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i A5t 2 0F i DX AR S D se R s AR AL B B = 78 7R AR 1885
SFELR CRDE RIL AR PR sl (R F Rty Jall. JULAN D) MEmiiAE 2= H
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Summer hot-dry stages in the middle and lower reaches of the

Yangtze River in the past 136 years

Qun Xu?! and Liang Zhao?

1 Jiangsu Meteorological Institute, Nanjing 210008, China
2 State Key Laboratory of Numerical Modeling for Atmosphere Sciences and Geophysical Fluid
Dynamics (LASG), Institute of Atmospheric Physics, Chinese Academy of Sciences, Beijing
100029, China
Abstract The hot-dry stages with little rain and high temperature has an important impact on
agriculture, water conservancy and human health in the middle and lower reaches of the
Yangtze River (MLRYR), but there is still a lack of sufficient understanding of the historical
division and long-term change law of the hot-dry stages in this region. Based on the daily
temperature and precipitation data of the Meiyu season and summer at five stations along the
MLRYR (Shanghai, Nanjing, Wuhu, Jiujiang and Hankou) since 1885, the quantitative
standards of less rain and high temperature for the hot-dry stages after the Meiyu end date are
determined respectively, and the MLRYR hot-dry stages from 1885 to 2020 are defined;
combined the uniform temperature standard and the length of summer hot-dry stage, the
intensity index of summer hot-dry stage for the 136 years was determined. For the 136 years, the
average length of annual hot-dry stages is 21.6 days (including 16 non hot-dry-stage years and
10 autumn hot-dry years), showing 3-6-years, 36-years and 84-years cycles. Since 1951,
1959-1978 was the main peak period of the length of the hot-dry stage, 1980-1987 was the
valley period, and then increased slowly; after 1980s, although the long hot-dry stage >30 days
tended to decrease, the 15-30 days and high-intensity hot-dry stages occurred frequently; since
1995, the autumn hot-dry stages have increased significantly and summer has had a delay trend.
The longest and strongest summer hot-dry stages in the 136 years occurred in 1934, 1967, 1978
and 2013, and the earliest/latest hot-dry stage occurred in the middle of June/middle and late
September. In the past 40 years, the number of days with high temperature (= 35.0 °C) in the
summer hot-dry stages has increased significantly, and the incidence of high temperature in the

summer hot-dry stages has increased from about 30% in the 1980s to more than 50% in recent
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years, posing a threat to human health. The characteristics of subtropical circulation in the long
(strong) summer hot-dry stages are that the Western Pacific subtropical high stably controls the
MLRYR, while in the short (weak) summer hot-dry stages, the Western Pacific subtropical high
is mostly east or south, and the autumn hot-dry stages are related to the stable westward
extension of the subtropical high. The evolution of high temperature days in the summer hot-dry
stages is restricted by dual human activities: it is not only related to the global sea and land
warming caused by human activities, but also varies from place to place, that is, it is affected by
the evolution of local ecological environment and the increase or decrease of urban heat island
effect. On the interdecadal time-scale, the continent-ocean temperature difference in the
Indo-Pacific monsoon region is found to have an important modulation effect on the
interdecadal variation of the length of the summer hot-dry stages in the MLRYR.

Keywords The middle and lower reaches of the Yangtze River (MLRYR), summer hot-dry

period, Quasi-periodic evolution, human activity, high temperature
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1358

HASRAL (WMO) 7E 2022 455 H KAl (2021 FEABRSARILY iR H,
FRT R OAX AR %A AR RS N KB IERIZ 5 1555 4 5™ 3 g -
fErE, RrEmiE T2 AN DSBS R ARSI Aol KRl NRAE . ARz
D WS B A KR (KAE — N8 i, 2010; #E4#17%5F, 2013; Ye etal., 2014; 254
WA, 2015; WS, 2016; HAFAG4AE, 2018; HhXUMESE, 2021) o maEMWTAIERE, RE
5 R ARAR DG BB T NBAE T 40a 3900 TR, Akt E K (Caietal., 2021;
Chen et al., 2022a, 2022b) , Ff H., AR 30 4 o [F i X iy il IR F AR T R b RR 223 in (£
k&, 2022)

WEFARWFRRX, FIVE XN AR, KT iR A
B IS MG N AN 2 R R W 7 A6 RS S 7E KT R U B D I R AR R . Hoh, M
WRARTE FRFEWHETRAMNZE (T —IL4%, 2018) , TR FRIEZ:H B 7T H
AU, T SRR R A e T, AREE (1965) FREFSE (2001) MK
VLA RUFRT RS, (R Rt JEW1. JLVTA) MK IE H PR RS & AT E 2
KR 7 B % RS I ZE R R 4> Y 1885-2000 4E KT i RT3 SR, (R
KA R KT R X R Z W R AR 2 — (BRZUESE, 2007) , Reekmin > MR
SRR N A AR KRR AN R B A IR, (E% T2 X A
SKAR A BRI 5y B AR R Z FR S 0 TAE . WFFCRIL, K2 UM KT R A H
[F B 2 i D I AR (i H SR 1A > H0 HHAR RS 6 KP4 1 4y G e o5 1
R E RN AR B, SEOXEE B HIFER R IGE H (REFE,
2001) , ik, R EGE SOXEEEA R F G H .

RIXHR R ST, FERS T RRE RSB RE. H2, REFENEW
A AL IR AEBRARIE K, BT AT A i b X AR S AR PR AR AR K. A e AR T A T
KW AR, TAHSEREAER, SRS FEE KL T AL s 7-8 HWE H b
O 5 ZEHE (4N, 2020 FEAHNT 1978 4F) , PSRRI K ZME ATIE 5.2°C (Filan, 2013
SEANT 1980 4F) o AR RRFIERIAERR R L g N TR BRI B 2k, flhn, 1993 4F%
WA R 9AE A 1994 (EFRIIM R EAR T o — 2L KT A R i X AR AN e
B AT 5 AR S S BB T — e H AL, RILETIARE & . B3l s JERJE
WP Z KR SR T I B EAE A (IREESE, 1983; 177, 1996; #4545, 2007, T EiAIR
[E| 4, 2010; B AEKE, 2013) o HAl, £ H&m™HENE TR RIREZRUAR IR
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IR, B BRI — AR 0 Py T i R IR, R T B R BER
RGBT AR T A BRI 2 AR AR R « AP 4 L 5 R AR K 3 I 3 A NI Bl
M, P B — B I R KA TR 7T

7, ARFBERAE — AR B K R 78 1 B S W . BEFe R, R
R AR AT R B I A B R AR AR AR LRI BB A5, AT
TE B INSONRI TE SATTRLSIIN , e 24 1) 52 8 BE WA A REABIBOR, T %o B 3% B bl i A PR A% Gt )
BT A] e 2 K KARAL B A S 520 (Leonardetal et al., 2014; AghaKouchak et al., 2014;
Fischer and Knutti, 2013; 227 f1 /2 &3, 2021) o Kk, #ff 78 £ 45 & & Mo 1R AR AE AN
MR EKR. CAIES, SR TRRRAFARFRN HI, JFH St p—%2
B S T A R A2 2 (Zscheischler and Seneviratne, 2017) o JE 18 & WL 7238 2 i
BB R SR, T HER, BT ZHMXE ST FAE N 7 # (Sharma and
Mujumdar, 2017; Zscheischler and Seneviratne, 2017; Hao et al., 2019) , fuldfd FE#iX (Wu
etal., 2019; Kong et al., 2020; Ye et al., 2019; Yu and Zhai, 2020; #{EioE4%, 2021) .

FERE, I R O A e HER ST, IR R R Ut & — A B AR
R S m P, ©BA EIRATD R AR . JF H, ARFH R B A s A SR
B TR AL, REBEM EZ (HEKT) AR T e XA 2 HBLA R R H) AR
BRA. RRFMREAE ARG, XA AbHERE, Wi tiEz b, KITH T EZE 290K
S R R AR, AT TN UURR SRR RIS R, S ECEIRA, E S
REH RS (WETEE) KE, FH— X ™R RO RS (P, 2020;
Lietal, 2021) . XFRTHE D 51E - KB IERBHEM (Dai, 2013) , 5
BRI SV AP R m R ER R RO (G2 o455, 2016; FAE3E5E, 2021) , &
YRR RIS TH), B S AR 32V B, O A\ A4 f RREAT A 7 A 0 S e B BRI« i 7Tk
W, 3 308, KATAH T X AR AR ETHEH I (GREEONEK, 20200 , 1T HE
BT HRER A EHZ (Yaoetal, 2022) , IXAF KT AR Rz X Rl A S R
FET- R ER A OB E X (Yeetal., 2014) , [AJA T 2 i e XU A B AR
2 HMILRHLIX. Calg4E, 20210 o Bk, BT FERUT AR Rt X AR 33 AR ARk S L iy
W R R B2 = .

SR, H AT B = L [ TRV A R X A AR AR BRI R 73 7 i — 7 T,
of - M i vl A2 R (R I A2 S Al A, JU R TI R — N R AR XY
REBERAMARI TR Z . - H 100 245K, FEE SRR .. XIS R RSt 4hmia
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JE 3t N R SR A A AR, T R ik DR R R AT T R 2 A B AR k. (H
XL 100 2N, KITH R R TR A AR R AR, /£ R 5t R
EHA AP, MRPE TR o XA Y o) L AR ANA T RO AT A R iFIX — A
PR X H 3R AR e R U A, AR T RZIARIZB X 1) A A

ASC BB A5 TC S LR EY 100 2242 AT A i b XRS5 3013l 70 AR AL R A
TRGVEWT I, BN A FEARATL P R iR R0 7 b b R BEF R AR, 734 e 22 1k 1]
: ROBEASALAFAE R S IR B A 1

2 BERMF A
2.1 Bl
1951-2020 4= H [H [ /K AR ImIZ H BORHBCE H B 50 R ) B 550k A o0
Chttp://data.cma.cn) o 1951 4 2 Fif YL A R sk FAE R A T B KICIEFEIRAE
e BB E 2R A& 3% H R TR IRZOE R R B A SRR &4 fI R AR RS
Bl CERHE, 1965) , ASSCRI 71504 1885-1964 AR KL Rt R . 1 1 H
H AR E K 511 1964 fE2 5 MRS5S (2001 ) SCHIFT
(P62-65) ; A% 2000 2 & B R HAI T IIHEAT 7 Betb . A SCRIRBRFFIRSL, 2936 H-F
B o
RAFNIZ H B K 5 NCEP/NCAR Fi-43 it 5
(Chttps://psl.noaa.gov/data/gridded/data.ncep.reanalysis.html) (Kalnay et al., 1996) , Z=[&]43
PR 25955 WfIAIESE: 1948-2020, 52 XX B =i kit 22 $5 20 1 ] NOAA20 1
8T dE v3 i (Slivinski etal., 2019) , B [E]FS/E: 1836-2015.
ABRT- YA IR AR 515k H 25 E National Aeronautics and Space Administration

Goddard Institute for Space Studies  Chttps://data.giss.nasa.gov/gistemp/graphs) , s [&] #5 & «
1880-2020.

