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Fig. 2 Drought event identification process

x1 B CWDIHEEE MIBHT RS

Table 1 The crop water deficit index (CWDI) and relative moisture (/) index drought classification

- - YERIK 535 BRAGEL CWDII% A BE R 2 M
IR HAREFW EAHEY
0 T 5 CWDI<30 CWDI<35 040 <M
1 R 30 < CWDI<40 35 < CWDI<50 —0.65 < M<-0.40
2 R 40 < CWDI<50 50 < CWDI<65 -0.80 < M<-0.65
3 HE 50 < CWDI<60 65 < CWDI<80 -0.95 < M<-0.80
4 R CWDI > 60 CWDI >80 M=<-0.95
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Fig. 3 Interannual variation of CWDI and M mean values in the whole growth period from 1961 to 2015
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Fig. 4 Interannual variation of CWDI and M mean value in the growth period of winter wheat from 1961 to 2015
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Table 2 Comparison of the consistency between CWDI and M indexes in the growth period of winter wheat (%)
R Atk KNS ] foES ] AR TS I
CWDI i B 2U4E 11 15 35 4
JoHR—EUE 38 16 20 27
FAHAE 53 80 76 67
B 4 0 0 0
M JoH—BUE 51 35 46 44
FAHAR 38 58 44 47

di bR K, H35%; SHEAEAERAI S i, Hisik 80%.
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GE SUHFER—3F, W MIES 0.75 /0 S B E AR R B 0 R R E LN TE R —5L
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Fig. 6 Spatial distribution of CWDI and M indexes in the above moderate drought level and M-K trend test
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Table 3 Winter wheat drought and meteorological drought events in 1961-2015

L LINETF R CWDI "ET5EM
e AR R/ A /D) Pibay o BUEE HLRRETA]/(4F/ H /]) iy U
1 1961/01/ 1~ % 1961/06/ 18 12 1961/01/ 1= % 1961/06/F 17 10
2 1961/12/ 1 % 1962/06/ 20 13 1961/12/ 1 5 1962/05/ 18 12
3 1962/12/ 1 % 1963/03/ |- 11 7 1962/12/ 1 % 1963/03/ |- 11 7
4 1964/11/71 % 1965/06/ 23 15 1964/11/ 1 % 1965/06/ T 24 12
5 1965/10/ 1 1966/06/ 27 17 1965/10/ 1% 1966/06/71 25 10
6 1966/10/ 1% 1967/06/ F 27 16 1966/10/ 1= % 1967/06/ 26 11
7 1969/10/ 1% 1970/06/ 27 18 1969/10/ 1= % 1970/04/ I~ 19 9
8 1975/01/ 1% 1975/06/ 18 11 1975/01/ k2 1975/06/% 17 6
9 1976/11/ F % 1977/04/ I 14 10 1976/11/F & 1977/03/ 11 9
10 1977/10/ 1% 1978/06/ 27 16 1977/10/11 2 1978/06/+h 25 10
11 1981/10/ 1% 1982/06/ F 27 16 1981/10/H1% 1982/06/ 26 10
12 1982/10/H1 % 1983/06/1 25 15 1982/10/H1%2 1983/06/ I 24 12
13 1985/10/ 1 % 1986/06/ 27 17 1985/11/ 1 % 1986/06/ |- 22 14
14 1987/12/71 % 1988/06/ T 20 13 1987/12/H1 % 1988/06/ 20 10
15 1990/10/ 1% 1991/02/ | 13 7 1990/10/ 1% 1991/01/7F 11 5
16 1991/10/71 % 1992/03/ I 15 11 1991/10/ 1= % 1992/02/ 15 8
17 1994/03/ T % 1994/06/ 10 6 1994/03/1 % 1994/06/ 10 4
18 1995/01/H1 % 1995/06/ 17 11 1995/01/ 1= & 1995/06/ I 16 11
19 1995/11/71 % 1996/06/1 22 14 1995/11/ 1% 1996/05/ F 21 13
20 1996/12/ 1 % 1997/06/ 17 11 1996/10/71 & 1997/06/+ 12 12
21 1997/10/ 1% 1998/02/ 9 5 1998/10/ |- % 1999/02/ 15 12
22 2000/02/ |- 5 2000/06/ 15 10 2000/02/ |- % 2000/05/ 12 9
23 2001/03/F1 2 2001/06/ 11 8 2001/03/_1-%2001/06/ | 10 8
24 2003/12/71% 2004/06/ 20 12 2003/12/%1 %22004/05/ 17 10
25 2005/10/71% 2006/06/ T 20 13 2005/10/71 % 2006/06/ L 25 14
26 2008/10/ k% 2009/02/% 14 10 2008/10/ 1= 2009/01/ 12 9
27 2010/10/ 1% 2011/06/ 27 21 2010/10/ % 2011/06/ - 25 19
28 2011/12/ F £ 2012/06/ F 19 13 2011/12/7}1% 2012/06/1 19 13
29 2013/02/1 % 2013/06/ F 14 9 2013/02/1 % 2013/06/ 13 7
30 2014/12/ F % 2015/03/F 12 8 2014/12/ £ % 2015/03/ 10 7
18
= 28| a. 5Ly 16| b. T RE i
24 14
=20 =12
© 12 > 6l
88 : 12 16 20 24 28 44 6 8 10 12 14 16
MYt/ MELE

