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Fig. 1 Schematic diagram of the Lancang-Mekong River basin
(LMRB)
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Fig. 2 The variation of SPI-3 in upstream (a) and downstream (b) from 1982 to 2016 in the LMRB

(C)1994-2020 China Academic Journal Electronic Publishing House. All rights reserved.  http://www.cnki.net



www.climatechange.cn

530 e, A AMRAS AT A DL T K BT IR AT R 559

Il SPI-3

ki SPI-3
e AKIRARERYITR (SPI-3 <—1) WURHY], #aRIRARERY]
U (SPI-3 =>1) MY, X il TR 22 S 4.
Bl 3 1982—2016 (MRS L T SPI-3 I A =5 A5 (1)
RPEEZ
Fig. 3 Level curve of the joint probability distribution of the

SPI-3 in upstream and downstream from 1982 to 2016 in the
LMRB (The red frame area indicates the concurrent drought,
the blue frame area indicates the concurrent wet, the green area
indicates the uneven water resource period)

25 1 R BGE 1T Copula PR BGERE TG E —4E2S Al R 1
BRATRIF, 1982—2016 4F b T b X 18 38 [7] 1+
FAIRER T 5.9% , 1E 8 [A] VR BER A 3.7%;
TR ZE A BLER A 9.6%, AT WLk
IR TR EREKR, AARRENEER D,

2.2 JREREARRRBEHETK

GCM & 7 i il A ok <0 A8 A 11 5 25,
EH K EMRE T AR GCM 18 {H# I8 i 18 1 45
e A B2 2t ik, 1982—2010 4 [a] 1
PRI N 5 Feh s XA 0L I R B8 15 1 s P i A A
KA 061 ULk, FHHEKRIREREE
=32 ~ 163 mm Z i) (FHAHRZE 6% LA ), ZI
H AT A AR, DRl ml s G D £ T D U
RSk BRI, X SR st —k.

RCP4.5 5 RCP8.5 i F i 5t T 1Y 5 4~ GCM
P R S B P R B R 22 B, 5 1982—2016 4F
B9 5 s AE B, 2021—2090 4F 3 sk 4R 1 H Bk
IS {2 —0.141 ~ 0.495 mm (—2% ~ 7%),

(C)1994-2020 China Academic Journal Electronic Publishing House. All rights reserved.

VLG S s B SPI-3 43 A R AIE A 2 of, o1 Y
1, 2021—2090 4F- [ SPI-3 A5 fb. 3k 711, 45 5
WE 4 B . AR IR A Y SPI-3 S B3 fin
k. Ho RSk SPI-3 A (L2 0.041 ~ 0.053
(10a)", 55 SrHH B fba S s TR
B A SPI-3 A8 L4 0.026 ~ 0.037 (10 a) ',
515 s N AR e 2, (R R R
XN, B, ks e
WAg K, 3 SPI-3 WyB-R = bbbk,

b, ABFFELL D S0 I I [R] K R A il
P AR IR 5 AL ] (2021—2055 4F) S
(2056—2090 4F) PA-BEBE, 4r BIPERG T 54
GCM fEATRE S T SPI-3 R I R E _ERV AR b
e, HEERWE S Pron, (EARKIEH, RCP45 1
2T 80% M 5 RCPS.5 1 & T &b i1y
2% TR (e S B0 AR R A A, e AR SR,
PG St T IH 60% MR BT 8 i 2 B0 A
B, BEMS, 2021—2090 4 JE 0
Pk B AR S PR S S, B s R M R A 12,
[ RCP4.5 15 56 T 80% Ay 1% 45 B 26 B SR ok i
BB W T = AN X 2B A TR, RBAR
f£ RCP8.5 15 5t T I A 40% e B ks =X 52 B AH ]

e 2021—2090 4E SPI AfyE P

— 2021—2090 4£ SPI ¥ - - R
(a) i RCP4.5 1% 5
T T T T T T
2 -
o
B 0F
w
_2 ﬁl 1 1 1 1 1
(b) kif7 RCP8.5 5+
T T T T T T
2 -
o
= O0f
wn
72 7I 1 1 1 1 1
(c) Tl RCP4.5 15t
T T T T
o2
& Or
wn
_2 _I 1 1 | 1 1
(d) Fiif RCP8.5 i 5
| T T T T T
2+ ‘
o
= OF
wn
_2 _\ 1 1 1 1 1 1 1 1 1 1 1 | 1 1
2020 2030 2040 2050 2060 2070 2080 2090 4F-