AR (CO2) Bk E Scripps CO2 i H KUK R &7 (lce-Core Merged
Products) , 1958 4F 2 i & T Kt %#E (Ethridge et. al., 1998; MacFarling Meureet al., 2006) ,
2 J5 Kk sSOU (Mauna Loa and the South Pole)

2.2 ik

R KT IR R, EAFEE UWH. ACHEWH, £FEKITH NFALha
uh R, BA. 8. JULA ) 5-9 HNFERAA 2 5L E M BiEK, HHEWE
IEF10mm KULEE, M H (4R, 1965) .
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Hxk, T SURBI . — Bl oy, KA et 5 3 e i W TS B AR T
X A bR — R AR S PRI R T, R R B S,
TR, B 2 A BRI O e Tk PR A

SRIE, TEAR RIS BEAE b, 58 SRR K BRI 38 B 48 ok S YT Rl AR 52 41 14
HEE.

2.2.1 HHEDH TR SPRdE

B, e MRS T SO e BB W TN H R >, R A
A K A4h, EERR X ZE B H Ak BRI E A AR e itk S K
L b T et R R 23 AR b 2 AR AT A S T R R bR v (ARAESE, 2001 ,
5T HH IS D BTSRRI Rt an R

D KICH R 5 I — BT, W EH IR (p) AN 20%;

2) /DR HIRARACE N 10 d;

3) AW TWIREZMN: A (& Hig D F— (5d) W, p BIARR
ik 30%, HiZ T 10d W AN LR,

B ARSI I 2 T 136 @ VLA i RS I & BUD BT, FRARYE % B T
3 3l P 5 i o PR R s AR A
2.2.2 KILH R EAR B 3R 7 A8 e X
2221 BEgBE (7-8 A) SEXFHFKILH TR R A T FHSENAREE ST 2R
BEHSE TR E

TEffE/ D WT G, T — DR SR e R R 0. B 1951 4 DLRTIT R i
WL FNNE HAWR K2 256k, 1 Ligsh SR BORNE [ 1873 4 DAk 4 [E i — B 58 5l
0T HAR W W SR EORE . BT, RF 1951 4F 2 B AT A R i s P B IR ARk,
FIH Bt SR SRR AL AT AT . DKL 70a (1951-20200 Lifg7 H. 8 A
o 7-8 H PSSR 0l 5 R T b R i LR DY ok f2 5 it Bk T~ 2 <R 34T AR
Ko (RD .

1 JE70a (1951-2020) L¥gAERE SRS FIHHRTL A T AL Y Bh A Fsh IR KA S

Table 1 Correlation between summer temperature in Shanghai and temperature at four and five
stations along the middle and lower reaches of the Yangtze River (MLRYR) in the same period in
recent 70 years (1951-2020)*

 KE—— H 7 A 8 /] 7-8
KL RIS FLuk 0.91 0.89 0.91

R WA B VL DY 0.85 0.83 0.85
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*FEAER Y 70, 7K%)0.999 BASKTHIAHIAE TRy 0.39

55°N

45°N

35°NH

25°N

15°N
70°E

99.9% 99% 95% 95% 99%

Conf. dlevel:
Corr. coef.: [ [ [

99.9%

-0.39 —-0.31 —-0.24 0.24 0.31
P 11951-2020 B & Filg iR 5 RIEA4E 160 s EMAHK R fi: (@ 7 H,
W RIS DA A ANIR IS o AR G5 /K TE 95%. 99% J% 99.9% 1) [X 3.
Fig. 1 Distribution of correlation coefficient between the temperature in Shanghai and the temperature at 160 stations in China in

0.39

(b) 8 A, (c) 7-8 AF¥. FHFlik

the same period in the midsummer in 1951-2020: (a) July, (b) August, (c) July-August mean. Yellow and light blue, orange and
blue and red and deep blue represent regions with statistical confidence levels at 95%, 99% and 99.9%, respectively.

ME LA, e 7 H. 8 HEL7-8 XUH I _Hilg e 5 R A R e v L DY ol o T
S SPEAR, BA i 0.999 BEK P MRECR. JEH, N EBT7H. 8 HX&T-8
AABRS R E 160 55 EAHCE (B 1 7T, 1EFSERN 0.39 (A F] 0.999 EE/KF)
PSS o ] P NN RS R IS TR R e [ o N o o S N YN S e = 2 PP s
7-8 F 1) i S R EOxT ) R Y b R X3 AR A A A AR
L R BOR R AR BIUR

| o >27C o <27°c|5_

22 +———1r
1950

1960 1970 1980 1990 2000 20
Time (Year)

P 2 KT R i g A B W T R s R R (AL °C) BIS AT
Fig. 2 Distribution of average temperature (units: °C) in Shanghai during the first pentad of each less rainy and dry period after
the MLRYR Meiyu season

Kl 2 25 il 70a #4F MG BT A D T e A i RRAE . ASEERT L, k28
(90%) 4 HIMFE IR/ T8 H PR IRE ) 27°C L LA b, X AERE (1965)

10 2020
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WICHIE 3¢ it )5 % /b (% _EiRSIRIATE 26°CLL B —80. R, 7R 5E IR S0
PR IR AT IR S 27°C, FLMERN—FEHE . ik, X ERKIT AR R R
ST SRME A ERN R KA RO ARG, 5 I —BeEst 10d LA B R,
Zhsd (i) M REEPFRRIRSIT =27°C, RANREW: HREGRKTIE, K7
RIFE AL BT
2.2.2.2 1951 SEFKIL A P s R B RERITIE

AR BRI HT R A gl 5T A R X 1 SR AR AR R S ARG, (B, BT
A (BB 5 A7 22 5, DAL SR AR P gl SR AR R 1951 4F 2 B FLulh PR R, B
XT 1951 A Z Hif i s IR AT T IR, A REACER T P 25

TER AN RISRRIUARFEK S, A PR MIREK. 1951 4R 15 70a
R R % R AR R Ll SRS EAR K, TIAT 66 4 (1885-1950) 4R 544
AR SRR R SRS, TR R R B B R AR . AR
1951-2020 & AR A Tuslh RT3 5 R Bl URSFEM 2 (8 3) « 4k 3 6
Bt: 1951-1979, 1980-1996 H1 1997-2020; %M BeAR 53 sl ~F 23 il AHRT [R] 3 _E -1 35
AN : s 1.00°C 0.84°C F1-0.07°C;  BIATTH T i Ok 5 3 3k ~F 50 <UL B RT3
AR R B AR A YN, TN 1997 AE T AR b X ANER KI8T A B 25 LA
HRMREER A T NI EUER AT HT 66 AEIIEE 1 I BUAR A H i R bL [ Tt~ 3
ABRIERIR 1.0°C 122 REAE T IS, AT 6T 66 4F BT A (R B Bl URF a2 -
P AV S I R S 4

( (2) (3)

\ﬂ \/\“V\j\

1950 1960 1970 1980 1990 2000 2010 2020 ﬁ)vk

o - N

1
=N
T

Temperature difference ( C)

P 3 3T 70a KL A R e AR ST Tl P 3 SRS R B F1 UR I 22, Bk RoR TR AR
Fig. 3 Difference between the average temperature of the five stations in the MLRYR and the average temperature of Shanghai

during the summer hot-dry stages in recent 70 years. Vacancy means no hot-dry-stage year
Pk, FATRYE ER T b b B8 3 SfbndE M mimbrde CHFER & T
27°C) , XIEIL 136 FARTLA MR, WM 1.
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2223 REMKESREEFHREEMEKKFIBRR

TR IR IGER T PRI SRS, AR B IIRFEEK B2 R 4R bR . K
J3 B e R FAOR AR A g B LA BB ZERZMA (L et al., 2020; Chen et al., 2022) o Xf 1%
IS, AIT 70a (1951-2020) KILH MR FHIKEE (L) SFEEFE (7-8 ) KEZE
(6-8 ) FRIE 160 s R AAHRME S (K 4) AT, REMKESERSHE S
IRIEF] 0.999 B AF K I IEA AU BT BT AR M FIX, S T AU e &
B REX (& 4a F1E 4b) , B R PR B WAZAE KT A R 30 s R
W E Ze 7-8 HRRS WS (K « W FRKInS, REMKES 7-8 HsE F KT+
T S IR K o 1 X A K ik B B A KT 0.999 f TS, RIAREMIK (8D .
MEIT UK 7-8 A KEFRRK MWD (£) o XI5 U KT iR R K R BRIk
] e 7 30 B A AR AL 1) B AR AR

(a) L vs temperature JA (b) L vs temperature  JUA

55°N
45°N - -

L .@’ a

25°N 5 - -

35°N

15°N — — N —— e
70°E 90°E 110°E 130°E 70°E 90°E 110°E 130°E

(¢) L vs rainfall JA (d) L vs rainfall JUA

55°N

45°N - - -

Y s
P
oy
= g N &
25°N - - ‘ -
15°N ' T ' T ' ! ' T ' \ ' T
70°E 90°E 110°E 130°E 70°E 90°E 110°E 130°E

Conf. level: 99.9% 99% 95% 95% 99% 99.9%

Corr. coef.: | [ [ [
-0.39 -0.31 -0.24 0.24 0.31 0.39

35°N

Kl 4 3T 70a KILH PR PR (L) 544 (&) 7-8 A& Cf) HZFE4E 160 3 (L) WM CF) FEKMHHR
orAi: 5 7-8 HRRIIMK, (0)5HEEKEMMK, (©)5 7-8 HM/KMAME, (d)5HZFRKIMHE EREE. BaE
PR LL AR S €53 AR ST 5 BEZKSPAE 95%. 99% 2% 99.9% (1 [X 1.

