2021 %3 A
Mar. 2021

REBRHE K 241

Journal of Irrigation and Drainage

%405 %34
No.3 Vol.40

YEHRS: 1672 -3317 (2021) 03-0134 - 08

E T Copula EREIHIFATE

% 2,

BRH, &

#
(LA RAFH K F KA AT

ALK S IR 4

%;

LORANEY, Rt

RFIE, %G #x 7121005

2.AFEF AGRAKANHZHARIE, “FF245 010051)

7§ ZE: [86)] AT Copula HE R FEILABAT KT FMESA. [FiE] ARTEREERAH B REKLF
FEAGHTAIE, FIiTaRAOARE, ®4F 6 AF RS HHHIMES T EHIETE, ¥4 Kolmogorov-Smirnov #:
Wkt E T FALSAH; I 3FF Copula B PR EHHAMA, 23T FFRHAAE—ERENH, FitEFHS
SAEEAE A, BARNF4TE T %k, 8 AT Copula T F5F 69 T4 2 [ 45 % 1ag 447 £ IR p=0.1 4= t=5,

ABTFHE AN 81~105 d; MK EXSH R Kb, KEEFD RESTZFHNORRALSH, REAEE
FF A2 E RS & F; Frank Copula A A3 T F ZFIKAS A O RERE, AB X SH T FH T AR RAT 20 a;

ERATAIA 202 69584 T, K. e, BDREMRERMN 4 ADAKRIE SRR TRITGTER LB R KO TH

o [

510

FhE 4SS P333 SCRRERESRD : A

#5161 Copula & 3 AE B EIT M SR LITABAK L T FHELTEMNHRES)H, BEFELRAT LA,
X 8 i7: RLFE; Copula Fi; FEFHaRL; BRITARK 3
doi: 10.13522/j.cnki.ggps.2020330

OSID:

BERME, S S, % ET Copula BEMMILTREBUKIFRMR S ERHIKFR, 2021, 40(3): 134-141.
LIAO Xianwei, GAO Feng, WEI Ting, et al. Using Copula Method to Analyze Drought Frequency in Songhua River Basin

[J]. Journal of Irrigation and Drainage, 2021, 40(3): 134-141.
035l 8§

[ 7 XY T 5= — P K BB kA
AT K RN, B 2R DK, S
1A, B XK TSR B, SRT R,
ZRJbHX 1960—2000 - FIK F ok FER A 1 498 14
kg, ELHEZURIRA 1585 12700, ZRAbHEX 2 B E
R A=Ak, o [ R B e Al A ORBEAE . A
AR N BRI HISCL, TR AR LR IX R AR B 4L
SMAEFTT. Bk, WFAAATRT LI 52 v
SFR A A P AR A AR B R 3

(7t el RERRE2K TR ARRT
B KT R AR TR A S g5 TR 4R,
BT BOMIAET LR T 2 A L2 EH TRR T 5,
MK SCT 5 A 2 Bl K ST 52 i) )1 |42 i it
TKBHEA B SRR, HETAREML TR,
IKCFRIRAEEINE 2, TREEHER, 5 RE™
O, Wy A BIA A Ko L E B H AT

UskS HEA: 2020-06-19

HEEWR: EXEARREIESTE (41501022); B RHL HEA 7 U5 &
BIT (2017FY100904); Ao mife ARV S5 1 H (2452020167
1EH T BEM (1998, Z. WiLwsd, FENFKLTRIFHR.
E-mail: 1070928072@qqg.com

BEEE: A/ (1983-), 2, @IFEEE, W+, FENFHKSEH I
fIE 5T, E-mail: xiaoyansong@nwsuaf.edu.cn

134

T ELAIF 5 (R B 5UR0 M £ . Copula B8 0] 50 fRAL 48 248
M R BB SR A — KA B IR T, s
¥ Achimedean Copula pF #5i 5 [RI F4i 7 B, FH 625
ShRAE, )2 R F AL, [N S T8
FRIEP PR AR KR, IREEAR, ETRAFS
FE IR (I B o3 A AT AE 2 38 AR e e, X Gtk
IR B AR T EOAHbER M. Copula B3 B C
E B AN IR K SCF A0 43 #r o BUAS R 4 IR A
HR, EHFTT Copula B8 AN 2 TERE 7t AR
TER o LA ) B e ] A SO BURA FE T 35k
K PR WA/RIERIEARNTT 4 N/KSCH A 1960—
2015 M H PR, SR AR BE IR AT
WEHRETR, Ui, 65 E oK
SCRFIHEE TR m A AR, FEECE RS . 5
AR W HEEZS S 6 P A ok 240, & P+ 4
TEAS B HIL 2 A, (E SRR BRI Copula BR3H
YT R R S S0 AR RO T S L, X
S AT A 2 R

1 MRI57EE

1.1 HAREXER
FATEYLIR A T [ A b3, Hra dbmide, Jbig



BER 5.

