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Analysis of meteorological drought characteristics in the Lancang-Mekong River Basin based on multi-dimensional
Copula function//LI Qiongfang'”, FANG Kaiyue', HAN Xingye', ZOU Zhenhua®, CHEN Qihui', YIN Ruiqgi', LIN
Yongquan' (1. College of Hydrology and Water Resources, Hohai University , Nanjing 210098 , China ; 2. Yangtze Institute for
Conservation and Development, Hohai University, Nanjing 210098 , China; 3. Middle Changjiang River Bureau of Hydrology
and Water Resources Survey, Bureau of Hydrology of Changjiang Water Resources Commissiones, Wuhan 430012, China)
Abstract: In order to comprehensively unveil multidimensional meteorological drought characteristics of the Lancang-
Mekong River Basin under changing environments, the standard precipitation evapotranspiration index (SPEI) was used to
characterize meteorological drought in the basin. Drought events in the Lancang River and the upper, middle, and lower
reaches of the Mekong River during 1901-1960 and 1961-2021 were extracted based on the run theory, and two-dimensional
and three-dimensional drought characteristic variable joint distributions for different sub-basins in the two periods were
constructed using the Copula function. Through the calculation of the drought joint occurrence probabilities under different
combinations of characteristic variables, the spatio-temporal changes in multidimensional meteorological drought
characteristics in different sub-basins were compared and analyzed. The results show that in terms of time, the average
drought severity of each sub-basin during 1961-2021 was higher than that during 1901-1960, especially the joint occurrence
probabilities of extreme drought events (with univariate cumulative frequencies of 25% and 50% ) increased the most. In
terms of space, during 1961-2021, with the increases in drought duration, drought intensity, and drought peak intensity,
the area with the highest value of multi-dimensional drought joint occurrence probabilities in the “or” case shifted southward
from north, while in the “and” case, it shifted northward from south.
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Fig.1 Subbasin division of the Lancang-Mekong River Basin
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Table 1 Drought events and drought characteristic

variables in the Lancang-Mekong River Basin
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Table 2 K-S test results of drought characteristic variables fitting distributions for different periods
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Table 3 Optimal Copula functions under combination of different drought characteristic variables for different periods
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Fig.2 Comparison of theoretical and empirical frequencies of multidimensional drought characteristic variables

«55 -

e
(d) PR F il



URAIT B L

H . i

o P B
10+ . 10

|

90

N A N
T T
i ./"'""""""6:}‘-6"""""""

(i) Bsp ( 1901—19604F )

(j) Bsp (1901—19604F )

(k) Rgsp (1961—20214F ) (1) Rsp (1961—20214F )

3 AEAHUEZEAAT S TERAREBRELS

Fig.3 Two-dimensional drought joint occurrence probability distribution under combination of

different drought characteristic variables
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Table 4 Drought characteristic variables corresponding to

different cumulative frequencies
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Fig.4 Three-dimensional drought joint occurrence probability for different periods in “or” case
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Fig.5 Three-dimensional drought joint occurrence probability for different periods in “and” case

0.91.0.87.0.86.0. 88, P, 70 %4 0. 72.0. 72,
0.74.0. 77 ; 24§ 5 BBV RNy 50% i, BRI D |
S Pyt 4 A 3,75 F11.36 BF RIETTEL JHA
B bR R P 254 0.62.0.57.0.60,
0.62,P,,,53 14 0.36.0.39.0.37.0.39; 24 s i
SR AR 25% B, B D S P 4yl a7 H
7.65F0 1. 78 W, IR IT B VB AW BE B b R
P, 3 4 0.28.0.30.0.31.,0.32, P, % H
0.09.0.13.0.09.0.09,

pAAR b BEUR N 75% A8 AL &= 50% i, <57
TEOLT VLB =4 T R G K AEM RN R K,
“HEOT VAW T =48 T R 0A kAR
B R o i BBV H 50% 2262 25% I,
“CECEL R ST RS R AR R R K
P VB VLB AR N UR A T B T Ui, « EL” IS 00 F =4
TR R AR SR K a3 R YR 0 BT i
Vol B /N WE ok s U i = RS A RS ]
I, B RO T =T REG kA MR RS HX A
JemEERR, « BB T =4+ R85 & AR
EEIX A A5