Fig. 4 Correlation distribution between the length of annual hot-dry stages (L) in the MLRYR and the (upper) temperature and

(lower) precipitation at 160 stations in July to August (left) and summer (right) of that year in recent 70 years: (a) correlation
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with July-August air temperature, (b) correlation with summer air temperature, (c) correlation with July-August precipitation,
and (d) correlation with summer precipitation. Yellow and light blue, orange and blue and red and deep blue represent regions

with statistical confidence levels at 95%, 99% and 99.9%, respectively.

2.2.2.4 REHBEEREE X

TRAFE AR AR 55 5 R A AT 1 SR 9 5% AR K AR bR AR E K, i HL
HAP AR AR BRI B T AR L T 28.6°C (1982 4F) Fl1 33.0°C (2003 4F) i), HESER
Jads H e UiRIS 2 35°C L UL B — i H ChESR SR, 2014) , %E8:3d KULE
H £ B i H B ROy — IR IR F A (5K 32 CR BRI, 20200 « &40, HATRILK
AR R B ARRIRGRAR T, B, BARARFEIRERKN S 1978 (R
76d) 11967 4 (RFEH60d) , (HHEmIRH GEF35°C) HIMR AL A 1934 (R
I 55d) f2013 4F (REHI42d) o Bk, ALGEFHERFHKE (L ARFEHFES
A (T MEEEER, & XRFEH5EEETEEL (Hot-dry Strength Index; HSI) B, 75E[E
B R PR . A8 SUR BT R Fa 4

Ti= T/27.0 (D
IR S0P 0R (T @RI E AR B3R PR (27.0°0) MRS, Ze% T8
B, R R, RBER. ET L AR RIS To s SRR, A fei
INERTEUH & 2 AR, FIRE N SR # R RIR N R 2 5. L 70aLl RMEHEH 9
a ki 10d, 1 L=40d & A 9a, HENHLELARMEE 4 UL MR T & F (1982)
N 1.06, HAF (2003) K 1.22, FPrARMEICH 0.16. Ftk, 7£7% &P 3L AR A 2R
RigE To RS, B THERIL, M T (°C)IAH| 32.0 Bf, T1*=1.973, WAl L AH3fE, FH4T{E
T B INAEIVER, bR BB R E (HSD AR A A
HSI = L xT;* (2)

PRI E i 136 a AR FHAM 120 a /Y HSI F54k, WLBHE 1.

3. 136 KT T A R EAELR

MR 136 a KITH N RFEIAKI R (R D, SfiliEE S BAR B R 2 H A&
FEor il (EI5) o A%, 136a (REFHT-HK AN 21.6d, HAr L 10d 2 BA_EAR B
EMIA 1208, BT AL T 1-3 BARE W, 1k 120 a (REWIFIS K 24.5d; 5 16
a (1901. 1906. 1915-1917. 1919-1920. 1936. 1939. 1941. 1943. 1952. 1972. 1980.
1993 A1 2014 7)) A LA 10d & LA ERIMR R8I B 5 bmT DUE H, RFH46 H A
H HE — & RERBRR S, 2009 30-40a A, 3 H, AHAE MRS,

11



281
282
283
284
285
286
287
288
289
290

291
292
293
294
295

296

i 136 EKITH R B 20220609.docx, Xu and Zhao., 2022/12/12

] 6a 25 tH 136 YL H R UF AR T AR BT 0 A1 1 o AR R B e 22 R LN B
£ 10-37d 2 [f], 347 105a, SR FWIFH) 87.5%, 37d LLEWAT 154, 5 12.5%.
i 136 a AR B W LB LA 2 Jy BL R PO 2K

KRR FRKE=30d#H. H 37a, 527.2%, HfaKE=42d5F 12a,
RE: 1978 (76 d) . 1967 (60d) . 1934 (55d) . 1961 (49d) . 1964 (47d) . 1894
(46 d) . 1953 (45d) . 1887 (44d) . 2016 (43d) . 1888 (42d) . 1994 (42d) A
2013 (42d) .

— AR R KA 15-29d 208, JLit4 53a, 5 39%.

JARFAE: KEAE 10-14d 2 18], 3L 30a, 4 22.1%.

TRFGE: REBKERET 10d ML E REKE9D . L16a, 4 11.7%.
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Fig. 5 Distribution of date and length of hot-dry stages in the MLRYR in recent 136 years. The red vertical strip is the summer
hot-dry stage, and the yellow vertical strip is the autumn hot-dry stage that began in late August and beyond
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300 Fig. 6 Frequency statistics of hot-dry stages in the MLRYR for the 136a from 1885 to 2020: (a) frequency of occurrence in each

301 length, (b) frequency of occurrence in the beginning date, (c) frequency of occurrence in the end date
302 &l 6b A1 d 73 ll45 Hh 136a KL AR G H A2 H IR A Givt . K] 5 A

303 & 6b wn, REMIRFITAH 10a, fkikJy: 1961 (6 H 16 H) , 1934 #11978 ([Aly
304 6 25H), 1899 A11904 ([FJy6 H 28 ), 1940 11964 (|7~ 6 F 30 H) , 1893,
305 1898 f1 1988 4F (AN 7 H1H) , th10a REMESR 8a KE K 32d L. RFEH
306 FFumAIR MKV 2008 (9 H 9 H) , 1937 (8 A 19 H) , 1997 12020 (¥ 8 A 13
307 H) , 1907 #11947 (3288 H 10 HY . W5 HAMNKAEEMRTEL, HMUPAK AT 8
308 H FAIKULEMNFR R, 1951 4F 51X 9 M AR B ISP 35 SR ZE LU R 4F 1 B AR 5
309 MWASRIRFIIRAC 2.0°C, {HA5=27.0°C . L 30a XA AR G 2 kA .
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& 6c BN R H B MmiksE, FEEHT7H31H-8 H30H, FN8H
11 H. AL HHIT 7 A LA, 1899 (7 H7H> , 1893 (7 H 10 H) . &H
BIRWX 9 H NS, Wi2008 (9 23 H) , A 6a (1949, 1955, 1975, 1999. 2002 Al
2019) AHWILT 9 Apfy; (REHIZLHIESE 9 A&t 13a, B 1937 441, HAR 12a
I T 1945 5, Won tHAUREIR IR . X 5K 5 24 HiEA B — .

TR IR S, BT 256 % AR B RE K P R MR R 2 (HSIE; B
R D KE, HSIEH| 45.0 KA EFABREE, 114 36a, KT 27.0 FAGBREFE,
1 38a. BATKM, REHIKERXI0d &L EM29a KRFFR, 7 25a AR EE.
HFERNZE, B LR 12 MKk 42 d EKREF A ERR RS, EZREHFS
s, KARPEMRIARRE (HSD FEA—E R, X 136a IR IAREHTY, 1%
HSI E{RFFHIET 11a y: 1978, 1967. 1934, 2013. 1953, 1994, 1914. 1898. 1894,
2016 F11961; £ 3 /MK 40d DL R4 (1887, 1888 F 1964) AKREFIA L& HSI Hik
o

4 KT TR (o) REHANTKEIRFIRREFE

KL R S ERFEE 10d DL B bR, REH IR B, HOR AR
FBRHIE TR TR = 5840 B 5880gpm R A EM IS HIHCIL Mg B, (B, fE
FEemEgy o) ARE IR, WoKX 7-8 H Rl RLRHIE 27 HAH S K %2 R .
4.1 SBARFEBART oK 500nhPa P il

WA =S KA BRI 70a ARFE IR, 1978 1 1967 X 4R AR R BRI K
G ik 3] 76 d F1 60 d i B 136 a HLom AEfe B Rk m KR BAE HAR F0°7- 3
AR A 2013 4F, WKL 3 a Ay R R LAY . &) 7 52X 3a AR I 500hPa i 3
Y. 1978 A 1967 SRR SV K 500hPa 43R 44 o KT o R i [X A 5840 £k
Py A v A AR, T 2013 41 AR 523 (149135 500hPa a1 B 37 W 3 B VL i 52 31 o
SEfF e (5880 Zk) K HEEM, BRILA L R 197 T T =R EEAN WL A 8 T 1935 4F
Dok IR 28, AR R AT R il Touh P33R ik 32.1°C, L 1978 Fi1 1967
AR TSRS R R 2°C A A
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(b) 1978.6.25-9.8 (b) 1967.7.12-9.9

60°E 90°E 120°E 150°E 180°E 60°E 90°E 120°E 150°E 180°E
(c) 2013.7.8-8.18

B60°E 90°E 120°E 150°E 180°E

5400 5480 5560 5640 5720 5800 5880
K 7 BRAR ) 500 hPa P fr & (Bafz. gpm) : (a) 197846 H 25 H-9 H 8 H, (b) 1967 4F 7 A 12 H-9 H 9
H, (c)201347 A8 H-8 H 18 H
Fig. 7 Average geopotential height (units: gpm) at 500 hPa during strong summer hot-dry stages: (a) June 25 to September 8,
1978, (b) July 12 to September 9, 1967, (c) July 8 to August 18, 2013

42 55 (B REMRKILK 500hPa 3R A

T 70 a B IR SRR RN 5a (1952, 1972, 1980, 1993 F12014) , HEE (7-8
D MR AR KA ERIUR s AT 40 2 T8 T 1 v s e s A5 P 2K

B VTR S 2 B 1980 4 ML AL, ZAEKIT A FIFIE NI W 8K, 1BE
8 H 23 HA Hitg (1R:HF, 1986; #:FESE, 2001) , 7-8 A PE APl i v a2 A B wd T
25N Ab, KICH Rkt T M arfEl s vadeil (Bl 8a) , FT2W, FL b, Z4%
AT RIS SE 3 2 W, KU IR AR EGE 70a PRI 2.2°C, & HIUA
;1993 1 2014 4F R 2 S At g8 T kA .

