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Abstract

The drought and flood event are characterized by extreme drought and flood events alternate in the
short term. Disaster recovery is difficult and poses a major threat to social development. Therefore, re-
searching the temporal and spatial evolution of drought and flood event is of great significance. This ar-
ticle uses the SWAP index and run theory to analyze the evolution of drought and flood events and
change characteristics of drought-flood in history and future periods in the Hanjiang River basin. Results
show as follows: 1) In history and future periods, the frequency and average intensity of flood to drought
were less than drought to flood, the occurrence more likely and threatening of drought to flood. 2) In
history period, the SWAP index of the typical drought and flood year decreased then increased from
northwest to southeast. In 1966, the drought level in middle and lower reaches was higher than the up-
per reaches; in 1983, the flood level in the upper and lower reaches was higher than the middle reaches
of the Hanjiang River basin.
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Lu T 2009 48 H K InACTE ) 47K & WAP (Weighted Average Precipitation)i& ] T2 H « % H A A B[] )X
FE[22]. Lu &8 F T FrUELL ) WAP (Bl Standard Weighted Average Precipitation, SWAP)AJ LA+ F 4% il 3k 1712 H
W, O RITAG . RREE. Z5TRIN (R DU SRS VEANE R, BB o T R AL[23]. A SCEL SWAP
FEAR IR DU T 87 S A, 7 T SR A, DU DU IR 5 7 S e S (0 F0 B B gt e 7 e ik
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2. AREFZE
2.1. RXiEFHIE
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Figure 1. Distribution of meteorological stations in Hanjiang River basin
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2.2.1. FREH MR TR

Lu T 2009 42 72T BN MR R F 5855 SWAP (Standard Weighted Average Precipitation)
[22]. iZARARIEE T INACE 2B W WAP (Weighted Average Precipitation)ifi i Gamma p& £ b #E fL 15 K [23 ]
SWAP 88 LABE/KI B E R AR T8, AR H RE Lo #r XER ARG 238 bxa] DU
BRI Frek. SR E KSR ETEAIE S, BRI R L. BB SR YE SWAP BRI 9
ANEER[4] (K 1)
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Table 1. Drought and flood classification standard
= 1. BiEFRIIRE

N /1 FAE TR FRAEA BT B R 16 4 SWAP

4 LEvi 2.0 <SWAP

3 P 1.5 <SWAP <2.0

2 gy 1.O<SSWAP< 1.5

1 Wy 0.5<SWAP< 1.0

0 1EH —-0.5<SWAP<0.5
-1 ®RE -1.0<SWAP <—0.5
-2 R -15<SWAP<-1.0
-3 HE —2.0<SWAP<-1.5
—4 LS SWAP <-2.0

2.2.2. Mann-Kendall $23&

Mann-Kendall JEZH0R5 7772 Mann B 564, I 1 Kendall 337 5¢ 3 ¥ B 56 B 1] Mann-Kendall £56 75
5241 [25] AESEATIITVEIE RGN, ANERRFVEARE N —E /A, EAE. SRS ae R
ZigH, BARTHRIERE WS SCwk[26].

223. RiHEREEHIRF

TR B A CON R R, A& TR (8] P 5 —Fh 7735 Yevjevich fix 48 FIUFZ B 1R U3 A A+ R 4
[27]e AT RHAEPUKTFR A-1 (BR), FUitels SWAP (Hi L L H/ANT-1 I, EX X T7RF
R, B3 SWAP Hif @ES =H KT 0.5 N, ESCRHRTRHALEA, AT 00 30 25 3R I 8] [7] B& FR
IR R R RS ] SRR, BB FAREIBUK RN 1 (P, FUiTEIR SWAP (i 2 &2t H
KT 1V, SOk Bi R AR, EE SWAP fEI R ES: = H/NT-0.5 N, & CRIXIREEGTHAEE R, A
TR LA B 25 SR B TR TR)BR RR 2 N R 5 A (R SR A 1)