4 # i

a. IF[E) [, 1961—2021 4E44 T BE4 T 548
JEIHE 1901—1960 4F B ™R | H: rh il o 1 5 0 4F
(PpAs R BRUIR N 25% 50% ) L 4T RIEA %
CRES o

b. ZS[H] I, 1961—2021 4, ffiZE T FAFE(E Y
B« BB 24T BRI AR R R e L X

.58 -

FIALm paFeRs < B2 1500 T 248+ FERG R AR
X H R R

SE Lk

(1] RS, a2, 5 A 5 UL 30K
G SE PRI RE] 1] . /KRR 2013 ,44(7) . 779-
790. (SONG Xiaomeng, ZHANG Jianyun, ZHAN
Chesheng, et al. Review for impacts of climate change and
human activities on water cycle[ J |. Journal of Hydraulic
Engineering,2013,44(7) :779-790. (in Chinese) )

[ 2] BRIET 2R 200, A, ek U AR A 1 5 X R 0
SrHTLY]. HeERERESERE 2022,37(2)  111-119. (CHEN
Yaning, LI Yupeng, LI Zhi,et al. Analysis of the impact of
global climate change on dryland areas|[ J]. Advances in
Earth Science,2022,37(2) :111-119. (in Chinese) )

[3] RET, T T8, 5. BRITH 19812020 45K
SCT R A RRAE A3 A7 [ ] J0 1 R4 2 4l (A SRR 2
fZ),2023,51(1):19. (WU Zhiyong, BAI Boyu, HE
Hai, et al. Temporal and spatial characteristics of
hydrological drought in the Pearl River Basin from 1981 to
2020 [ J ]. Journal of Hohai University ( Natural
Sciences) ,2023,51(1) :1-9. (in Chinese) )

[ 4] e, APk, R85, 5. A I IR s T
WK GRS AR Ty B2 [ 1] M AL A F 52 a0t e
2020,16 (5) :555-563. ( YUN Xiaobo, TANG Qiuhong,
XU Ximeng, et al. Impact of climate change on water
resource  cooperation between the upstream and

downstream of the Lancang-Mekong River Basin [ J].

Climate Change Research, 2020, 16 (5) : 555-563. (in

Chinese) )

(5] Jetf, s, £—n9. A AR BRI T 8 V0 V- A 2 100 it duk



[6]

(7]

[8]

(9]

[10]

[11]

[12

[

[13]

[14]

[15]

FEEE [J]. KB R,2022,33(5) : 766-779.
(LONG Di, HAN Zhongying, WANG Yiming. Projection
of future droughts across the Lancang-Mekong River under
a changing environment[ J ]. Advances in Water Science,
2022,33(5) :766-779. (in Chinese) )

TUONG V, HOANG T V,CHOU T Y, et al. Extreme
droughts change in the Mekong River Basin: a
multidisciplinary analysis based on satellite data [ J].
Water,2021,13(19) :2682.

DONG Zhiqiang, LIU Hui, BAIYINBAOLIGAO, et al.
Future projection of seasonal drought characteristics using
CMIP6 in the Lancang-Mekong River Basin[ J]. Journal of
Hydrology,2022,610:127815.

MA Mingwei, SONG Songbai, REN Liliang, et al.
drought  characteristics trivariate

Multivariate using

Gaussian and student-t copulas [ J ]. Hydrological
Processes,2013,27(8) :1175-1190.
SAGHAFIAN B, MEHDIKHANI H. Drought
characterization using a new copula-based trivariate
approach[ J ]. Natural Hazards,2014,72(3) :1391-1407.
FENG Kai, SU Xiaoling, SINGH V P, et al. Dynamic
evolution and frequency analysis of hydrological drought
from a three-dimensional perspective [ J ]. Journal of
Hydrology,2021,600 : 126675.

HU Zengyun, ZHOU Qiming, CHEN Xi, et al. Evaluation
of three global gridded precipitation data sets in central
Asia based on rain gauge observations [ J]. International
Journal of Climatology,2018,38(9) :3475-3493.

