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Abstract

In this study, 11 extreme precipitation indices were selected to examine the spatiotemporal variation of
extreme precipitation in the Poyang Lake basin during 1960~2017. The responses of extreme precipita-
tion indices to ENSO events of different areas of the Pacific Ocean were further investigated. The results
show that the temperature in the Poyang Lake basin increased significantly since the 1990s, and the in-
ter-decadal precipitation fluctuated obviously. Most extreme precipitation indices showed that an up-
ward trend with abrupt changes occurred around 1990. Spatially, the extreme precipitation indices de-
creased from northeast to southwest. The increasing trend of most indices in the central and southern
part of the basin was relatively prominent. The linear correlations between the extreme precipitation
indices and NINO 1 + 2 were the most significant. On the timescale of 2~6 years, a common oscillation
period between the extreme precipitation of the basin and the four ENSO indices can be observed. After
2010, the positive correlation between the precipitation of the Poyang Lake basin and the SST anomalies
in the equatorial Pacific increased significantly. Additionally, when in a warm ENSO year, annual preci-
pitation in most areas of the Poyang Lake basin increases in varying degrees. The results of this study
will improve the understanding of the complex background and driving mechanism of flood disasters in
the Poyang Lake basin.
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1. 518

IPCC 28 FLIR VAN R 5 46 Hi H 1880~2012 HE LK, Bk-Fiyth IR TR 749 0.85°C, HILFER, BFKFEIF
A3k B AR AL A B 1) AR K S 5] R B . SRR A AR A R X AR . AR AT E R
B ARG EE TR E, SR E PRS2 R [2]. O S5 SRR, W MK AR WS X 3 2 R [3]-[9].
AR i 886 70 S A 1) 5 B R EH R 2R 70 R0 a0 R A P X, DL B BBl P Ay X A7 R s AN K i 951 4
HIWE I, A AR P K FR bR BRI S A AT P skl 10 W i e K A AU AT LB P 23 BT R i 3G I, 8 il P 7k
ST FT RSN T 3G K R [10] [11]. 7EAR I B /KB4 A b, JB /R JB 1R 7 % B SF (Bl Nino/Southern
Oscillation, fiiFk ENSO)HI BRI\ A2 51 [ B /K 5 8 1 B 220K B A [12] . ENSO — i ik 520 2R \IE.
Z5 AP 5 55 0 7 TR s e L B K, ST BEY ENSO 456t b [ /K 7 (R 52 G BT AN [R1[13] [14] [15] [16]. 18
WAEOLT, TEJE/RIE A JEAE,  Hp ] wh i DX R o B /K S BTl s T A v B R 0t DX AR iy B /K A 5 5
RA[17]. ENSO FAFI R A AT A 238 BO™ B AU R, 51 SR & M i ™ B GOK SR H, G E Rt 2
STk, N, BURIT R ENSO S5 i B /K AR GBI FE 0 XIRG Drpt xR e K E

FPATI AR AL TR A R X, SFEEN KL K & 3w AR AR A R, XTI R if
IK A A K. 32 XIS U . S DA R NS S 25 IR K A2, B B st
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RER, R RILH IR R E M ER X Z KX . #Egit, (20 el 90 FFARKR AR Bt KK A 4
R: 1992, 1995, 1996 A1 1998 4:[18]. 2020 4= & Z= (1)K 9 F5 B & e o P H, 45 R0 BHBIAL I S AV L A T i b X
R T EORATRR . HET, A CH WA S i B 7K B 25 AR AR & Fe 5 ENSO S AH S ME AT i =,
AN T30 AR 2 7K ) DRI 55 B AR B TN AR . S R X G “ ARBE B AR A 2 F X7 e A A, IR
N T FRREE By 9 R R SR = AR e ). BTk, ASCRAEHE . MRS NS
2, A ERARBE S 5T (B BE A AR o K B 23 AR A RFAE T e R G M, IR NER I L 5 ENSO F44 HIAH G 1,
DU A DX S 2 3 I AT o A i B AR AL AR L B S A