El 4 2021—2090 4R Nl SPI-3 FYAE fig 3
Fig. 4 SPI-3 of upstream and downstream from 2021 to 2090 in
the LMRB

http://www.cnki.net



% & B B 5 ¥ E

560

R 7 I A

www.climatechange.cn

J& 2020 4F

(a) JTH (2021—2055 4 )

(b) L (2056—2090 4 )

GFDL- HadGEM2-
ESM2M ES

IPSL- MIROC- NorESMI-
CMS5A-LR ESM-CHEM M

GFDL-
ESM2M

ANNLAT

RCP4.5 RCP4.5
k k \ \ X K X k E X} SPI-3 5L /(10 )"
0.12
RCPS.5 RCPS.5

0.08

0.04

HadGEM2-
ES

IPSL- MIROC- NorESMl
CMS5A-LR ESM-CHEM

—0.04

—0.08

Bl 5 AAIE L RIS SPI-3 A& L35 4
Fig. 5 Distribution of SPI-3 change rate in the LMRB based on GCMs

FI75 T, 10 RCP4.5 15 5o/t B 4% 00 B 911
mma,l%mﬁﬁ&m:ﬁW%Eﬁi%@%
T I 2 et P 2 JRURG:

1 B r T 2021—2090 4F (Al M JE w3 - T
e R T 5 R 5 15 25 S 6 0 (4
UL RO b I sE AR S A AR A S fE, RCP4S
RCP8.5 1 St R B 45 45—, H o RCP4.5
TFERLAT 2Ry [R]85 52 55 () S0 008 0 W 38 MR IS T

T 11 P R 232 U PR e B8 B s T b T O IR 2 S A
F HH PR A 5 e O A b

M fE RCP8.5 1& 5 T, i U8 i 38 18 E T il
[i] $1 52 11~ O 4 23 AT BT 6.1% P M1 213 19
[ 3.8% ;1 36 [ 4 5 17 1) 21 259 M =5 AAAIE 4 7.4%
HOMELE ] 11.1%;s b T ETEZ SRR
MGIE I 4.9% 725 R 5.5%, 505 B IFEEL, Kok
{58 JFE S S8 a0 ) 3 T SR O M R S AR T D e b &

RCP8.5, iX /&K & RCP4.5 {43 T 2k R E S 5 (4.1%), BEJaEIR /2 —35.3%; 8 [E
Wmfﬁﬁmmma FERIE B PRk TR 5 BIEAREESR B Rk 1 b T TS 25 e

i P RN 2 PR RO BCR 24D T RCPS.S 5 T

fE RCP4.5 i 52 T, Ylﬂ?JY}Eb’FLiEJZLﬁJ:T%IE
BT B R P SO BE R T TR 5.5% P AR 2 G 391 1
3.8%; 1 18 [ 391 7L 1 ) P S RE = AT 3] 7.1% 4

Fr B 2 A2 5 I B A5 oL
BUAME, S5 ERAHEL, AR TE

I AE RCP4.5 5 RCP8.5 (15 5 T~ B A #H LK

AT, Bl T[] 1 T R 2 A 08 T R K

(e KB F] 199.5%), 18 & HH - 52 0 2 0| 72
B> (F/NAF] —35.9%), miEisETinER
it 301 PO W =R AE B A B B Y R R R 2D (—53.1% ~

INENE I 11.0%; b il 18 22 5 0 P S B
UCH] 4.5% 284 5.3%, 50 LIRHIAREL, R RTH
R RS 3 (R 9) T B A BE =B Wi s /b s i i [R] 39