PUR = I SR AN &4 7R R TR OB W /AR LIV )
BTSR[], TR IX I 2011,34(6) :958-966. ( LIU
Bo, XIAO Ziniu.
datasets in Lancang-Mekong River Basin[ J]. Arid Land
Geography,2011,34(6) :958-966. (in Chinese) )

TART VLG AT 57 R 5F. CRU 7= &b 78 v [ KB 1 T
ST I 1] P A PEAS (0] K B B AR 4, 2021, 37
(2): 112-120. ( WEI Linyong, JIANG Shanhu, REN

Comparison of different precipitation

Liliang, et al. Utility assessment of CRU products for
temporality of drought events in China’ s mainland [ J].
Water Resources Protection,2021,37 (2):112-120. (in
Chinese) )

QUANG C N X, HOA H V, GIANG N N H, et al.
Assessment of meteorological drought in the Vietnamese
Mekong delta in period 1985-2018 [ C]//I0P Conference
Series: Earth and Environmental Science, Volume 652,
International Conference on Environment, Resources and
Earth Science. Ho Chi Minh City:10P Publishing,2021.
REEZ, DG, 2T 5 FimEn R E TRk
FRAEMHTL )] KBTI 47,2021 ,37 (2) :4348. SONG
Yuxin, MA Junxia, ZUO Qiting, et al. Analysis on

characteristics of dry-wet variation on multi-time scale in

[16]

[17]

[18]

[19]

[20]

(21]

[22]

(23]

(24]

[25]

Xinjiang[ J ]. Water Resources Protection,2021,37(2):
43-48. (in Chinese) )

LR B, SO Sh XT SR R 2 SR AR VR 43
Br[ 3. 7K %8 P AR 47, 2022, 38 (5) : 87-95. ( HONG
Siyang, CHENG Tao. Analysis on spatial-temporal
gathering characteristics of drought events in Beijing-
Tianjin-Hebei region [ J ]. Water Resources Protection,
2022,38(5) :87-95. (in Chinese) )

YANG Cuiping, TUO Yunfei, MA Jimin,et al. Spatial and
temporal evolution characteristics of drought in Yunnan
Province from 1969 to 2018 based on SPI/SPEI[ ] ].
Water, Air& Soil Pollution,2019,230(11) :269.
DRACUP J A, LEE K S, PAULSON JR E G. On the
definition of droughts [ J ]. Water Resources Research,
1980,16(2) :297-302.

HE Jun, YANG Xiaohua, LI Zhe, et al. Spatiotemporal
variations of meteorological droughts in China during
1961-2014; an investigation based on multi-threshold
identification| J ]. International Journal of Disaster Risk
Science ,2016,7(1) :63-76.

rhte N R A ] [ 5 o b M A B A i ), b [
FHRELE B B 2. AR T 555 90 GB/T 20481—
2017[S]. dbat. T EARE S AL, 2017.

JAE R, a4 B A5 T ROKOK IR T B 48 80
R T EW0R S3 Ar b v FI [T, KR %248, 2014,45
(9): 1038-1047. ( ZHOU Yuliang, ZHOU Ping, JIN
Juliang et al. Establishment of hydrological drought index
based on sources of regional water supply and its
application to drought frequency analysis for Kunming
[J]. Journal of Hydraulic Engineering, 2014,45 (9) .
1038-1047. (in Chinese) )

TR R 7K U A Lo TR R A T AR 5 K R R
SIS T ST 45 [ R/OL]. R /K eI A 1A Bt
F£ (2021-05-08) [ 2023-04-19 7. http://cn. Imcwater.
events/

org. cn/cooperative _ achievements/major _

characteristics _ streamflow/report/202105/120210508 _
35564. html.

SALVADORI G, DE MICHELE C. Multivariate real-time
assessment of droughts via copula-based multi-site hazard
trajectories and fans[ J]. Journal of Hydrology,2015,526:
101-115.

TOSUNOGLU F, CAN 1. Application of Copulas for
regional bivariate frequency analysis of meteorological
droughts in Turkey [ J]. Natural Hazards,2016,82(3) .
1457-14717.

KOJADINOVIC 1, YAN Jun.
distributions with continuous margins using the Copula R
package[ J]. Journal of Statistical Software,2010,34(9) .
1-20.

Modeling multivariate

(YR H1.2023 -04-19  Zih . Jitioll)

.59 .