K7 &R TRIFNER

Fig. 7 Response of winter wheat drought to meteorological drought
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Table 4 Comparison of measured and simulated values of winter wheat drought events

e 5 TG
SEHE /) HAUE/ ) AR 22/% S HAUE MR 22/%
21 14 16.83 20.25 95 14.70 54.69
22 15 13.28 11.45 9.88 12.72 28.76
23 11 10.67 3.00 8.05 11.54 4335
24 20 19.00 5.01 12.17 12.94 6.35
25 17 19.00 11.76 11 12.58 14.40
26 14 13.28 5.13 10.02 11.84 18.12
27 27 26.42 2.15 2137 19.77 7.50
28 19 21.02 10.65 13.27 15.81 19.11
29 14 14.51 3.65 9.22 10.49 13.80
30 12 10.67 11.08 8.1 10.10 24.73

50 a, 20 afl10 a, GEitTRD0 5T REUEE S A IR0 SEE -5 B3 5 2L
AR ZE . CWDITEELS MARECT 2 D i S B A AR R 225351 R 3.8% M1 4.4%, T
LB R PR S AR X R 25 00 1 R 8.3% 11 10.2%, 14 P- N B th £k (&I 8a. [KI8b),
iAol T2 5% T REAMINE,

80 FTmTT] T 50 ———— T T
N " CWDI EX=188 T o CWDI EX=122
CWDI —M ly  Ei=173 1 ool M EX=9.9
2% - T 4
= =30 |
ER 40 [T ain i L
iy H20 il
H_
20 T T —
\\\\ 10 Sy
o LT RN iiiuas vaam 0 in
001 052 10 50 90 98995 9999 001 052 10 50 90 9899.5 99.99
W% e

K8 & /NETRMAG TR REURE e Rz (EXHIME)

Fig. 8 Frequency curve of winter wheat drought and meteorological drought duration and severity (EX is the mean value)

CWDIFIM T2 JIBE [F]— Wi R &/ NE TRERAM S TR TR (Bl8a), &/NE
TRERETEIRHEEX N 1881173, BEERECy R0.6, MERECs 144, 4
N T BRI EMIS0 a (P=2%), WHIXTR AL TRN80 ao KL, &/NETRD
AP B R 2 & TR AR T REMNR . CwDI5 MW T R Z1E S A 2= 5K
(F8b), &/NETEESETRINMEEX 122H19.9, BERECv10.68, MR
B Csh1.84, 50 a—ith (P=2%) MEZ/NETRRE, HEL TREEDZ100 a—i#,
KNG TR G T ST R EBU T AH2E 60%, 1+ 550 S HU T AH2E 200%

HE CWDIF M 30 T R T 2 AT 2R E I (£5), AR
B, KZONETRERWY (T, EBE/NETRIIE (Te,) MTREEE (Tes) THM
KA S TFRLTREIY (1) ME, EBUEBOIIN R4 /N z T 5045
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Table 5 Recurrence period of drought events based on CWDI and M indexes

