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Drought characteristics and trend in Longdong Loess Plateau in recent 50 years
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Abstract: Based on monthly precipitation and temperature data from 13 meteorological stations, the characteristics of
drought in Longdong Loess Plateau were studied by means of different scales of Standard Precipitation Evapotranspiration
Index, Mann — kendall test, R/S methods and Markov chain. The results showed that over the past 50 years, linear
trend of SPEI in Longdong Loess Plateau was less than 0, which indicated the drought trend was very obvious, especially
since 1990 s. Mann — kendall abrupt analysis confirmed that the drought trend was significant since 1990s. According to
the wavelet analysis, the main periods of the SPEI in interannual scale were 19 a, 11 a, 7 a, 4 a, 2 a; the main periods
of the SPEI in the monthly scale were 17, 25, 35, 10 and 6 months. Hurst of SPEl}; in R/S prediction analysis, was
0.64>0.5, and auto correlation coefficient was R, > 0. So in the next period of time, the drought trend would contin-
ue. According to Markov model, the probability of drought extremes would increase in the evolution process of drought
state, and Persistenceof severe drought state would increase.

Keywords: longdong loess plateau; standardized precipitation evapotranspiration index( SPEI) ; wavelet analysis;
R/S methods; markov chain
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Fig.2  The evolution process of drought in Longdong Loess Plateau
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Table 3 Transfer matrix of drought probability and probability distribution of Stable drought state
T PR LS R A /T R MR
Transition matrix of drought probability Stable probability distribution of drought
EH TR JPETR EH R JrPETR
Normal Moderate Severe Normal Moderate Severe
1EH Normal 62% 28% 10% iE% Normal 62% 26% 13%
HHEET 5 Moderate 58% 17% 25% 45T 5 Moderate 62% 26% 13%
JH T 5 Severe 67 % 33% 0 JZH 5 Severe 62 % 26% 13%

6 1—12 4y, = AREFE G 0T 548
BOr Mo 5 R MR e i , IE#RE
M LLBIE 58% ~ 69% Z (8], 8 H A7 1E 8 IR 73 A1 HE
b, 5 Az ; T ET R LHITE 1% ~31%
Z 81,9 A0t 2 A0y e ildse R 2 T b
BlE 4% ~21% zZ 6,2 H.7 H.8 H.43l/NF
10%,4 H .9 Hik 21% , 53l H,2 .7 H .8 v
T 5 LB S, T E T R E PR .

o<
<

[ OIE% Normal B 1% 5 Moderate B ™ & T % Severe

pa]
(=}

(=R

T R/ %
Probability of drought
—_— N W g W N

S O o O

.
’
I
I
I

= | [

B |

B |
i1
i1
’
2
2

e |l
e (e 7
HE | LIEE LI
3 4 5 6 7 8 9
H 4 Month

Bo6 1—12 ARERNTERERSH
Fig.6  Probability distribution of Stable drought state in 12 month

BITATAY R/S T 43 #r o] 0, 7.8 H W T2 #a %A by
LR AN Markov T 2] Y 485 S A AR - ) — B, it 4
9 FTE T2 PR I, Bk E B R AR
JUE R AT RES RN .
304 it

1) Bl A A 5 D A5 ol o T 52 1 s B AE e )
%S 6] _EAT B A — 20, T 50 a B 4R 85 4 R
TR AR H IR, JUH L 1990 4FF 2000 4 LA
He T FALEH N B2 ; Mann — kendall 5872 73 #r [
ARE L E R SPEL7E 1993 4F kA48, 2 J5 T 21k
IR

2) AL /N AT R AR R % SPET A7 7E
19.11.7.4.2 a W FE &5 A RBEERY SPEL AA7E 17,
25.35.10.6 1~ H E 5, Bl B[R] ) 4ERS , ZEAS [l
i ) B , R LE AN (] 1) 7 35 JE 1, A s ) RUBE 1 3



552 SRMESR A 3 50 AR P AR B R R PR AR R AR AL H o 269

3) SPEILH HAH 0.64>0.5, HAHXZRE R, >0,
B 1) 3 410 25 43 1) 1 AE D@ R ECKR T 0, B[R] 3 1) A2 £k,
HIJE IEAH G, UL SPEL, 78 A K — B[] P 2 BTG
R AR - m R T RS SR s, BR 7.8 /]
H{H <0.5,R, <0 Z4b, HAth #4431 R/S 2t
TN A5 5 A SPEL, 45 S — 25, SPEI R 4 457 2208
i, 7.8 R P AN G AR A R G, Bl A<
IR 7.8 3 1T R A A — o i R B 2 B
Gt o

4) Fa o€ Ja iy T FE R A A, T IR A &
62% , TR 26% , " E T2 5 13%. 550
ARB A R T SRS R L A T R AL SR
S % FERI N T RRAE R IEH RS AR
R AR ERAR Y T RARAS RS S
4 v

