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Abstract

To analyze the characteristics of drought variations in Hanjiang Basin, the standardized precipitation index
(SPI) and the standardized precipitation evapotranspiration index (SPEI) were calculated by using daily me-
teorological data (including precipitation, temperature, relative humidity, solar duration and wind speed)
from 13 meteorological stations across Hanjiang Basin for 1961-2014. Results showed that: (1) in the past 54
years, the annual precipitation showed a non-significant downward trend, while the annual evapotranspira-
tion presented a significant downward trend (-7.7 mm/10 a); the SPI index demonstrated a non-significant
downward trend, and the SPEI index with a non-significant upward trend; (2) SPI values with 1-month scale
had a larger fluctuation range than SPEI values, and the SPI/SPEI drought duration extended as the time scale
prolong; (3) over 65% of the basin was drought-free in 1961-2014, and the drought-free cumulative proba-
bility decreased as time scale extended; (4) the driest year in Hanjiang Basin was 1966, with higher drought
grade in southeast region than in northwest region overall, while the 1983 was the wettest year, with
SPI/SPEI values decreased and then increased from northwest to southeast. When describing the drought
grade at each station, drought grades based on SPEI were higher than SPI as a whole in the driest year, while
drought grades based on SPI and SPEI were basically consistent in the wettest year in Hanjiang Basin.
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ASCRAILRB13 MR 151961~2014FEZF H S SR (W BE. AXHEE. HIRNEMRGE), FIAE
WAL REK BB (SPD) AR AL PR K R BHR EU(SPED AN T2 4847, M7 7 1961~2014E LR B A T2 LIR1E .
ZRERW: (1) L54FK, WIRBERKEESNRE THREH, FSREEAREEERZRDEH(-7.7 mm/10
a), SPIHEH S EEAREE THES, MSPEHEREREE EF#ESE; (2) 140A RERSPHES K EAEEITE
BIESPELK, BEERMREELK, SPI/SPELRATRMFLEMN A K, EHTHETRE:; 3) RELERENER
BRI 65%, FERRINEEKERRENBEZEH L (4) REBRTERERN1966%5E, BT RERE
X (T Rk I X 5, RIBIEAE 19834, SPI1/SPEIH TGk M AR E5 9 2 H LR/ N B K s,
R EYE BT RSN, BT RESPEHHERNIRETREHEAE LE TSP, BiBIHESPIFSPELHHIA K R
LRER—F.

XA
TRZA, ALK IES, AR R, DRI

1. 518

LR, BEE AR RS, Al R S ) R AR A A B A 3G i 3, b 5
HOR R AEFL R LTS, TR -MREMR R, R, RmuE mERREL], K
HIR G TR A=, ERKREE . S SHEBLEARI M. FEESD R BN MK, 7K 55 6t
g HE™E, FHEESHT FRBX Y RS T2 RERmE2]. #Eait, 20 45 50 4 EZ R
FRZ B AR 2 BT, SERER K FHE FTHER3]. ERERRZESET R0 E LRI AP Fh:
RETHR KLFR RIVTREMESZFTR, KRR T ERINREAKB TR, At =015 %
TR 5 AR T2 —E R &R[1] [4].

TR ECR AT R AU MR, R 8T PR R AR UERI G AT (5] ARYE @ LB AN R i 4 5
FEE NP —SORE T R AL, ) AN R T R RSN R, DA s R R AR
SRR R NAG s B8 2 IR R, FRBEKERG T A, DR 2050 5 R R AL ]
B RRAR TR, TR RORVAE S REG, T H T HRR AN K BRI T AL, B @ SRR, AR R
Fri& Mckee [6]4 2 H (bR AEAL % K 65 % SPI (Standard Precipitation Index). 3 32 A1 ) L[ 71 40 A7 48 o [ A
A X ) 7 AN S8 1951~1995 4R H BEK kL, LU AT T SPI AIFE Hh [E BB 1) Z e 4. 45 R0,
SPI iHHLE R Z fe i —8k. FRF, T SPI 2l % B MBOR iR R, TRk 2R bR
AT, BATRERITHEARE, THBR T BRI 2 0040 22 5, AR 8N DXAAN 8N I B3 R A 280 s B 52 1R
o, RTTERRE 2 N Z fa 4.