2. BEEERE
2.1, ¥IEkiRE TR

AR S 3 B P A 29 /N A 1960~2017 435 H e il 38 H S IR AT B K AR 3E AT ARG 04T, B
B ZREIERIE T [E S R REEE L 2R 45 9 (http://data.cma.cn) . 12805 755 F ai H it 7 7™ i 5 s,
FEXT o3 3 s S B B AT A S AN AL EE . AR B K R e SRR T AR R 4 ZY(World Meteorological Or-
ganization) {23 b1 23 5 2H 23 T 1) AR AR A 5 A1 5K 2H (Expert Team on Climate Change and Indices)Z: 5l
SE I 27 M B EL[19] o A SO B 7 X SR B KIS U AN I 7T 75 B0 HOH i DY S E 11 AW B K 4B AR (L 42 1)
KHZET R 1EF 1 RClimDex1.0 #ATH5H0K dir B K 48 B0 3L I [R] 7 51 o ENSO S U8 ASF7E NINO 1+
2 X\ NINO 3 [X. NINO 3.4 [X. NINO 4 [X 1) i & 15 °F (Sea Surface Temperature Anomaly, SSTA)R 4L, 1%
PR B T35 B B R KA S5 S HR (http://www.cpc.ncep.noaa.gov/data/indices) .

Table 1. Definition of extreme precipitation indices

= 1 RIRFEKIEEE X

GES X5 LIRS TaguE X B
R10 SRR E H KR > 10 mm 4 H 4L d
LIV R20 K H H /K& >20 mm I H % d
R25 ET S NSE HFE/KE > 25 mm (1 HEL d
- R95p SRk HEKE > 95% 7 hr (B HI4FE R itk & mm
AR R99p 5 e 7K HEKE > 99% 7 b (H 4 R itk & mm
CcDD R HpKE <1 mm (f8R KRS H% d
RFER A CWD R HpgKE > 1 mm (F5 KRS H % d
PRCPTOT AR K HBEKE > 1 mm B4 Rtk mm
RX1day 1 HE KRk & HABRK 1 HEKE mm
SR PESEHL RX5day 5 HE KM /KE 4 7 3%5: 5 HER K mm
SsDIl Ree 7K 5 e FEBKES HBKE > 1.0 mm AR HAE mm/d

2.2. PEIKEEIFFIZEL 54

TS il T AN B EOR I A FR AU & RS A, B R F AT, ASCEMAESHUL Sen EHE
XA S B K SR B PR AR AR BEAT 207 [20], JF45 & Mann-Kendall 75740 342 (Lt 17 25 PR 56, 7T Bl
FE— RERRE L3R URAR AR SR T AR E R 2k o SRS HE 20 R Mann-Kendall S22 56, [ 45 5 3 T K
K56 T ZH BE AL AL BA A B A7 AE 25 22 5 1, AT SR IS 18] a5 PR HE A P EAT B IE
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2.3. &MHEXTH

K Pearson V4341 & Wi B KR B2 18] L H 5 ENSO 485 Z LR MR COR R, HAH R REU R
F t K2 367A[19] o (HHH T ENSO S Rt /K AS Bt It AT M B bk, AR B Z IR SR RIBON R A%, il BLAEAR G
FFASBEIL S S Y P AL B 2 B (R N AEBR R

2.4, INESHR

K HAE XN A e (Cross wavelet transform, & FX XWT)F1/NE A T-(Wavelet coherence, f&F8 WTC)Z: (55
SITEOR[21], W AR FE K TR AN 3222 ENSO  FRARIFIIN (8] FP AUEAT GE v 70 #r, AT LA 22 I 8] JRUBE SR8 7= e A £
PR, IRAMATERZLIEAH SR 7 BT AN . ENSO FhAs B By S 0% (I Al At iy J 22 RO AL AR AUARFAIE 58 SU/ige
SNTHBAEGITIET S, ReER M. € BRI PR KT bR 5 ENSO F 2 8] (I ARALAHOC 2R

