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Changes in Spatio-Temporal Distribution of Drought/Flood Disaster
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Abstract: The variability of seasonal-mean precipitation in southern China exists in three dominant modes:
the first leading mode features consistent precipitation variation nearly over the whole part of southern Chi-
na. The other two leading modes describe an out-of-phase relationship of precipitation anomalies between
the middle and lower reaches of the Yangtze River Basin and the south of the basin and between the south-
east and southwest China, respectively. The regional-averaged precipitation in southern China is character-
ized by obviously interdecadal and long-term changes in all the four seasons, of which the precipitation in
summer has similar interdecadal changes with that in winter but contrasts with that in autumn during 1961
—2013. Additionally, the interdecadal temporal turning points of precipitation anomalies are different in
different seasons in the recent three decades. The spring and autumn precipitation anomalies enter into dry
phase after the early 2000s and the mid-late 1980s, respectively, while the winter and summer precipitation

anomalies go into wet phase after the middle 1980s and early 1990s, respectively. The summer and winter
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precipitation anomalies gradually become neutral since the early 2000s. Furthermore, the regional-averaged
precipitation in southern China shows a decreasing trend in spring and autumn, but an increasing one in
summer and winter during 1961 —2013. In southwest China, precipitation decreases in all the four seasons
except spring, and, in particular, the decreasing trend is the most remarkable in autumn. However, the
linear trends of seasonal-averaged precipitation and drought/flood days are not so significant in most parts
of southern China, because the interdecadal component has a relatively important contribution to the pre-
cipitation variability in southern China during this period. Finally, the results shows that interdecadal
component has great (weak) contribution to the variability of total area affected by flood (drought) disas-
ter in southern China, and in southwest China, the variability of total area affected by flood/drought disas-
ter is mainly dominated by the interannual changes in the recent decade.

Key words: drought/flood in southern China, spatio-temporal distribution, area affected by drought/flood

disaster, interdecadal change, linear trend

51 5

2015 ARG H B 328800 SR IR 55 <
47 8)) (Climate knowledge for climate action)”,
bR b DA 2011 A LR JU-F B4R AR H 358
AL ARAR Y A 2 U T I B A 2 e B G
TE AU TR . 3 2 PR Sy A 728 Al ) REUAS A2 Wi [ B
o3 K Je i m S T K A 1R RN 8 T O e SR W ] I L
S AL B AT H A0, R B E R4
H AR AEE BR 0 2R A RGA 5 250w ) rp s J2 d
MBS Z — . I, 1 e Fe AT Ay BN TE 2 Bk A
A ST A B X AU A T A A7 X
FhASA 7= e T A A BB 7 HUC, AT 12 44
R A AT Sl TR X 28 R e S Pk 7 AR SR O S
it 5 4T Bl AT i LA RS A R AR X
FE 2015 AR ARG H £ H Y

WHFE M, B 1950 4E IR AEY . mBR . K
I AR 5B K 2R 7 i R I b DX 2 A7 B AR T 9 3
(Dai et al,1998), 1 H. 2R TR @A 20 4
70 FEAR IR 5 B0 WY A 3 & e, IR TE 2000 45
AEFFTE R R K X — TS AR R K 75—
105 N0 3h 1Y 52w 4% A AT 43 (Dai, 20100, H,
70 AEARJE AR RN 5 EE B A 9 1) ENSO B2 2R, 1]
WD 26 B R Rl i B 7K ( Trenberth et al, 1997; Dai
et al,2000;Findell et al,2010) , &= S ARHEHE A
eV Bl Y A BR AR B . — J7 T 5 T b R K o 2
K T 4 Eke T 54k (Solomon et al, 2007 ; Dai,
2010) 5 &3 — 77 T80 ] 5 | 762 I 75 20 B 3 45 252 0l 355 O 1) 7
B i o DT 3 B0l #4152 DX 1 A 7 Jié (Lu et