T 50 a R Bl 7R B A v T R AR 1 R AR A
2EH 0 SPLLCLLZ 4850 b 36 188 0 B 6 5005 s 1 245
ARG — S 310 -2 R, 5 e A HUX
Al XR84T R A O — 3K
fgte =57 =830 i A H B IR SPEI T 31 9 2828 s A
Ble 7R ¥ - e Jirt b IX A0 A8 Ak B 58 A28 S B AR A —
02 GG 50 a B A4S # A R R A R B Tk
XA B m R B AR R
TR AR A T FOR SR A R, &
SRR EARE RSN, 3T CMIPS 1Y
B AL 2B 21 et ip EDC ORI TR T2
by DA S RN, S HERCIE SR, S AR N G
B B A 21 {20 BB K S B 109 I
HAER 85 70 %0 B H0 X A7 T FGAL A o X 155
A B 3 /KA T, A=A T Aty 2 B 2R ok — B[] Ay o
SR 2 R YR A RS I i
o D S R 2 42 X AR TR Al A 7
A A SO AR BIT R 1 T AE A 165, oy T fik
APl AR A T 5O B TUE HILA , 3 R R T
SRE R R R X T R U A K R AR
Mtk K B GRRF IR TP R AR & HE, R S5 225
TAEHENEIE TR — R TRE—4ETE
SRS I REAIBILTR A I 9T, AR B AR B A v T 5 AL
i 1S B A 56 TAEDT

& % X k-
(1] T—iC. A EAGRIE R - 255 & M) st G A,

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

2008:157.
Mishra AK, Singh VP. A review of drought concepts[ J]. Journal of
Hydrology, 2010,391:204-216.
IPCC. Climate Change 2013: The Physical Science Basis[M]. Cam-
bridge, UK: Cambridge University Press, 2013.
Pl DA E . kAl 5 KT R[] KRR, 2008,
32(4) :752-760.
Ak, At 20 T TRl 2Ek T R A g s R H KRR
EH SRR L] . hER22 (D 5 ),2007,37(2) :222-233.
Zarcha MAA, Sivakumara B, Sharma A. Droughts in a warming cli-
mate: A global assessment of Standardized precipitation index ( SPI)
and Reconnaissance drought index(RDI) [J]. Journal of Hydrology,
2015,526:183-195.
e [ AR 1951—2004 47 3% [ b 7 510 1 3 AR g5 5
[J]. Bl 4R ,2006,51(20) :2429-2439 .
JA O Fh R, BRI ARSI 27 2 2 X T R A
FELT] . HFEAFF 7T, 2012,31(4) : 597-607 .
ZOE X 58,55 AR X B T R DA 5 X
RILI]. b FERL,2013,33(6) : 735-740.
TS, Bk 2h, XU, 45 1960—2012 4F T K 3 T L It 2 4%
Jai B R 43 A 1] 952 ,2016,31(1) : 120-127.
mOfE.% B, 9k, S BT SPEL Y 1961—2012 4R AR L
H DX AR RAAE 20 A [T b Al 4, 2014, 35(6) : 656-
662.
ik, RS AERE U, 55 SET SPELVA M B AR i X I 50a T
BRI 2 FHE 3T [ T] . MR 2, 2015, 35(8) :999-1006.
Ok, WV ERVET . B AR 3 T U A0 A R AL R
[J]. T X AL AT, 2008, 26(4) :250-253,259 .
e, gk SR, EAIAS, L HOR AN 77 X 40 AR TR AR
ARHIE S KB AL L] T 50 X Ol 5T, 2014, 32(2)
1-6,32.
Vicente-Serrano S, Beguer’ 1a S, L’ opez-Moreno J. A multiscalar
drought index sensitive to global warming: the standardized precipita-
tion evapotranspiration index[ J]. Journal of Climate, 2010,23(7):
1696-1718..
Yu M X, Li Q F, Hayes M J, et al. Are droughts becoming more
frequent or severe in China based on the standardized precipitation e-
vapotranspiration index: 1951—20107 [J]. International Journal of
Climatology, 2014,34(3) :545-558.
Potop V, Boroneant C, Moiny M, et al. Observed spatiotemporal
characteristics of drought on various time scales over the Czech Re-
public[J]. Theor. Appl. Climatol, 2014,115:563-581.
Xu K, Yang DW, Yang HB, et al. Spatio-temporal variation of
drought in China during 1961—2012: A climatic perspective [ J].
Journal of Hydrology, 2015,526:253-264.
et , 4 /NF LT 7 5 BOR g AR B b v T BRARRAE 23 B
[J]. T IX L ATE,2010,28(3) : 248-253.
TR, 5k . T ARUEIL MK IR BRI 40 a B ASEE £ R R
SRR )] . B AR BEIR A, 2012,27(12) :2135-2144.
SRR, 5K 2. 1962—2010 4 H N4 B 1 5L X T 52 3y
BHEIR[T] . A 445 ,2012,31(8) :2066-2074.



