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Temporal and spatial characteristics of hydrological drought in
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Abstract. With the simulated runoff data at the 5 kmx5 km grid cells from 1981 to 2020 based on the VIC model and the confluence
model, a long-term and grid SRDI ( standardized runoff drought index) was constructed. Then, the spatiotemporal evolution
characteristics of drought in the Pearl River Basin were analyzed. The results show that: the grid SRDI based on simulated runoff can
better simulate the spatiotemporal variation of drought in the Pearl River Basin; the temporal evolution characteristics of drought are
obvious, hydrological drought mainly occurs in summer, and a large-scale drought may probably occur in autumn; on the seasonal
scale, it is possible that extreme drought occurs all the year around; spatially speaking, the hydrological droughts in the Pearl River
Basin present a transitional distribution from the east with high-frequency, to the west with long-duration and high-intensity.

Key words: hydrological drought; standardized runoff drought index (SRDI) ; VIC model; Pearl River Basin

IR SCT 5 R HE B B[] PN 3Rk 5l b T 7K SN LR 3K A J e, fefi A5 ) 1A% gt 15 ik, ML EROK
K PEZ AR KA AR T HAE R RIS | BRYT S SR AR MK 703 (H 32 2R 300 75 XU i) [k I 2
ORI B AEPRFIAE N AR SR A R AR IR Y 5 N, K SC TR AR H 3K, B 1970 4E LK, R
RN T R L, T SRR B K, 44t S 2B R KR 2004 4F 2009 4F 2010 4FA 2011
AEBRVTIR IS A A T FOK ST S s VT KA A AR AR A 5 22 W IR K PR s & 7K ik 2D
1,12 2010 4FARAEY) 7 RIS 542 J7 hm” A0V BLAEZ B G IL 378 {206, BRIk, IANUK SCTF R 28
TEARREAE | Xl /N 50 2 T S W AR g S O W M v A R LAY LA T

A2 B A BRI G K ST A i AR K S BT N R AR AE MR AR ) K
S0 ok R SRS s T ERTT S EIOK SCT AR R 2s AR AL B R HL R e, e & AR R S

E£WA. BEEARPFESRITIK G4 TS0 H (U2240225) ; B K H S0 ATTRI(2017YFC1502403 )

EZREN . REF(1979—) , 5, Bz, Wi, GRS BAE KOK SCIHHBFFY . E-mail : zywu@ hhu. edu. en

SRR REH, AT A, 55, BRILRER 1981—2020 4F7K SCTH SR 2 RRAE 00T [ J] . iR 2728 e ( BARRRARR) ,2023,51(1) :1-9.
WU Zhiyong, BAI Boyu, HE Hai, et al. Temporal and spatial characteristics of hydrological drought in the Pearl River Basin from 1981
to 2020[ J]. Journal of Hohai University ( Natural Sciences) ,2023,51(1) :1-9.



) WE R R AR CF AR ) B5LE

AT AR T PETLI UK ST R AR BRAE AL RRAE , & B 1963 4F (1989 4F 1 2007 4F 2 /K 30T R4k ™
ARGy, FER A2 ) L MR S RS T P VTR S s A A B, R BT, ARV K SCF R A
AR s 1 4 RS ARG R /R AR VT UK SO SRS v, Fie R K P AR A 18 4 PR K S5
U BAR, R N BRI AR 128 XU A BN SR e S it T S5 (H 24 o 2 2 Tl S i o
TERIT R, 7 25 7 B2 7 A AE— 5 ARy B | R A 52 R DR B 7K ST 50 A Ak s 23 AR ARPAE

AR S0 FH AR HEAL A IR 1 5 48 8L ( standardized runoff drought index, SRDI) , & F 7] 28~ i8 %% & ( variable
infiltration capacity , VIC ) BRI FIELHEAY 5 kmx S km K REE 43 A OVC AR RS 32 i A S | 4 v B A 25
Dk N3 7 PR RS AL SRDI, DX+ 5 A7 T 5 2 A B2 2 A BR VLU K SC 1 B 23 3 A8 LA, LA
W R AR 7R PRV TR 8K SCT S A AL |

