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Abstract; [ Objective | The aims of this study are to identify the non-stationary characteristics of the
descending water series affected by climate change. to evaluate the meteorological drought characteristics in
the Weihe River Basin., so as to provide a more effective reference for drought management and risk
assessment. [ Methods] Based on GAMLSS model, a non-stationary standardized precipitation index (NSPI)
with large-scale climate factors as covariables was constructed. The applicability of NSPI in the Weihe River
Basin was discussed by combining with historical drought events and Copula probability analysis, and
comparing with the traditional standardized precipitation index (SPI). [Results| The influence of large-scale
climate factors on precipitation series was seasonal. AOI, SOI and ENSO indexes had the most extensive
influence on precipitation in the study area. Moreover, the fitting effect of non-stationary model with climate
factors as covariable is better than that of stationary model in each month. Combining the run course theory
and historical drought events, it is found that NSPI performs better in drought event recognition, and the

occurrence frequency of extreme drought events identified by NSPI is higher than that by SPI. In addition,
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the optimal Copula function of the two-dimensional joint distribution of drought characteristic variables of

SPI and NSPI is Frank and Gumbel, respectively. By comparing the joint probability and recurrence period, it is

found that SPI underestimates the risk of drought occurrence. [ Conclusion ] In the context of climate change, NSPI

considering non-stationary characteristics shows a more accurate evaluation of drought characteristics.
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Table 3 Judgment criteria and optimal model parameter covariates for different models from 1961 to 2018
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Fig. 2 Normal Q-Q diagram and worm diagram of optimal GAMLSS model in Weihe River Basin
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Fig. 3 Quantile gray scale diagram of the three models for July (A—C) and December (C—F) in the Weihe River Basin
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Table 4 Comparison of Drought Characteristic Variables for Typical Drought Year Events Based on SPI and NSPI

R Ry lingle) SPI NSPI
GE-J1 D S I 371 D S I Y
1962 1962-03 5 9.42 —2.43 D, 4 6.959 —3.12 D,
1966 1962-02 4 0.269 —0.81 D, 3 2.713 —2.04 D,
1972 1972-07 3 1.14 —1.58 D, 3 3.533 —1.24 D,
1986 1986-01 11 10.70 —2.29 D, 11 9.070 —3.22 D,
1995 1995-03 6 6.74 —2.37 D, 5 6.310 —2.29 D,
1999 1999-08 10 7.99 —3.38 D, 4 2.020 —2.91 D,
2008 2008-04 3 1.89 —1.68 D, 6 2.730 —1.44 D,




156 PN o S S/

531 &

300 rp A SPI 300 B NSPI
250 Hlo o 250 0
/\ o\ o] 0\ o]
g i I g )
Faoo clb |l o\o\/qo\/c qti '\ fdc{dd §awo o\o\f.\/c %\ {\ fdciod
q Q
¥ 100 “ 1 1A F 2 100 18
50 H 50
0 1 1 1 1 1 J 0 1 1 1 1 J
1960 1970 1980 1990 2000 2010 2020 1960 1970 1980 1990 2000 2010 2020
£ 7 £
—o— pcp3 [ b, [/ D, [ D, [ b,

B 5 EmiE 1961—2018 &£ 6 A SPL 1 NSP1 f4it ) FRE L2
Fig. 5 The drought grades estimated by the SPI and NSPI in June for the Weihe River Basin during the period 1961 —2010

3.2.2 RRESFREFFFRTSAH B REA
ST R H A LU YE SPI R NSPI 45 br #4 B 18 2 47
128 S IR SRR R I B = @ L R AN S A E L
AEARBRAT M 6 AN L BN P (1961—1969 4F) (P,
(1970—1979 4E) . P, #] (1980—1989 4E) ., P,
(1990—1999 4F) . P; ] (2000—2009 4F) Fl P,
(20102018 4F), M T RER R FT, HIE 4 Fh
TR R AR, G5 RE 6 .