1 {RVRTE L TR S A R R R T2 D g
Table 1 Probability of concurrent drought, concurrent wet and uneven water resource period between the upstream and downstream

of the LMRB in the near and far future periods y
0

RCP4.5 iF 1 RCP4.5 73t RCP8.5 it RCP8.5 it
A R R FEER R REH FREER B REH FREER FHl REH FREES
TR EE Ft 440 TR EE it 41 FE B k41 FE B k41
5 Pz R 5.5 7.1 45 38 110 5.3 6.1 7.4 49 38 111 5.5
FEAFAE L 7.1 92.4 —53.1 —359 1962 —45.0 41 1005 —49.4 —353  199.5 —42.5

(C)1994-2020 China Academic Journal Electronic Publishing House. All rights reserved.  http://www.cnki.net



www.climatechange.cn

530 B, S AURAS AT DR LT i K BT DR A TR I R 561

—42.5%) ., X ¢ WA oK 1R O O 4 o 4 St 5
FORRIRESF SRR, T A R T R
TR R A BT AR, [T b O T8 22 S 0
H IR B gL, PRI T BTk SR A fE S
TR — L JRFT

3 i #

(R i 3o A b e SRS S R 2 —,
AR T A4 T T O R T = F e X 25 3 ) 2 3
P B TE . kAR RS BRI R
BB, BT e R AR I B R R L S R
TRV, BUA MR, e AL T T i
A Pk SN, AE T O = A It DX T A ™
BT R AT B TR LT
[ENEE: R RS ORI Sl b S G e DR
D IR L T e T () ST 9] RO =5 S i 384
1fi 3 [ ] 5 5 T i TR 2 e R B R A
FIisiob o 3 Tk 6 AR R TR O Jg 3 b T 40 T A9 7k B
PRI N “hok ™ Bl “ZK™, XA BLA R
IRE ISR R 22 22 5 & VR P AR DRI o, 75 %2
ERERE, ASCRHANERELRARRES (SPD) R
8 T ARAFEAR MO RIS TR AR DAY 2, R
B RO MR IR A R PRI, o
LR R KR IRATEWIIR AT A, R,
RAAN B IEE 2 R LR UMEREB L5 A PR AL TR 8
IS AR

B 5 7R P I3 (X 22 T Y S e, TR TR 300 7K
TR A SR RN TN, AN AR R AR R X
M REIR SR R 2R R, Aok BT
i S [T BB ERAIPEAR, R AR T 2T
S AR AR, IR I = AN DX A
IR LR IR TR AR G B B, HL R I0I8
{PEIHEE =5 1) DR e P2 8 K 2 R S v A AU
SO T = N L, AR A, JF
R AR N KR S IR AT A 2 A kR
RIS T i R A Y, BT T
{0 72 S ORI, mT RE &3 2 M Jg 3 P Kk I
i et AT AR b T R B R BE AT o B A

(C)1994-2020 China Academic Journal Electronic Publishing House. All rights reserved.

P, ARSI ES BK SRR EE 5 A1

FEARWAR LR SR, AP B
e I K 2 A A 46 B R IF DR A B XK B IR B S
A E, WAr RS R g ] RE R 2, vh ] 24
TR e 5 ok S A TR D0 I 0 1 S 0 0 e R TR UK R
Tt T IRBOKFIRRERE S, FF8GE T 4 i
K IR 25 0 A AN 2 I o B, (R SR K g
IR Tk A DRSS Ay 58 908 (8 3 1k 55 = T B A R
TR, TN E KA S B £ Ak R
TR A 1 T SN 5 ] 22 7 P B AR K 4 TR B R B
XA K W55 K o B AR R A K TR R
A B TR N O L 85 0 WU KPR, S THR
g oy o 55 9 T HE

4 4% i

AN B ARAEI BTk i %4 SPT 5 Copula R,
Sy AT T o s I B O s b O 0 (R T R/
IR UL e 5 22 Se it A H B =, R TR0
BREER, PRAG T HARZ L,