3. BRI
3.1. ERPEEIREMEKEUNSESR

DX o B K (K AR A5 A BRAURAR IR IR T St DA G . P 2 B 7 1960~2017 4 [ #8 BH A8 T A2 4k
MR 5. VALK (K 1(2)), i 58 a KRBl W AE & . B/ NIRRT i A2
WE RIS R A A SR — 2, —F 5al R ek —5, HRfsE w227, BRERI
FE: = AURIE Sk BT 1990 4F 1 5 d e 1E, 0] 1990 45 DR 4 BRANC VL Atk =il F 8 ima 35 3 2 m b,
T 7808 I 80 AT ) = U A8 T 52 B g R s S I YA - TR 1 1 R A A B it 3l i WA KT A Bk
B, IF B FH ARG TR LI R, Rinld 1960~1970 R[8], “RMED T FEIERIECR, 1990s
PRSI T4 R, 1998 4F LUS i B AR 4R 1R = K
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Figure 1. (a) Comparison of annual mean temperature anomalies
among the world, the Yangtze River basin and the Poyang Lake basin
during 1960~2017; (b) Inter-decadal variation of annual precipitation
anomaly in Poyang Lake basin

& 1. (a) 1960~2017 fFiE1 &Ik, KITRGFAB ARBEF AR
BB (b) BRI EREK BETFHERIRENTIE
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B K AR AL S ISR, 1960~2017 £ [8] 7808 FH I 3k 4F 4 7K & 52 20 BH S i SEAR B v sl R AE (14 1(b)) - 1960~1970
FEA], PEAKEEAR /D, IR RS, 1970~1990 4E[A], FEAKIEENE/N,  HVEH 22 YRR P K A T2 sk B
1990 IR, BE/KEESmE, AR RFAE B &, ot 1990s A1 2010s FE/K i w2, 2000s [ 7K 55 2l o

3.2. BEBRAAATIEIAR Pk 15 H A (B AL HHE

BT DU AR i B K AR b, 22 A FEE X 380 B A e B i e 7K (T B TR) AR AR AE AT ER N AT B 2 W, 48
SHEEH Y R10. R20 A R25 Yy 81 L TH#a%, Hirp R25 AL %4 0.78 d/10a, b THi&ss 5 3. HxHEHh K
R95p F1 R99p ¥ & i) BT, —# AR LIE A7) %) 26.74 mm/10a A1 11.90 mm/10a. X —45 R 5615
[ATFIAR DG i R A — S5k, BB BHMEIREOH 7 1 X Y I A 2. DL CWD ARGR IR ERAR 2 2 I
55 N, HARKEZH-0.10 d/10a. R /K R R HCR L R, il 1 0.05 RE ML, Horb SsDI
sl 0.01 B FE VAL, LT 58 a RIEE/KREE I N AR . tk4h, [k CDD Al CWD b, AN
Aty Bae /K R B0 b 5L B B S TR B s B, R RX1day T SDIN 5 F T 3 ik o5 bl # A 31 100%,
W T RS Ay DX I s B /K DA BT 3

Table 2. Variations of extreme precipitation indices in the Poyang Lake basin from 1960 to 2017
= 2. 1960~2017 G- ERBHAR AR s B 7k 4 B TR L HFAIE

i p L E %
M B 7K F 4 By RAF
FTF Tk
R10 0.54 d/10a 2011 86.21% 13.79%
IS ERE R20 0.75 d/10a 1991* 96.55% 3.45%
R25 0.78 d/10a* 1991* 96.55% 3.45%
R95p 26.74 mm/10a* 1991* 96.55% 3.45%
VDS EEA

R99p 11.90 mm/10a* 1992* 86.21% 13.79%
CDD —0.06 d /10a 2014* 34.48% 65.52%
FrERE CWD -0.10 d/10a 1999* 24.14% 75.86%
PRCPTOT 0.58 mm/10a 1991 93.10% 6.09%

RX1day 14.14 mm/10a* 1992* 100%
R RX5day 29.13 mm/10a* 1991* 96.55% 3.45%

SDlI 0.32 (mm/d)-10a** 1991* 100%

E: TFRR p<0.01 BEARTREE, TN p<0.05 DEACTRL; -RRTE T .