T FT cwDI T 5 E B /a BT MY T B EI/a
o iliny FURE KN i) FURE SLT5H
T TR T, TR EI T FI s I T I T
1 2.1 2.2 2.2 22 2.1 22
2 2.8 2.8 2.8 24 5.2 52
3 1.1 1.1 1.1 12 12 1.2
4 3.4 3.9 3.9 52 6.2 6.2
5 31 7.8 31 103 2.4 103
6 31 5.2 31 31 3.1 31
7 31 155 31 2.8 1.8 2.8
8 2.1 1.9 2.1 22 1.1 22
9 1.5 1.4 1.5 12 1.6 1.6
10 31 6.2 31 10.3 2.6 103
11 31 4.4 31 31 22 31
12 3.9 3.4 3.9 52 4.4 5.2
13 31 103 31 3.9 155 155
14 2.8 26 2.8 3.1 2.8 3.1
15 12 1.1 12 12 1.1 12
16 1.6 1.6 1.6 1.6 1.3 1.6
17 1.0 1.0 1.0 1.1 1.0 1.1
18 1.8 1.7 1.8 1.7 34 3.4
19 3.1 3.1 3.1 3.4 7.8 7.8
20 12 12 12 1.4 1.3 1.4
21 1.5 1.3 1.5 1.6 4.4 4.4
22 1.6 1.5 1.6 1.4 1.8 1.8
23 1.1 1.1 1.1 1.1 1.4 1.4
24 2.8 2.1 2.8 22 1.9 22
25 1.8 1.8 1.8 22 1.6 22
26 1.5 1.6 1.6 1.4 1.5 1.5
27 31 31 31 10.3 31 31
28 22 24 24 2.8 10.3 103
29 1.5 1.3 1.5 1.5 12 1.5
30 1.1 12 12 1.1 1.1 1.1

H— Z/NETEIIN T 2R 5~75 . 10~115H/ 135 TR 080K
Gh, 24T RENT RS T RERERBIZERN, WA NE, 2 TR
T TS T R DR L E IR E R, T TR R AENT, X T T, T
SHEIGIA, ST RS A G RE AT, TR T, 1 55 F 51 U AH OC R BGA 3
0.77, 3l 1 Pearson F 0.01 & MEAGE:, M7EIESHOHICH: R &k $ 0.79 #10.91, il
i T Kendall #1 Spearman T 0.01 i MK, PR 7oA T, 12 B B IR A RS
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FTF 60 S0 H RS ZEES L5, 2 CWDIR M 5y BRI /N TR A
ZTR, XAt &4 7 AT 2R 2SR e SRS R EZ T 2R T
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s TRESRE TR, R

(1) FbrAsfl: cwDI¥EF 2L ARG & T M; CWDIS MAFFR2E, wZ 40
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iKF)46%, MM KFEPRZE R INAEA, 58]1.97; CWDIFFR—FUFE R T HEEDIH
AR IR B 2, (RS SN A 5 S MAORRE—20, B BIERR A, T4 A 7 0k
) B AE AR N A AN A

(2) 2|54 XFLANETRMRE TR R0 EERmE, S0 2dbg
WA, CWDIBR A3 28 BE 38 i 34 IR 75% b 2 DA 459 e, T MOALE B A 3
M, HETRETR, &NETREM™R, &/ NE& AN E, TR kBEHIF
Ao, S A S

(3) Bi&/NET RIS, HTREn 52 EEY S TRPIRS TS, A0
J18.8 A1 17.34), FHFUEH N 122F19.9; KEX/NETE, ML TRT551
JEi53.35, Diltik 1.28F), ARRMA/NE T RIBHETAL TREELK, HEEHER,
ZNET RIS T RAEERIHRRS TR TR, &NETRNRL TRET RN
BT E I AHZE 60%, 1T REEHEMM FAHZE200%, &/hETRS5R 4 TR EMI
FAHRMERF]0.77, it T BEMRR . Fit, R TR ER, kAR E
=, TG A AR 3 RSt 2 AR W I, TR R T RSB T8, Rl T8x<4%
TR — WS
3.2 T