(2 8 LA 1972 4F IR, % 4F 7-8 2843 Ik B) (10 ) 7EFR I KRifi- P K P X
YA H BV RSP s = 5880gpm HL A, U P 8b Fros: 3 7 H S K Bl #viy MRy B HE & 5840
2R 1 I v P A R R, BRI 12 v e T 00 0 1 e R %, 7-8 KL P R AT
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IRV X DN, FRERHESEWE, KRBT ER . 1952, 1955, 1957, 1958. 1974.
1975 #1 2008 F=11) 7-8 AR PRI B B IR AR, & HIEE R 2.

(a) 1980.7.1-8.31 (b) 1972.7.1-8.31
90°N

90°N

60°N

30°N

OD

60°E 90°E 120°E  150°E  180°E 60°E 90°E 120°E 150°E  180°E
(c) 2008.7.1-8.31 (d) 2008.9.9-9.23
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K8 55 (Jo) fREIAFRIR R IAN 500hPa T340 A m g CRAz: gpm) @ (a)1980 4 7-8 H, (b) 1972 £ 7-8 A, (c)2008
£ 7-8 A, (d)2008 49 A9 H-23 H

Fig. 8 Average geopotential height at 500 hPa (units: gpm) in weak (no) hot-dry stage: (a) July-August, 1980, (b) July-August,
1972, (c) July-August, 2008, (d) September 9-23, 2008

2008 FIIH LI R, M EZ 7-8 H BAREA HILBH BRI, KR 7-8 AR
FEEml I WA (B 8c) , fHJE 9 HETHIIAFKIR T BFRRCE 8 HIRRARE R g
AP i 5840 2R 7E 9 A 9-23 HIL P 52 80 Ab, HAE KT A il -V1. 79 X ik — 5880gpm
e (B 8d) , AR R mii KA

5 BREIC TR TR XEE SIENF
5.1 KHARFFEERARE
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AT C. 45t 136 a AR F IR EFEE (HSD ik 4 a fkikoy 1978, 1967. 1934 A1 2013
s [ 1951 4ERTZORIBR G, BUNAIHIX 4 a KT R BRI s Pt s iE koL (R 2) .
MR 2 T, 1934 4 EAR AR BIAK AN K& 1978 1 1967 47, (R AR R HAY 7 W ki H
IR =35°CHECKE, 153 48d DL b, FafEit 136 a AL, EifgRk R4 5 H 1 50 d.
A 8d Hifgm iR =40°C, fmEikE] 43°C, thFi T R#a] N 136 a 7 H &l
FROUEEARL s 2 I FRARIES 2 1 1R 5 B — R LUE A ISR, r 2 Ah 25k, &
Bt HR T2 a8 (REE, 1989) o M (I 500 4555 /0 A EI4EY  (1981) AT L, 1%4F
BRI R X A& r 5 e I 5 s 5, HYG I 1967 11 5 ZURF 71X, il
1978 F4H4 .

F 2136 a H 4 a mBEREHKILF T LiEAE <RS0
Table 2 Temperature statistics of Shanghai and Nanjing stations in the MLRYR during the strongest
four hot-dry years in the 136 years

. REHK PHKRE BERE >35cCH#t >40°CH¥ HEESE

d) °C) (HSD) d (o)) °C)
1934 55 30.9 94.2 L >0 2 2
B 48 8 43.0
g 45 5 40.8

2013 42 32.1 83.9 N
B 35 2 40.1

g 1 :

1978 76 30.0 115.8 £ f ° 0 38.1
[zt 34 0 39.7
i 13 0 38.2

1967 60 30.3 95.1 L{f
B 36 1 405

TR B 4 AR AT K B0 B0 T 1951 4E LS, 9t HE 70 a (1951-2020)
KITH IR B IR EFE R (HSD S A2 AR B Tl s (=35°0) P H %8 (DT)
wZH. KRB (Z30d) W Fusin 5 HEE 7% (DTP) &M 7-8 HKILH
N Lk K EARR H R (PP) &IK#E % 10 a.
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# 3 i 70a (1951-2020) WKILH MR ERRE RS (HSD &EE .\ BREREHRITRE (235°0)
FHHE (DT &EEF KREW (230 ) WAMREFHHHEESE (DTP) &REEM 7-8 AKIL
H T LUK EAEN ESE (PP) RIKEHT 10a

Table 3 The ten years with the highest hot-dry strength index (HSI), the most days of high temperature
(=35 °C) in the hot-dry stages in the five stations (DT), the highest percentage of DT in the long drought
years (> 30 days) in the five stations (DTP), and the lowest relative percentage of precipitation in the
five stations in the MLRYR from July to August (PP) in the past 70 years (1951-2020)

REUE/Fm
HSI 1158 951 839 734 702 664 661 634 619 608
Ay 1978 1967 2013 1953 1994 2016 1961 1966 1959 2019
DT (H%D 37 336 326 262 256 248 238 234 208 200
Fr 1978 1967 2013 1966 1959 1994 1953 1971 2016 1961
DTP (%) 78 73 69 69 62 60 59 59 56 54
o 2013 1966 1959 1971 1976 2018 1994 1990 1967 1964
PP (%) 22 31 38 42 42 46 48 52 56 60
Ay 1978 1964 1967 1959 1966 1961 1971 1976 1973 1968

MR 3 AT UL, s AR BT R R Ui ok B R A s R CRrif /D D B TUR AR IR 2
1978. 1967. 2013. 1966 F1 1959 4F; 1978 AR FIHKIAPI/NFEH, R HIXiZFEH 34
ZHRTEN, ZEKILP TS, CEERKREEZ 9 H AR, K min b
WIS LRSI, 1967, 1966 Al 1959 X 3a 2 KITH Mk E 74 s/ bW 4E; 2013
FiZHIX 7-8 HREKME LY, TRFEHNEEREZ, HIELZ 30d DL EKRFFEFK
B, i 40°C Ul bR H GBI 1934 4, ELE @k Bilg A AW IHE g Ak
ML RE (R2) : WHLARE SRRSO NEE, 298 H 8 H B AE AL
MEER I 40.8°CLL b myiic k4 th WL, 24 B H s BliA #] 42.4°C AN
44.1°C, 11 H 3% min L 2 AR & B ARMO KK, 7-8 AN H s ik 40°C LA
bk 14d (4R, 2013)
5.215-20d MR FRIERE

1988 AR RE A, FRIE AR L I R, AR b DR R e 0 A B ST
RN, AR FA L (R, 1989) 5 SEHUNIZAF KL R E R 5
HIREK (34d) , (HA B BERARE AR, & (7 H1H-7H 20 H) BK
20d, MR A H e miim =35°CH %A 17d, B _BREMIA LR 8 A 5 H-18 H. nJ . 15-20
d KA E AR B B, FRRA SRR SR, et NIRRT A = E . i
HAREB], 2003 FRITA R R (7 A 24 H-8 A7 H) KL 15d, mfHFiusH P
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AT ENE 33.0°C, Tl H s i =35°CHI 1 H ik 14.6 d! IR AEIZAE 4 E PR R
EF|50a (1961-2010) HEANCFEAIIEE (Yeetal, 2014) . 2017 SEAR2H (7 A 11 H-7
H 30 HD sy 32.2°C, Tk H s =35°C I H A 16.2d, AR
K1 81%. FRIHAHTEIR, X 3a RS 500hPa FAJTEFE DL 1988 4E A4, #4 8 7R LA
5880 £k Ay A I Bl FAAHT i TR AU ™ 25 08 B M P P P A 22 KT e (110°E PEAD 11
ORI (9, MR Rl 15-20d A 44 584K 2 1.

1988.7.1-7.20
90°N
60°N
30°N
0" -1
60°E 90°E 120°E 150°E 180°E

E C  E

5400 5480 5560 5640 5720 5800 5880

K9 1988 F=HBHREM (7 H 1 H-7 A 20 H) W AKX 500nhPa P37 A @ & (H47: gom)
Fig. 9 Average geopotential height (units: gpm) at 500hPa in the Asia Pacific region during the first summer hot-dry stage (July
1-July 20) in 1988

6 HREIRHACT R TR E SIEN T
6.1 KILH TR R B A AR

KATH R IR K LG 028 A AR BRI AR AR BRI AR RRAE, it 136 a AR I 5 3k
17N (10D, PR ILEH 0.05 13 BRI A2 2.9a M 5.6a, ARikF| HIAEE
KA HA 36.7a F184.3a, H b 36.7 a MEHAL AR (1979 it E

57 36 F W8 MRFWIHCE R 3a. 5a M1 11a #) 3 ks~ #hZ (Bl 11) AL
KL, AFAE 4 DX BT 4 DS X B, ARSI S IEMA faa s s, AL 11 B
BRI RERIE, SRR 4. WEXEBHII= 30d RAREWIER 198, HBFRN

46.3%, JUFHR 2aitHil 1 KARBESE, MAESXE B 43 a T 2 KRB S, BIFELR
SR X I B AR A B R S 25 X T B 9.9 %6
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434
435

436
437 line
438

Global wavelet spectrums

16 32

Period (year)

439 R4 KICH TR BRI S EX AL XA BRFER ST
440  Table 4 Statistics of characteristics during peak and valley periods of the MLRYR hot-dry stages

64 128

K10 KL R X AR R 2 RN R (S22 . Ry 95%15 Lk I 2k
Fig. 10 Global wavelet power spectrum (solid line) of the hot-dry length in the MLRYR. The dashed line is 95% confidence test

K HSI 3 KREERS TREENR
B i @ B maRHE ERKSEE
o (1)1885-1888 4) 333 458
* (2)1926-1935 (10) 304 462
X 449 192 (463%)  2a(4.9%)
” (3)1959-1978 (20) 289 438
(4)2013-2019 @) 260 456
N (1)1901-1920 (20) 134 164
(2)1936-1943 ®) 154 183
X 190  2a(47%)  12a(27.9%)
43n (3)1980-1987 ®) 155 222
(4)2002-2008 ) 149 235
441
442
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Fig. 11 The original and moving-average data of the hot-dry length in the MLRYR. The horizontal red lines indicate the hot-dry

length of 15d and 30d. The light yellow shades mark the peak zone period of the length of the hot-dry period
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fERER X B 12a HITER RN, B 3.58a —i&, MBIk FIEXH BT 205 a
AH—TAREE, FIRBEA X HEI TR B ERINLRE IR 5.7 £5: % 3 5L 70 a
ARSI, KITP PR E miR O WK EEN 17a, HP 14a (F 82%) & HILTR
RUEX IR PR B, T 16 DR EERA 12a (5 75%) HILTAXEE, UF 2a
TR X B X s s AR R R EAR T4 A SRR I I 4

I [X M X & 4 P BEAEIR 11 B9 3a. 5a. 11a F1 21 a HIME 5h~F 4 ih 2k EIgRasy ] I,
(HTESL 11 a KEEMIE NN FIU NI .