270 T2 X AR AT 5535 4%
[22] o 3,5k #h,F  &K,%.1960—2012 4 H il 8 4w R T 5 [30] 2 &, 0477, 1961—2009 4E 8 4 i S R B R I 2 284k

(23]

[24]

[25]

[26]

[29]

B 55 AR LA HE AT —— e T AR AL R K 28 B 5[] WAL
2£,2014,36(9) : 1834-1841.

RN B R RS AR SR BN L i R R X [ SRR
B B HE AR [ ML A6t Bl R, 1991 :23-36.
ik R ARIAE, M XUEh, 4R T R W GB/T20481 - 2006

[S].dbmt: A E bR ik, 2006.

BNIE RS2 W S B E AR (B8 O [M]. b st K%
H A, 2007 :63-65.

PR . M RESE O 0 SRR AN (M. AU 5T B2 L
2011:463-472.

Rt PUCH I B 2 (M
#1,2002:93-98.

HEFM, AT, 0, % IR 54 AR R R AS TR AE
T 58 9 W o 43 AT (] T 5 X AR ME IF 5T, 2015, 33(5) :
245-252.

RRLLE SKIBAR , EAE, 55 . DA - I A AR A S S K
BEIRRY M [T TR X RIS, 2011,29(6) : 262-268.

b R AR AR

[31]

[32]

[33]

[34]

[35]

[36]

[37]

S3HTLT]. BAR TR A4, 2013,28(2) : 287-299.

Wk TEEE, SRR 2 . I g R R T B
BB (1], BEIARF,2005,27(5) : 146-151 .

B—K, K TSI T 54 a e H A T AR i X S B 2
ALAFAEL )] . TR XS ,2012,29(6) :956-964.

Zhao X N, Wu P T. Meteorological drought over the Chinese Loess
Plateau: 1971—2010[J] . 2013,67:951-961 .
WM, ENR T ET oMIPs SR ES YRR E
SRR TG B A2 4 Hr (1] b YD B, 2014, 34(3) - 795-
804.

TLARLT, BRERR R 1,48 .7 4> TPCC A R4 BE% Hh [ il (X
W /K T8 BAS L RE ) B TS B AT BL R [ 1] KRR
2,2009,33(1) : 109-120.

TLRRLT, THYE, BRBURR . 21 tha b A o ek PR A (]
SAEAS A FT HE R ,2007,3(4) :202-207 .

sk B w223, ST AF IR IR T 5 R TR AT R R
T KU FRAE 5 B B OR M [ T] . b ERBL 2% 1E 2 ,2014,9(1) :80-91.

Natural Hazards,

(L% 2260 M)

(4]

(5]

(6]

FIRY , B3R, E R, AR 7 303 AR S0 5T
(] A E AR O 2A 41, 2005, 13(3) 1 119-122.
MR, S A, IR, A5 KB N AR RS e S
o EFBAHRIOBTSEL ] AR 241, 2002, 28(4) :445-450.
Gewin V. Food: An underground revolution[ J]. Nature, 2010,466:
552-553.
Bengough A Glyn, Mc Kenzie B M, Hallett P D, et al. Root elonga-
tion, water stress, and mechanical impedance: A review of limiting
stresses and beneficial oot tip traits[J]. J Exp Bot, 2011,62(1):59-
68.
Cresswell H P, Kirkegaard J A. Subsoil amelioration by plant roots the
process and the evidence[ J]. Aust J Soil Res, 1995,33(2):221-239.
TREI, R/NR A NERR WK S T3R5 54 26 Z (1 )
REHETE )] AR F 4T, 1995,10(4) :99-104.
BB, FEGOR] B, 55 MK IREE S NERR LT IE
ZU] TRIXADIF,1991,9(3) 1 1-10.
Kirkegaard J A, Lilley J M, Howe G N, et al. Impact of subsoil wa-
ter use on wheat yield[ J]. Aust J Agric Res, 2007,58(4):303-315.

[12]

[13]

[14]

[15]

[16]

[17]

[18]

BRI 0, 25 . 43R ALK 4 /N2 A K B A R B R
RyEZma (1], o Ol R ,2012,45(1) : 85-92.

JEORE,E B AR, E R RNEE S T AN PO

EFEAKFHEDFTE ] . P E Al K254k, 2000, (5) :23-29.

W BV, 5K 3 /N3 Xt A BT TR ) 2 3 A 285 B g

[Cl /v, QBB T RS Al KA RS . et

B2 AR, 1992:75.

w1 E R AT IMT. 3 PR JE BT E AR R

2000:30-109.

KNAR . A/ N2 e TR P 3o 7 B L4100 [ D

B2 BE,2012.

XHGHE, G/, 2R e, AF A /NZE K G R AR 5 S i TR

LB [T]. 40l T2 4k ,2004,20(4) :58-63.

MR A AR AR A 55 R Ry R AR A AR A = 12

KRR L], o E AR, 2005, 38 (10) : 2061-

2068.

Gyar B FARSC, KK, 4 AR 2 M FNE A /INZE FE K
M T R R [T 0 AR S 240, 2013,24(5) 1 1361-1366.

JoAbst: p R



