XEHEEI 20054 B8 HE 1 1:26-36

SEREUESERN

TRANSACTIONS OF ATMOSPHERIC SCIENCES

http://dqkxxb.cnjournals.org

FEER. TREAREESEFHNARERMNEERE

BUIEE " P FLRE Y E KT A B e BRI I A

O HEFHEBE K IRBEIEI 20T - AR PR S L, b st 1000295

@ HEFEBE KA IBEIIT HRk R GRS 0 A T SR, b et 100029

@ EFERE KW IBII AR L, b At 100029
« It Z A, E-mail ; zhuyl@ mail.iap.ac.cn

2024-09-11 W fg ,2024-11-29 $257

[ 5 RS F 2 3 R 0 H(2022YFFO801303) 5 [6 58 [ 8 B4 24 3k 4 I 1 (41991281) 5+ [5 B 22 B8 K T BILAIF 5 T 6 A4 B AF ol 55 %% o H

(E3680218)

HE THFRAARRIZ JPARTENALREZI—, MEAKRLTR®, TFELHEH
BENAA, FEFEHERHNERMEIRFHMSFHFLIA BREIR, BRSET
FAOMMER FRE AXSTKBEFEREATENH 0, ALBEINPEZE, T
FRAATGFHARERGEOR, ELTFTESZE TFALLSFHGENLFE,

B34
POk
FF;
M FE A

PP EHE FTFOXERATADENFETTRE, BT EIAALELENT A6 HEBT T

RL,ARBERAAHAER-EE-BRK-RXKASETF 3B BRAYFTELLZRETHFE
Pog e B R e S G T RO AMARETT N2, EERAARES

F 4
A4HFH

BT F A AR RAH 0 A b RINK B T -Gt AR 4 AR ok, AR T TR

;KR

HOLBR 73 oA R 0 X PR X TR X T B
KXo T 5 XA R XA WA T4 F S R KN T 22
IR 1 Sl 285 - A T 3 Vi DX R 1 DX A e . A
N FE MR ENRERE, T RHEE
b ARAT AT b DR R RE A AR T s 2 v O K Y 32
BRRREZ—, FHgit fmhE - EE T 23
JEI UL 2 000 J7 hm®, o5 4% 1 ) 2 9 1 A — 2F
DL b, 2 7 AR M S TR Y 176 (SR R RN AL iR B
2010 PR BE5F,2011 5K 58 5 ,2015) 3 R JLT4F,
o [ T SRR S R Y R A T AR A 2
RN ) A SN SO 78 ) AR 8 71v% - A
42022 A5 ZE A = R 7 BT D s L RS
DR 5 R VL ) T 5 A e R W B kL LR
e E, e EILA 5 245.2 J7 NIRZ K RAEY) 32 9 1t
1k 609 J7 hm*, 3 Bl B 32 22 B 1 2k 512.8 20 ($k
ok [ N 2 5 TSR [ %Y https://www. mem. gov.cn/
xw/yjglbgzdt/202301/t20230113_440478.shtml )

e U PR — B i A R L ) 445 2 S i VR R
feFAf o R TRHAL(WMO) f5 i, m i AR &
T e e R JRUIS: A 28 55 XU, , BN ZRAE T2 4 T R A
VLTI AN 5 G QN =N I o 7 Q7 S A B |
( https://wmo. int/topics/heatwave ) , [ifi & 4> Bk 2%
W2, gl AR AT I 22 | ot B 309 o, 0 N 28 A A7 BRI
B N P 1 B il . 2000—2019 4, 15 T FA TR
FECABRVE N - 2 B 4 24 489 000 AFE T (Zhao
et al.,2021), B T AHHN (WHO) +5 H , 7 2003
AR B TR I 8] A G 70 0000 A SE TS (https://
www.who. int/health-topics/heatwaves/) , Yan et al.
(2022) FIBIESE 7 , 3 17 000 BiIBE T 5 2017 4F v
[ B 2= PR K

TERRBATRT, MiRPIR S 5 5T 5
Iy BAH 2K & AR T R e il T 5 525 W e A, AT X
A Az S FR G A5 B T E R . TR R R
W, BER R 0, L8 fw T, Y RS T 5 R

SIS AL, X0, FLAE R, 46,2025 b E iR T OB S S DT St SR R R [T ] R AR 244,48 (1) :26-36.
Zhu Y L,Liu Y,Kong X H,et al.,2025.Research progress and prospect on the drought,heatwave,and compound drought and heatwave
events in China[ J].Trans Atmos Sci,48( 1) :26-36.DOI;10. 13878/j.cnki.dgkxxb.20240911002. (in Chinese) .