6.2 KIRFEEHEHRIZRIR

KILP MFERE AR 2SR, XFEEHITRREFE (KE=41dD E2a
N, 136a REMA=41d #IH 14a, H9a (15643%) HIHIHER, EIELIKKMRE
JG2a WA La KL FIFE B LA S 24P — /U B SO RS
s 1894 FREMAK 46d, 1896 H i, 1914 FAREMA 41d, 1915 BARF, 1934 K
55d, 1936 LR %, 1953 K 45d, 1954 H 7, 1967 4K 60d, 1969 H¥i, 1978 K
76d, 1980 E¥i, 1994 1< 42d, 1996 H P, 2013 K 42d, 2014 BARF, 2019 Fi<
41d, 2020 % ;.

6.3 KILH TR BRI RBFHME FHEK

KT H iR R 50 B e A =i 11a A5 7 a (1953, 1961, 1967. 1978, 1994,
2013, 2016) Hi# T 136 a ()5 68 a (1953-2020) 4, R 4a (1894, 1898. 1914, 1934)
I T AT 68a (1885-1952) . 1M 16 NIGARFAE LI B E A M /. A 4a (1972,
1980. 1993. 2014) ML T )5 68a B, A4 12a (1901, 1906. 1915. 1916. 1917. 1919,
1920. 1936. 1939. 1941. 1943. 1952) fi i 68 a 1. XKW BRUGIGIEAHCILH T
T AR R B H AT K R SR S AEAE AR 2 K B RE e . 1] 12 45tk 1951-2020 AEAYT H T i
T R E AR BT R . KB 7-8 APRMKE %, 7-8 A & 9 A FHA/RRAMEER
S AU 7200 11 a W s P M4 S H AR Mann-Kendall RAERIR 45 . A
12 5% 4 W] IAS B LA — LR 3

D BEAAMRFEHHKCEAE 1960s F1 1970s A &3 1T B, (H &g aF &I R A2
IEFEREN N (E12) . 1959-1978 4F /2R T WIHC B () = 220 1,  1980-1987 FARF K
FEMAIX (B 12; R4 , ZEREMEE . KPR 65 E KA
WA, BB 12 AT, R AR R AR A 8 0 i B e K s D I A B 3. 0 LR
B, i 40ak, REMAREE L, @miRFrRENe. £8E (7-8 1) N
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BRI B AR, JRTE 2008 FERAERAE: JEH, REH R H R EME KRR
w, BEARRE I R (HEE IR =35°0) HEE 2R ETHS L N R, KA
# N 1980s 17 30% /- 45 A EE R 50% LA - (K 12) o AR5 il H 3R 5 s 4%
(2009) #5 Hi 1A AR i IX vy I 88 R BR AR R — 3

2) P E (15-30d) HImiRR FIIRZEEZ, moE RPN 2 . 1951 & LIRAT
—BKE=15d IR EH, Hain 0B =>60%# 347 174, 47 11a (1988, 1990,
1992, 1994, 2003. 2010. 2012. 2013. 2017. 2018 #12019) HiFL T 1988-2020 4],
LF 3a —BHAEEL; KR 2013 12019 4E4h, A 9 a iR AR 7 I BOK 2 47E 15-30 d
20 XK AR 1980s LASK, KT H R#>30d BKAR R, EARIL 30d LAY i
REM: JEH, XFp 30d LANR B IAR SRR 3R, 1988 42 LASK 30 d ¥ 10 Btk 111
AN 31.2°C, FHARSEHIAE TR (27.0°C) 4.2°C. XFhm s 2, Ak
il R P 5 R AN 25/ N

3) BFEEK, NKRBIML . FERZNRIL 70a JLHIT 400) KILH R Tk 9
HAEEWHE LR, H70a EF%E (0.0176°C/a)  £53F 7-8 H (0.0083°C/a) ;5 fk
P NS 9 H HKE=7d #FHR S HILT 1937 45, 1 A 1995 4 FF 4R IX FhFFAE S %
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Fig. 12 (Left) 11 year moving average curves of average temperature (red), length (yellow), average precipitation percentage

from July to August (blue), average temperature from July to August (pink) and September (green) and percentage of high

temperature (maximum daily air temperature greater than 35°C) days (black) during the hot-dry stages for the MLRYR five

stations in last 70 years (1951-2020); (Right) the Mann — Kendall mutational tests.
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A FEGIE, R A SR 5 B0 S - R g R MR R I 22 3 K, 2R
Wi, R s L, WAL I KL X (B 5 4%, 2001; P S A
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K (Yaoetal, 2022) , REHIWK: K2z, REHEK.
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Fig. 13 (a) Time series of global average land surface temperature anomaly (red; unit: °C), sea surface temperature (SST)
anomaly (blue; unit: °C) and their 11 year moving average, carbon dioxide (CO2) concentration (black; unit: ppm) and
standardized 11 year moving average of the MLRYR hot-dry length (brown) for the past 136 years; (b) standardized detrended
time series of the hot-dry length in the MLRYR (brown) and summer continent-ocean temperature difference in the Indo-Pacific
monsoon region (green). The continent-ocean temperature difference is the difference between the land surface temperature and
the SST in the Asian-Indo-Pacific region (-20 <5-40 N, 50 E-120 E).

Hk, B E AR R IR B0 5 5 AR S A AR R I AT 9% . 1980
FARIF I ABREREAWTHE, EHE KRB EFHERE ST, KILh FRELH
3t L UYL R o 9 0 L R vl ) s b 3%, DR AR A AR A, 3 Bt 5 58
W R H B F K AR . (B 14) . Yeetal. (2014) %7 50a (1961-2010)
Hh 4 [ SR AR B BT KT A I R D0 A3, Wb RIsREE k. A SC g1 i

26



555
256
557
258
559
260
561
062
563
064
565
266
567
268
569
970
571
272
273

i 136 EKITH R B 20220609.docx, Xu and Zhao., 2022/12/12

SIE 70 @ il H BN . AREF (2013) BT N IEPDIR T C R, Burl. R AR
PO 7-8 ASKIRMEA A, F5H 2 70 AR A 90 AR DU T B E AR
BIHHPU T RS, T A DR MR -5, I T B SR BRI T, R R
S b D A~ 2 o 3K P25 L R T 2 5 S0 1R 22 e A 5%, B i 4 K 1AL 2000 31 2010
a8 40.3%, FIXARY BIMAHTIX, VORI T FIRIC I X e BRI X, miEARar,
N B By BRARIY, FEREEORPHAR ST T REHEA, $URNEITT. FiM T 2000-2007 a
[HEGEE 2 PR U DN W SN S G o ek tAI i P et Pt I TR N DR N
A IEERBEH AR 1L R H S B X, B 2R AT (1 4R R RORE 2 ORIl R S — ()4 )
FIX, BUEAHEL DORBUM A R SR IA 22T 1°C/10 a WIFRE . HIbFEE, BREAN
IR, 330 17 90 Bl K 2 B A0 ARG S €2 R 3 1 R R BT, 2005 48 [X [ 4 26 BT 419%),
ZRATE T FAk 45%, 404 O R R X AR A B R T o QB T DR D 4 25 44 () B ZR Kb, 1996
EHBUN AL TSV A2 T E R, Yo Z0HEE: 1 K3 mathmt, 2)
W 3 R DRI S B S T I, LR R RV S KPR O R L A T R IR . TR
7E 2013 R E KV A T ab TR B RIRF L RBHS, AT s R AL F] 40°C (IR,
2013) o ENFR SR, JULTT IR T Y O B B AR G AT SR A T, AEKTT
R EE AR T, 2016 4 9 H LT ORI B SARARYE T, 11 B AR 1) 786 FH 15
Tk S I KA H 2011 4E LISk —BEAEY K, IR X SR AR A8 L T s i H 2
i 70 a Sk H LI T S T, FER— R FIAM R FHEIR R, & o RegEd ARSI,
SEEIR TSR, R RS SRR IE IR R R IHPOR I R E

27



i 136 EKITH R B 20220609.docx, Xu and Zhao., 2022/12/12

b AR5 i H % i A AR e i H S
40 40
Slope: 0.0503 Slope: -0.0251
. 30 . 30
[t [
~ 20 ~ 20
B W\M B
] o
1950 1960 1970 1980 1990 2000 2010 2020 1950 1960 1970 1980 1990 2000 2010 2020
iffa] C4F) i) C4F)
Jei AR R iR E AR R R E 4
50 60
Slope: 0.0426
Slope: -0.0345
2 oll
% % 20
0 0
1950 1980 1970 1980 1990 2000 2010 2020 1950 1960 1970 1980 1990 2000 2010 2020
i e) (A i fe] (4D
IR R il H 4 B AR R e R H %
40 40
Slope: 0.0534
Slope: 0.0196
. 30 30
[ o
~ 20 }:,\ 20
Tl o W 1 1N = 10 Y
0 0
1950 1960 1970 1980 1990 2000 2010 2020 1950 1960 1970 1980 1990 2000 2010 2020
e (5D e ()

