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Table 1 Classification of grades of drought and flood for
standardized precipitation index (SPI)
sy PR sy FPFRAY
Grades SPI Types of drought |~ SP1 Types of drought

and flood and flood

1 >2.0 et 55 6  >10~05 et

2 >1.5~2.0 T By 7 >15~10 AT

3 >1.0~1.5 rhAER 8  >20~15 R

4 >0.5~1.0 LET &R 9 <-2.0 Wi

5 >-0.5~0.5 1EH

1.2.2 MKEETFHFHE

/K S EEF-H 43 (precipitation abnormity percentage,
Pa) W T I B R /K [P BRI e B R 5,
VA KRB

Pa = P:P
P

Kb P R B KB, mm, POy R K&,
mm.
1.2.3 BEKAMF 5 a4t

PO SRR B, — B I
B IR DT, REiAR BN e, HEZEK
J& 3 58 S F8 B0 (long-cycle drought-flood abrupt
alternation index, LDFAI) >Kffij .

D B K s AT AR AL PR

Re__ B-P 4)

1 & -,
,/ﬁ;u?—f’)

Kb R AARHEM K S PO KR RE, mm,
i=1,2,+*.N; P 2K EPHME, mm; N AREAREEY,
2) % LDFAI

x100% (3

LDFAI = (R78 - RSG) X (|R56| + |R78 |) «1 .8*\R56+R7X\ (5)

A Rog it 7—8 HIrEALBF/K & Rse it 5—6 HiniEfL
[k & (Rig—Rse) NP RFEIREEIN; (|RselHRg)) N T
BRI 1.8 Rl R R, A K A 3
PSSR EAE, BRI A T e A B A R,
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1.2.4 LDFAI &/ PE 5045 1K) SPI; BEAR I Hb Jsz W V] J22 00 X 52 B 114) 54 95
LDFAI g Jx B iZ X 30 17 i S i o S e i TR i 7 T
{HIEARRETE 7 WL R 35 2 i o U R AE AR B ] PRl EEWIX SPLs (Kl 2¢) , I 65a, 1.56%)& I ™

fE b, X0t T LDFAL HIEA 7, BHEAHRPHLSE sifiom P4k, ML SPL AR AL, (H P8+
BCE SR, ANAE S B g S e, BT DAE T SRR A K. kR, Bl SPI RS ] RO 3 K,
I SR BEAEAR Al 2% LDFAL iU {8, it E I FEiiSRa kAN, R 5 IR [a] 5 28 1)
YA B —EAR LDFAL 5%, RELFH R BOZIX I, SHNVHEE S, XGRS I TR, EE 78 7 S ik
SEARER U b S35 S R it B AR A IR O 5357 1) A S
o R ﬁtwuﬁ%(@ff,ﬁ@mam&af%%
AR R Ky 5 ANHrBE: 1951—1955 SEARRHE,
2.1 AERERET SPI MTIL4FIE TR F IR 1956—1970 4 FEFREEHA K,
TREWIX SPL AE 0 2k B RBEIE (K 2a) , X2 (H TSR TS 1971—1990 4E 2808 I,
FHT SPI, S W) A8 A6 I TR B ACIR L, B8 5 FE AT I P K SRR T B BOK: 1991—2003 4RI, utey
IFEMT, BRI TR RSk 59, 52 40 I R B K ma K, PR S 2003 4F )5 Xt T R, BT
FTLL SPIL A84E K. 1951 —2015 4RI 2.19%H A 43 & T SRR AR o K A SR Ut 7 5l R A
7 SR e S AR, X S A A TR T AT X AR R R BN 2, s 8 MNAMLLE
78.57% & IIMAERK A ZE T o AR I], RRAF S ML SR KRB BBk (K 90 4FEACHI B 2
FEET A T2 00, 3 H 30 1 DX e 7 45 7 K WO, YEFFI TR B KA 1969 4E 8 J1—1971 4E3 /1, K
A, AR ERED, %20 4N H . 20 tH40 60 F1 80 4EAR K B 1 VES: 8 AN H
SPL; REFHWAIRE, FHTME (K 2b) . KUL B, 70 AL 2 I, i LR L 4 0K,
T 65 a i), 2.60% )& /™ & ol Mo 55 FoF, Sl )2 R TR BN e
M R o T R AR AR 8 2011, 1979 FH 1999 HRPE AN e [7) R FEff) SP, Sl B i X 52 5 S L)
A, SR P RN i vt 5 AR AR AR 1954, 1993, PR, AN [E B R R O B g & AR 1T S AR
1998 F1 2002 4, 3% 15V B X 555 A A8 10 5K B 1 O o 42.62%, i A1 B R AR R A AR AR, N
AR Ay, MR A I ] R SR ] B K R 1.84%, BT FE R ERISIR B E, N 31.85%.
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a. Monthly time scale b. Seasonal time scale
3 3r
o SPI=1.5 o |} _ SPI=15
1 oo ) [ oyt SPI=0.5 e o N w
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@ -1 'MJ M ! ¥ Pl=05 @ -lf
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E: SPLiv SPI3. SPIg Al SPL, 70 illR7s 1 M HL 34 H, 6 A, 12 D HIFRHEL KRS
Note: SPI,, SPI;, SPIs and SPI;, represent monthly, seasonal, semi-annual and annual time scales of standardized precipitation index, respectively.

