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Fig.l1 Geographic distribution over Shiyang river basin
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Table 1 Standard for hydrological drought classification by different methods
sy S L i G R
I ii— P>20% 10%<P<20% -10%<P<10% -20%<P<-10% P<-20%
pi g7 020,+1.175  0,10.336<0<0,+1.175 0,-0.338<0<0,+0.335 0,-1.176<0<Q,-0.335 0<0,-1.175
Tk = P>30% 10%<P<30% -10%<P<10% -30%<P<-10% P<-30%

O N BART L, O, W IIAR L, 0 NARTR RN Jr 22, P MBI 208, P=(0-0,)/0,x100%.

x2 AFARBTREERENLL
Table 2 Drought percentage of Shiyang River Basin

1 TR RE i Cigs Rt
I 5.26 17.54 47.37 29.82 0.00
ik 15.79 17.54 28.07 28.07 10.53
Hik= 15.79 7.02 47.37 19.30 10.53
FHEIE 12 14 41 26 7

®3 HELRERB(SDDTESR
Table 3 Hydrologic drought degree based on SDI

£ By SDI
0 TH SDI>1.21
1 BE 0.7<SDI<1.21
2 R -0.59<8DI<0.7
3 G -1.37<8DI<-0.59
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Table 4 Identification of hydrologic drought at varied
thresholds and their comparison with actual

important drought events
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Table 5 Trend coefficients of annual and seasonal climatic factors in Shiyang River Basin

i} JE] SR TR Sl AR Rk R
i 0.47" 0.60 0.57" 0.67 0.19”
s 0.09" 0.07" 0.12" 0.18 0.23
PES 0.10™ 0.07" 0.15” 0.43 0.97
hZE 0.13" 0.11" 0.13” -0.00 0.63
X7 0.15" 035" 0.17" 0.06 0.47
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Table 6 Annual and seasonal correlation coefficients between SDI and climatic factors in Shiyang River Basin
T[] S s R IR Fie K e
A -0.011 -0.081 0.141 0.626™ -0.625™
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RN T 0.01 {FEEATE: , *FRR WAL T 0.05 [F A .

BLOE ORI R AR 73%~82%, L Bk A4
Z5 I H R R 72%~81% . T0%~75% . 72%~79%
F165%~72%, Hoh =T Rk A e, AT
BRI AR NI R B R KT R &
A R R T e v, A R U R B R R
BRANRIK 72%~82%

a5 7 s R S R & B A Y
SDI i FHE R B H Y 3 ZK SCH R ML PR+ 5
FAFFRA T, TR EY A — 2, YW SDIRE
0 At b W I B ST R AR T R AR

Ay VAT I S AT AR K R R KRR T
FINZE i 380 i) e 4R, LA [ K B 1 SDIELIY
FH I I A, BT LAZK SC 52 SDI A Fifi 5 4 B K 2 11
B R A e RIZKSCT 2Rk - e .

SE Lk
(1] kag . b DX S48 By o e B J0n L) ). K %5, 1998,
13(4):34-38.

[2] BT .1949-2007 £ [ T 55 5 AR R Kt i s 5 [J].
TR X RS 5E,2010,24(11) : 94-98.

[3]  EZM, 20, IS EESE, 55 19612012 AR H 7T TR AR b i
e KIS K T[], 75, 2014,34(6) : 1624-1632.

(4]  E5 AN, & I I T SPIAE BN H R A8 AR 3 X T 5
WPz B AR [T ], AP IRV, 2014,34(1) :244-253.

(5] HapoIm, B RE , g5k A8, 45 3 56 a v [ PU b b DXAS [ i i
TR E R[] T 515,2019,37(5) : 722-728.

[6]  THGHE,mh223e, JKBA , 45 AU 5 F i E T 242
B DX SRR [T . VD8, 2019,39(6) : 209-215.

[7]  WuH,Hayes M J, Wilhite D A, et al. The effect of the length of
record on the standardized precipitation index calculation [J].
International Journal of Climatology,2005,25(4):505-520.

[8]  WuH,Svoboda M D, Hayes M J, et al. Appropriate application
of the standardized precipitation index in arid locations and dry
seasons| J ].International Journal of Climatology,2007,27(1) :
65-79.

[9] BaiY,Xu H, Ling H.Drought-flood variation and its correla-

tion with runoff in there headstreams of Tarim River, Xinjiang,

[10]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]
[21]

[22]

[23]

China [ J]. Environmental Earth Sciences, 2014, 71 (3) : 1297-
1309.

Yan D H, Han D M, Wang G, et al. The evolution analysis of
flood and drought in Huai River Basin of China based on
monthly precipitation characteristics [J].Natural Hazards, 2014,
73(2):849-858.

FEE IR, BN, S AR BRSBTS (E
A1 SR BCE PG AL DN T R X L AT LD ). 8 AR5, 2013,
32(3):839-847.

L, sk B, A A AR T R AR AL S
HOO AR B KR R [ . b5, 2016, 36(3) : 767776
F RN, RN, £, 5 P EAR T RO RITR T ]
T5EA%,2012,26(6):3-7.

Heim J, Richard R.A review of twentieth—century drought indi-
ces used in the United States[ J].Bulletin of the American Mete-
orological Society,2002,83(8):1149-1165.

Wilhite D A, Glantz M H.Understanding the drought phenome-
non: the role of definitions [J]. Water International, 1985, 10
(3) :111-120.

AT SRR, DTESE A AU T 5T [ T R
YRS ) Je g b 22 [Tt B 70158, 2019,39(5)
1-10.