al,2007) . fE4 Bk T Bl iy W, o 220+ 4
A IR ER 43 b, DX AR i A 7K S 7 0 15 22 3 i (Easter-
ling et al,2000; Endo et al, 2005; Alexander et al,
2006;Chen et al,2013;Li et al,2014), [N, AWy
70 A A T A BORR i R AR S R AR A SR
23 (] BB 457 2 B ) A & A= B 1) B i A8 4k IF RE 8 S
BURT BT AR A 1Y Wi R A G (TPCCL 2012)
[ A b A R T i by A AN R Y A 4
MRZ—. TR ENE T IR E T 25t f
T I HEATUAFAE TG Iy e 3, H 22 5 45 2k fat 2
SR T Sy 5 (B R A 7 A 1R S8 PP A 45 ) D
HZ0145,2011) , 32 W90 2 R 52 ) 6 5] 45 2
YA SRR K X 5 ER A R 1) P b T 1] 3 i e b
18 3 AT FEAE 32 B [ K D 4 A AR E T 5 R 08 DL
MR R AR X (L 1 B L 3R 19 5285 40 A 4%
Jay S B T by 18 B R pE O B 05 O R B RAE U
B 20 2 80 AR AR AR I 1] 1) 52 05 45 A 40 I 3 4t
FRAE S ERET MR Al 7™ 18 T R
% (Zou et al, 20055 5% & i %, 20065 B 7€ ¥ 455,
20065 29 = 5. 2012; (A 524, 20100 . FKE /T
iy X 23 2 0 R KR N BB RO R K
HHE R E AT R G A2
FAPAG RS ) (2011) vp 56 A0 722 Ak DXCIRRE mi) 4
FEAE ] - 3 [ A2 rh DXk 307 T s AR R X
“20 4l 80 AR LAK b 85 0 F H OB N, K R
RGRTHG TIN5 T A R b DX R = A 0T R O R
FHAR 2 A RS I K7 46 A2 20 4 90 AR K
VLI URE R 05 9 35 8 A - 1998 4F B 2= K VLI 48k s
BT 1954 4F DL 4 g vk i R R kK 1999 4E K
VLU S P R A e E kL BR TR RE L KL



3 3

EYE RN R R T

T R 5 5 R I A R AR 263

70 ' 9 "0 1B30°E

| [
10 20 50 100

[ )
200 300 400 500 600

70 90 110

70 90 110 130°E

— I
10 20 50 100

100 150 200 250 300

BT 19612013 4F 3k [ 2 45 (K B A U9 (50 A7 AL cmm » Z20 D)
(OFF. (MWEE., OBKFE, (DXF

Fig.1 Climate means of precipitation (unit: mm « season ') in China for

(a) spring, (b) summer, (c¢) autumn and (d) winter during 1961 —2013
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Fig. 2 Spatial distribution of dominated EOF patterns of normalized precipitation anomalies in southern China

for (a, e, 1) spring, (b, f, j) summer, (c, g, k) autumn and (d, h, 1) winter during 1961 —2013

(The top panel is the first EOF, middle the second EOF and low the third EOF, the percentage of explained variance {from

the pattern is given in the top right corner, contour indicates the part that has got to the 0. 05 significance level)
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Fig. 3 Time series of normalized regional-
averaged precipitation anomalies in (a) spring,
(b) summer, (¢) autumn and (d) winter
during 1961—2013
[Bar indicates total anomalies in southern
China (SC), and red, blue and green lines
denote the anomalies over the middle and
lower reaches of the Yangtze River Basin (YR),
southeastern China (SE) and southwestern

China (SW), respectively]
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Fig.4 Seasonal precipitation anomalies in different decades (unit: mm * mon ')
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(From left to right: 1950s, 1960s, 1970s, 1980s, 1990s, 2000s; from top to bottom: spring, summer, autumn, winter)
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Table 1

