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Analysis of drought characteristics in Henan Province in the latest 57 years
based on fuzzy C - means clustering

WEI Linyong >, JIANG Shanhu’, REN Liliang'*, ZHANG Lingi’, LIU Ruolan’
(1. State Key Laboratory of Hydrology — Water Resources and Hydraulic Engineering, Hohai University, Nanjing 210098, China;
2. College of Hydrology and Water Resources, Hohai University, Nanjing 210098, China)

Abstract; Based on the daily precipitation data of 19 meteorological stations in Henan Province of the lat-
est 57 years from 1960 to 2017, the standardized precipitation index ( SPI ) was calculated. The spatial
and temporal characteristics of drought in Henan Province were studied in terms of monthly, interannual
and periodic dimensions by the fuzzy C — means clustering and wavelet analysis. The results showed that
all meteorological stations could be divided into three regions: southeastern Henan, northern Henan and
western Henan. There was a continuous drought in 1966, 1986 and 1997 for the whole Henan Province.
The longest continuous drought period in southeastern Henan was 10 months and drought prone in sum-
mer. The longest continuous drought period in northern Henan was 9 months and it was prone to severe
drought. The continuous drought periods in western Henan was the most, but the longest scale was 7
months. Drought frequency was mainly distributed in northern Henan, followed by western Henan, and
the least in southeastern Henan, but it was more than 30% and more uniform among regions after the
1990s. The main cycle of 23 ~25, 20 ~22 and 15 ~ 17 years were drought prone in southeast Henan,
northern Henan and western Henan, respectively.

Key words: standardized precipitation index; fuzzy C — means clustering; wavelet analysis; continuous

drought

K HHA:2018-09-10; {EEIHHH:2018-11-16

EEWB .+ =10 FEE TR ( 2016YFA0601504) 5 [ HRFLF 54 (41501017) 5 VLI HARFF A
4 (BK20150815)

YEE B : AT (1994-) 55 S M N AL FIE AR WF9E 5 m) R4 /K SO Al .

WBIWAESE A B (1963-) 5 VLo A 1t 3808 A S0, R 58 05 ) S 7K SCOK SR KoK G AR B



34 K BRSOk R A R

2019 4f

>3AB B

1 WFEtse

TRERIS MR B ENRIEKEZ—,
FEE R AL S A kRN Y A
Y R T KRR B BRI A 2
B, TRREME A, FinlE 20 22 50 4E/LL
K, TR 5 NG sZm, 3E TR K E
LBV R AR R R A
I, 5 A3 A T SR A ) 2 VAR KRR REAS S A BR R UE
SURARALTS T 5 0CE B A B B AR AR

SRR = S TR S P NS
R I Z WK SCR R BRI T R T AT oY, 78
T AR A B TE (Rl DA DI T 55 T
BUfS— 2 H0HFFE R . 41 1965 4F Palmer 42 Hi (11
IRERT 54840 ( PDST) © R B E 7 T 548
FRU 1993 4E McKee # 57 4 AR 1 Ak [ 7K 48 %
( SPI) )32 W FH T 42 BRAS [R] i X A9+ SR RRAE 2
Bt 2B LT ROK R K AR
T ER S AR - 2o T R iR
(MDI) , 5 SPI.PDSI PeH5c 5 ik e HA B 38
AN, I T S AR A A X R R M)
Z AN cr st L LBz TR,
SPIF8HCR FH 43 A Ak 2870 R B 7K 1 B 25 25 57, DTG
X 5 B AR Ak Sz e A5 Sy URR , B AR ] R 22 B
] RUBE L35, e A X0 AN [ 23 1] B 5287 64T L3 A
M, IF B B vk o 2R R AR
AR sZmR , T 500 & A R JR ik B A AE Wt 1 b
B SR AR R 98 K 22 AW 5% IX gk A 7 # AR 53
BT, A MR 5 A 25 R 10 22 S M 23 X R 58 T 5 1
HASFRAE S T R, A SR SPLE %L, 45 A
W1 C BB RISTEXT MR 19 NG #1755 X, A
A AEBRFIEINGEEE F 3 Al e 4 T R A 3 A
M SRy, WF 5T 45 RO T g 4 1 5 0 AR AR s ST 5
KEPGEMEATLESHEN,