AT LI L M 1961—2018 4, SPI Al NSPI £ 4% 2%
TR R EmFE LRI AR, WE 6A i

N TRETRHEM BT 1990—1999 4EH 1] 45, H
30

55 | ARR

20 |

=
o I|'|'|'|'|'|'|'|'|':'|

P,
18
CER
10
w
51 = i =
o [EE
P, P, P,
SPI

Tl I 56 T SPT Ay 4% B2 T 50 % 5 T 58 T NSPI (4%
BE T 544508, SPT A1 NSPT 3 51 /Y 5% 5 5 8 T 2 400 %
3R 18.3 % A 20.8 % 4 43 Al & A= #E 2000—2009 4F
A 1990—1999 4F, v B 54 A i T R
B AR L BR T 1961—1969 4E A1 1990—1999 4E3A
], SPT PR3] 1 v J8 1 5 = 1 A 43 AR IR T NISPI
e b T 2 F 4 (- 6B) s ™ E T R4 R
1961—1969 4F . 1970—1979 4F.1990—1999 4F 1 [f]
NSPT U0 4 4 22 T e, Ay B 397 0 A6 B (J&1 6C)
& 6D FT 7 , 72 B A I3 N, NSPT 8 5 19 3 o 1 54

R T BT SPI & 8 .
20 -
B FE&

15

10

L3

] &

N

P, P,

274 NSPI

6 BAREAEY SPIF NSPIHENAAERSKTRELENE
Fig. 6 Frequency of different drought classes at different periods determined by SPI and NSPI in the Weihe River Basin.

3.3 ETF Copula I F ESAEHH

3.3.1 MG oA B A R T
SHHEAS B2 R 3T Copula B BGHEAT XUAS B4 % 43
1. AEBEREIEE Copula SR A A7 06 B 652 34 SPI
A1 NSPIF 91 A IO A0 . R I SR A ik

Bt 8 FparAn (AN 4345 (Gamma) 58053 #i (Exponential)
e {H 43 4 (Extreme value) |2 $& 43 45 (Logistic) . IE 2% 43
Afii (Normal) F1 1 A% {H 53 Aii (GEV) X % iE 25 53 i
(Lognormal) . J&{ A7 /R 43 Fii (WeibulD) ) #8145 %] SP1 1 NSPI
P ARFAIE AR 18 (RS Py B R T 5 20 B e 4 v, e 2445 3]



% 6 3

H A% T GAMLSS #5581 18 i) 7 IR < 4 T S 0E4h 157

225 H I E A oA pRER
SPI 1 NSPI 4+ 5 7 B 31 2% 43 45 43 51 4 Gamma
FI Lognormal , 1 5~ Z1 B 1 %% 43 45 5 S % 800F & 49 A

(Lognormal) , 7+ H. Kolmogorov-Smirnov(K-S) i lli45
IRFH LXK 4 A0 A pRECER DL 0.05 (1) 5 35 P 7K OF- 3 1
T K-S it A i il SE (R 5) .

RS5 SPIFINSPITFEFEZTERRSH
Table S Optimal distribution of drought characteristic variables for SPI1 and NSPI

T 5 T BRRAE Uk 3 il e K-S ZiitfH

EIiE it EE - Yeit-ht G-t I (8 (e =0.01)
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NSPI o 0.1903
TRRpE Lognormal ©=0.3204,06=0.8226 0.0891
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Table 6 Copulas function fitting goodness evaluation

TE248%5  Copula %L S AIC RMSE
Gaussian 0.7388 —179.922 0.2084
t 0.7423 —181.041  0.2064
SPI Clayton 0.9193 —95.5235 0.4314
Frank 7.2010 —205.821  0.1667
Gumbel 2.1706 —188.767  0.1931
Gaussian 0.7513 —167.037  0.3041
t 0.7594 —165.786  0.3025
NSPI Clayton 1.1146 —100.957  0.4843
Frank 6.7692 —175.502  0.2865
Gumbel 2.2281 —179.015  0.2795
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Fig. 7 Comparison between empirical frequency and theoretical frequency of the optimal Copula function

X E Z R BA I BAA7E 200, % T
SPI T S48 B0 5™ ) T 2 F 4k, T 2 et
KHEAA, TR EBRE N 8.34, AW N 26 a /£
A% F NSPL R B H ) ™ T R 8 10 4
A TRMHEBEE R 8.04, I T 50 a, X FH
SPI I A T 33 Fl ™ 21 T 5 9 KBS .