Linear trend of regional-averaged precipitation

in southern China during 1961—2013 [unit;: % + (10 a)™']
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Linear trend of precipitation anomalies in (a) spring, (b) summer,

(¢) autumn and (d) winter during 1961 —2013

[unit; % « (10 a) ~'; Contour indicates the part that has got to the 0. 05 significance level]

BEAb AR SCaR o3 B 1 K 1 R T B2 T 7 H R
e R R SRR GID SR St Y < G e = ]
BB H BB S o3 A B AT 6) 5
TN i AR R A R F A O3 A B AR — B KT

HR T i 3 DXL YT A S R A i AR S DR B R
Y 22 e T VY R R M X R B R SR i
FRN TR BB A (B D 5 F oK R
{14 25 Ak e B AR R0, BB 2R (] 7h) A Z (T 7D T



268 A

% ERNEC

T Ui DX R R G s X T 5 R D
VG R T b X T 5 A 3 ks 3 R 2R (& Ta)
FRKZE (] 70) B J7 K 4 Hb X 5290 52 484 i e 34
PR B R T 5 H RO i T Ry B L 1 T Y R X
HME KA FETERENHRAMEMEE. N
Kl 87T LA F 2000 4F DL g 5 b XS T 5 H %K
I3 2 g, 0 L TG e XS H R
ZIART N T RIS L A kS T
T2 H B LA b LT ¥ R g E it 0. 05
VKO R BG, 3 Ul B SR AR B T R T BRI
] 7 S [) b DX 5 LA RS ) ) A bk A R X
FpAEALIE A 43 3

2.3 AARGERERHNKELN

I 2 28 ) 2 23 1 3 Il 1 7 2 e A i D I
U H R A R A A A S T T 23
PO AR AR R 505 2 KT AR BORR B
AN FC T AR AT BUX SRR T SE 3 A K
MG XA A . X B AT X

AR AR T R TP A P CEE R B
1 L TV R BRI IR 1A A (LX) L K

40

30

20

it i)

130°E

70 90 110
-2 -1 0 1 2 3 4 5

B 6 19612013 4EFR[E HE MW H
MLt A A LA .d » (10 @) ']
A B 28 A0 [ 9 X B3R R 38 3 0. 05 1 351k

K1) X350
Fig. 6 Linear trend of summer flood
days during 1961—2013
[unit: d * (10 a) ~'; Contour indicates the part

that has got to the 0. 05 significance level]

(a) MAM (b) JJA
50°N 4 i
40
30 2 =
20 S%/// S%//)
= a it it £ : (“/ i i 5
70 90 110 130°E 70 90 110 130°E
(c) SON (d) DIJF
50°N 1
40
30 L?x
20 ¢ o
T T : : T i . . . . 7 faming]
70 90 110 130°E 70 90 110 130°E

B 7 1961—2013 3 E T 5 0B &2 HA[HRA.d- (10 a) ']
(OFFE.(MHEFE. (OKE.(DEXFE
CER 26 f B Y X SRR 35 31 0. 05 58 2 M /K 1 X 80D
Fig. 7 Linear trend of drought days in (a) spring, (b) summer,
(¢) autumn and (d) winter during 1961 —2013
[unit: d « (10 a) ~'; Contour indicates the part that has got to the 0. 05 significance level]



5 330 YA

48

UL W T R E R 7

7R E W 2 R AR 269

0 A TN AL o WA
7V\’\WV N4

=27 SC ——SC9—year MA
SW —SW9—year MA
-3 T T T T T T T T T T T T
1960 1970 1980 1990 2000 2010
oy
Bl 8 19512013 438 E /7 A ik
(SC) F1 PG Fg (SW) b, X 4E T 5

F 551K A v AL BE P 7 51
(SE2°R 9 4R BT 1)
Fig. 8 Time series of normalized
drought day anomaly in southern
China during 1961—2013

(Solid lines indicate the 9-year running average)

ARSI N T R o AN R 8 | AN Wi BN 7
TLI8 6 N8 B M AL AR ) AR T P
A AN (KD 5 PG pg b X AL < 2 g L U1 DG Bt M
448 (D .

