Supplementary Material

1 Supplementary Tables

Table S1. Classifications of droughts by SPEI

Grade SPEI Type
1 >2.00 Extreme wet
2 1.50~1.99 Severe wet
3 1.00~1.49 Moderate wet
4 0.50~0.99 Mild wet
5 -0.50~0.49 Normal
6 -1.00~-0.51 Mild drought
7 -1.50~-1.01 Moderate drought
8 -2.00~-1.51 Severe drought

9 <-2.00 Extreme drought




Table S2. Descriptions of meteorological data

Name

Units

Description

RH

V10/U10

SST

TA

%

m-s-1

This parameter is the percentage of water vapor pressure
in air saturation value (the point at which water vapor
begins to condense into liquid water or deposit into ice).
For temperatures above 0 <C (273.15 K), calculate the
saturation of the effluent. Calculate the saturation on the
ice at temperatures below - 23 <C. Between - 23 <T and

0 T, this parameter is calculated by interpolating between

ice and water values using a quadratic function.

The northward/easterly component of this parameter is the
horizontal velocity at which the air moves north/East. A

minus sign indicates that the air moves south/West.

This parameter (SST) is the sea water temperature near the
surface. In ERADB, this parameter is the basic SST, which
means that there is no change due to the daily cycle of the

sun (diurnal variation).

HadCRUTS5 is a global temperature data set, which
provides global grid temperature anomalies and average
temperature anomalies in the hemisphere and the whole
earth. This paper uses the average temperature anomaly in

the northern hemisphere.




Table S3. Description of large-scale climate indices

Name

Description

EP-NP

SOl

AMO

The East Pacific - North Pacific (EP- NP) pattern is a Spring-
Summer-Fall pattern with three main anomaly centers. The positive
phase of this pattern features positive height anomalies located over
Alaska/ Western Canada, and negative anomalies over the central

North Pacific and eastern North America.

The SOl is defined as the normalized pressure difference between
Tahiti and Darwin, which reflects the activity of EI Nino. The
correlation is that if the SOI has a persistent negative value, there

would be an EI Nino phenomenon this year. .

It is the SST anomaly occurring in the North Atlantic region with a
basin scale and a 10-year variability. It is a natural variability with a

period of 65 ~ 80 A and an amplitude of 0.4 °C.




Table S4. Features of Top 10 major drought events

Rank  Longitude Latitude Duration Severity  Starting Peak Ending Clustering
9 9 (m) Month(m-  Month(m-  Month(m- Region
a) a) a)
1 -70.75 9.25 42 -95.09 Apr-13 Jun-14 Oct-16 1
2 35.75 16.25 39 -82.04 Jun-08 Jun-09 Sep-11 7
3 72.75 19.75 31 -103.81 Sep-15 Nov-17 May-18 7
4 46.75 10.75 31 -99.92 Sep-13 Aug-15 Apr-16 1
5 43.75 34.25 31 -91.26 Jan-98 Nov-98 Sep-00 1
6 -142.25 64.25 33 -78.46 Aug-92 Jul-93 May-95 5
7 47.75 10.75 30 -107.38 Nov-72 Dec-74 May-75 1
8 71.25 21.25 30 -84.21 Oct-78 Apr-80 May-81 7
9 -143.75 64.75 31 -77.64 Sep-92 Mar-93 May-95 4
10 -109.25 27.75 33 -68.4 Jan-95 May-96 Oct-97 7

Note: Negative longitude indicates west longitude and positive longitude indicates east
longitude; A positive value of latitude indicates north latitude; The unit of duration is
the total number of months; The unit of the first and last months is the year, which is

represented by numbers in the cluster areaRi(i =1, ...,7).