074

075 M 14 KITH Rl it KAUNIT 70 a BE AR AR I H A (Bl RIS (gL
576  Fig. 14 Days of high temperature occurrence (black solid line) and its linear trend (red dotted line) during summer hot-dry stages
577  inlast 70 years at five stations in the MLRYR and Hangzhou

578 8 ZEitFniTie

579 8.1 &

580 ASCHEFL 1T 136a SRASTL A T it DX R R4 50 T30, 0 b IX 7 4R R AR 23]
581 ARMLFILHEAT 1 0Hr, FFEILLT 4R

582 (1) Jl5E T 136 a (1885- 2020) VLA FF# B AR 7 AR T %

583 AT A R L Tt 1885 a LAK (3% H /K AT H BERE S L 7-8 /i 5 AT

584  FRRIFHAY 4 W)L AR, A0 BRI A R M S AR FE A D R SR E = A
585  #HE, MmRIsrHIIT 136a  (1885- 20200 KATH FiiF &R E M. #aE T 136a 4R 5
586  [HEREEFEEL (HSD) . @Eid4r#ric 70a  (1951- 2020) RFH BS80S R KT A

28



987
288
589
290
591
092
593
094
595
296
597
298
599
600
601
602
603
604
605
606
607
608
609
610
611
612
613
614
615
616

i 136 EKITH R B 20220609.docx, Xu and Zhao., 2022/12/12

UL Tl IR R BRI ZE R &R, T1E 7 1951 4E AT & A A b sl =<l
REMR B TR, IFELRE B BRI R ARt b, SOFHAE 1368 &
FARF IR R BEARH (HSD

(2) J3#r 13T 136 a KAILH T & BUR B WG THRHE

X 136 a KITH FHHR RN K 216 d, Hdq 16 a 5 /0 /s B BOAS 2 10 d,
ENTRFE, LM 16a, WAL MR FHFK 245d; 136 a B K HIRK 5
AMREEHEF RO 1934, 1967, 1978 Al 2013; (R EHIBFE AT HBLIT 6 A, i T
8 H 20 HUASMITIAR A NFR R, meMenT HIl T 9 A R A,

REIIKEAFAE 2.9a, 5.6a. 36a Al 84 a AR . 2R E L, JfEH
Wi 4 MHEXFLRX, K GR) A (55 R (ERTREE H o nlEdh I
Hy EORE XORIE X B 5 BT 1901-1920 4E A1 1959-1978 4F; 1980-1987 4 /&I
70a KR FIAKERIA ], Z 5181,

1980s 2 J& SR KT 30d HIAAR T BIA Jai ka3, (H 7 15-30d H. vy 552 (A AR 5 1AL
I H., 1 40a 3k, T H AR HOR AR RS, AR el H 20 7 % A 1980s
(1) 30% /e 4 b Tt BT A 1) 50% LA L

i 408 KILH iR A EKEH, 9 AR EFARRT7-8 A 265, HARKRFH
BIEZ, 136a N 10 PAKIRTEH 5 MHILT 1995 F2Z )5

(3) 4rH7 13T 136 a KIT A Rk 2 WA AR L SR A

ZE AR R B, KITH R AR IR g5 A0 R FL A4, 578K
SRR R R SR A 0% KU R M 5 PR R pE e b, H 5880
(81 5840) @RI RS NIl FRA R A S E R N, R R WY i e B
REWIK: [z, & MG P AR R A B W AR s A B P A e, TR
W IXIRIR R Ae A, TR BRI R oK R

KR A, NIIE30 S BRERE7E 1980s FF4h (1 55 2 THE T A R ik 5 1
ARAGRF AT LRSI o B AR R R el I B E S 40a (¥ S 34 DL R N RKAR S AT AN
HEWK G2 G K 55— T, FIKZE KX R 22 T AL R IR B B i
RBR A AFLE VR A F o

ST 70a KL R AR AR T, EAS [ R T AR R v i H 2
PRIV AR FEAE— 300 X85 3 24 1 P A S PR AR A8 Rk vl LRI A 35 D) 0GB, JUIE . RN R
SR EAAE SIS, KISk, AE3T W AMNLI ARG, B2 m i H8Eix 70 a

29



617
618
619
620
621
622
623
624
625
626
627
628
629
630
631
632

633
634
635
636
637

638

639
640
641
642
643
644
645
646
647
648
649

i 136 EKITH R B 20220609.docx, Xu and Zhao., 2022/12/12

BMTAT Pl Fs 3 873 H ey 1 G A i e 32 2 RN D ) 5 P 5 7 IR A B 25
B, Hapn) RVEEEAL .
8.2 Wik

A SCESRRE 136a KL AR il X AR TR AE A AL I BR A — 5 20 M, (LR BEIA K
VLA b X 2 2= 1 - A R R R IR E R AR ASKES). &
AFERY, SRR T F OO R R (W ENSO) K PU IR =
F L i e SRR B B XL S RS AE (SR %24, 2009; FESE4E, 2021; Lietal., 2021,
Yao et al., 2022; Yang et al., 2022) #7EAS [A] i )RS F 8 2AH [R) ) [a] RUBE b 520 25 1 i X
R i T R ER RS IR L)) IR 15 5 2 A R S e G R B ) 280 4 2 W i
RIS /7 (Horton et al., 20160 « 45T ik, IR [A) (1 S PR ERE & AR AR R
SIS T2 RGO, A B AR 5 R AU T Tt e 3 SE AR AR 14

AT AR, dBRERE R IR N B Frae (4, Pfleiderer and
Coumou, 2018; Hoffmann et al., 2018; Coumou et al., 2018) , X 5 AT /R KR —
WURAIEZ — 801, 40 15-30d Hoss AR R 2 . (B, AW AR AR 0 e —
Yo E EUHRFE, WEFEEK . NKRFEZ . R BN ERER I ISR, HoR ARG
BAE TR, XA R TARRITRRE A .

9. I5i&

MASCE BB OE, 2022 4 2 A PR R I W FFA =R R R 4
FAEF DN E 1961 FE LR MARA L) MATL A R L ok Bk 5OR A S
BN, EiR R E R DKL 50 do KRR 2013 FEITIRHIARTI A TR T IR FIE X

(R 4) DR E, WIRATPAFL 7877 HIHE# .

SEV#k (References)

AghaKouchak A, Cheng L, Mazdiyasni O, et al. 2014. Global warming and changes in risk of
concurrent climate extremes: insights from the 2014 California drought [J]. Geophys.
Res. Lett., 41(24): 8847-8852

2, fo & 20210 1961~2017 b [E X ROR I G534 [J]. hERE HERER
51(8): 1214-1226. doi: 10.1360/N072020-0380 = An N, Zuo Z Y. 2021. Changing
structures of summertime heatwaves over China during 1961-2017 [J]. Science China
Earth Sciences (in Chinese), 51(8): 1214-1226. doi: 10.1360/N072020-0380

Cai W J, Zhang C, Zhang S H, et al. 2021. The 2021 China Report of the Lancet
Countdown on Health and Climate Change: Seizing the window of opportunity. L
ancet Public Health [J]. The Lancet Public Health, 6(12): €932-47. doi:https://doi.
0rg/10.1016/S2468-2667(21)00209-7

30



650
651
652
653
654
655
656
657

658

659
660
661
662
663
664
665
666
667
668
669
670
671
672
673
674
675
676
677
678
679
680

681
682

683
684
685
686
687
688
689
690
691

i 136 EKITH R B 20220609.docx, Xu and Zhao., 2022/12/12

Chen H, Zhao L, Dong W, et al. 2022a. Spatiotemporal variation of mortality burden
attributable to heatwaves in china, 1979-2020 [J]. Sci. Bull., doi: https://doi.org/
10.1016/j.scib.2022.05.006

Chen H, Zhao L, Cheng L, et al. 2022b. Projections of heatwave-attributable mortalit
y under climate change and future population scenarios in China [J]. The Lancet
Regional Health-Western Pacific, 28, 100582, https://doi.org/10.1016/j.lanwpc.2022.
100582

WrEikE, SRiEEE, KIK=. 2007, P EZREEFERWEETHNERESHIR 0. KA
Bl#2, 31(6): 1212-1222. doi: 10.3878/j.issn.1006-9895.2007.06.16 ~ Chen L T, Zong H
F, Zhang Q Y. 2007. The Dominant Modes of Intraseasonal Variability of Summer Rain
Belt over Eastern China [J]. Chinese Journal of Atmospheric Science (in Chinese), 31(6):
1212-1222. doi:10.3878/j.issn.1006-9895.2007.06.16

Cheng L J, Coauthors, 2022. Another record: Ocean warming continues through 2021 despite
La Nifa conditions [J]. Adv. Atmos. Sci., 39(3): 373-385

Coumou D, Di Capua G, Vavrus S, et al. 2018. The influence of Arctic amplification on
mid-latitude  summer  circulation [J]. Nature = Communications, 9 (1).
DOI:10.1038/s41467-018-05256-8.

