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Drought characteristics in arid zone of middle Ningxia from
1960 to 2012 base on SPI index

HU Yue'?, DU Ling-tong'?, HOU Jing"?, LIU Ke'?, ZHU Yu-guo'-?
(1. Breeding Base for State Key Laboratory of Land Degradation and Ecological Restoration in Northwest China ,
Ningxia University , Yinchuan , Ningxia 750021, China; 2. Key Laboratory for Restoration and Reconstruction of
Degraded Ecosystem in Northwest China of Ministry of Education, Ningxia University, Yinchuan, Ningxia 750021, China)

Abstract: With the purpose to provide scientific basis for regional agricultural development and disaster prevention
and mitigation, by using the meteorological data from three in-situ stations during 1960 to 2012, the drought characteris-
tics and variation trends in arid zone of middle Ningxia were studied by the method of standardized precipitation index
(SPI), along with ensemble empirical mode decomposition (EEMD), power spectrum analysis and rescaled range analy-
sis (R/S) . The results showed that more than 30% of drought events, which happened in arid zone of middle Ningxia
from 1960 to 2012, were moderate or even more serious drought. The multi-scale decomposition of drought period showed
that there existed four time scales for the change cycle of different intensities of drought, i.e., 0.5 a for mild drought,
1 a for moderate drought, 3 a for severe drought, and 10 a for extreme drought. The EEMD analysis showed that the in-
ter-annual fluctuation of drought was mainly derived from a 3.25 — 4 a period which contributed more than 65% to the
whole variance, and followed by a 5.78 — 6.5 a period which contributed more than 14% . On the whole, the drought in
arid zone of middle Ningxia is enhancing currently and this trend has a long — range dependence. Therefore, this region
will keep a sustained drought in the future, but the characteristic of drought trend in various seasons is different.

Keywords: drought; standardized precipitation index; ensemble empirical mode decomposition; power spectrum

analysis; arid zone of middle Ningxia
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0.93—1.2 a Z [0, FA& FNFAFER PR FERT 5
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F 1 1960—2012 F£FBIERG T
Table 1 Statistics of drought conditions from 1960 to 2012

X SPI 7 il TEIr% RAEL i SKECE 73 L/ % SR JE /A
Area Range of SPI Grade of drought Frequency Percentage of total Average period
-1.0<SPI< - 0.5 25 Mild drought 135 62.79% 0.39
bl -1.5<SPI< -1.0 F1 5L Moderate drought 57 26.51% 0.93
Yanchi -2.0<SPI< - 1.5 2 Severe drought 17 7.91% 3.12
SPl< -2.0 F#F Extreme drought 6 2.79% 8.83
-1.0<SPI< - 0.5 25 Mild drought 143 69.42% 0.37
g -1.5<SPI< -1.0 F1 5L Moderate drought 44 21.36% 1.20
Zhongning -2.0<SPI< - 1.5 H 2 Severe drought 16 7.76% 3.31
SPl< -2.0 F35 Extreme drought 3 1.46% 17.67
-1.0<SPI< - 0.5 25 Mild drought 110 58.20% 0.48
[l -1.5<SPI< - 1.0 H1 5L Moderate drought 54 28.57% 0.98
Tongxin -2.0<SPI< -1.5 5L Severe drought 21 11.11% 2.52
SPl< -2.0 F#2 Extreme drought 4 2.12% 13.25
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KA A SB35 A 7 B B T el
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BTN o, 3 LRI 0 54 8 N B A A
[Fi] gz 20y J) 30 1 [T A A2 R 83 f (IMFL — 8) T —4>
ooyt (RES) (B 2) . HA 4% IMF 433 435
BT S EMRAA R RAF B B e A )
O 3 B 1 SPLF BRI A5 A 224 ) 1] RUBE 1% 3

FHIE, HASA™ IMF 415353 AL 4G 50 AN ) i 30
JI R RR M | 55 o0 AR AR I A AT 2R 11 2
DR B0 2 R B TR AR A B R A FE 8 A
IMF 434, B T IMF1 ARER A2 EEMD 3-fiff if 455 78
TSI S 5 8, BIr LA 2 AR BRS04 IMF 1,
MR IE 1, R4 IMF 2 54 H A S 2 1Y
T SRV EAHTR) (R B (BB DA, A [ e [ RUBE 1 o J) 441
P77 it B ], 2 00 S e w3 1 A 3 5484k
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S 00—~ — N\ i KVE, AR AN 2 Fros s IR ag LU IMF2 195
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RHIFF o
- L Tone 2.3 EFHRBOERTZEAMAH
2 '85%(% /V\/\_\/x: S EEMD 43 J5 3RIRE IMEF 45 434 B0 30
AN - T B L R RS LI R
S A A N~ T IME SRR ST R R
Q0 FO SR, DL 10 IMIF 53 1 J B9 174 —
£ SR, IR T SR A A5
T nm DDA B IS S R B
-245960 19I68 19I76 19I84 19‘92 20IOO 2008 I EP%Z%AHIEI‘D 3 %E/:J:F%kfitﬁ/ﬁﬁﬁﬁ?%%%*ﬁo EE
b Year FAEF-1 SPLFFIEARAY IMF1 Rl IMF2 4341 )5 2%
B2 1960—2012 £i% B SPI # EEMD 4} @45 R DB IR (35 3) , PRk, A 2 2833 5 e 1 3k
Fig.2 EEMD decomposition results of monthly W T AE O 3 BAAEE SPL RS R A L K
SPI from 1960 to 2012 IMF1 . IMF2 B4 B35 85591
*k2 HEHTEFEEEZER SPLFF EEMD K& IMF S 2451E
Table 2 TMF component characteristics for EEMD decomposition of monthly SPT in arid zone of middle Ningxia
HIX Area IMF 434 IMF Component IMF2 IMF3 IMF4 IMF5 IMF6 IMF7 IMF8 RES
N A B Period of fluctuation/a 0.56 1.23 2.26 4.40 8.83 21.20 26.50
fj:ﬁl HARKFZEL Correlation coefficient 0.481"* 0.357"" 0.270"" 0.223"* 0.116"" 0.108" " 0.069 0.019
J5 % THk A Variance contribution/ % 17.10  10.10 5.50 3.34 0.92 0.73 0.06 0.00
B3 JEH Period of fluctuation/a 0.55 1.20 2.40 5.30  10.60 17.67  35.33
Zhﬁ;ng A& R EL Correlation coefficient 0.489"* 0.385°" 0.322"* 0.211"" 0.147°" 0.105°" 0.052 0.012
J7 Z BTHkAR Variance contribution/ % 18.49 10.42 5.36 3.09 0.89 0.37 0.11 0.31
WA Period of fluctuation/a 0.57 1.12 2.21 5.78 9.64 13.25 35.33
TT};;;H FHIEZBL Correlation coefficient 0.504* " 0.387"* 0.294"* 0.227"" 0.168*" 0.161"" 0.137"" -0.022
J7 2T Variance contribution/ % 19.10 9.45 4.00 3.49 0.81 0.47 0.15 0.01