RAFGIHT R, B/ PH IS B K AR ECR 2 T 1990 41T 5 K AETRAR,  HERAE SR /K =S58 0.05
HER . X — 45 RR YT ERBH WM I K B 1990s DOk H I 3G Ini& %y, 5 iR i b K AR AR bR A Ry
TESE R —5 ., OIS BRI, BPHIEAE 1990s Mo 4K w2, 5 N ATE RIS B 244 Brs in[22] [23],
LI I B P PRI R A 2 R 5 R

3.3. ERPRAAFTIE IR P 7k 16 ¥ B (B AL HHIE

2 R 7T 58 a K 11 AN i A 7K i 022 AR T A 1 A TR 47 A (R e, FEAR922) 45 TR D R 25wk i ARkt 34 )
TEVERL, BAREIN: 1) 46558 R10. R20 Al R25 4% [A) /0 A4S AE He A — (18] 2(a)~(c)), RAKHI 41178
EI/NER . MBS, R10 Ml R20 2B HCAS L EEMERAR, Rl R10 RAE X E B R AETE I,
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R IREZ L TR N T R25 M AIE SRR, 78 6 3E X I i A B o, m 3Ll X =3 X
WAFAE R . 2) AHXHHES: R95p A1 RO9p 175 [A] 43 Ak Jy B IR AP i — Bk, Bk b i pa s/ (1] 2(d)-
2(e), 1o B DX HE HR T I3 AR S0 PO 0 S 3 X R ey B L FE i X, AIRAEL IX B T e 0 L. gl [R) AR Ao
&, RO5p EBEAN TG N RIS, Ha R E 4 ADuh g s 3% R99p 7EAR S L X AFLERS
S NEIX I8, 3) ##4:46%(: CDD. CWD 1 PRCPTOT 7= [ A5 4k 3L HH 5k 1) S [A) PR RFAIE (K] 2(F)~(h)), CDD Al
CWD %44 th < f [l P AL s>, 177 PRCPTOT RIS B 75 B ) A AL IR/ . A %3k 5] CDD A1 CWD 224k
BRI RECR, Bk ELUNBEA N, FRRAAER 5 AW I BT, i PRCPTOT LA b T %
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Figure 2. Spatial variation of extreme precipitation indices in the Poyang Lake basin
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NE. 4) #EIEE: RX1day. RX5day Al SDI )7 A HAT ARG (122 18] —BUE (A 2(1)~(k)), BRIy HIZ- AL
VG R N IRFAE o FERIEFUIT BN, X =ANRBRAE BB WA A 2 3G ka3, e /& SDIN AE 74 Jb— B AR J7 1] 19
PNEZ (O PN e Y I SR ITE

3.4. ENSO B H-xi R imbEk HIF AT 53 47

3.4.1. tRimPEKIEHS ENSO EHLEMIEX ST
4% 3 B BHA I & i B K Fa K5 ENSO AHOGTEAR ) Pearson AHC REGERE . BRI &, 11 MR FEK
BE05 4 > ENSO MISCIRARM I 44 AKX R, A 40 AR IEME, 4 AEFAAI. FHSm KR E0T
5 BREFEETHI(CDD)SE, HRTaHS ENSO 48 R 4 MEX(NINO 1+ 2 [X. NINO 3 X\ NINO 3.4 X A1 NINO
4 X )RR SR Y N IEARDG, Tk VIR T e 0t 368 PE A b v B K P 3 m AT B 2R . JLH, NINO 1+ 2
X i 22 U P 7 5 s B /K AR b [T AR DG MR BN i 3%, 1 6 ME%(R20, R25, PRCPTOT, RX1day, RX5day,
SDINMIZEPEIE 0.05 BEMRL, 1AM FEE(R10)E 0.01 BE ML . X—45 5K, NINO 1+ 2 XN
FIRE 5w, BEBHWII PR H 8. KW H 3. 2 HEL FABKE. 1 HERBKE. 5 HEKRRK
R K 5 B S ) S B T B I A

Table 3. Correlation coefficients between extreme precipitation indices and ENSO indices in the Poyang Lake basin