Dai A. 2013. Increasing drought under global warming in observations and models [J]. Nat.
Clim. Chang., 3(1): 52-58

T L, mIZR, WA, 452018, WA E FNXARFE. W 5 ERRRA O] KRS
Bl2%, 42(3): 533-558. doi:10.3878/j.issn.1006-9895.1712.17261  Ding Y H, Si D, Liu Y
J, et al. 2018. On the characteristics, driving forces and inter-decadal variability of the East
Asian summer monsoon [J]. Chinese Journal of Atmospheric Sciences (in Chinese), 42(3):
533-558. doi:10.3878/j.issn.1006-9895.1712.17261

T L A, RIS, 4R 2013, R ZE KR AEBR AT ARBRAR AL S AR T [9]. K
S EHEE, 37 (2): 253-280, doi:10.3878/).issn.1006-9895.2012.12302.  Ding Yihui, Sun
Ying, Liu Yunyun, et al. 2013. Interdecadal and interannual variabilities of the Asian
summer monsoon and its projection of future change [J]. Chinese Journal of Atmospheric
Sciences (in Chinese), 37 (2): 253-280

Ding Y H, Sun Y, Wang Z Y, et al. 2009. Inter-decadal variation of the summer precipitation in
China and its association with decreasing Asian summer monsoon. Part II: Possible cause

[J]. International Journal of Climatology, 29: 1926-1944
Etheridge D M, Steele L P, Langenfelds R L, et al. 1998. Historical CO2 records from the

Law Dome DEO8, DE08-2, and DSS ice cores [DB]. In Trends: a compendium of data
on global change. Carbon Dioxide Information Analysis Center, Oak Ridge National
Laboratory, U.S. Department of Energy, Oak Ridge, Tenn., US.A. 351-364.
doi:10.3334/CDIAC/ATG.011

Fischer E M, Knutti R. 2013. Robust projections of combined humidity and temperature
extremes [J]. Nat. Clim. Chang., 3(2): 126-130

Hao Z, Phillips T J,Hao F,et al.2019. Changes in the dependence between global
precipitation and temperature from observations and model simulations [J]. Int. J.
Climatol., 39: 4895-4906. https://doi.org/10.1002/joc.6111

31


https://doi.org/10.1016/j.scib.2022.05.006
https://doi.org/10.1016/j.scib.2022.05.006
https://doi.org/10.1002/joc.6111

692
693
694
695
696
697
698
699
700
701
702
703
704
705
706
707
708
709
710
711
712
713
714
715
716
17
718
719
720
721
722

123
724
125

126
27
728
729
730
731

i 136 EKITH R B 20220609.docx, Xu and Zhao., 2022/12/12

Hoffmann, P. 2018. Enhanced seasonal predictability of the summer mean temperature in
Central Europe caused by new dominant weather patterns [J]. Clim. Dyn., 50,
2799-2812

Horton, R. M., Mankin, J. S., Lesk, C., Coffel, E. & Raymond, C. 2016. A review of recent
advances in research on extreme heat events [J]. Curr. Clim. Chang. Rep., 2, 242-259

POAEH, AR, T, S5 2018, il AR B f FE AR : A S I T A 2 SO0k g [3]. 1L
AR (B 24 0R), 2018, 56(8): 1420 Huang C R, He Y L, Ma R, et al. 2018.
Health effects of heatwave: from impact assessment to coping strategy [J]. Journal of
Shandong University(Health Sciences) (in Chinese), 56(8): 14-20.
d0i:10.6040/j.issn.1671-7554.0.2018.160

O, BRME, HAE 2011 mRAGRIEASETTT [J]. AR, 37(3): 345-351 Huang Z, Chen
H, Tian H. 2011. Research on the Heat Wave Index [J]. Meteorological Monthly (in
Chinese), 37(3): 345-351

IPCC, 2021: Summary for Policymakers. In: Climate Change 2021: The Physical Science
Basis. Contribution of Working Group | to the Sixth Assessment Report of the
Intergovernmental Panel on Climate Change [R] [Masson-Delmotte, V., P. Zhai, A.
Pirani, S.L. Connors, C. P&n, S. Berger, N. Caud, Y. Chen, L. Goldfarb, M.I. Gomis, M.
Huang, K. Leitzell, E. Lonnoy, J.B.R. Matthews, T.K. Maycock, T. Waterfield, O.
Yelek@, R. Yu, and B. Zhou (eds.)]. Cambridge University Press, Cambridge, United
Kingdom and New York, NY, USA, pp. 3-32, doi:10.1017/9781009157896.001

Kalnay E, Kanamitsu M, Kistler R, et al. 1996. The NCEP/NCAR 40-Year Reanalysis Project
[J]. Bull Amer Meteor Soc, 77(3): 437-472

Kong Q Q, Guerreiro S B, Blenkinsop S, et al. 2020. Increases in summertime concurrent
drought and heatwave in Eastern China [J]. Weather. Clim. Extrem., 28, 100242,
doi:10.1016/j.wace.2019.100242

Leonard M, Westra S, Phatak A, et al. 2014. A compound event framework for understanding
extreme impacts [J]. WIREs Clim Change, 5: 113-128. https://doi.org/10.1002/ wcc.252

Li N, Xiao Z N, Zhao L. 2021. A recent increase in long-lived heatwaves in China under the
joint influence of South Asia and western North Pacific subtropical highs [J]. J. Clim.,
34(17):7167-7179. DOI:10.1175/JCLI-D-21-0014.1

I, H 7R, 5. 2020. 2018 A 2 F= A Ab R iR FAFENLE] b [3]. ARSI
5T, 25(5): 469—-482. doi:10.3878/j.issn.1006-9585.2020.19100. Li N, Xiao Z N, Zhao
L. 2020. Analysis on the mechanism of the 2018 summer extreme high temperature event
in northeast China [J]. Climatic and Environmental Research (in Chinese), 25 (5): 469-482

d0i:10.3878/j.issn.1006-9585.2020.19100

BAE G, foain, RS, 5. 2015, SURARME T 5N R U7 R 0CE NS R AR A
[J]. A%, 2015, 41(3): 261271 Li W J, Zuo J Q, Song Y L, et al. 2015. Changes in
Spatio-Temporal Distribution of Drought/Flood Disaster in Southern China Under Global
Climate Warming [J]. Meteorological Monthly (in Chinese), 41(3): 261-271

XA, EPL, T8, 5. 2021, 1961-2020 “EH [E 31 AN AR 58 B I S HEHE AT [3]. B

32



732
733
734
735
736

737

738
739

740

741
742

743
744
745
746
47
748
749
750
751
752
753
754
795
756
797
758
759
760
761
762
763
764
765
766
767
768
769
770
771
1772

i 136 EKITH R B 20220609.docx, Xu and Zhao., 2022/12/12

SR E AR, 30(4): 1-9. doi:10.13577/j.jnd.2021.0401 Liu Z, Yan K, Wang Z, et al.
2021. Analysis of spatial and temporal characteristics of heat wave intensity in 31 Chinese
cities from 1961 to 2020 [J]. Journal of Natural Disasters (in Chinese), 30(4): 1-9.
d0i:10.13577/j.jnd.2021.0401

TyXUAE, BLASC, XIMAFT. 2021, 2019 4 4~6 H 2 F RREM: il RS AR SRR 57 8 A

[J]. KSR}, 45(1): 165-180. doi: 10.3878/j.issn.1006-9895.2004.19226.  MA S M,

Zhu C W, Liu B Q. 2021. Possible causes of persistently extreme-hot-days-related
circulation anomalies in Yunnan from April to June 2019 [J]. Chinese Journal of

Atmospheric Sciences (in Chinese), 45(1): 165-180. doi:

10.3878/j.1ssn.1006-9895.2004.19226
MacFarling Meure C, Etheridge D, Trudinger C, et al. 2006. Law Dome CO2, CH4 and N20

ice core records extended to 2000 years BP [J]. Geophysical Research Letters. 33(14):
L14810. d0i:10.1029/2006GL 026152

Pfleiderer, P. & Coumou, D. 2018. Quantification of temperature persistence over the
Northern Hemisphere land-area [J]. Clim. Dyn. 51, 627-637

WA, XU, FNBORE. 2013 AEFRIE R 7 RER 1 R R RS R BT e 4R R
SrHT[I]. RARHE, 2016, 40(5): 897-906. doi:10.3878/j.issn.1006-9895.1512.14334.
PENG Jingbei, LIU Ge, SUN Shuging. An analysis on the formation of the heat wave in
southern China and its relation to the anomalous western Pacific subtropical high in the
summer of 2013[J]. Chinese Journal of Atmospheric Sciences (in Chinese), 2016, 40(5):
897-906. doi: 10.3878/j.issn.1006-9895.1512.14334

QIUW T, Yan X D. 2020. The trend of heatwave events in the Northern Hemisphere [J]. Physics
and Chemistry of the Earth, Parts A/B/C, 116: 102855. doi:10.1016/j.pce.2020.102855

S T, BEAREN. 2009. AR B il SRR AR R AT [3]. RARHE, 33(2):
347-358. doi: 10.3878/j.issn.1006-9895.2009.02.13. Shi J, Ding Y, Cui L. 2009.
Climatic characteristics of extreme maximum temperature in East China and its Causes [J].
Chinese Journal of Atmospheric Sciences (in Chinese), 33(2): 347-358.
doi:10.3878/j.1ssn.1006-9895.2009.02.13

Sun Y, Zhang X B, Zwiers F W, et al. 2014. Rapid increase in the risk of extreme summer heat
in eastern China [J]. Nature Climate Change, 4(12): 1082—1085. doi:10.1038/nclimate2410

M RE R, TLHE. 2006. B 2 PR OT R EAGH R (0TS AR RBE 30 B RR,
17(5): 513-525. Tao S'Y, Wei J. 2006. Re-examination of the westward and northward
jump of subtropical high pressure in the western Pacific during summer [J]. Journal of
applied meteorological science (in Chinese), 17(5): 513-525

Mty 5, KKz, skIA. 2001, B ZFEIJLRFIEEIRG S E RGRNES) [0 AR 7R,
59(6): 747-758 Tao S'Y, Zhang Q Y, Zhang S L. 2001. Summer activity of the North
Pacific subtropical high system [J]. Acta Meteorological Sinica (in Chinese), 59(6):
747-758

Sharma S, Mujumdar P. 2017. Increasing frequency and spatial extent of concurrent
meteorological droughts and heatwaves in India [J]. Sci. Rep., 7(1): 15582.
https://doi.org/10.1038/s41598-017-15896-3

33



773
174
775
776
(s
778
779

780

781
782
783

784

785
786

187
788
789

790
791

792
793
794
795
796
797
798
799
800
801
802
803
804
805
806
807
808
809
810

i 136 EKITH R B 20220609.docx, Xu and Zhao., 2022/12/12

Slivinski L C, Compo G P, Whitaker J S, et al. 2019. Towards a more reliable historical
reanalysis: Improvements for version 3 of the Twentieth Century Reanalysis system [J].
Q. J. R. Meteorol. Soc., 145: 2876-2908. doi:10.1002/qj.3598