(1) 7 i (1982—2016 4F) 1 I8 i 48 |
T U R T R AIEEE A 5.9%, T [R]HVEE
HIBESRE A 3.7%, BAR G A&VER DIy BT
72 ST tHBLER A 9.6%,

(2) 55 I (1982—2016 4F) #HLL, *
Sk (2021—2090 4 ) {38 /E RCP4.5 5
RCP8.5 15t T AL ks, Ap. #EisFE
SO 8. ] PO MR 2 AR 08 T MG K (e Kk F 199.5%),
T8 58 [R] 1 5 A E R 0 R R > (B ik
£ —35.9%), i 152 S RS AR BT A
it B 35 Mg b (—53.1% ~ —42.5%), Xk
K TR T8 s 358 a8 2 UG IR 5 2 P M 3R S5 K
B, i A T R RIS A A R
[ BT I 22 S I B A L, A
FITF L AR TR A VR e gt — 20 e r .

SE

(1 (AR B  IETL — U8 23 7K SCREAE X BT [7]. 23 B ML BR BRBERIF T
1995, 7 (1): 58-74. He D M. Analysis of hydrological characteristics of

http://www.cnki.net



% & B B 5 ¥ E

562 Ao A e o 5 i R

www.climatechange.cn

2020 4

the Lancang-Mekong River basin [J]. Yunnan Geography Environment
Research, 1995, 7 (1): 58-74 (in Chinese)

[2] Shimizu K, Masumoto T, Pham T H. Factors impacting yields in rain-
fed paddies of the lower Mekong River basin [J]. Paddy and Water
Environment, 2006, 4 (3): 145-151

[3] Rees H G, Collins D N. Regional differences in response of flow in
glacier-fed Himalayan rivers to climatic warming [J]. Hydrological
Processes, 2006, 20 (10): 2157-2169

[4] Hoang L P, Lauri H, Kummu M, et al. Mekong River flow and
hydrological extremes under climate change [J]. Hydrology and Earth
System Sciences, 2016, 20 (7): 3027-3041

[5] Kiem A S, Ishidaira H, Hapuarachchi H P, ef al/. Future
hydroclimatology of the Mekong River basin simulated using the
high-resolution Japan Meteorological Agency (JMA) AGCM [J].
Hydrological Processes, 2008, 22 (9): 1382-1394

[6] Thilakarathne M, Sridhar V. Characterization of future drought
conditions in the Lower Mekong River basin [J]. Weather and Climate
Extremes, 2017, 17: 47-58

(7] Fkihy , 254, S ATa], 5 . 35 e ST IR AR 1 K He 2 52
HERE [J]. BeEilR , 2019, 64: 2807-2821. Tang Q H, Lan C, Sun F G,
et al. Streamflow change on the Qinghai-Tibet Plateau and its impacts
[J]. Chinese Science Bulletin, 2019, 64: 2807-2821

(8] HMkig, XIRA, AR , % . < WK > A8 4% T K 7% I
SEE R 3], H ERR BB, 2019, 34 (11): 1306-1312. Tang Q
H, Liu X C, Zhou Y'Y, et al. Cascading impacts of Asian water tower
change on downstream water systems [J]. Bulletin of Chinese Academy
of Sciences, 2019, 34 (11): 1306-1312 (in Chinese)

[9] Meyfroidt L P. Global land use change, economic globalization, and
the looming land scarcity [J]. Proceedings of the National Academy of
Sciences of the United States of America, 2011, 108 (9): 3465-3472

[10] Huntington T G. Evidence for intensification of the global water cycle:
review and synthesis [J]. Journal of Hydrology, 2006, 319 (1-4): 0-95

[11] Milly P C D, Wetherald R T, Dunne K A, et al. Increasing risk of great
floods in a changing climate [J]. Nature, 2002, 415 (6871): 514-517