B2 1951 -2015 iR 23 R T R At i) REF- 35 ZACHFAE
Fig.2 Characteristics of drought-flood changes with different time scales in Dongting Lake area during 1951 - 2015
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2.2.1 RRFHFHFIRAFT T FEERYT R, o AT R AR, BT

TR I X% 7K 4 N 2 FRAR AN 3 A0, B K 2 B4R R KA S, o 33.33%, T SRR A AR IR A0 R A
R ZE, I 65 a kEFFIHEKEN 498.69 mm, H Dy R 7.69%. BKZE, oo R AR, A E RN
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b, Hy149.54 mm, X5 EEANZEATH T P HE AL WD, B KA R R A R Z, Tty 5
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Fig.3 Seasonal variation characteristics of drought and flood in
Dongting Lake area during 1951 — 2015

2.2.2 REF BRI 5k EXRIR T

DA [ AR AR g 7 e R AR AR B i (R 2D,
HARZFSPBEAL N 0.47%, 15 AR R, A 55.34%,
LU R B, Ny 33.41%. b 90 4R K %,
SERIBE KRN 142273 mm, ZAEACK AT 2 K,
I3 1996 Fi1 1998 45, a7 E R AE MR EE 30%,
PEE T R R R AR e, O 4.17%, AR
PR R S v, M 52.50% . JLURRE 60 4EAR, Bkt
W%, Y KE A 1366.13 mm, Mt Eigdift kA m
W, N 23.33%. 2001—2015 4F, K&, P
K E A 1316.33 mm, M5 3044 & AR AR g5
M 1.15%, TR RAERIIER 22.99% . HIE 70 4F
£8, SERIRE KR A 1325.50 mm, T F30E R AR 4% i
B, M 25.83%. ANFEAFEAREEET SRR AR AR AR ALK
TR

F2 1951—2015 FREBXFERiHER HIAEM FERRENL
Table 2 Interdecadal variation of frequency of drought and flood with different grades in Dongting Lake area during 1951 —2015

%
ary PO gy T gy i garn  CPETR VTR BT
Periods Extreme Severe flood Moderate Mild flood Normality Mild drought Moderate Severe Extreme

flood flood drought drought drought
1951-1960 0.83 1.67 5.00 13.33 59.17 15.00 4.17 0.83 0
1961-1970 0 0.83 2.50 23.33 52.50 16.67 2.50 1.67 0
1971-1980 0 0.83 6.67 12.50 54.17 20.00 4.17 0.83 0.83
1981-1990 0 0 5.00 15.83 56.67 17.50 4.17 0.83 0
1991-2000 0 1.67 10.00 18.33 47.50 17.50 0.83 4.17 0
2001-2015 0 0 2.30 12.64 62.07 17.82 345 0.57 1.15
1951-2015 0.14 0.83 5.24 16.00 55.34 17.41 3.21 1.48 0.33
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R R 5 5 5L SRR, G EUIR g T DX
65 a KIZIF 5—8 HIM/KE, 4uitEH 5—8. 5—6
AU 7—8 ARIBE KRV H 0%, 18 RBiZHX =
KIS, [RIEIES 5—8 H Pa X HAE 15%
VL ERIAESY, B 5—6 AR 7—8 AR Pa 2 Z 4% {H
16 30%LL ERAEGy, MR Bty T2, Fi%
PUAS e R 3 a, G EIXSE L AE G ) Pa
DL M LDFAI (£ 3) .