Vicente-Serrano [8]5F 7~ 2010 “F&H T FrifEfb % /K ZE 84 %L SPEI (Standardized Precipitation Evapotranspira-
tion Index), ZFEEIE T FOKFZABP R R, HRE T /K- PHARTS052m, HA N REBURIR A, &
SPI AR, EEZRE. ZAMERIIA0], o+ FEAEsm AR . 261015 M SPEI
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Fa& i 7 1951~2009 A R, 13 145 R R AT R AR EUE B S5 R — 8 ER[11]5: T SPEI
FaE AT B X T R AR, A SPEI 755 X FIHEE X ¥ 8 70 43 S Wi 5 e i) T 2R AL, Rl
IS FEECRA T R R E R AL, RERHEM R AL T R0

TETHE SPEI $RERT, WRIMEAKE, CAMIS] [10] [11]HRH M2 Vicente-Serrano [8]4: # 1]
Thornthwaite 7V RiMHZE K S, ZNENHEE TIREESR, WA T HEARERMELE . H R RGESEX 72
KRBT, EEREERT, NRERUL R S IR A8 S RE T (] AR ss, M2 T 5% SPEI 455k
(AR AW 3T . ARSCHETHSE SPEN 4R%0h Fir 75 Z8 R TR, SR FAO HEFEMY Penman-Monteith J7i%, %757
NS EIRE ., BE. HREAMXESS R ER, HHLEREM TS AR ZWRIE[12]. AET
SPI $5%0F1 SPEI 483, M IUTT AR A [E) I} [8] RUEE () SPI/SPEN $R4E, SPI/SPEI F5 55 (1)K 31738 f ki #4580 25 [R] A8 4k,
M, T AR DT R T R ARARAE, RIS EL SPI 5 %50R1 SPEI $5 507E A M it sk T 5 e 1 2 S o

2. MR X R iR

PUTFIR AR T et A O g & L, W ash. B, . I . B 6 &, (LT ARE 106°12'~114°14',
Jb4i 30°08'~34°11', T4 K 1577 km, FIHEAR 15.9 /3 km?. Fs)E T WA FE I, FEHKE 873 mm, /K
R, FFHRIR 15C~177C.

WFFT BORER F DU 14 AR G0k 15 1961~2014 F55% H B 7Ok B kIR T B S 28R L = R8s M (1 1)

3. ARG
3.1. SPI $&5#5
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Figure 1. Locations of meteorological stations in the Hanjiang Basin
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ShRUEALRAE SPIAE[7].
TR B Bk x, UL T 43 A3 PR 2R 555 P R B

9()= X8 (60) &
F(er) = [ X" x @)

Kb, a WIRIRSHL, g WRESE, x NIEKE, T(a)2 gamma BRE. BIER on B fliTHE AT R FIACR ARl
TR, B

&:1+1/14+A4A/3 3)
p=x @

a
Aﬂmm_zﬂﬁ) ©)

X n NSRRI, T2, 4 r R RN RBMRA LT

X 1 X
G(x)=[g(x)dx= — [x“ e Pdx (6)
( ) ,([g( ) ﬁar(a),([
At=x/p
AT AR AN TE 4 ) gamma J7 2
_ 1 haawp
G(x)_r(&)gt e ’dt @
BT gamma RS x =0 IfEAL, TSCRKETLON 0, BTl RS LR A :
H(x)=a+(1-0a)G(x) ®)

A, g —FEKER 0 A W m FoR K a4 B K &4 0 %R, Il g = m/n.
FHMEZE HO) AT LLdk T U bRt IR 7 AT R 2.
240 < H(x) <0.5 I