1 (Note) :

* P<0.05, * *x P<0.0l,
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Table 3  The variance contribution ratio for each

component of average annual SPI

X F % BTHk® /% Variance contribution

Area IMF1 IMF2  IMF3  IMF4 RES
EhHh Yanchi 71.57 14.03 8.14  3.80 2.47
H15* Zhongning 74.93  14.07 8.74 1.42  0.85
[/].C> Tongxin 67.35 18.64 5.94  3.08 4.98
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Fig.3 Power spectrum analysis results of annual

SPI in arid zone of middle Ningxia
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Table 4 Variation trend and persistence of drought in recent 50 years
A 4% LA A BE R? e "
O I A S % TREE  HusdiH L
Area Year/Season gres odness o Significance Drought trend Hurst index Persistence of trend
slope fitting
44 Annual -0.0020 0.0110 0.4360 3458 Enhanced 0.5291  #E9FFLE Low persistence
# Spring -0.0050 0.0160 0.3510 3458 Enhanced 0.4718 #5935 Low reversion
Ehy
erﬁi % Summer 0.0010 0.0010 0.7910 55 Weakened 0.5776  HFFFSE Low persistence
X Autumn —0.0090 0.0520 0.1000 3438 Enhanced 0.7152  #5EFFLE Strong persistence
4 Winter 0.0040 0.0200 0.3120 1855 Weakened 0.5461  HEIFFSE Low persistence
424F Annual ~0.0020 0.0120 0.4310 3458 Enhanced 0.5974  BH5HFEE Low persistence
% Spring -0.0050 0.0200 0.3010 3458 Enhanced 0.4670 3% Low reversion
Zhj:l;mg ¥ Summer ~0.0020 0.0030 0.6900 34598, Enhanced 0.5819  HHFRFLE Low persistence
K Autumn —0.0080 0.0480 0.1130 3438 Enhanced 0.7392 5EIFSE Strong persistence
4 Winter 0.0070 0.0560 0.0870 I8 Weakened 0.6122 HEEHF4E Medium persistence
£24F Annual -0.0050 0.0700 0.0550 H45H Enhanced 0.6048 " AERFSE Medium persistence
L B R N ‘
=3 Spring -0.0120 0.0740 0.0480 * Fnhanced at 0.05 level 0.5293 EESHEESE Low persistence
T[:jr{‘gl;\in K Summer 0.0030 0.0070 0.5390 U855 Weakened 0.6297 REERELE Medium persistence
. i 4 2 1 5 P .
# Autumn —-0.0140 0.1280 0.0080 Fnhanced at 0.01 level 0.6711 43542 Medium persistence
£ Winter 0.0000 0.0000 0.9950 AZE Invariant 0.5384  BFIFFEE Low persistence

e ox flx x 393K P<0.05.P<0.01 BEKF,

Note: * and * * indicate significance at P <0.05 and P <0.01, respectively.
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AR 7 B AT A b T ARG
3 H 19602012 4E 4 Bk, TETTH AR 1L R K
FEEL(SPD) By EERT b, R A6 f RS o il )%
T 43 BT R BB BE A 22 53 A 45 7 1 i R T SRl
I 50 AR BT AR CRHEDES T T RIFST , BT U
TILESS®:

1) AT RERY G5 R LW, 7 1960—
2012 4[], Hr s 5y o e A ] 3 B kAR
FF R P R BT RS TR
TEUE) 30% LA b Hrh P44 0.93—1.2 a
RAE— AR FERT 5 8.83—17.67 a
KA, TR,

2) R ARBBN IR T R R FZ R
AERFERI , T B T S s b T A EG 3
BT R R ELMAE 0.5 a RERHE 1 a REEW
L3 a RIZEME T 10 a RE R

3) DA 7E T B T R 4 B
YT 5 B AR B Bl R AR v, A T 2
65% TR K A T 3.25 - 4 a A 1T SR Wk 5,
M-t 14% 5Tk B T 5.78 - 6.5 a ZE 45 1Y)

T
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