2 WFSEX BRI

2.1 WHREX#ER

MR P EEE AR AR, R E A
VRIS R B S A8 o Tl e 2 b Ak v [ v AR 35S
SR ATFALE; 31°23" ~36°22" Z 5 110°217 ~116°
39" Z [E), WLIE 1, T Eg T i 2 R 2
R A =y R W N = o S 1 = X3 2 IS E A B = 2
REAGRE TS BRI AR 23 R A3 AT A1 4] g
R PaFRIL X [ K A 22, 2R 3 R ) L X AT 35 1100

mm D) [ BERRAE6 -8 H iz, A MEHEm%
A 17.32% , 5 i ok & S K =k
A YN TS = = £ 0 I 12 1 = W <3 =
1 848.0 ~2488. 7Th, &4F L i 189 ~240 d'"* Hb
FKZ TR K ;I 50 243K 32 2 BRAAEAS B (1) 52
M, K&K B B0 BRI T R B B
2.2 HESKRIR

A R 2 B08E ) Chittp ; //data. cma. en) | %,
SGHE R - b [ HboE S B ORE BB SRS 4R
(V3.0) , N BEHRUHR o) g 4 b IXC 19 A4 351960
—2017 43% H B GORME , Tl pe 48 SR 05 19 3 A1
WAL T B o X5 T35B 43l i kel 1) B 7k Z5cdl , %
JHE B A A T A M B

3 Wik

3.1 SPI{EHIHITE

% H KSR gEE R0t ok 8, -t
B 3.12 A RUEZ R SPTAE%LSPL S il i T i B
IR T oA RBUER , fRK R BRI AL
M3 Zeid — R AN AL, FAL U R -

cy + ¢t + czt2
- (t - 2 3/
1 +dit +dyt™ +d,

1
t = /lnH(x)’O < H(x) 0.5

( cy + ¢t + czt2
t_
1 +dit+d,t* +di’"

SPI =

},0.5 < H(x) <1

(1)
& Hie, = 2.5151517; ¢, = 0.802853; ¢, =
0.010328; d, = 1.432788; d, = 0.189269; d, =
0.001308, H(x) Jyh:—BF B FEKE « 19 RS
R E RO RUE (R T 2559 GB/T
20481 —2006 ) bRk /> Fi g™ Wk 1,
1 RENEKIEENESTSERS

t = [ln {1 —}:I(x)

SR ey SPI{H

1 piTalE] 0.5 < SPI

2 5 -0.5 < SPI < 0.5
3 R -1.0 < SPI < -0.5
4 thE -1.5 <SPl < -1.0
5 Gig:! -2.0 < SPI < -1.5
6 R SPI< -2.0




551 19

TR 5, 55 SR THROB) C IR IIEAITI A UL 5T AR T- 4 AE BT 35

3.2 KM C EBREE

TEHEA KR E A (B FRS IX A7 K W U6
Sy AN 43 DX 25 1 R % T 4 MBI AR 1 F) AT 1]
W, X TR G TR A B SR A, AR IR RS X
(S GAREAEGE 4325, T 5 A 6] X 388 1 T 5
TSR

FMEGE R G Bk K R %)r
AN 000 G T MR 43R S 2 P AR E 1Y
RABE, 5T 5143200 5 22 i iy P BR AL A —
SERVBIRITE . PRI, AR S BT C 39 S 2K 1k
FFAMHT, HA BB RN T -

551 A5 ARG x, RN ¢, TR B m >
1 R LAsR B EEAERE U = (w, ) HR[0,1] ER935)
SARRENECRTE U A1 = 1 R85 1 B,

552 b A LIRS VO

n

z ( u;/f(l_l) )mxk

(@) k=1

= " s
Z (u.k(lfl))m
k=1 '

W3 b B ESRR R U, B AR RS0
AR

=120 (2)

v;

wy =1/ Y (dy O/ 0y (3)
j=1

i=1,2, 5k =12

JOW, vy = NN (u, )" (d ) (4)
k=1 i=1

ﬁqj:dik(l) = |, _”im o

F 4L REENRBERILER s, > 0,80H
PR IEAIR &, > 0,800 TRARERLK L,,,
Momax |l ouy' —u, "V < e, 804> 1,1 ] -
J N < o i1 Ly Sl = L, AL, 25
L =1+ 1, R55%FE "%,