PLIETN , 45 « o B il T 3 b S S 0 I 0 0 e A e 2R

BAH AR AR N, - 38 2 R SR, AR K o0 U R e
Jay b AT ZE HOK 43 in 2 e 2D SR D e A R K i 2 22
[F] F) 1F S 45t 2 4 45 K B2 fin ™ E (&) 1; Hao et al.,
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( Williams et al.,2010) . ## #% f& 5 52 1 ( Ciais et al.,
2005) , 5 S B ARSI T (Allen et al.,2010) DL J 5%
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L% A A Yk W 3% Jim ( Chen and Sun, 2017; Chen et
al.,2020) , 742 BRI Bl N — 4 [m) i) 50RH 4% % A= 7 HE
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Fig.1 Schematic diagram of the positive feedback loop be-
tween high temperature and soil moisture deficit dur-
ing compound dry and hot events.SH, LH, and ET
denote sensible heat, latent heat and evapotranspira-

tion, respectively.Adapted from Hao et al.(2022)
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) 3 N 275 B 52 W (Sun et al.,2014;Lu et al.,
2016;Ma et al.,2017; Yin et al.,2017; Wang et al.,
2018;Chen et al.,2019) . B G W54 Y, iEJL
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e Hrh Al fE o B 7 8 % AE A (Chen and Sun,
2017 ;Wang and Yuan,2021) ,
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Fig.2

Schematic diagram illustrating the physical mechanisms underlying the synergistic influence of sea-land-ice-air systems on

the dry/hot events in Northeast China.The bottom map shows key regions of the sea-land-ice systems that significantly im-

pact Northeast China, while the top map depicts the atmospheric circulation anomalies in the upper troposphere modulating

the climate in Northeast China.Blue dashed arrows between the two maps represent the influence of regional sea-land-ice

anomalies on upper-level circulations.Light green shadings indicate anomalies in key regions.Blue and red curved arrows

show anomalous circulations that influence Northeast China.Dashed thin green arrows in the bottom map represent water

vapor transport from the Indian Ocean.The dashed thick green arrow in the top map show the propagation path of the wave

train from the upstream.“A” and “C” denote anticyclonic and cyclonic anomalous, respectively.ST., represents soil tem-

perature in Central Asia
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Research progress and prospect on the drought, heatwave , and compound
drought and heatwave events in China
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100029, China;

3Climate Change Research Center ,Institute of Atmospheric Physics,Chinese Academy of Sciences, Beijing 100029, China

Abstract Drought,as one of the leading and most severe meteorological disasters globally, occurs frequently in
China.Between 2001 and 2020, approximately 48% of the crop area affected by meteorological disasters in China
were due to drought (Li et al.,2021).Heatwaves are believed to be increasing under global warming, while
droughts exhibit more regionalized patterns. The simultaneous occurrence of drought and heatwave has become
more frequent, mainly due to increase in high temperature events driven by global warming.High temperature and

soil moisture deficit can reinforce each other, likely leading to more frequent,longer-lasting,and stronger extreme

35



RKEBEFIL 202510 H48% H1W

events,known as compound drought and heatwave events ( CDHEs) .CDHEs have more severe and persistent im-
pact on agriculture and ecological environment through the positive feedback between drought and high tempera-
ture.This work provides a brief review of research progress on drought, heatwave,and CDHE events in China.
First, the various definitions of drought, heatwave,and CDHE are summarized. The influencing factors,including
sea surface temperature (SST) and sea ice,land surface conditions, atmospheric circulation patterns,and the un-
derlying physical processes,are then reviewed.

Northeast China (NEC) is a typical region where drought,heatwave,and CDHE events often occur.Previous
studies have identified several factors that influence these events in NEC.As an example,we integrate the effects
of sea-land-ice-air system on NEC drought, heatwave,and CDHE events based on prior research, constructing a
simplified physical framework.The key mechanisms can be briefly depicted as follows:

Local anomalous anticyclone plays a central role in drought,heatwave,and CDHE events.These local circu-
lation anomalies can be induced by Rossby wave train in the upper atmosphere, which are influenced by climate
variations in the upstream, including the North Atlantic Oscillation ( NAO ), Atlantic Multidecadal Oscillation
(AMO) , North Atlantic SST, polar sea ice, and soil temperature in Central Asia. Additionally, phenomena like
El Nifio and Southern Oscillation (ENSO) and the Pacific Decadal Oscillation (PDO) can significantly affect the
drought, heatwave , CDHE events in NEC.

Despite the identification of several local, regional,, remote natural climate systems contributing to drought,
heatwave , CDHE events in China, a comprehensive understanding of the synergistic physical and dynamical
mechanisms behind these events remains lacking. These processes are complicated by the interplay between re-
gional SST,sea ice,land surface conditions,and atmospheric dynamics.In addition to natural climate systems, an-
thropogenic activity are proposed to significantly drive the increasing frequency and intensity of drought, heat-
wave,CDHE events in China. However, the relative contribution of natural climate variation and anthropogenic
forcing remain unclear and require further investigation.

Although the impact of drought, heatwave , CDHE events is growing rapidly, predictive skills remain limited.
Numerical weather forecast based on state-of-the-art models have a skill horizon of only about one week.These
limitations arise from our incomplete understanding of the underlying physical processes and the imperfect repre-
sentation of the real world by current numerical models.The first step in improving prediction skills is to systemat-
ically enhance our understanding of the physical processes driving extreme climate events. Developing effective
dynamical-statistical methods, including deep-learning techniques, is essential for improving the predictability of
drought, heatwave , CDHE events over various timescales, addressing the urgent need to prevent disasters and re-

duce damages under global warming.
Keywords heatwave ;drought;extreme event;compound drought and heatwave event( CDHE) ;compound event
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