KA ESCHF RIS E T R F A A, TR, B R AR AT R I A — At A
TR 45 AN (] 5 b AR Aa I () B 25 ) [R] (RIS T TR, 8 O — IR BB el Fi ik, BEi et HaRm
FEC AR I ()X IR R A 1 R LRI TR), 45 SR A I R 5 PRI S AR (] . Sl TIEmT I, 2558517
FE— MBI — AT R, B 45 N (8] 5 T R I AG N R P 2 TR /N T TR, 58 SO — RS
B, 7 5 AR AR I TR X L 5 A (R AR IS TR, 4 SR )R 3 v B A 1 5 RN TR
2.2.4. BRHBEH SRR

R 5257 FHR IR R AR SRR 5 A 1R 1 2 58 B TN T A SR 23 BT 52 7 U A R i AR A A . SO IR
SN B A RAE ) B A AR RIS S BR BE R F I B R AR B A S ) SWAP FEAR RTINS
I B P4 2 R AR B LU
3. ZBREH
3.1. ISR RHEHAFHES
3.1.1. [FMRZEEX

K2 R T DU 1961~2017 FAEREKE K ZE- TP RKED R, AT LLEH, BULHE 1961~2017
FEZAEF KRN 948 mm. AFRE/K & /IMEHILTE 1966 4F, N 693 mm; 4 /K & K fE HILAE 1983 4F,
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Figure 2. Precipitation from 1961 to 2017 and the spatial distribution of annual average precipitation in Hanjiang basin

& 2. ST 1961~2017 LK ER S ET MK ES DT

3.1.2. SWAP 38 BUERREL

K3 gyt 17U SWAP FREUFERR LS X M-K fiegs R M UF fiZkE, T 57 FFENULHIR SWAP
FREC R TG ETHE R B G BT, 2 BT R B A AR T 0.05 B3 K IR LR 25 A SWAP
TREOTEERE, BUiEH SWAP KZ1E-0.5~0.5 WEE NARM, FELE 0 (HMHE R 30, Hknl 5k 2 80eE
Pr)E T IEHE. TR EIEM N 1966 FE(SWAP A—-1.60, HEF). 1997 F£(SWAP K—1.28, H ). 2001 4E
(SWAP J—1.18, H15), HEE7HZHEFEM N 1983 F(SWAP 1 1.88, Hi). 1964 F(SWAP N 1.47, ).
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Figure 3. Interannual variation and mutation test of SWAP index from 1961 to 2017 in Hanjiang Basin

3. SGIiRE 1961~2017 K ER ZEFYIEKETE D

3.1.3. TRIFREFHEHNNEEN

M 2 FTBLE M PULRISA FEAT T st S 25 LA TRERE S, AR AN F 55 2 5 57 1
RAFEZRP L. Hrh 90 FAARFERTFRAEIL 5 R, FREMNR IR, N 43.33%, ZFEAE
IR, ZAETFIRRK AN 903.6 mm. 80 FACARZEIM DT K AL 5 Ik, RETHEAFIRITIR S 40%, %
FERFKERZ, ZHTHEKEN 10159 mm. 60 FAMIGTF . BE7F I R, ik 8.14%.
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Table 2. Frequency of different drought and flood grades in Hanjiang River basin
EE% 2. /JZ/JZ/nLi'ﬁ3T_f_]§§§ZZi:$=:7:§§§15FQEEEEL 2%{

N R i Y LEd £ Be & HR i 5
1961~1969 3.70 5.19 11.11 20.00 28.15 14.81 7.41 5.19 4.44
1970~1979 0.67 1.33 10.00 13.33 38.00 16.67 12.67 7.33 0.00
1980~1989 6.67 6.00 14.00 16.67 3533 12.00 4.67 4.00 0.67
1990~1999 0.00 4.00 7.33 11.33 34.00 22.67 10.67 7.33 2.67
2000~2010 2.67 2.67 12.00 12.67 36.00 23.33 7.33 2.67 0.67
2010~2017 1.67 4.17 15.83 7.50 35.83 16.67 16.67 0.83 0.83
1961~2017 2.57 3.86 11.58 13.68 34.62 17.78 9.71 4.68 1.52