2 Supplementary Figures

20 A

18.1
(]
18 F
124
2
10 8.4 Drought Type
6.6 ¢ = * Mild
L
X 5 | - 4.5 o Moderate
© 2.8 2.7 : °
-3 - 0.3 A 0.5 - —e—Severe
& 0 ol1 0.1 6 0.1 0.5
&0 o2 & ° 8 e,
o
e
S 10
o B
8 6.8 —o- Significantly decrease
o ;
< 57 57 @ Significantly increase

Figure S1. Percentage of drought-affected regions based on SPEI. (A) Percentage of

drought-affected regions by mild, moderate and severe droughts. (B) Percentage of

regions dominated by droughts with significant increasing and/decreasing trends using

MMK technique.
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Figure S2. Spatiotemporal evolutions of SPEI at annual and seasonal scales from
1961 to 2018. (A) at annual scale; (B) percentage of drought affected regions at
annual and seasonal scales; (C-F) at seasonal scales: (C) in spring; (D) in summer; (E)

in autumn; (F) in winter.
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Figure S3. Spatiotemporal evolution of SPEI at monthly scale from 1961 to 2018. (A) in January; (B)

in February; (C) in March; (D) in April; (E) in May; (F) in June; (G) in July; (H) in August; (1) in

September; (J) in October; (K) in November; (L)in December; (M) percentage of drought affected

regions at monthly scales.
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Figure S4. Spatiotemporal evolution of trends in SPEI at annual and seasonal scales
from 1961 to 2018 based on MMK trend and Sen's slope methods. (A) at annual scale;
(B) percentage of drought affected regions at annual and seasonal scales; (C-F) at

seasonal scales: (C) in spring; (D) in summer; (E) in autumn; (F) in winter.



Drought severity (cumulative SPEI)
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Figure S5. Relationship between drought duration and drought severity for each

subregion. (A) R1; (B) R2; (C) R3: (D) R4; (E) R5; (F) R6; (G) R7; (H) Spatial

pattern of subregions.
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Figure S6. Drought migration trajectories in NES from September 2011 to September
2013. (A) September 2011 - March 2012; (B) March 2012- September 2012; (C)
September 2012 - March 2013; (D) March 2013 - September 2013.




|z - -~ Mar. 2012-Apr. 2012 * ! T ,Apr 2012-May 2012 - -
' 5 /

S3 May 2012-Jun 2012 .

5 .

,,,, \\\\\\\\\\, = - B = = 0| [

P s /_//,cd._..,,,»;.-, e

3

v By
\\;@? ¢
R T i

= *%,,.//,_,./w )w:.?_.ﬁfv" s
e /,«// A _.;\, \ O+

,,JEkQOJQQl\ﬁ\,".'-zo.

\
2
s e
°°' A e a N
«P
Sum.F T Jun, 2012-Jul, 2012 ¢+ | [~~~ ~ Jul. 2012-Aug. 20127 |, |Li7722A
@\\‘_",‘E‘\\\\lltt,,.,,_‘o b‘g""'s“\\@:}/ﬁ\_\\““o“’-S!!J}J L—:quf/‘//
= .,»A—F“A”*ﬁ/ VR = o 4 == e ikééﬁi%&;}\\\—gefg.;; / { et Jr e et o RS O el o .
¥ £7 7 e e e o T i A SO 0 e e RN, e, POl 1Y i NSRS~ 0 | o ol
025\\:’\ ‘}owlfyll‘izss".o‘s 05:” }“:,\?:q ;j}fﬁ {5“/\‘?&/‘/' ;‘ls.c\..s‘tvi&g_: i'\‘a\gﬁxg\\u\§!‘.;‘l ,“:*szj-
o o B \ ST ) s'f“é//;)t 3 3 et
P s S L %04 o~ ¢ e > s Gk on N . o
‘D i Py ///D', . sl \\5.. //é}/f/’/j’j bl > /;//1‘; ,540 ,/WT'P} {1/5

30°N

o

s /v‘:?%r%\{TL \\o.w,?},': q/&

kas o o B f e g
S5 e

Aut.[ .