9 2 19712013 4E 3% B 1w Jr X3k 7 52 K
T8 AR B A o AL B 7 B ) Y 51 58 AE i AE L, AT DLR
F g 7 b XL Ut A2 0T AR TE 20 42 90 AR

4

I Z H ) 28 2 Qi) B (Kl 9a) . 1971—
1988 4 HATR] L K& 2004 4F LA it 35 52 9 T AR 1A f
A (B 2010 4F B 8 fw 2 46 ) . 1989—2003 4 ik #5 %2
GBS AR 2 . VLR U I St 5 2 O T RR Y
AEPR— AR PR AE AL (& 9b) 5 55 5 3 A4 X 8 1 A8 1k
([ 9a) HeA — ., XF THe R i IX R 36 (& 9, Hk
05 5 G TE AR AR AR A8 A 5 R 5 R KB A2 et
A — B AR A A AR AR B 5 A 10 1] 18] 43 551 24
S 1985 Fl 2002 4E, B8 KT /5 & . 20 422 70—90
AEAR H U] 7Y R b XA R 7 32 0 AR R 2 2
#,1989—2005 4y it PF 52 9 T AR 2 1, R o i
10 4 Fopk §5 52 9T AR A BRI S B R . BRI
A 7 1 DX 5 A7 I THT AR 1 R AR AR b R #A H IX R
7 K o A 0 AR A R AR — B

5ty 2 R T AR S AL AN [ O X TR A2
I T AL AR AR PR AR AL 5 E AN BH WL DL PR
Wzl (& 10>, w7 B A X (B 10a) (KT
T (P 10b) LA e A2 pg M X (] 100) T 552 K
T FR B4 78 A6 AR AU R AR — B0 R IR AE 20 fiE4E 90 4R
A I DA ke - 5 32 T FR R I YRR AL X T
b X (L 10d) 1 52 32 0 T AR Y AR AR B A0 K
PSR B {H 2 2000 4F LS AR B AR Rk,
X 5 Uk E 2 0 T AR S AR — B0 U AR X — B

] (a) SC

-2

(b) YR

,-/—"//\J\\"\

1970 1980 1990 2000 2010

970 1980 1990 2000 2010

44(c) SE

Y

1970 1980 1990 2000 2010
o)

1970 1980 1990 2000 2010
F o

B9 19712013 4E3% [ Ry DX 3k o5 52 9 T B A A o A 42 B it 1] e 37
(a) B J7 A, (D) KA FHE s, (O rg . (D
(SRR 9 4R 3 T 1)
Fig. 9 Time series of normalized anomalies of the total area affected by flood disaster
for the regions of (a) SC, (b) YR, (¢) SE and (d) SW during 1971—2013

(Solid line indicates the 9-year running average)



A

270

% ERNEC

38

-2

(b) YR

W""\/—\v

1970 1980 1990 2000 2010 1970 1980 1990 2000 2010
31 (c) SE (d) sw
11 M
71 r
1970 1980 1990 2000 2010 1970 1980 1990 2000 2010
o P+

Bl 10 [E 98K T 232 %K HEHR
Fig. 10 Same as Fig. 9, but for the drought-hit areas

9 ] 7 X o B P
3 45 ®

3o F 2 Y R R R O R 07 2 T
PEAT AT AR SO s TR AL T SR 3R B U7
DI A e R AR A ) — BB AR S EEA RN

(1) 9 J7 Ml X 7 4 [ 7K A2 AR A7 AE = P A A5
A UL B DR 3 DX 7K 5 R 1A i 22 B 20 Y —
HOR A TR W O 85 AR R SO A A B R L
AL DL K AR R 5 P R A AR AR AL Y R P S AT
Horpr, —BOR R g J7 b DX 4% 701 [ K AR A B —
PRI s BR T ACTRAN ARV SO B T [ K AE R
BEMABL