= 3. BRRHALR AR ImEEKIE RS ENSO $EFRE XIS 4

ENSO f5 %
Wi B 7K 46 51
NINO1+2 [X NINO 3 [X NINO 4 [X NINO 3.4 [X

R10 0.37** 0.31* 0.14 0.25
EEPOE R R20 0.33* 0.26 0.14 0.20
R25 0.31* 0.24 0.14 0.19
R95p 0.25 0.16 0.10 0.09

AHXTHESL
R99p 0.17 0.13 0.15 0.10
CDD -0.02 -0.04 -0.07 -0.07
SRS SR CWD 0.09 0.04 0.03 0.03
PRCPTOT 0.33* 0.26 0.13 0.19
RX1day 0.32* 0.27* 0.21 0.20
FHEER RX5day 0.28* 0.22 0.15 0.16
SDII 0.28* 0.22 0.17 0.15

e FROREN 0.01 B, *RoRiE 0.05 MK

3.4.2. HRimbEKIEHS ENSO BEfFIELMEBBX M

7 3 RATH, /K EPRCPTOT) L HRIBFFIAR G R S T HARIRE, I AT E N SRR AR
WA ity B K (R EEAR PR AR 4L

3 NANIRIEIX ENSO F8 -5 8 PHTR A7 S5 Bk 7K B PR A8 SNV R /N AR T3 o /IR T RO
FIAPE AR = FHEIRT AT, NINO 1+ 2 [X 2 I R PE P 40 780 S v 3 A S B /K S R A Do M Bk s T
HARMHEX, FHARN: NINO1+2[X >NINO3[X >NINO34[X >NINO4I[X. MAMMEMERE, 4 MNEXHE
PR E PR IR S B K R IR 58 SN () 5 e B X A7 T 1969~1974 4R (1) 2~4 a BfERE |, DA
J% 1997~2003 4E[] (1] 4~6 a i} [B] ) b, A 5 AE AP /K i 5 NINO 1 + 2 [X T NINO 3 [X {1345 & 5% T NINO
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Figure 3. The time-frequency spectrum of XWT (a) and WTC (b) between annual precipitation in the Poyang Lake basin and the
four ENSO indices
3. FREIEXGRIRE IE T8 5 B PRI F B R 832 X NKIE(XWT) (2)F/EHEFIE(WTC) (b)

SRR, SR S K S 4 AN X R 5 E 1970 4 LART G B AR G 7E 2~3 a IR IR |,
1970~1978 4F &) itk 4F A B /K B 5 NINO 3 [X. NINO 3.4 [X A1 NINO 4 X iR % 90°, JaWiZliss1E, (HAH
FNEWT . N 2000 SFLAG, IXFAHCHEIE FiH . 78 3~6 a MBS AU |, SERBE/KES NINO 1+ 2 X g
SR AE 1970~2000 4E 8] LR AHARL(EARDS) A E, 2000~2010 EAIFE A MEH k. 2010 SF2 )5, 4EABEK
=l RO SN SN PR ER T E 3L bl s S WUE N ViR o Y s N B E S8 B o i e St
s

3.4.3. BR\ & ENSO BB BHA 7t e i i e 7 B e i

MRPEHE . ¥ ENSO HAF K A WEAE PR FE ARy iEAT Gt v ANt JE i) B (1960~2017 4F) N ENSO 4t K A 447
FLiF 17 55 ¥4 ENSO F R A F it 11 4F.

[ERE, 35 BRI R it A /K AR M 8 B S P& /K B (PRCPTOT) K43 BB ¥4 ENSO ZHA: S It b i 46 7K (1) 5 g
[24]. K 4 BoRTHE. ¥ ENSO RSN, MEERBKERZEMZERE. HETLEL, % ENSO 4T
W AR, Al B A re H N T R A, 80 BH WA IR A TR 22 2 X I S P K B3 R B AS IR EE I 3 . 7 1) |,
R K E RGO AR A G, mIrE LIRS, BOR(EZ) 15%. HHET S, SAIRH, 4 ENSO
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Figure 4. Impact of warm and cold ENSO events on annual
precipitation in Poyang Lake basin
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