[12] HFkit . A ERAS ok 0% Bl db ok 9638 5 4 B As 1L (0], ob = 7
2F 0 M ER FE 2%, 2020, 50 (3): 436-438. Tang Q H. Global change
hydrology: terrestrial water cycle and global change [J]. Scientia Sinica
Terrae, 2020, 50 (3): 436-438 (in Chinese)

[13] Dai A G. Increasing drought under global warming in observations and
models [J]. Nature Climate Change, 2012, 3 (1): 52-58

[14] EH5E, KAE, B, & B 5 NIRRT stk i ik k
HEWFIE (1] KA LT | 2019, 15 (1): 27-36. Wang S X,
Zhang L P, Li Y, et al. Extreme flood in the Lancang River basin under
climate change [J]. Climate Change Research, 2019, 15 (1): 27-36 (in
Chinese)

[1S] sk , M 74 . RT3 1951—2008 45U fi 2% L0 2010—2099
AEANTRE ST BB 5 R o T (], AR AL RF Sk J L 2010, 6
(3): 170-174. Liu B, Xiao Z N. Observed (1951—2008) and projected
(2010—2099) climate change in the Lancang River basin [J]. Climate
Change Research, 2010, 6 (3): 170-174 (in Chinese)

[16] Long D, Scanlon B R, Longuevergne L, et al. GRACE satellite

(C)1994-2020 China Academic Journal Electronic Publishing House. All rights reserved.

monitoring of large depletion in water storage in response to the 2011
drought in Texas [J]. Geophysical Research Letters, 2013, 40 (13):
3395-3401

[17] Munia H, Guillaume J H A, Mirumachi N, ez al. Water stress in global
transboundary river basins: significance of upstream water use on
downstream stress [J]. Environmental Research Letters, 2016, 11 (1):
014002

(18] far KB, SR M. IRIBIL — D TSR Sk R 5k R IRk %
B AFHEFIE (1], P E R4, 1996 (3): 200-206. He D M, Zhang
J Z. Research on the sustainable development of the Lancang-Mekong
River basin and the multi-objective utilization of water resources [J].
China Science Foundation, 1996 (3): 200-206 (in Chinese)

[19] Pech S, Sunada K. Population growth and natural-resources pressures
in the Mekong River basin [J]. AMBIO: A Journal of the Human
Environment, 2008, 37 (3): 219-224

[20] Sheffield J, Wood E F, Roderick M L. Little change in global drought
over the past 60 years [J]. Nature, 2012, 491 (7424): 435-438

[21] Sheffield J, Goteti G, Wood E F. Development of a 50-year high-
resolution global dataset of meteorological forcings for land surface
modeling [J]. Journal of Climate, 2006, 19 (13): 3088-3111

[22] MRC (Mekong River Commission). Hydrometeorological database
of the Mekong River commission [R]. Vientiane, Lao PDR: Mekong
River Commission, 2011

[23] McKee T B, Doesken N J, Kleist J. The relationship of drought frequency
and duration to time scales [J]. American Meteorological Society, 1993:
179-183

[24] Wu H, Svoboda M D, Hayes M J, et al. Appropriate application of the
standardized precipitation index in arid locations and dry seasons [J].
International Journal of Climatology, 2010, 27 (1): 65-79

[25] Wilks D S. Interannual variability and extreme-value characteristics
of several stochastic daily precipitation models [J]. Agricultural and
Forest Meteorology, 1999, 93 (3): 153-169

[26] Nelsen R B. An introduction to Copulas (Springer series in statistics)
[M]. New York, USA: Springer, 2006

[27] Huard D, Evin G, Favre A C. Bayesian copula selection [J].
Computational Statistics & Data Analysis, 2006, 51 (2): 809-822

[28] Qu X, Huang G, Zhou W. Consistent responses of East Asian summer
mean rainfall to global warming in CMIP5 simulations [J]. Theoretical
and Applied Climatology, 2014, 117 (1-2): 123-131