2
7 _spl =_|t— c0+clt+202t i ©)
1-dt+d,t° +d,t
t=[In % (10)
H(x)
205 <HX) <1 if:
2
z=spl=|t- Qral+el (11)
1-dt+d,t" +d,t

1
t= \/In{m} (12)
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3.2. SPEI ¥E#R

SPEI THE7ESRMBAIT SPI,  JEHH R I B /K B8 25 28 B I A L 0 25 ~F S50 IR M AR BE SR R AE S X ) 5 o
ZARFR T BTV 1 Je IR E 788, Vicente-Serrano [8]5% 1 (42 Thornthwaite 771, 430K FAO HEZE Y
Penman-Monteith 7772, P i 47K 15 Z& I 4R (14 23 A0 ME 22 2% FE eR 4 (3 2311 log-logistic) sk RAAME A, AR5 4%
A RRBRUE IEZS AR AR 2 o IS 0 A AR AE AL AL BE RE 05 W BRI 25 0 A6 L1 22 5, {f SPEI RERS S F T S WA [ - X
AN TR TR RE () SR 1 [ 18] 0 BT SD IR AR

HB, MBI ATE . AUOHERH K Z Penman-Monteith 777%[12]:

900
0408A(R. G+ 7220 .y (e -
BET — (R =C)+7 g 7t (@ —¢)

A+y(1+0.34-u,)

A PET MIEEZARGE, mm/d: T PSR, C: A RIRE - MWAKAERRIZ FAET RIYVIZRIE,

kPa/'C; R, NIFAES, MIm?d; G ANHIEHGEE, MIm?d; y NIRRT, kPa/'C; u, NERESHLE 2 m &
AERGHE, mis; e, AMIAIKIAE, kPas e, ASERR/KIAE, kPa;
BB, THRANEIR A RUBE T K S5 28 B B4 18 D, -

D, =P —PET, (14)

X, PONBRKE; KON n ) sy
=00, KBOKZEBCEME DTSR, TR EUE X ) SPEI FEE. TR I EAE T 41 D AT REAE
EAUE, FrLh SPEIFEECK A 7 3 N3 log-logistic #E% 7345 . log-logistic HEZ 445 [ R AR B HUN :

-1

F(x)= [1+[X%yﬂ (15)

X, Za . B y HARESHL BIRSEUULFIESH, R G315
SR JE R BRI AR LR AT AR AEAL, T LATHERL Y SPEL:
C, +CW+C,W?2
1-dw+d,w* +dw’

(13)

SPEI =w-

(16)

w=/-2In(P) 17)

A, P<05, P HEHE D MBS, P=1-F(x), 24 P>05H, d11-P &, [ SPEI HHKF5 .
i1 SPEI 5 R F 5 SPI 2818L, # SPEI K 5 SPI #H[E S bruE[14], W4 1.

Table 1. The standard drought grade division
=1 FEFRSE

FEREHR KA SPI SPEI
0 T2 ~0.5<SPI ~0.5 < SPEI
1 LEE -1.0<SPI<-05 -1.0<SPEI<-05
2 R -1.5<SPI<-1.0 -1.5<SPEI<-1.0
3 HE -2.0<SPI<-15 -2.0<SPEI<-15
4 5 SPI<—2.0 SPEI<-2.0
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4. BREDH
4.1, LR EFEKEME L EFED

1961~2014 4E YT A48 A B /K B 1E 581.9~1221.3 mm 2 [7], 45 F& 7K B i KR A e /M 29 51 HE BILAE 1966 4F A1 1983
4, EROKENEANZTE 639.3 mm, fEFRAL BTG . PR AR K Bl 859.6 mm, T 54 4E3K, WL
WIBAE K E R FREE, WO EE S 7.3 mm/10 £, B8 95%1 BAS R .