2o BRI IR Z G, 2 H AR R E0A B i
MBI, AR e SRR LR U o2 i U
SEFAREA RIS, 2wy, = max (uy,) B, ARREAEAS
x, SRR 2K

4 @500

4.1 SKHFEEHEX

IRYEWFTE XA A LG B9 5T A AL R K 18
K SPLy BN C BIERI R T gl 7
RN 2, XA E A MR S50 F e AT
fafitsE o 7 [l HLA Gl /e KR 5 S e
e AL, AN [R1 2 A4 A 1] T AN A B

n

R2 AEHASKRHESE

%5 i

K BEIE IR PS4 AR B A R
L FEMII RS VR Sk G P
7 %R NRE

S0 ST o 3 [N

W A5 A o LA AR (B A 25 (8] LA 74y
X, AN 2 i Hdr, — KO p AR RS, B
ZREE, M AT3H A S5 PH T 3E S T LA AR FH
b I N N e 5 L P S N T AR B o =l )
2/5 X3 ST AF R SR TE 248 fem PEFR 2
R s <YL X Tl A e X, B R
I, Ho Bk ke K, RACAIRTU e 5, 1% IX IR 9% &
R e - S NINE & = AN = Gy a8
G340 B SRMTAT 78 55 R A%, B K AR X 2, 5
BRI 53 AL A FATEBE I 8 AF(H L 713 ~776 mm
Z AT K Ay e R A e ) P S M X, B
TV, L AR 1L DXOMRHE , (A S R G i 6%
DX A S G RN P e 3 AN Gk, B 7 A L
/b, HGBACK 53 LB I oA B B K TS K
JE AP K RS KRR o i P AN 45
BT i A8 A TR 2 X, 5 v AU X
A N Rl A P e 4 [ A e (1 SSA R U AR N
WA T B AT MBI, KL, 58 X KR 045
DX P LA Al vy A B
4.2 EXTENAREETHIE

WG 3 R uHA & X T2 SPL 850k
W9 IX 52 2% 10 1 S AE I ) L (s 4R A Fn 2 8]
225, B3 02 1961 — 2017 4 B KA 0l 4% X
FERT T R SPI (B, HoAB i 7E 22 b ol i fa] Py
R BTN, HE3 W TUER, BAHE. &
b B PTE RS A . SPL, /M T B ) B |- 3%
AR —2

M 3 (a) AT LAE 16 1966 4 6 — 11 H (1976
T HZFE 1977 452 H 1978 43 —11 A 1979 4F 3
-6 71981 4E5-9 F .1984 451 -5 H .1986 4F 1
-5 H.1997 4£ 6 —10 H 1998 4F 11 H & 1999 4§ 3
H 2001 4F4 11 H 2010 4F 12 A E 2011 49 H .
2012 4F 2 =8 A 12013 4F 4 — 8 A JR 34+ 50t
(5 AL BB 7E 1966 4F 8 — 10 H &A=
o B B AN AE 197319741986, 1991, 2000,
2001 .2007 1 2010 4 #BA 45 5 % A= 5 16 2007 4F 2



36 KI5 K TR

2019 4¢

Ja, TR A BT REAR, 18 B2 0. 46, i a] TR
T LA GE AR AT A, B R R T T DU R A
B, RS2 B R T R ) B (AR o
FBAER ) fe % , FRRIRZ o [A13E, AIEL 3 (b) T LA
A FRAC A KO ] 3 2 T 5 R AR TR 20 (4D
60 —90 4EAX, I M EBGE T, & 5 5 KRR
FRELE e A3 (o) nf IS B TR 3R
AAERE 2R, 7R 2000 - 2017 4R [H] T BB K £
Ho KRR