ME 4 W0, GE 57 F RS RAEARRRER R Widt, TREMRDN 17K, &2 23 R H
FHFRAD N5 W E 09 20 U, T FEAF FIBE TS B, BT X DX sk Je L
POV FAEIRAE 0] 73 AT LAY E), TR FA EZ AR DT _E I b T X, DU A i AR IR AR
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Figure 4. Spatial distribution of frequency of drought and flood from 1961 to 2017 in Hanjiang River basin
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Figure 5. Spatial distribution of SWAP Index in typical drought year (1966) and flood year (1983) in Hanjiang River basin
5. NTRBEB T RE(1966 ), HBVSGHEF(1983 F)SWAP IRE=E 57

K5 s 1 OUT R A T 4R PB7 4 SWAP FRACE M 704 I LUE Y, DU 53554 SWAP fi
B M AW R ZE TR . 1966 SEDPUL A R DX T P40 2 i T D0 B X s 1983 SE GBIl AN T i
AL B A5 0 SR v T DUl X . AR U, SWAP $R %S B L7 74 AL sth [X 21 T i A 2R B X Sl 3
RN IR PNV R B
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3.2.1. KRKEETHIFET SWAP IR R R EERTY

K 6 45 H T DT 2021~2050 £F SWAP FEE0F PR LB . 7E A K 2021~2050 18], ST RS 5%
5N SWAP IR I T E T Hod RCP4.5 155t N SWAP $8%0 b TH5# 5 RCP8.5 & 54k, H. SWAP
FRBUHAE BB L 5h 8 RCP8.S T H K.

--6==-RCP45
— < RCP8.5
24 e RCP4SHEBE = 0.0295%-60.309 I
RCPESEEE  y—0.0026x- 55401
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Figure 6. Interannual variation of SWAP index from 2021 to 2050 in Hanjiang River basin
B 6. SXGIRiE 2021~2050 4 SWAP 1 MR

B 3 A, PULRIECR KR RCP4.5. RCP8.5 1f5t T R 23 #jk/NEaS, 22050 s KA [E
iy MR, SRR RIS, B 2050 s B E R K. HP SRS T R R EE B 2030
s« 2040 s, LRI A B FAF R EEPTE 2050 so MEEIRE, 2021~2050 FEPILHIEPFISEE 5T T RH
PERAE A B B 35% 26 A7) K T b7 A R A IR 19% 2 47), T R H AR B PE R K

Table 3. Frequency of different drought and flood grades in two future climate scenarios

= 3. RRBHSRBFRTIRRHFFRL LR

2030's 2040 s 2050 s 2021~2050 £
TR

rcp4.5 rcp8.5 rcp4.5 rcp8.5 rcp4.5 rcp8.5 rcp4.5 rcp8.5
LE 0.00 0.00 0.00 0.00 14.00 0.67 4.67 0.22
Y 0.00 0.00 0.67 133 5.33 4.67 2.00 2.00
s 2.00 0.67 0.00 10.00 0.67 6.00 0.89 5.56
L 12.67 8.67 16.00 12.67 8.00 9.33 12.22 10.22
EH 40.67 46.67 24.67 4533 64.00 48.67 43.11 46.89
=30 17.33 17.33 22.67 14.67 6.67 10.67 15.56 14.22
rh 13.33 19.33 14.67 13.33 0.67 9.33 9.56 14.00
i 11.33 4.67 5.33 2.67 0.00 4.67 5.56 4.00
e 2.67 2.67 16.00 0.00 0.67 6.00 6.44 2.89

3.2.2. IR EKRREGSRHBEHIR L BENSEE

] 7 45 H DT Al R A [ B ) 2 087 U AR R AR AR . IR B B R R AR IR R, g S I 3 B s 5
BB 0.5 A, ARKEHI RCPA5 1E &= NN 0.6 KA, B ETHES, 1 RCPR.5S 5 TN 0.3 Ik
FeA, R AT D Sk S A A T RO 0.7 R A, AR RCP4.5 155 R N 0.7 ¥ £ 47, RCPS.5
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Figure 7. Frequency of drought and flood at different periods in Hanjiang River basin
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Figure 8. Spatial distribution of intensity of flood-drought under historical and RCP4.5 and RCP8.5 scenarios in Hanjiang River basin
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Figure 9. Spatial distribution of intensity of drought-flood under historical and RCP4.5 and RCP8.5 scenarios in Hanjiang River basin
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