World Meteorological Organization (WMOQO). 2022. State of the Global Climate 2021
(WMO-No. 1290) [M]. ISBN: 978-92-63-11290-3. 57pp.
https://library.wmao.int/index.php?lvi=notice_display&id=22080#.YpGaGMgsuZm

T, XU, B0, S5 2020 HVHK VNG R H T A A o L X
SR IR R PRI SE [3]. AUREEE, 45(2): 300-314 doi:

10.3878/j.issn.1006-9895.2005.19235. Wand H M, Liu G, Peng J B, et al. 2021.
Preliminary study on the effect of intraseasonal evolution of the tropical Atlantic SST
anomalies on summer persistent heatwave events over the area south of the Yangtze River

[J]. Chinese Journal of Atmospheric Sciences (in Chinese), 45(2): 300—314 doi:

10.3878/j.issn.1006-9895.2005.19235
TaER, MSTAR, R, 552022, BT 2R 1P EAORIIREH T [I]. <R

55T, 27(1): 183—-196 doi: 10.3878/j.issn.1006-9585.2021.21105. Wand L B,
Lin Q G, Song S K, et al. 2022. Future heatwave trends in China based on multimodel
ensemble [J]. Climatic and Environmental Research (in Chinese), 27(1): 183—-196. doi:

10.3878/j.issn.1006-9585.2021.21105

TR, BOREE. 1979, 95 36 4 W A RBLE] [J]. R, 37(1): 64-73
Wang S W, Zhao Z C. 1979. The 36-yr wetness oscillation in China and its mechanism [J].
Acta Meteor Sinica (in Chinese), 37(1): 64-73

Wu X, Hao Z, Hao F, et al. 2019. Variations of compound precipitation and temperature
extremes in China during 1961-2014 [J]. Sci. Total Environ., 663:731-737

BT oL, NG, oKIE, % 2021 PEEFE S EET R 0AM A RES [J]. KRDK
HL R R, 52(12): 90-98. doi:10.13928/j.cnki.wrahe.2021.12.009 Wu X Y, Hao Y C,
Zhang X, et al. 2021. Distribution and trends of compound hot and dry events during
summer in China [J]. Water Resources and Hydropower Engineering (in Chinese), 52(12):
90-98. D0i:10.13928/j.cnki.wrahe.2021.12.009

TREE, WG, FHG2s. 1983, 100 % B iR A KA RAIIL A T il big i ——R R B
WECR [J]. A%k, 10 21-31 Xu Q, Cao H X, Li R Y. 1983. Long-term linkages
between the 100 millibar low latitude atmospheric circulation and the middle and lower
reaches of the Yangtze River in the Meiyu-Volcano drought [J]. Scientia Meteorological
Sinica (in Chinese), 1: 21-31

WRE, MO, MAKEE. 2001, 3T 116 SE KT RHFIIMERT [J]. SRR E, 10 44-53, I
% (P62-65). Xu Q, Yang Y W, Yang Q M. 2001. Plum rains in the middle and lower
reaches of the Yangtze River in the last 116 years [J]. Torrential Rain Disaster (in Chinese),
1: 44-53, Supplementary(P62-65)

%A, 1965. T 80 FEKILH FUFHIMN [J]. A% %, 35(4): 509-518 Xu Q. 1965.

34


https://doi.org/10.1002/qj.3598
https://library.wmo.int/index.php?lvl=notice_display&id=22080#.YpGaGMgsuZm

811
812
813
814
815
816
817
818
819
820
821
822
823
824
825
826
827
828

829
830

831
832
833
834
835
836
837
838
839
840
841
842
843
844
845
846
847
848
849
850
851

852

i 136 EKITH R B 20220609.docx, Xu and Zhao., 2022/12/12

Plum rains in the middle and lower reaches of the Yangtze River in the last eighty years [J].
Acta Meteorological Sinica (in Chinese), 35(4): 509-518

T, 1986. 1980 4F 5 ZH 3 Bl K%/ % W St. Helens K LR R I [J]. X %2541,
44(4): 432 Xu Q. 1986. The impact of our weather and climate anomalies and the
eruption of the St. Helens volcano in the summer of 1980 [J]. Scientia Meteorological
Sinica (in Chinese), 44(4): 432

TRAE. 1989, MRAALI S, MAFIX R, W X, F%. TLIRSHEAIERAEE [M]. db
o0 RS kL. 15-23. Xu Q. 1989. Climate Change Trends, Causes and Respons
es . In: Shi Y F, ed. Resources and Environment in Jiangsu [M]. Beijing: Meteorol
ogical Press, 15-23

TRFE. 1996. 1993 F1 1994 P 4AF ik B FR I vh 2350 e o AU IO RS R R 4. L BRZ 0, &
G, R R AR R AN B ) BT 50 7 [M]. AR B, 19-29. Xu Q. 199
6. Analysis of the pre-causal factors of anomalous weather in east-central China in
the peak summer of 1993 and 1994. In: ChenJ Y, ed. Physical methods for short-te
rm climate change causes and predictions [M], Meteorological Press, 19-29

TRHF. 2013.12.31 I T H A S @ 1B R B E HOR BEK. BRI ST (https://blog.s
ciencenet.cn/blog-653032-754500.html).  Xu Q. 2013.12.31. The city’s extraordinary
and inappropriate expansion has had a bad effect, adding fire to the summer heatw

ave. ScienceNet blog post (hitps:/blog.sciencenet.cn/blog-653032-754500.html)
Yang Y M, Zhao L, Shen X Y, Xiao Z N, Li Q Q. 2022. The spring heat source over the

Qinghai-Tibetan Plateau linked with the winter warm Arctic—cold Siberia pattern
impacting summer drought in China [J]. Frontiers in Earth Science, 10:835101. doi:
10.3389/feart.2022.835101

Yao H X, Zhao L, Shen X Y, et al. 2022. Relationship between summer compound hot and
dry extremes in China and the snow cover pattern in the preceding winter [J]. Front.
Earth Sci., 10:834284. doi:10.3389/feart.2022.834284

Ye D X, YinJF, Chen Z H, et al. 2014. Spatial and temporal variations of heat waves in
China [J]. Adv. Clim. Chang Res., 5(2): 66-73

Ye L, Shi K, Xin Z H, et al. 2019. Compound droughts and heat waves in China [J].
Sustainability, 113270. doi: 10.3390/su11123270

Yu R, Zhai P. 2020. Changes in compound drought and hot extreme events in summer over
populated eastern China [J]. Wea. Clim. Extrem., 30:100295.
doi:10.1016/j.wace.2020.100295

ALK, MR, BREH. 2013, 3 E R R AU R 5 TR 07 VA A [R5 ok
K [J]. HiBRElSERE, 28(11): 1177-1188. Zhai P M, Ni Y Q, Chen Y. 2013.
Mechanism and forecasting method of persistent extreme weather events: Review and
prospect [J]. Advances in Earth Science (in Chinese), 28(11): 1177-1188

sk, . 2010, 1876-1878 4FEH [E OKJu R LT R H4F [J]. AR sk,
6(2): 106-112.  Zhang D E, Liang Y Y. 2010. Widespread and sustained drought events
in China 1876-1878 [J]. Advances in Climate Reserrch (in Chinese), 6(2): 106-112

sk FAL, ERUH. 2020. 19602018 4F Hh [H il ROR 2t A o dr 7L AR E S 3] <
fix 550 5T, 25(3): 225-219  Qian J Y, Qian C. 2020. Linear Trends in Occurrence of

35


https://blog.sciencenet.cn/blog-653032-754500.html

853
854
859
856
857
858
859
860
861
862
863
864
869
866
867
868
869
870
871
872
873
874
875
876
877
878
879
880

881

i 136 EKITH R B 20220609.docx, Xu and Zhao., 2022/12/12

High Temperature and Heat Waves in China for the 1960 - 2018 Period: Method and
Analysis Results [J]. Climatic and Environmental Research (in Chinese), 25(3): 225-239.
d0i:10.3878/j.issn.1006-9585.2020.19134

skE, REME. 2001 KITHBCREEF 5T sERRKR I ARk, 59(5):
569-577. Zhang Q, Wu G X. 2001. The large area flood and drought over Yangtze
River Valley and its relation to the South Asian High [J]. Acta Meteor. Sinica (in Chinese),
59(5): 569-577

BRUE, BEIEAS. 2005. W EN-FIEIE TSRO B KA [91. B RmE Rk B
INELFE R, 41(2): 139-141. Zhao J, Han Y B. 2005. Estimated significant level of
correlation in the sliding average case [J]. Journal of Beijing Normal University (Natural
Science) (in Chinese), 41(2): 139-141

XL, A8y, FRAE. 2007. 5 ENSO A RMIJCKARIL ., V597 7] B LR i 71 . 5 R,
27(6): 618-625. Zhao L, Zou L, Wang E H. 2007. ENSO-related and possible causes of
droughts and floods in the Jianghuai region during the year [J]. Scientia Meteorological
Sinica (in Chinese), 27(6): 618-625

HEASRA. 2014, X m iR ok U R A 2k 2> QXIT 228-2014 [M]. db 5t AR IR
#1, 12pp. China Meteorological Administration. 2014. Classification of regional hot
weather processes QX/T 228-2014 [M]. Beijing: Meteorological Press, 12pp

RS R RO R, 1981 o ET hE R AR M) dbat M E R
1, 329pp. Institute of Meteorological Sciences, Central Meteorological Bureau.
1981. Atlas of the distribution of droughts and floods in China in the last five hundred
years. Beijing: Map Press, 329pp

Zhou C L, Wang K C. 2018. Attribution of a record-breaking heatwave in summer 2017 over
the Yangtze River Delta [J]. Bull. Amer. Meteor. Soc., 100(1): S97-S103. doi:
10.1175/BAMS-D-18-0134.1

Zscheischler J, Seneviratne S 1. 2017. Dependence of drivers affects risks associated with
compound events [J]. Sci. Adv., 3(6): e1700263. doi:10.1126/sciadv.1700263

36