1 ARXWEREARETE

BRVTIRIRAL T FR AR R o, B g SR )
7Y LV R AR 6 K, A FARE 1020147 ~ ik
115°53" AL 5 219317 ~ 26°49" Z [a, Wi S 10 B | gy 49
44 73 km® AR VU RS ) AR IZ E AR, Rl | ¢

AR A RIS, MR T TR | o
PP RATR Y AP SRR 14 ~22C, |
LA K BN 1525, 1 mm, K Z=T 20 Bl A :338427 0 100 200 km

B, R e 4—9 H AR 2, B K & d bl
FHIE R R SR R T A S TR S
B

KRG G R 1981—2020 4F LRG0 1 H R KB | e AR AR B, Ok B b B4 8l
FZ R 55 W (hitp :// data. ema. en/) 5 7K SCECHE A7 LR 7K SCul H O & 808 ; DEM Bz >k A b B B 24 B = 208
B3k (hitp :// data. esdb. en/) , 7335 100 m s AEBEER A AER 1 kmx 1 km 35 555080 , MBS R A AH
KBH 2% T LDAS(land data assimilation system ) B RO - O R Reynolds LS R 0 R
P PEBOE 14 TS HUE

2 WIRFZE

FIHE 5 kmxS km RIRE K REERVTH I VIC BRIV T RS AL i st Bl SRR 5
A0S I VIC BRI S H0R FH 8 2R 8 BR VT80 S ki A 177 2880, SR Lu 5517 (9 D7 06 2 1)
EICSE, FET VIC B O™, SR8 5 2R T RS 5 - a5 250 9 0] X 0] 43 B 2 il 45 B0 T el 17 bRy
B BT B d e AR A 1981—2020 AFERYLIEIK S kmxS km H RUSE A9 A 7 B 50d
2.1 SRDI

RGBT B T R AR R L Zaidman PV R T SRDI A TR
W7k S 5 Bl Rl A 25 gk A 4 S L e B M K S IR pR B A | e IR BIE 2500 A WA I
FIN LA R BT, AR e 7l 50 B A I3 o 3 b B 7K ST 52 W 45 SR 360HIE T SRDI X
IK ST BAEE TR 1A S50 5 52 7 58 402 S 5 SR T SRDI #8758 1 PH VL 3K S0 T SRy I 23 AR (LR AE | BE 4 3
SRR SCT S AR RRIE R R SRR 3, B RERAR T LA H N AL 43 1 T 366 A~F )5 51, 3% )5 51k H
MPBOER A AT, Zead bnifEfb 5 53] SRDI, SRDI iAW .

I, - an)g - InQ, (1)
InQy
A1, 05 y 4E55 d H % SRDL{E; Q,, 05T y 4F45 d H BRI 5 1nQ, 8,0, 73 h 1981—2020 4EARAFE5
d BT BO BE S 0 B ARR AE 22 24 SRDI Ry iUt 68 10l K AR sk K B T 2 4R SF 20k K
i, SRDI /N FEAEF-0.5 Bf A TR &4, HTF SRDI TR LR 1,

E1 #RERERERTH
Fig.1 Study area and distribution of stations



51 SLET A PRVLFIR 1981—2020 4EAK S0 T SRS FHAE AT 3

2.2 TRIRATE 1 ETSRDIWTFEZEE™
%$%}Ei/a:26: J Rz BT R ’ Kg—91 Table 1 Drought level based on standardized

BEE—REILF ,ULH MK . 3T SRDI 317+ 5 runoff drought index ( SRDI)

Bl T IX I R R BE S 3 AN O sy om SRDI i B %

DB TSR ALK T ST S A IR IR 1 kw0 1
) QR TR AR A, MT R R D@ EA 2 BF 05150
TR . RURRLR R xR ) P e
FRER LTSRS T R, R A, =30% . s mw e 3

D, =60dM 7, =5d, XTF R, MATESET R,

e SR B P 114 7 I RN 0 T 5 B R T 5 RIS A% SRDI /N T 355 T -0. 5 my Sk
BOR/INT 60 d, BRI — 37T T2 44 5 24 A% 37 1 5 R [E] B I TR) AN et 5 d i U 37 1 52450
N85,