G <] 3, 1961 4E~2014 HEPV LRI S A BUR BE 824.3~1089.1 mm 2 [7], SESMRZE K BB AAE M/

B 55 FIAE 1966 4E 1 1989 4F, 4E 22 IR 78 A B AEAH 22 264.8 mm, ils A5~ T3 2 I8 78 & 89 967.0 mm. 1961~2014
], PULREBES AL B R BB (EZENKT 0=0.10), SBEREBKEREEA 7.7 mm/10 4.
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Figure 2. Annual precipitation from 1961 to 2014 in Hanjiang Basin
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Figure 3. Annual evapotranspiration from 1961 to 2014 in Hanjiang Basin
& 3. ST 1961 F~2014 FHESRELE
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4.2, FLREAERERER SPI/SPEI MESHT

ANV B[] JRUBE (1) SPI/SPEN 7] T AN [RI 8 52 (1 W VP Ay, 22 Pt [|) ROBE K] SPI/SPEI £ B FH AT sieBi 5
PSEA R . CASCLISSOA ], R 1961~2014 S VLS AN [F i (8] ]UEE SPI/SPEN AL . 4] 4 45
7 1961~2014 FPLHRUEANFER EREEQL AN H, 34N H, 6 ASHHI 12 4~ H) SPI/SPEI A2k id #4414 4,
222 BT DU 4 S E5 I R] S AH R 1 /S AR SPI/SPEI 544

R4 1 4, 1A H REZ 5546 50 SPISPEI 35 0 {8 b R RIZLSE 8, H SPI 8% IF 51 shE H £ SPEI K,
1 AN AEFEREE SPI FEEU B R My 3.23, KAEAE 1983 4F 10 A, H/MEN-3.59, KAETE 1963 41 A; ifi
SPEI fa £ i KME A 2.58 K AT 1983 4F 10 H, f/MEN-2.90, KAET 1979 4 10 H, HikN 1963 41 H,
B 9-2.77 B A] RO BO3E 0, SPI a5k i) 1 7 0% 207 Bl SPEI Fi itk 20136 B B UK SAAEAE . £56 0T 1
AN H R ) SPIR R SPEI L TH AL S5 IR, UL IR 1961~2014 4 R 57 Re ik AR W S 10 A A an 42 2 o1l
3N H RE R R B 484 SPI/SPEI 7] LU b Z=5 15, 5 1 /N HJUE SPI/SPEI F8EUMHLL, 3 AN H B I R HiiE%

4 4
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Figure 4. SPI/SPEI values with 1-month, 3-month, 6-month and 12-month scales in Hanjiang Basin
4.1961~2014 LA 1 N, 31MA, 6 AR 12 NHARER SPI/SPEI TS #E

Table 2. The time list and SPI/SPEI values of part of the drought and flood in Hanjiang Basin in 1961-2014
7= 2.1961~2014 T RIEER S % B3 FIF R ABRL SPI/SPEI $5%1(1 MR RE)

7 B
I} [ SPI SPEI ftal SPI SPEI
1963 F 01 B -3.59 -2.77 1967 F 11 8 2.19 2.23
1979 € 10 B —2.48 -2.90 1971406 B 2.24 2.12
1997 £ 08 B —2.90 -2.15 198310 B 3.23 2.58
2000 &£ 04 B -2.57 -2.13 1989 & 02 B 2.23 2.35
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SPI/SPEI IEfUEBNTEHES 1 /AN REERRL, IEFRBEhRELL 1A RED . &R R R ERIEK, SPI/SPEI
RAT R HF A TR, 6 AN H A 12 A4S R SPI/SPEL 5245384k FL ke e, AT LABETS 48 b S K3 () 52 5
ARHE. FTLAE H, 1991 44 2000 A PULIRIBUR T RIS, FrEEmf K.