4 it ig

P2 1 B T 5 808 R
B K S0 A TR TR 5 T ) 4 BR

AT Z 8 TARKAPER . BUA IR L, T
PEAB S B 4% G5 T 5298 b 505 95 A B 1 B 12 500 A B 35
BT TREM, T+ 238 8Os 5o
HET FE ) T 245 B X F iR T 24 EdE % E 2,
AR T — MR L T RMAE R T 2R
(NSPD , iZ46 B A B4 fafadt .

Je T BB ST I b P b R A 7 AR A2 B b
W8 (AO) Fdb K P P95 8 (NAO) 27, 6T
TE WP, Zhang Y 8 L A TR AL 50K
HHH(AOAEE VKR, X S5RATHIFREE R —



158

e o V3 S U/ T

%31 &

B, EARWEFE IR RO S48 R AR A
P A% AT RO T I T R KT B B R AR AT 7 AR
TEMRM AICHEGE 3., TRE-MESHS, HEE
fiE AT AR 5 A9 AR S T Z2 o0 0 A R 4L T B e A
fiE o JCRBR 2 KOt TR T 6 % 48 T 5 46 2K
HEAT WU H AT 3 T B A Mg T R
AL TR R B 3 A PR FE A% b 8 A2 A 1 I 30

A SPI |
8 b -
FRANK
. PX<x,Y<y)
% ]
B 6 r
[34 .
I 09 B
i &
4 s 1
e * — 08
) ‘ 2 o? 2 — e | 0.7
2 * l L. 0.6
1 \ ‘k&:. .‘—‘ — g%
o‘ '.: v '. ;
2 4 6 8
FERFE/A
10 F T T T T T -
* C NSPI
8 -
* GUMBEL i
®6r . PO ¥<y) 109 g
5 : =
T - &
4 . 0.8
L L]
L]
ANy
2 F1 19 e . - 0.6
. Lb“':" * v gg
Ae :
~. - 1 1 1 1
2 4 6 8 10

womxwpn 1T HH/A

1.0 0.9 0.8 0.7 0.6

JEEAMEER . PG FEA ST P FAT T NSPT
177 BB RIS IR AR 5 SPT 45 R AT
TR, WERAERFRY L NSPT XA 4 T 5 5B A
ARG B RSN L T T AL T AR O B ONSPT A
THE T R A E B & T SPL. Sarhadi 454 4
[ T R BRSO R 225 3 8 B R
AR BT EE R —EL

14 i T T T T T T
B SPI
2 T 1 100
FRANK
10 F N Return Period |
50
B, : <
®e
m- . 25 ®
F 6 s L
3 10
4 .
o @ 5
. .o.. .
2 '\.. °s 5
.
."Ix. .: 1 1 1 1 1
4 6 8 10 12
FERHE/A
14 DNSPI T
12 r FRANK
Return Period
10 .
. — 100
] <
" 8 . R
I 0 &
H 6 * i)
. 25
L]
L]
4 e ®o 10
%o, 5
2 %4”:0'
3 s (] 2
i T . .
5 10 15
TRFE/H

0.5

0.4 0.3 0.2 0.1

8 SPI(A,B)#1 NSPI(C,D) FEH AT EH S/ HMEEEL (A,C)MBESEUH(B,D)EFEL

Fig. 8 Contour plots of the joint distribution probabilities and joint return

period for the SPI and NSPI drought characterization variables
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