AR R D TR S AT SR T ARRFEE A AT T B T R R T R R, TR
Pt E—5 T R MIH R BN R T it (a], TR AR SR A T Rl e b T R4S TR BEZ 221 RiHE
(ZEXP{E) , T 50 B PR R AL AL ] o T 5 B AR R(E B T F R AU S TR A H (e,

2.3 SREMESHY

S NS U H Zhang 2517 AR VA X UMK AR SO PRI A, SRR 1 T 5 e /K 2R B 5 X
BN AR, K SCTH 542 BE (hydrological drought concentration degree, HDCD) iz B 7K SCF S E4F PN 1)
PR, H RUERKSCT R Rt 2 A R D) i 07 2080, HA o i 2 MRS il o5 4R K ST 540
B EL B B Rk SCH R4 S 2 3 (hydrological drought concentration period , HDCP) J& 48 7K 3¢+ 521 &
I i 5 S B R DT AL, oK ST SRR B A 4y, LS T 18] AKSF D5 1) 12 A4S H 2 FUAY L I D) A R
FoRT . MRS KSCT R AR P A TS AR R

VS + S
= XL ¥i 2
¢ =g (2)
S,
P, = arctan(ﬂ) 3
s, (3)
12 12
Hp S, = Z S;8inf; S, = Z S;cosb;
-—1 .

AU C, P, AP P KO RS BRI, (°) oS, RIS ) i K SCT AL 55, 36 5 A1 0
T 65 j BKSCTSBURE S, S, AN BIRAEGY § 40 F) R BE ik SC T 580 LA 61 Bty 28 B804 R IS 76 3
BT KT E 450, A5 A RERIE RS L (°)

3 ZRME

3.1 MBREHEFRERE

BN AR5 ( dickey-fuller test, DF £ 35 ) J& P Aot g6 v i 20 —Fh 77 7% , ADF K & —Fh 4~ 581 DF
R, i T DF G50 Xt B LI 5 25 A s R A I ) R e 8 A, SRR AR PR AR s 5 0], s 77
TERNIAR . ADF K56 00 R B AFTE SR AR, QR AT 2 ) i 5 A 0 Ge /N T 3 AN EAEE(10% . -2.57;
5% :-2.8631% :=3.43) X R (90% 95% 99% ) MR KAE 260 Jifii ik, e 2 (/T M 3 A7k 3
Ui 1981—2020 4F H RUBE A9 RS I s 5008l A T AR PR 50, K S 45 2R 43 0o 15,9 (=15, 1 Fl-15. 23, [A] /)N
T 1% 5% 10% BEA5 5, VLIS 5045 F b 35 M 26 )5, DR 3 AR /K STl % it 1 5 e
3.2 ETERALRER SRDI 3t EL 3G iE

FET 1981—2009 AF R VT3t 3 ML AL 7K S il sl Jor £ DA 1) S H A2 980581, A= BT %) B 1981—2009 4
(RS, 5 S SRDL JE 51, 1M I K A5 480 72 3 K% SRDI 7E 38 735 B V1% 3K SC 1 52 B 2 4 AF - A3
1981—2009 4= ML 7K SCk I 545481 SRDI A0, B DA R S 5440 SRDT s AR %t Fean ] 2 e 3 fiw, vl
DIVE e Bl Tl R ALl 5 S5 SRDL A AH DG R £ 53 51 0. 83 .,0. 76 1 0. 84 ik 3| T 5k 25 il i JiE



4 W R E R (AR R R) $51 %
AU K o S M AR ) SRDI I 2R A AH S F— 3026 BH , 38 FH 5 kmxS km RS A2 I F4) 2928 A 7K SC
T+ 2485 SRDI HA — % Bl 5k
61 =0.7943x-0.115 3 61 »=0.7114x-0.1255 6r y=0.812 4x-0.097 6
32:0.69 32:057 H2=0.71
4 4 4
E 2t E 2 E 2 r
0 & 0 ®or
-2 -2 2¢
4 2 0 2 4 6 4 2 0 2 4 6 4 2 0 2 4 6
SEMSRDI SEMSRDI SEIMSRDI
(a) BT (b) T (c) FEME

B2 1981—2009 £F 2187k 32 uf SEill 544 SRDI 8 = E
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Fig.3 Comparison between simulated and measured SRDI processes of typical hydrological stations from 1981 to 2009
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