AICH SPISPEI fa AT R AR AL IR 1 ARHEREAT RISy, & 3 Givh TR IRIR (A RUEE SPI #8400 SPEI fi5 4k
IR POLRIRA R SR TR R AERBER. B3, KA 1AH A 12 A AR RER, BOLRIETG R R
KPS 65%, KAERE T2 RBFMZE NN T 13.68% % 16.66% (1], HF 511 BFME R AR, TE 2.5%LIK
B 1) RS I, DT T 7 8 AR I ME R IZ T A, SPI Fe BR80T 5 8 AE MR IZ Wi N, 17 SPEI
TR IR A F S5 T R A — B

4.3. PEIFRIBAE SPI/SPE| CHAT L #ah fnes B L M

(1) 4 SPISPEI K ARk %4

5 A 6 4l g T DL SPI AREURT SPEI 8 B BB Ak ka4 Ko H Mann-Kendall (M-K) 46 45 58 . 25
E o AR HEAG B /K FE 2 SPI 4R HURT SPEI R THE S T LUE H, DULHESE A 6 M BURAE TS5, 7
W& 1961~1962, 1965~1966, 1976~1978, 1994~1995, 2001~2002, 2012~2013 4F; FHrh TR ™ &EAHEM N
1966 FE(FFR), 1997 FF(FHF), 2001 H(FEF)M 1995 4E(FF), HIRIEM 2 NMEG N 1983 41 1964 4. H UF
£k, 3T 54 SRR IbR AL BE K85 SPI 4B EUR SPEI Ha 0 LB S8 R M5 _E T+ N R _ETH 2 24 fa s,
EARR EFHER T B R 0.05 R EMEKPIR ALk, 1 1961~2014 4, PILHIE SPI fa& ek B2
AN E N, SPEI fEEUEA EEAEZ ETHa% . EEEKT 0.05 Ml FL N, SPIHEEU SPEI FE%H
UF, UB £ 22 ri#i% . M\ SPI $5 400 SPEI $REUMAFEBR B KA, 20 tHh4l 90 AEA ULt Ak A S5 48 i T 2 1
ERBRERNBZ .

(2) %E SPI/SPEI %5 [A) A8 AL A et

FH ] 5 PULIRIE SPI i #50RT SPEI 8 25011 48 B AR A4 ith 22w 1, PUULIR R T 52 4R 43 2 1966 4F(SPI {E y—2.43,
SPEI fii N—2.34), IiiEAI4EA A 1983 £E(SPI 1~ 2.58, SPEI it} 2.36), &6 £ 1% 9 43 BIADNIL R SR T2
A3 (1966 4F) FHEIEIE T4 (1966 4F) SPI FaH A SPEN K i 7 1) 73 A [, BES HH vk BIR R T RS R IKE =

S3 BT PULRIE R T4 SPI 48H(1<] 6)F1 SPEI Fi5 %Kl 7) 7 8] 73 Afi 15 50 AT 11, 1966 A8 DUV LIS AR i b X 1T+
BAEGURAR ELEPEACH Xy, AR M X T RS AG(SP R R R 5, SPEI BEUE R AT R, HE.
LA 1 S B S X T R A A = (SPI FR0FN SPEI FR 35 Bn AR ). RTECIE 6 A1 7, W %1, SPEI f¥iH
W T RS AT RSO R L SPIBECRIEN T R 5 s

RAE 1 8 R 9, AHTIUT A IEAE SPI F8E0R SPEI Fa it 2 a0 A B, ATtk AR Jb 5 i rabH . %
T AR B X R AR s s IR AL X (RS p BREE AR B R M ) RO AR B M X (R T]) R A= i87 ;. SPI

Table 3. Probability of different drought grades described by SPI/SPEI at different time scales in Hanjiang Basin
72 3. TEIRHE)RE SPI #5870 SPEI 8RR I A RIFR TR L E IR