(2) FE—4F P 22 v, [ K AR AR PR 23 B X 1 5
FEAR LRI A A EE T, b .M A F ML
e A LAY AL AR AT AR P 28 A 4 A T K 23 3 7K 1) 4F
PR LT 5 ER A ZEA AR . TR 30 4.
T 7 4% 21 K R R AR AR B B AT ) I (] AN AR
[l « F Z FIAK = [ K 23 0l 7 21 ik 2 0 A 20 it
80 AFACH 5 W 2 ) i A A A 2 A Z K
S B 80 AF AR AL 90 4R AR W Z 5 E AR AL
. B 21 s B LUk - o 7 B 2 & 2 K%
e AR

(3) TR R 75 2= 1 Bk By B g i R )
PR . X TR 5 R AR AR VL R i R A R
M IX. 75 7 TRk Z i K 3 S/ e s Tl B A

WA B Py B 2 a4, sk 2 XK B2 (& ) [ K
Mk A Gl Z2) R R THRF (L FO K. HE,
FA R AR W i 2 M & 2= K 9 e s 1
Flid 1 0. 05 3 MK P L At Y/ DX IR
KRB IR W2 . X TR X BR T
AN A Z Y R R S B T N E
AR, U 2 Bk 2 W K D iR O 3
.21 28 00 AR LK 74 g il IX 5 — 4 = [ K
AR I At T ARACRR R D B BE . KD 5 AR
bR T2 AHE N, S 3T 10 4R PE R T UK

(4) FRIER T E WY H B k5T
BN AL A 30 73 A A% Jm 5 71 K BE 2R
LR U XY g R M A g A R 3 DX R 7 H
K 3 22 S T P R RS M DX R b
. FRMA TR T i X AT R AL b X
5 H OB el B U R R AR R X R R
AR S s A AR 2 R 5 KR b X 5 L
T B A ) Bk T H RO s Dy W AR L 1 B 7
P DX B Bk L& B I R LA N
Beo Ak RPN H B LR SR LTy
ARAEE L 0. 05 {35 MK K 56 o 3 i W AE <0 A2 B
T BN TR B 7 A ) IR B A ) B 24k
XM AR T RE .

(5) AT & I R 7 Ml Xk 32 9 T AR
A HCBI R A AR AR PR AL A T 5 A2 9 T BN B A
B A AR AU BR A2 AR R AIE . 19711988 4EF1 2004 4F
ASK 1 J7 s DX i3k 5 52 9 1 AR 2 38, 19892003



3 3

YU R AR IR T 5

T R 5 5 R I A R AR 271

FERmZ . r 5 R B T 5 A2 T AR AE 20
22 90 AFAC b 301 AR 52 55 B ek /b B 3 . X% T PG R
M X 70—90 AR A v I HCE 397 52 0 T AR IR B 0 2
. 1989—2005 4F O #t PF 52 9 i B 2 1. i+
DA R TP B LB R AL

&% ik

P A5 B AR 3K 2% L 45, 2010, A M 28 £h 6F 3 IR o TR 7 85 9 3 11
. B 36(9) 1 47-54.

o Z AR AL FARAR RS )9 5 2 2y, 2011, 55 R AU AE AL
B ZATAG R A bt Bhf d ik, 711

R ME L SRAR L, PR B e L 55, 2006, T E 85 A K E I AR R AR 1
KGRI R GALR) KR KA E,3005) :730-743.

AR M T SRR, 2012, 0T 60 AF v [ S [R] X 48R K I A AR AL
FAE. % 38(4) :419-424.

B o3RRI £ kOB, 2012, 2011 4E R 00 =L R 38(9)
1150-1154.