BR T 7E 1966 1986 F1 1997 4EZ 41, 42 X (W HF4E
TR BORAETEAR ARG . Hod, Bk B
e B R K 10 N H, KA R R AERCH 8
G e X di /b, TR AR, Bdbdrst
TR KR 9 DA SRR R 8 R, T 51
JEf R, BIURREET R B £, (HLI ] R f
KT AA KRR LR R, TR R A TR AR
A2 ], s 52 2 %] o 24 5 40
a TREFETESS ) L4 i 5 1A — 3, R4
AR RERM - R ) , 1966 4F 4245 4F [ K &
o 4R 2D 30% ~50% , Jl 1 A5 FH 55 220 i
IR R I 51973 4F 1 B A T8 b AN iR e A
551986 AR g ) B sl 1A LAY 5, T K g
S F 1949 ARk 1 B IR, B R AL iy AR L A ™
i, R R DX I = i 5, R RO 1997 4
6 7129 £ 11 J 13 H, 28L& H, B4
VIR 2 5 7 5, L BRT A U AL A o 55
G, Forh = TR 5 Ay, A2 SRR SR R
TR 75% o XS 58] 3 455 AHER B, H T
B C YER I IR 4y Xl 1d SPIL 5507 A
AR T R,
4.3 EXTFEHER BRELHE

WeFE SPL, ST T R AERR B AL, e84

110°E 112°E 114°E 116°E
T T T T

N

A

36°N

34N

o SZuh
{4 (m)
32°NF pm2319

- 0 40 80 160 km

Bl #RRHREME

R AR ES AR B RURE B 40 L, B SRR 4
X AEAE PR L B AR PCARFAE L R 45 X 22 ) ) S B
T390 o ANRVAREAR SPI, 33825 (8] 4341 A& 4 s .
M 4 AT DIE 1961 - 1969 41 8 5 kK A E
b, T 2P B ARIA 66. 67% , ft i i 2 L I AE Bt
FIPETR ;70 4R, 5 5 G B m) 4 7 g RN ER VY, 4 E
(1) S0 % B 2 A /), B 26 TR AL 0 2R B A B
80 ARG B X M B AL AR T R AL, B2 04 B R
JE b mARAR 30% ;90 A4 4 DXCHR H A e 1 T 5~
R, 3k 80% 52000 —2009 4F, 54 m ALy PE L
T IRAS , TRV T R R A AR 4K ;2010 - 2017 4F
A HAAEAR B 2 2, B L —AMERAM L, B R
R TRAL I T SRR AT B e 4R R ) VY R
B, At h RS R A AN R, Bk ok
Ui, 1961 - 2017 4E T 2 J 4 E 2 e gL, B
W2, G ARmED,
4.4 FXTERIEHHE

AN T — Rz N TR S T B 2B
W] Hr T MU E T LR B SPT #8501k
H RO A JEL SR , TR 9 1 SR AR T A J 3 )
SeXT SPI, F&EAE R [B] 7 51 38 428 /)N 13 {20 17 3 1t
PRI, RAm ORI AR5, BE T morlet /)N pREOV AT
UEJE 1 SPI, BRI T 00T, V15 H /N AR ¥ R
KN 22 25 L 5 f e ] LAAS B bR oE Ak R K
FRELSPIL, () JR 0 BV R, BT v () 5 TR AR
SHEHL A T T 5

MELS FTLUE th, B AR w1 SPIL, T 28 4k B
B HUNE T B R M B 7R 16 ~18.23 ~25 a i}
PRVEAE , SR AR EE 1 SPIL, JE 1R 23 ~25 a( 4
W) F116 ~ 18 a(RJAM]) . %ALY SPI, J& #1424k
W BB AR AR ZN, /NI T 25 AR T JH A 79 X
BAR AL 22, HAr 10 ~12.20 ~22 a |-

110°E 112°E 114°E 116°E
T T T T

36°N

34°N

32°N |

B2 SKRUEETHETERE SR



951 bR 58, 5 e THE] C LRI AL 57 45 T 4 E 37

HHBREEAEL, B 20 ~22 a Jyi5dl SPL, WS, 10 ~12 2 WL SREN, SPI, (EAF{HEE] 2017 AR AR MG, Bil]
NS, B SPL, JAMAALEARAE O s fEAKR AR B 2 BT R A BLGE, /N 22 BT
BRI, I PO R R S, FRIEEE I 15 ~ 17 a 9RO ~ 11 a AU,