T Loy Hr AT £ H BA R OGR:

D Yt ERFED, 5—8 HIY Pa KT 30%, /K&
FEA IR 21 ) T3 B K S B 22, 48N 2= 1) /K
W% . WU E AR L 1954 4F, 5—8 ARIBE/K R
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West Dongting Lake area SPI
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Correlation of SPI in different areas of Dongting Lake area
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West Dongting Lake area SPI
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c. South and west Dongting Lake area

®3 REHAREFHIVFERRIFG S RHREEHIE
Table 3 Features of drought-flood and its abrupt alternation in
Dongting Lake area in summer of typical years

A 5 WAV T 40 2%

e M SR Precipitation anomaly percentage/%
Features of Long-cycle
Year drought-flood

drought-flood h 5—8 H 5—6 H 7—8 H
abrupt alternation May-August May-June July-August

index

1954 b -0.53 67.28 71.53 56.87
1998 # -0.47 37.38 32.39 38.63
2002 b 0.12 32.29 20.87 52.81
1966 5 -0.37 -24.93 -11.72 -40.98
1972 5 -0.83 -32.98 -12.79 -58.89
2011 5 -0.68 -19.96 -3.95 -42.43
1964 P -1.53 -1.95 20.91 -32.66
1959 PR -1.43 -17.36 8.89 -49.79
1971 ik -1.40 -11.62 7.98 -36.47
1952 S 1.16 9.10 -9.03 35.95
1968 FEE 1.17 -8.15 -23.56 9.03

2008  FE; 1.83 -1.06 2373 2691
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Table 4 Interdecadal statistics features of summer precipitation

and long-cycle drought-flood abrupt alternation index (LDFAI)
in Dongting Lake area
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1981-1990 0.03 0.78 -3.87 -5.04 -4.20
1991-2000 0.28 1.10 2.27 20.30 9.61
2001-2015 -0.02 1.08 -2.84 -2.56 -2.75
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Fig.6 Variation of LDFAI in Dongting Lake area during 1951 - 2015
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Analysis on evolution of drought-flood and its abrupt alternation in
typical year from 1951 to 2015 in Dongting Lake area

Hu Yihong'?, Li Jingbao'*
(1. College of Resource and Environmental Science, Hunan Normal University, Changsha 410081, China;
2. Academy of Disaster Reduction and Emergency Management, Beijing Normal University, Beijing 100875, China)

Abstract: Drought-flood disaster is one of vital factors restricting Dongting Lake area’s economic development. In order to
predict the future drought-flood change tendency, using the monthly precipitation data of 36 meteorological stations in
Dongting Lake and its surrounding areas, this paper attempted to describe the characteristics of evolution of drought-flood and
its abrupt alternation in typical year from 1951 to 2015 in Dongting Lake area. Standardized precipitation index (SPI) and long
cycle drought-flood abrupt alternation index (LDFAI), Morlet wavelet analysis and other climate diagnosis method were
adopted. The results showed that the variation of drought and flood could be roughly divided into 5 periods. The first period
was from 1951 to 1955, which was relatively humid. The second period was from 1956 to 1970. In this period, the alternation
of flood and drought was frequent and the calamity degree was not severe. The third period was from 1971 to 1990. The
alternation was also frequent and the calamity degree was severer than the previous period. The fourth was a humid period
from 1991-2003. The last was an arid period after 2003. In this period, drought disaster has showed an obvious increasing
trend. In the study area, flood and drought occurred frequently, and its alternation was also frequent during 1951-2015. The
average frequency of different time scales of drought and flood events was 42.62%. The distribution of precipitation was
uneven and concentrated in summer. The highest frequency of flood events was 33.33%, which occurred in summer. In winter,
the frequency of drought events was 41.54%. Flood events showed an increasing trend in spring and summer in the 1990s. But
in recent years, the rainfall has kept decreasing in 4 seasons. On an interdecadal scale, the 1990s was the wettest decade and
had the highest frequency of flood events which was 30%. The precipitation was the least and the frequency of drought event
was 22.99% in 2001-2015. In this period, the frequency of extreme drought event was the highest. The highest frequency of
drought events was 25.83% in the 1970s. In this period, the precipitation was also low. Variation of drought-flood had 4
characteristic time scales, respectively, 4, 10, 25 and 31 a, which revealed that Dongting Lake area would be have more
precipitation in the next few years. The variations of drought-flood in the 3 areas including East, West and South Dongting
Lake area were basically the same, but had some differences in different periods. The variation of drought-flood even showed
an obviously reverse phase in South and West Dongting Lake area in 1990s. There were 15 years with the absolute value of
LDFALI is greater than 1 in recent 65 years in this area, which meant drought- flood abrupt alternation phenomenon was
frequent. For either the variation of drought-flood or its abrupt alternation, West Dongting Lake area and East Dongting Lake
area were basically the same. The variation of drought-flood abrupt alternation in South Dongting Lake area was obviously
different from East and West Dongting Lake area.

Keywords: meteorology; drought; precipitation; standardized precipitation index; long-cycle drought-flood abrupt alternation
index; Dongting Lake area
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