} 1MNHARE 3AMHREE 6 N HREE 12 NHRE
FREH Byt
I:)SPI (%) I:)SPEI (%) PSPI (%) I:)SPEI (%) PSPI (%) PSPEI (%) IDSF‘I (%) PSPEI (%)
0 o5 71.05 67.33 69.34 67.75 68.36 67.27 67.30 66.98
1 B 13.68 14.93 14.62 1453 15.53 14.93 16.66 14.42
2 R 8.63 10.55 9.44 10.55 9.83 10.37 9.91 11.48
3 R 4.30 5.67 4.47 5.33 452 5.79 4.83 5.48
4 FER 2.35 151 2.13 1.83 1.76 1.64 1.29 1.63
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Figure 5. Interannual variations and mutation test of SPI/SPEI in Hanjiang Basin
5. 3G SPI 8% SPEI HE M F IR R TR
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Figure 6. Spatial distribution of the SPI values in the driest year (1966) in Hanjiang Basin
6. I RS T24(1966 £F) SPI 158z 1a 57 E

FREUR SPEI 8% i vt b1 4 7 1) S SR NI K ka2, B vk 45w b R B L s B R B R,
BRSOt . . BEET . xR 8 FIIE 9 WILLR I, FERER DU IR &k R A S e, SPI FE %
F SPEI 5 B K RAE It By S P A — 3
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Figure 7. Spatial distribution of the SPEI values in the driest year (1966) in Hanjiang Basin
7. IR T R4(1966 £F) SPI 5 =897
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Figure 8. Spatial distribution of the SPI values in the wettest year (1983) in Hanjiang Basin
8. NLRIHaRISiEEE (1983 £F) SPI i5# =8 R E
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Figure 9. Spatial distribution of the SPEI values in the wettest year (1983) in Hanjiang Basin
9. LRI RITE4E(1983 £) SPEI 5 =857 &

413



J&F SPI/SPEI 46 510D LA, 1961~2014 4T SRR AE 20 Hr

5. &hig

AR SR PO 13 M50k 1961~2014 4F3% H A G EARE , I AR HEA B /K F8 B (SPH) AR AEL B /K 28 K 4R
L (SPENFIANT- 58 bR, 04T 1961~2014 AP TIE T R AR AFAE , E048 IR I8AS [H] i) [B) )RUBE SPI/SPEI IR,
PA S IRISAF: SPI/SPEN (K IAAR AL A 35 A 2 [ AR A AU, 19 H BA R 4518

(1) i 54 43K, PULMELFRKEENEE THER, IFESRERERBZHRDER(@=0.10), kD>
HEN 7.7 mm/10 45 F4k, 1961~2014 (A SPI 8 40F0 SPEI 485035 2L AN B E % NG LA
B EAME S, Bk L SPIH e R AR TR, SPEI B RN B FIEHA.

(2) 1~ HREER) 57484k SPI/SPEI #i% 0 i B FRIZEEZ), H SPI 8801k ik shyE FlE SPEI K 3 4
HRBER) 5574840 SPI/SPEI IEFIE GRS 1 AN H REEREL, IEREEhREL 1A H REERD . A& I ) R
K, RAETREIRRENRIEE, 6 AR 12 A H REER) SPISPEI R 5B L L ke, ] DL 28 b S e
R AR RRAE . 1991 4E % 2000 4E UL R A T R 15 . RREERR .

(3) KHAFENEZR(L, 3, 6, 124H), PILHIEIC R BRI 65%. Bl [ )R, i
B0 5 BRI RIS, SPI PR 1 &S5 2 T B R A MRS N, 1T SPEI Fia BHiiR A [ 552 T 52
BAEHA—EL.

(4) Wm0 N 1966 4, T AR R X 1T R AEGURAR FH AL X S, SPEI FEHUR A 1 i
TRl ST R URAR L SPIIRECRAER T R 25905 BaiE 0 9 1983 4F, SiilEEA ¥ SPI 45
HOR SPEN 454t P b 17 45 B 3 SIS gk N FRSG KA, T AE R IR DO 5 UK AR b 7 S5 ), SPI 4
KON SPEI RE M RAE L B G P AR — B

EHEmHE

% 48R3 42 (51339004; 51279138) .
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