SPIAL — TR ALULE —— R

il iy

- == [{H-0.5 - === B{l-2.0

SPLAH

(b) %t

SPIAH

(c) %y

SPIft

_4 1 1 1 1 1 1 1 1
1961-01 1967-11 1974-09 1981-07 1988-05 1995-03 2002-01 2008-11 2015-10
AT (- 1)

3 BEE. &AL BAKNTRER SPL RERHIE

J ﬁﬁ. Y e
»J‘%gjﬂfﬂm

T BRI %
+30~40 @ 70~80
©40~50 @ 80~90
©50~60 @90~100
©60~70

4 FRELER SPI, SAER=E S




wre o >
38 K BRSOk LR R 2019 4¢

1.1 0.6
0.9 0.5
0.7 0.4

. bis . 0.3

= N 0.2

P 03y 20 &

14 0.1 i

= 0.1 = 0.0

= e = -0.1
0.3 0.2
-0.5 -0.3
-0.7 -0.4
-0.9 -0.5
-1l 0.6

1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015
Ay 4y
(a) IR W /N ik R B A 2k (b) BAL /N AR B A 2k

ig 0T —— BA&H --- Bl —— E
08 sof
0.6

s 0.4 40 |

o 02 M

E 0.0 B3}

= ; S

= -0.2 .
0.4 20 F
0.6
0.8 10}
-1.0 _ i
12 1 1 e 1 1 1 J

1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015 0 5 10 15 20 25 30 35
A0 IR ] R 5/
() TR VG /N 72 9z A 2k (d) NEETT %

5 BER. B BENNMNEREIBEERERNMNETER

5 & w8

(1) WAL L5 3 X
$o, — XN M X, 450 5 A E T B S5 1T A K
i FH BT R TR e T AR A X X O Rk
X, T BB 2 AT X A i A = XN
Vb X, 78 55 DX ST R/, B3 A L XAk

(2) 71961 = 2017 4FH1A] , B A< e B4 1 A 78 DY
A ML, E R B R R 2, FREIRZ,2010
AR5 R R R BRI TR AL TE 20 At F
AP, 2R A A TESE 2 A UL LIRS Rl e 4
ZBWEAEE RS KA TR, B 21 il KARER
AIAEECR 5 a.

(3) T hriEfLREK TR R SPL, 1T PR AE
X ERE PRI AR RE R A, B AR TR0
JEH N AR AR B 5 20 4D 80 AR ), Bl
TR AR B BN, X 5 R S A R R G
BT AR AE 70 4R, 80 ARU IR AR, fE%s
(B L, TRIR R AR, VIR, B R
b,

(4) Zerd /NI AT, 23 ~25.20 ~22 15 ~ 17 a
SN AEE BAL BIE S TR R, B AR
Mg T 2R E yEE MBI T2 RS
HAR 2K, e m oy R T RAE A A
[i] DX Jak =z i) ) 2 S e o

SE 3k

[1] MU, B 20, FR0R 5T bR 1L K 78 & 8 5L
(SPEL) i AR LT A2 RRAEL T ] A 3R 5E %441, 2015,
24(1):22 -28.

(2] B o, 4 50H. BCHERE AR T 5 A 2 S R e 2 A [T ]
KBRS K TR 2%4],2015,26(2) : 1 -6.

[3] B 3% BIER/RER T P A 80 s s B[ D]
K& AL TR ,2013.

[4] MCKEE T B, DOESKEN N J, KLEIST J. The relationship
of drought frequency and duration to time scales[ C]//Pro-
ceedings of the 8th Conference on Applied Climatology.
Boston, MA: American Meteorological Society, 1993,17
(22):179 - 183.

[5] 4 4,2 7, &rhas, 4 BT SPLIE%Y 1981 - 2010
RS T R 2 A RELT ] AR BT AR,
2013,28(10) :1694 - 1706.

(6] X W8, 47 ¥, Umig &, &% 8% R T 528 3 25 28
LTI ]. KA RETRAL7,2015,33(5) :5 -8 +29.

[7] SONG Xiaoyan , SONG Songbai , SUN Wenyi , et al. Re-
cent changes in extreme precipitation and drought over the
Songhua River Basin, China, during 1960 —2013[J]. At-
mospheric Research, 2015,157:137 - 152.