69°N

S 5 .,.,.W"‘TTN%F{

pf e T

w"f/,b,..—lo-.lo"f,,s,v\(]?“ A\

- S iy, OFEN T S 0
AR SR ’%
-—Qg-u-\—r\-%e\"f ) \ -

-Nov. 2012- s ERITT ,Nov. 2012-Dec. 2012~
szy_x\\“\\‘\gmﬁ I PR T e
A:ui- -

};‘2‘ ~ R

Sep 2012-Oct. 2012- - =

P

‘o‘—;; R .ok.go!g«'//y’,{

\\\\ SR

Dec. 2012-Jar\| \29']?\»(\
‘%’x‘%}\\\\\y -

n. 2013-Feb. 2013 = =~ | ©=————Feb. 2013-Mar. 2013

-i\%\\\\\\\\\\“‘ S \o\\
E-,:é\\\\\".____ v ,‘:u‘;“"; zq:\._' \;&jj
snAAb A\‘*X‘Si-‘;:‘rm;}{”;::&f AN
P N A TG

o

2/
4 ST R |

‘\\H\\\q\'

° ‘n 2
60°E

90°E 120°E  150°E 60°E  90°E 20°E  150°E  60°E  90°E 120°E  150°E
Relative humidity(%) 1 ﬁ! — 5m/s

40 30 20 10 0 10 20 30 40

Figure S7. Water vapor variations in NES from March 2011 to March 2012. (A)
March 2012- April 2012; (B) April 2012 - May 2012; (C) May 2012 - June 2012; (D)
June 2012 - July 2012; (E) July 2012 - August 2012; (F) August 2012 - September
2012; (G) September 2012 - October 2012; (H) October 2012 - November 2012; (1)
November 2012 - December 2012; (J) December 2012 - January 2013; (K) January
2013 - February 2013; (L) February 2013 - March 2013. The red box refers to the
boundary of NES.
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Figure S8. Drought migration trajectories in SAS from March 2013 to March 2015.
(A) March 2013 - September 2013; (B) September 2013 - March 2014; (C) March
2014 - September 2014; (D) September 2014 - March 2015.
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Figure S9. Water vapor variations in SAS from March 2013 to March 2014. (A)
March 2013 - April 2013; (B) April 2013 - May 2013; (C) May 2013 - June 2013; (D)
June 2013 - July 2013; (E) July 2013 - August 2013; (F) August 2013 - September
2013; (G) September 2013 - October 2013; (H) October 2013 - November 2013; (1)
November 2013 - December 2013; (J) December 2013 - January 2014; (K) January
2014 - February 2014; (L) February 2014 - March 2014. The red box refers to the
boundary of SAS.
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Figure S10. Drought migration trajectories in EU from March 2015 to September

2017. (A) March 2015 - September 2015; (B) September 2015 - March 2016; (C)

March 2016 - September 2016; (D) September 2016 - March 2017; (E) March 2017 —

September 2017.
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Figure S11. Water vapor variations in EU from March 2015 to March 2016. (A)
March 2015 - April 2015; (B) April 2015 - May 2015; (C) May 2015 - June 2015; (D)
June 2015 - July 2015; (E) July 2015 - August 2015; (F) August 2015 - September
2015; (G) September 2015 - October 2015; (H) October 2015 - November 2015; (1)
November 2015 - December 2015; (J) December 2015 - January 2016; (K) January
2016 - February 2016; (L) February 2016 - March 2016. The red box refers to the
boundary of EU.
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Figure S12. Drought migration trajectories in CT from March 2017 to September 2018.

(A) March 2017 - September 2017; (B) September 2017 - March 2018; (C) March 2018

- September 2018.
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Figure S13. Water vapor variation in CT from March 2017 to March 2018. (A) March

2017 - April 2017; (B) April 2017 - May 2017; (C) May 2017 - June 2017; (D) June
2017 - July 2017; (E) July 2017 - August 2017; (F) August 2017 - September 2017,
(G) September 2017 - October 2017; (H) October 2017 - November 2017; (1)
November 2017 - December 2017; (J) December 2017 - January 2018; (K) January
2018 - February 2018; (L) February 2018 - March 2018. The red box refers to the
boundary of EU.