[29] Thompson J R, Green A J, Kingston D G. Potential evapotranspiration-
related uncertainty in climate change impacts on river flow: an
assessment for the Mekong River basin [J]. Journal of Hydrology,
2014, 510: 259-279

[30] Frieler K, Lange S, Piontek F, ez al. Assessing the impacts of 1.5 C global
warming: simulation protocol of the Inter-Sectoral Impact Model
Intercomparison Project (ISIMIP2b) [J]. Geoscientific Model
Development, 2017, 12: 4321-4345

[31] Hamed K H, Rao A R. A modified Mann-Kendall trend test for
autocorrelated data [J]. Journal of Hydrology, 1998

[32] milk , 507 [, 5k & , . 5l CMIPS 4 400 B ok B 38 75 v [
P& FHPE BF i (0] 7k - SRR 5E , 2017, 24 (6). Gao F, Cai WY,

http://www.cnki.net



www.climatechange.cn

5 e, A AURAS AT IR LT i K BT IR A TR I RS 563

Zhang Y H, et al. Evaluation on the applicability of 5 kinds of CMIP5
simulated precipitation data in China [J]. Research of Soil and Water
Conservation, 2017, 24 (6) (in Chinese)

[33] BRIEJR , B3, UFS2ilE , 25, CMIPS 4 R A58 20 v ] b X P4
AKHALLTRE 7 I BFAf (7). AR ITE & , 2014, 10 (3): 217-225.
Chen X C, Xu Y, Xu C H, et al. Assessment of precipitation simulations
in China by CMIP5 multi-models [J]. Advances in Climate Change
Research, 2014, 10 (3): 217-225 (in Chinese)

[34] IPCC. Climate change 2014: impacts, adaptation, and vulnerability [M].
Cambridge: Cambridge University Press, 2014: 1132

[35] IFAD (International Fund for Agricultural Development), Cambodia

country strategic opportunities programmer 2013—2018 [R]. Rome,
Italy: IFAD, 2018

[36] Smajgl A, Toan T Q, Nhan D K, et al. Responding to rising sea levels
in the Mekong Delta [J]. Nature Climate Change, 2015

[37] Valbo-Jergensen J, Coates D, Hortle K. Chapter 8: fish diversity in the
Mekong River basin [J]. The Mekong, 2009: 161-196

[38] Lu X X, Li S, Kummu M, et al. Observed changes in the water flow
at Chiang Saen in the lower Mekong: impacts of Chinese dams? [J].
Quaternary International, 2014, 336: 145-157

[39] Cronin R. Mekong dams and the perils of peace [J]. Survival, 2009, 51
(6): 147-160

Environmental and Climate Change Assessment. Prepared for IFAD’s

Impact of climate change on water resource cooperation between the

upstream and downstream of the Lancang-Mekong River basin
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Abstract: The Lancang-Mekong River basin flows southward across 25 degree of latitude with large climatic
variations between the upstream and downstream. The concurrent drought and wet events will affect the water
resources cooperation potential between upstream and downstream countries. Based on the Princeton precipitation
dataset and global climate model data, the standardized precipitation index and Copula function were used to
investigate the impacts of climate change on concurrent drought, concurrent wet and concurrence of different dry
and wet conditions during the historical period (1982—2016) and future period (2021—2090) in the upstream and
downstream of the Lancang-Mekong River basin. The results showed that compared with the historical period, the
Lancang-Mekong River basin shows the similar change trend under the scenarios of RCP4.5 and RCP8.5 in the
future period: the probability of concurrent wet will gradually increase (maximum 199.5%), and the probability
of concurrent drought will gradually decrease (minimum —35.9%), and the probability of uneven water resource
situation will greatly reduce in all periods (—53.1% — —42.5%). The results indicate that water resources
cooperation between the upstream and the downstream of the Lancang-Mekong River basin may be adversely
affected by climate change, and there is an urgent need for adaptation strategy to address water resources
cooperation in the Lancang-Mekong River basin.

Keywords: Transboundary river; Climate change; Lancang-Mekong River basin (LMRB); Copula function
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