[8] LI Qiongfang ,LI Pengcheng , LI Haoyang ,et at. Drought
assessment using a multivariate drought index in the Luan-
he River basin of Northern China[ J]. Stochastic Environ-
mental Research and Risk Assessment, 2015,29(6) :1509
—-1520.

(O Fruhall, W 2L 1, 78 2 %5, 45 56T B X i 15 £ iy



451 19

TR B, 55 L THOB) C IR IIEAITI UL 5T AR T- 4 AE B 39

TSRO T FAREDFFE [T ] . HEBEHEK 241 ,2017,36
(8):109 —114.

[10] FF&ty, 22000, £ &, 5. BT Z 850 )i 1 5
ZSOPARHRAELT ). T RAA,2017,35(5) 734 - 744,

[11] 8 M, 0% W], AR . AR R BCrE B ey o) 1l X
S R RS [T ], KRR 5K TR A,
2017,28(2) ;237 —243.

[12] 3k . F:F SPT ML 51 4RI U i 595 I 25 R AE 43 BT
[Cl//ES G4 IR - EIEKE
B AV AE 3 ——ST7 RixF Mg AR Ak 5 A TR BT I,
2013 9.

[13] £ MR, B, E %% BT ERSRESTN M
ATRAKRSX[T]. EAILIE S5 KRR, 2017, 15
(2):15 -21 +28.

[14] 2= W], E 53, k2. 5T SPEL (1 b [ AR Jb b X T
B B AR B [T ], T 5 XRS5 R
2016,30(6) :65 - 70.

[15] BRAKAH. TR 4 XI5 95 KU PEAL [ D] BN < KR
HFK2#,2010.

[16] AR, KHTE, S =), 5. BT SPEL f8 400 53 4F
IR TR 28 A AR AE (). M A 5, 2015, 34
(8):1547 - 1558.

[17] 8, S5 195, P01, 5. ST SPET 2R 5454
SR I RE SR 07 (0] K Ve 9k T ik, 2016,27
(1).:101 =107 +113.

[18] BT, 5, 0 Ak, 26 W% T 5 g s
AEACAFELT]. PEA % ,2013,34(6) 621 - 628.

[19] sobERL, 5, 2R354, 31 S0 4R i 44 IR A
KI5 8 AL AE BT 9], K -+ 5 B 55, 2017, 24
(3):151 - 156.

[20] & T AT 4l T 5T A B X R [ D] KoM
kR KK 2016,

[21] At XU, A b, . LT CLHE R 4 35
400 FIFEE 57T, A%, 2009,27 (2) 97 -
102.

[22] 5, B 1961 ~2016 4R T TITAR I FY B8 FLAF
SIBFLI . K HER Sk TR, 2017 ,28(6) 150 - 55.

R e e e e A e e e e e = ) =

(E#%32 W)

[12] JAEHOON L , JAYNES D B , HORTON R . Evaluation
of a simple method for estimating solute transport parame-
ters; laboratory studies. [ J]. Soil Science Society of A-
merica Journal, 2000,64(2) :492 —498.

[13] B ¥ G rg ik DR K AT 0 23 M [ D . 3R« LI AR
K2 ,2008.

[14] BRI, BRan, ok 8. KB K BRI A A v 0 45
BAFI LT ] BEBEHEK 27402 ,2004,23(5) :66 - 68.

[15] Zliae. Hor gt B 5 057k [ M. b 50 ekt
2000 :234 - 240.

[16] ARICHE, B, il . i B sl iy w7k 98 PR R 92

TEVEN ). 457K HEK ,2017,53(S1) 1123 — 127.

[17] FBIEH. FE TR TT & 0T R K R FHAFSE [ D). 48
P AEIE KA K B A2 ,2017.

(18] [yl B, WA, 551 AHP & AR VLG OK 3 &
Sulg AW 2R 5T [T ], 7K i fE JR B} 2%, 2011, 29
(10) :1 - 4.

(19] 8RR, BR B, 5K EL, 55, K52 I & 76 i 45 3k T
BN LT]. KRB IR ,2017,35(4) ;18 - 21.

[20] % {h, 2045, X 40, 2. BRI T R 7K ) B K &
[J].dbBTK %5 ,2003(3) ;16 - 18.