WL CWDIHEECR MAREL, 430 TARRIAE TN/ NE TR T 2R 2 5
TEJRFR, FU Ty s i T Ry, i &/ N TR 5 T 50 R FrE S g
R, ABASRAFAE LY I B g — 8

(1) TR CWDITEE E B % AR AR A K B 2880k S #, R
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SRR TR ARAE, (HE XA R A B B B A K 4375 SRR 2 e 488 [ 58 O AR R 80, ek
HER S A [ DA AE D AR B SR T 58 00 s AR Tl MASECRIE, MK RIZE
BRI HBICR T IE, et VX R TR, (AN MR I—AE— T 5K
SRR RN ERZ F R B I TR T RHIE

(2) TEFAP: EEERISR IR TR 5L T RE, N TREFEMR
SAERREE kR, FTUAE ChESGRREFERI) (IS, 280 M ChESZRE
ARYE) BIHARRIERIE, (HAE 30 EE TR, 10, B LRSS 205 TR
AN TR T REARER (£3), TREEMBER LA E T, 7§
Z R T BEBER) FRPE I . Yo T2 B ERBUREE IS & X B, iRkl T2
H5RETREHREZEMFENY 5 Y. TREE, SRt T 2 e A 5] 90% 42
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TR ZE o

(3) TRBZRHE: ol TR 58T RRERRRHE, 7153 6013l 58 CwDI
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BRI BB A, [ — T RGOl T T AR 2 (8] _EAF AR VU AL 0 R P A9 73
MR T P24 T H B — T R L A, PIRh TR B fF 225
TS ] LB DX DY AR R R E S, SO X R AR A 25 S, BRI
M s DX A AR — T ARG B F DY 1 AR R A e AR R s R T RN AR
T B BelR) — T R A RATAE RO W A SR 0 A7, -5 i DX A ) AR AR K AR 1A
A AN AL A3

(4) T5F Py gl B BICR R HoC AR IR TR S 2 S, Lk
SR TR D R F B, H = 200 B e B e 5 ZURE A5 5 3 IR 4 1 5
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Agricultural drought and its association with

meteorological drought:
A case study of the Huaihe River Basin above the Bengbu Sluice, China

LUO Gang', RUAN Tian’, CHEN Cai', GAO Chao', LI Peng’,

MA Song-gen’, LI He-1i’, WANG Huan’
(1. Department of Geography & Spatial Information Techniques, Ningbo University, Ningbo 315211, Zhejiang,
China; 2. School of Geography and Tourism, Anhui Normal University, Wuhu 241000, Anhui, China;
3. Zhumadian Hydrology and Water Resources Survey Bureau, Zhumadian 450003, Henan, China)

Abstract: Based on the meteorological data of 60 stations above the Bengbu Sluice of Huaihe
River from 1961 to 2015, crop water deficit index (CWDI) and relative moisture index (M)
were calculated. By taking winter wheat drought as the representative of agricultural drought,
the temporal and spatial characteristics of winter wheat drought and meteorological drought
during the growth period were analyzed. The duration, severity and frequency of 30 major
drought events were identified through the run theory, and the correlation between agricultural
drought and meteorological drought was studied. The results showed that: (1) In terms of time,
the proportion of agricultural drought in winter wheat growth period was higher than that of
meteorological drought, and the years with the largest interannual difference occurred in the
pre-winter growth period; (2) In terms of space, the winter wheat drought and meteorological
drought in the whole growth period and each growth period were distributed by zonal mode
structure, and the drought gradually increases from south to north. More than 75% of the
drought of winter wheat occurs from over-wintering period to filling and mature period, while
meteorological drought only occurred during over-wintering period; (3) Winter wheat drought
was delayed compared with meteorological drought, and its intensity was greater than that of
meteorological drought. The average duration was 18.8 dekad and 17.3 dekad, respectively, and
the average severity was 12.2 and 9.9, respectively; (4) When the duration of meteorological
drought reached 1.28 dekad or the drought severity reached 3.35, the drought of winter wheat
will be triggered, and the frequency of the duration and severity return period of winter wheat
drought was greater than that of meteorological drought. Agricultural drought has a longer
duration, greater frequency and greater severity than meteorological drought and
meteorological drought aggravates agricultural drought.

Keywords: agricultural drought; meteorological drought; run theory; return period