XSS, AR T T WL A5 Al T 5 DB 5 0 i 5 e 22
[T]. 3bBEF47,2015,70(11) : 1835-1848.

Van Loon A F, Laaha G. Hydrological drought severity ex-
plained by climate and catchment characteristics [ J ].Journal of
Hydrology,2015,526(7) :3-14.

Wu J, Chen X, Yao H, et al. Non-linear relationship of hydro-
logical drought responding to meteorological drought and im-
pact of a large reservoir [J].Journal of Hydrology, 2017, 551
(8):495-507.

ERTHE, YT K SCT R (] 7K 30,2014, 34(4) :1-7.
EALEZER 7 s O SR T B B A S X (N R e S 8 R 7 |
RIT].54,2006,32(1) :24-29.

2R, T KA, . 2000-2015 4F- A7 2] i R o5 %
Be H xS AL AR R wa L [T, o [ 70358, 2018, 38(5) : 1108~
1118.

TR, T AT A1, S 50 4Rk rb S AR L ARRIE Y
FEAHTLI ] AG241R, 2004, 62(2) :228-236.



55 4 Ve FETHREAL IR HE 80 (SDD) By A S bk S0 T 2R 33

[24] @ ZEMRGE H R A8 0 Y B R AR [T ] R 5B LD ] BEPi 7 « AL ARARBLECR %2, 2017.

R SGERFERTTE,2001,6(4) :478-484. [(30] Beut®r STkt oA i — e 58 S (D VR - AR bk
[25]  Z=383f, XIBAE A7 T b L V] 3 3 ek 19 728 fb s 3 % 2#,2006.

RS BTLT] K 1 ORFE2 1, 2011,27(1) : 58-63. [31] Hassan I H,Mdemu M V, Shemdoe R S, et al. Drought pattern
[26] XUBHAR, 2383, L dn , 45 0 2 A0 I 4l A28 A 1 40 A 43R AIE along the coastal forest zone of Tanzania[J]. Atmospheric and

XA A A IR RV < LA TG R SR 4] [0 ] R X O B Climate Sciences,2014,4(3):369-384.

2013,31(1):193-198. [32] Mishra A K, Singh V P.A review of drought concepts[J].Jour-
[27]  TRFSIERHE . H 7 & oG b X A% T R BRI ). < nal of Hydrology,2010,391(1):202-216.

%,2000,26(6) :3-7. [33] Hirabayashi Y, Kanae S, Emori S, et al. Global projections of
[28] Husak G J, Michaelsen J, Funk C.Use of the gamma distribu- changing risks of floods and droughts in a changing climate[J].

tion to represent monthly rainfall in Africa for drought monitor- Hydrological Sciences Journal-Journal Des Sciences Hy-

ing applications[ J].International Journal of Climatology,2007, drologiques,2008,53(4) :754-772.

27(7) :935-944. (34]  SBESCHE ATICIR, 225348, 55 A 3% L Bl v e g 4t 35 11 A8
[29] W SC. AR ERE T J05E I bk SO S 28 A X R Bl fermt s o34 (1], H3RFH#,2010,35(2) : 268-276.

Characteristics of hydrological drought based on standardized
flow index in Shiyang River Basin of China

Li Lingping'?, Lu Taishan’, Liu Mingchun’, Hu Lili', Wang Suping'
(1.Key Laboratory of Arid Climatic Change and Reducing Disaster, Institute of Arid Meteorology, China Meteorological
Administration, Lanzhou 730020, China; 2. Wuwei Meteorological Bureau, Wuwei 733000, Gansu, China; 3.Jinta River
Water Resources Management Office, Water Bureau of Liangzhou District of Wuwei, Wuwei 733000, Gansu, China)

Abstract: Based on the monthly flow data of eight hydrological stations and meteorological data of four meteo-
rological stations in Shiyang River Basin from 1961 to 2017, this paper uses the standardized flow index and run
theory to obtain the characteristic indexes of drought events, and analyze the evolution of hydrological drought
duration, drought severity, drought intensity, drought time series and drought frequency in Shiyang River Ba-
sin. Furthermore, affecting factors of precipitation, temperature, and evaporation indices were also analyzed.

The results show that: In the past 57 years, the changes of drought duration, drought severity and drought inten-
sity are not consistent in Shiyang River Basin. The hydrological drought duration is the longest in 1970s and the
shortest in 1980s in Shiyang River Basin, and the drought severity is the strongest in 1990s and the weakest in
1980s, and the drought intensity is the strongest in 1960s and the weakest in 1980s. The annual SD/ shows an in-
creasing trend in Shiyang River Basin and its middle and western regions, with the greatest increase in the west-
ern region and a small increase in the central region, while the annual SD/ shows a decreasing trend in the east-
ern part of the basin. The frequency of the most are moderate and severe drought in Shiyang River, and the fre-
quency of seasonal hydrological drought is the highest in spring and the frequency of winter drought is the low-
est. The frequency of hydrological drought is the highest in the eastern of the basin. The majority of hydrologi-
cal drought events and grades over the past 57 years in Shiyang River Basin can be identified well on the basis of
SDI. The threshold of SDI is more sensitive to reflect great hydrological drought events and grades, and the re-
sult from SDI is more reasonable. There is a negative correlation between SDI and annual evaporation, maxi-
mum temperature, minimum temperature in Shiyang River Basin, while is a positive correlation between SD/
and annual precipitation, mean temperature.

Key words: Shiyang River Basin; standardized flow index; threshold; hydrological drought