HIAR LA S L 4. 2012, 2011 4F ) B 30 I K VL T B K
AURARFE B R TR - 38(5) :601-607.

NG L 20 AR B 2012, 19602009 4F o [ 4F [ 7K # 1) 4F B &%
ER IR IFAE. R4 .38(12) :1464-1472.

T AR L 5. 2005, o E RO I 2R A 40 Y T B AR 1R
FRAE. B AR ICE A4 14(3) : 56-60.

T, T — 0 AT 4 5. 2004, 3E 50 4R 3k Hh [ S AR AL RRAE 1
ST, S5 FAR . 62(2) 1 228-236.

SR 420, 45 20060 KREKSHRFH SKITPT
Ui A TR A 05 S e Bl aA 4R . 51(14) : 1717-1724.

Alexander L. V, Zhang X, Peterson T C, et al. 2006. Global ob-
served changes in daily climate extremes of temperature and pre-
cipitation. J Geophys Res, 111:2156-2202.

Chen Yang. Zhai Panmao. 2013. Persistent extreme precipitation e-
vents in China during 1951—2010. Clim Res,57(2):143-155.

Dai A. 2010. Drought under global warming: A review. WIREs
Clim Change,2:45-65.

Dai A, Trenberth K E, Karl T R. 1998. Global variations in
droughts and wet spells: 1900—1995. Geophys Res Lett, 25:
3367-3370.

Dai A, Wigley T M L. 2000. Global patterns of ENSO induced pre-

cipitation. Geophys Res Lett, 27.1283-1286.

Easterling D R, Meehl G A, Parmesan C, et al. 2000. Climate ex-
tremes: Observations, modeling, and impacts. Science, 289
(5487) . 2068-2074.

Endo N, Ailikun B, Yasunari T, et al. 2005. Trends in precipitati-
on amounts and the number of rainy days and heavy rainfall events
during summer in China from 1961 to 2000. ] Meteor Soc Japan,
83(4):621-631.

Findell K L, Delworth T L. 2010. Impact of common sea surface
temperature anomalies on global drought and pluvial frequency. J
Clim, 23.:485-503.

IPCC. 2012. Summary for Policymakers. In: Managing the Risks of
Extreme Events and Disasters to Advance Climate Change Adap-
tation. Cambridge : Cambridge University Press, 3-21.

Li Jian, Yu Rucong, Sun Wei. 2014. Duration and seasonality of
hourly extreme rainfall in the central eastern China. Acta Meteor
Sinica, 27(6):799-807.

Lu E. 2009. Determining the start, duration, and strength of flood
and drought with daily precipitation: Rationale. Geophys Res
Lett, 36:1.12707.

LuJ, Vecchi G A, Reichler T. 2007. Expansion of the Hadley cell
under global warming. Geophys Res Lett, 34:1.06805.

North G R, Bell T, Cahalan R, et al. 1982. Sampling errors in the
estimation of empirical orthogonal function. Mon Wea Rev, 110;
699-706.

Solomon S, Qin D, Manning M, et al. 2007. IPCC climate change
2007 : The physical science basis. Cambridge: Cambridge Universi-
ty Press, 996.

Trenberth K E, Hoar T J. 1997. El Nino and climate change. Geo-
phys Res Lett, 24:3057-3060.

Zhang Wenjun, Jin F-F, Li Jianping, et al. 2011. Contrasting im-
pacts of two-type El Nifio over the western North Pacific during
boreal autumn. J Meteor Soc Japan, 89:563-569.

Zhang Wenjun, Jin F-F, Zhao J-X, et al. 2013. The possible influ-
ence of a nonconventional El Nifio on the severe autumn drought
of 2009 in southwest China. J Clim, 26: 8392-8405.

Zou Xukai, Zhai Panmao, Zhang Qiang. 2005. Variations in
droughts over China: 1951 — 2003. Geophys Res Lett, 32:
1.04707.



