N B A A
— MR RS T H W JRIZAINE R G AL Y M1 5

18+ === L

16+ HAE(E(1961—20104F)

lidl |

124

@10+ |]§“ l ]HH "” I

% 8+ | | 1 — [”!”I[[ '

& 64 | i 1. .Lr
L J R
gfgun;mnlli!: I 11 O AR e
— <t~ O O\NW00'—‘?POM\DO\NV\O@—‘m\oc\wa—‘ﬁ'l\onw—‘ﬁ'l\om\cc\
T 222848487 [ R iy N B I S IR TN N S R g R B N B T N I e B R e e iy S N SRS
\O\D\D\\lll\\l\l\l\lll\\\\lcooow\\\\lll@mc\\llll\\

O \© O O O L e e L el ) o0 o0 0 0 O [= 3= Ne Ne e e o\
H#/ H-

B9 2019 4 6—9 HEIEZ H /KR (IMD,2019)
Fig. 9 Daily precipitation in India from June to September 2019 (IMD, 2019)

—AURARE JFAE T B EE PG AL R T & 12 H
W » % 22 G5 78 BT R A1 1 PG b 350 B2 408 3 Hh DX 3k 55 4 1%
JEIX . X —FRGUTE B EE & T A 2z B R T
i 3 Y = NG A 2 T N R 2 L
P FF P A SRR . AN — RG-S R
L E AR I T 30T W RLRL S R A R I UT I A
Fii S S0 TSR BT b, DX ) K 2 R (8T 10)

EA MR AR, R (6—9 H) EpEE/NE
TR F8 o K S0 A D/ e A T AW i 948 7K ) i BE B R
A B FAE RGN (Ghosh et al, 2012) . B[ B # i B4 7K
FAF W AE B AR AR PR 28 Ak 32 $A0H B BE VR TR A2 L 52
M) o S P R 130 1E 452 A TOD A A1 B EE -8 ) F- 5L
Jnr K JH i d X B 7R XU R K B £ (Sundaram
et al,2010), Wl & 7 (A 8),2019 4Lk 10D 1E
OAH 2 R S IFF 11 Hak 8| g, J& A Ji s il %
DLk S i 10D IE AL AH SR 2 — o |05 6 I o
19 TOD TE A7 AH & I Ap 22 1 1) S5 5 i 1< A $40H AIK U
fRHE T 2019 AFEPRE 7—8 H B W HF M EAE K
&

40°N

30

20

///'/'/' A
0 Jff ?‘/¢9yv;
///' S T
'\'\ T .
\.\'\\\'——J-—_'\ '\m
FQ \ '\\"--.\&-.. LAV
60 65 75 80 85 90 95 100°E

_

10m-s!

10 2019 4 8 A 6—9 H EIE K AR
HIX 850 hPa % & A -3
Fig. 10  Wind anomaly field of 850 hPa around
India during 6 —9 August 2019



546 4, % 946 %
B
+ YA\
3 2;; e Ze U AR S L N L2, 2015, [ R 0 TR AR S R R R

2019 A4 BR 3 S0 2 AR B Ak 2 R 4 BT
B, 2019 4F 4 Bk O ¥ B B Tl A T3 2R
(1850—1900 4F) & 1. 1(£0. D C, AR LRICE MU
R TR, TR A 10 4R VER AR T 23%
oA 0 R A A Al R T B S A U2 L AR R R
fige 28 Ak 52 W 1) [] B5F o Ao 3 I T R A = DL R gl R
TRE VR E 3 0 . A AR RN R AR T oK T R 4k 22 ek 2D A
T VE PR ik DA R 4 3K oK | il Ak 52 e T 9 T T ey
15 2019 4EIR B8 .

2019 4, R E | H A 515 b o 8 0 AR i A R
WEZ8 s B (S LY L B SR L v A [ A7 e
B e b5 U 5 ORI DL K I I A RO £ [ 7 T
e AL RV SERGIEIT SN IR A 30 R B R = e
TR R A T /D il e 3 ORI H ™ B BR AR R 5
b 36 R RR YN 52 € i A& S 225k . A AE N R
E 205 T 2011 4F IR B i BRI e 45 K2Ry, U HZ
725 H 3 E] 556 e K R A D Rk DLk
A% %,

X P 3 A AR SR GE 1 i — 25 4 A R T, 2019 AR AR
#1 10D 4 FIEAAH, 2 11 H 35 2 1IE A7 AH G E , X
ST MR I B 0 i X6 9 3 Sl s S B K I [
N % 30 R OT- ¥ L DXV T 252 O 12 1 — 25 D s
R Hhy DX B T 00 . 76 B AT R R &R g
T R RRE R b X A7 R TR S R 5 T BN AR
P RA . RATEHEMEAEMNZT K HE 9
AUk w . 51 & ™\ R k. w5 R w
P 5t 1) TOD TE A7 AR 8 0 45 25 I 18] 58 O 1< 09 41
R ek 7 2019 4EEIEE 7—8 JJ 9 2 R < A5 1 &
K .

6 4 0 N R PP R LML b st Bl AL 1-17. Qin
D H,Zhang J Y,Shan C C,et al,2015. China National Assess-
ment Report on Risk Management and Adaptation of Climate
Extremes and Disasters| M. Beijing: Science Press:1-17(in Chi-
nese).

IV AL ERAE 552019, 2018 4 A BRE K AU 3 1R I H R
F[J]. K %.45(4):533-542. Sun S, Li D, Wang Z Y, et al,
2019. Global major weather and climate events in 2018 and the
possible causes[ ] ]. Meteor Mon,45(4) ;533-542(in Chinese).

VB EARBE I E ST, 55,2018, 2017 AR AR R R AU SR
JIRLT]. K% ,44(4) :556-564. Sun S, Wang D Q,Yin Y Z,et al,
2018. Global major weather and climate events in 2017 and the
possible causes[ ] ]. Meteor Mon,44(4) ;556-564(in Chinese).

ABM, 2019. Seasonal Climate Summary for Australia. Australian Bu-
reau of Meteorology[ EB/OL]. http: // www. bom. gov. au/cli-
mate/current/statement_archives. shtml? region = aus&period
= season.

Ghosh S,Das D,Kao S C,et al,2012. Lack of uniform trends but in-
creasing spatial variability in observed Indian rainfall extremes
[J7. Nat Clim Change.2(2):86-91.

IMD, 2019. End of season report for the 2019 southwest monsoon.
India Meteorological Department[ EB/OL]. https: / mausam.
imd. gov. in/imd_latest/contents/monsoon. php.

Nolan R H, Boer M M, Collins L, et al. 2020. Causes and conse-
quences of eastern Australia’s 2019-20 season of mega-fires.
Glob Change Biol,26(3):1039-1041.

Sundaram S, Krishnan R,Dey A.et al,2010. Dynamics of intensifica-
tion of the boreal summer monsoon flow during 10D events[]].
Meteor Atmos Phys,107(1/2) :17-31.

Williams A A J,Karoly D J, Tapper N,2001. The sensitivity of Aus-
tralian fire danger to climate change[J]. Climatic Change,49(1/
2):171-191.

WMO,2020. WMO statement on the state of the global climate in
2019[EB/OL]. https: // library. wmo. int/index. php? lvl= no-
tice_display&.id=21700.