HT Copula b5 £ FAFETLIRUSAK SO S0 0 A

WL, BN S RAETL, Jidk A A 55.68 5 kmZ
AR 762 42 m3ydsch Ab b iy 22 S E X,
KBRS ARSI R, AFEAEK, EELHA
ZW, BFETHREZNRN, KFRE, FNRERKR, £
PR IRAE 3~5 CZ I, MIREZ AP KE—
MAE 500 mm A4, #HUH 6—9 AMMEKE SHEFE
60%~80%, 4= 12—R4F 2 H IR K BN A FR)
5%/ Ao HHTAAETL IR 3 B LUK S RGN 3
R RN A, PR AR A e B B R
ZEATRHIE

ASCIREUHT 7T X P Rl (I TIC ANAA TV T
). PR G A TETLIC A RA PRI 42 il
U PR/RVES, CRATEVL T3 Hh s it ) AIEEA T
Ui AEYL TR FUfEdll) 4 NKSCuh &S 1960—
2015 4 H i .
1.2 ARFG*E
1.2.1 A F 5T T BE AR AT F 5 it 4= 20 B

DL 4 AN7K SCk 25 H AP s o s, 56
BT 30 d W B Fi E— R T Hh 2656 80 N E 4
SRR AT A BB AR BTS2 P i R 2 T i ik
H, VERRRE—RAEA 1 DARRBEAKT, X
JrE O T2 8K X, YRR T
HES, WWATH, FREONKATEIN; KT BI{E
(P BRK BT R0 LRI 2 AR HAY

13
1 . ___s—
=
9 o t:
2 ' o2
m —o—3
& 4
5 s
3 —=—6
] =——= g g—3
0 0.1 0.2 0.3

Pe
B 1 o RIE T30 o SOR i &

Fig.1 Drought duration sensitivity curve of Harbin Station
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Table 1 Copulas function and parameter value range
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Table 2 Statistical characteristics of hydrological drought duration and severity

i B GUTHRHIE Fistid ML m? il GUIHRHIE Pimfid UM m
Max 372 99.62 Max 584 134.33
Qs 145 22.04 Qs 104 21.18
Mean 105 15.7 Mean 81 17.45
KAk A& IR TR
Me 77 9.86 Me 62 10.91
Q1 45 4.29 Q: 37 5.53
Min 3 0.005 1 Min 12 0.27
8 GeitREAE pid 2RI, m? w5 GiiHREE Pt/ ZUREIZ, m?
Max 414 53.33 Max 466 216.16
Qs 118 12.18 Qs 123 44.95
Mean 89 8.52 Mean 97 33.68
R FEAR Hrik
Me 59 5.01 Me 69 22.72
Q1 27 1.97 Q 43 9.61
Min 2 0.051 Min 2 0.014
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Fig.3 Annual water shortage and runoff of 4 hydrological stations
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Table 3 Correlation coefficient between drought

duration and drought severity

il Kendall Spearman p Pearson y
Kk 0.455 0.638 0.563
R 0.529 0.700 0.561

W IR I 0.516 0.706 0.658
FEA 0.494 0.724 0.685
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Table 4 Goodness-of-fit test and selection of marginal

distribution models in hydrological drought
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Table 5 Copulas function fitting goodness evaluation

PR Copula Function AIC RMSE

Gumbel -1391 0.022

Kk Clayton -1351 0.025
Frank* -1 446* 0.018*

Gumbel -1 469 0.033

FRAR U Clayton -1 556 0.027
Frank* -1579* 0.025*

Gumbel -1708 0.025

I IR Clayton -1 755 0.230
Frank* -1 834* 0.019*

Gumbel -1518 0.210

Ak Clayton -1290 0.038
Frank8* -1571* 0.018*
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Using Copula Method to Analyze Drought Frequency in Songhua River Basin

LIAO Xianwei', GAO Feng?, WEI Ting*, SONG Xiaoyan'", SONG Songbai*
(1. College of Water Resources and Architectural Engineering, Northwest A&F University, Yangling 712100, China
2. Inner Mongolia Water Conservancy Research Institute, Hohhot 010051, China)

Abstract: [Background] Drought could significantly impact hydrological processes and water resources, and
understanding frequency and uncertainty of drought occurrence is hence imperative to water resources planning. The
copula method has emerged as an improved multivariate analysis over the univariate analysis for quantitative
analysis of drought. [ Objective] This paper is to present the results of the frequency and severity of droughts in
Songhua river basin calculated using the copula multivariate method. [ Method] The analysis was based on archived
data, and duration and severity of the pooled daily drought events were identified using the variable threshold level
method. The drought index variables were fitted by six common distribution functions respectively, and they were
then evaluated using the Kolmogorov Smirnov test method. Optimal model selected from three Copula functions
was used to establish a two-dimensional joint distribution for the drought index variables, from which we calculated
the joint distribution probability as well as the return period. The uncertainty of the drought was analyzed using the
Monte Carlo method. [Result] With the pooling criteria set to be p.=0.1 and t.=5, the average drought duration was
81~105 days in the basin. The lognormal distribution can adequately describe the marginal distribution of the
drought duration in Dalai, Fuyu and Harbin stations in the basin, despite the differences in optimal distribution of the
drought severity between them. The Frank copula was the best model for the two-dimensional joint distribution of
the drought, and the return periods of the droughts were less than 20 years. When the return period was 20 years, the
maximum design values for Dalai, Fuyu, Harbin and Jiamusi hydrological stations were most uncertain. [Conclusion]
The copula multivariate model can adequately describe the joint distribution of the drought index variables in
Songhua river basin, and its application should consider drought uncertainty.

Key words: hydrological drought; Copula function; pooling of drought events; Songhua river basin
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