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Fig. 1 Location information on the Lancang- Mekong River basin
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Table 1 Information on major gauging stations on the mainstem of the Lancang- Mekong River
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Table 2 Major parameters of the CREST-Snow model including values of their lower and upper bounds
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Table 3 Performance metrics of natural runoff simulations at daily and monthly scales for four gauging stations

H R H R
7K 3Ll B 24 B
Eys Cq Dy E s Ce Dy
EC-Earth3 0.27 0.92 -0.33 0.23 0.93 -0.33
INM-CM5-0 0.54 0.85 -0.28 0.55 0.88 -0.28
it MIROC6 0.54 0.96 -0.32 0.54 0.97 -0.32
MPI-ESM1-2-HR 0.85 0.96 -0.13 0.85 0.97 -0.13
NorESM2- MM 0.42 0.88 -0.32 0.41 0.90 -0.32
EC-Earth3 0.56 0.75 -0.06 0.67 0.82 -0.06
INM- CM5-0 0.59 0.84 -0.16 0.76 0.91 -0.16
ERE R MIROC6 -0.55 0.82 0.53 -0.49 0.87 0.52
MPI-ESM1-2-HR 0.54 0.76 0.06 0.61 0.80 0.06
NorESM2- MM 0.45 0.73 0.13 0.60 0.81 0.13
EC-Earth3 0.73 0.87 -0.17 0.79 0.92 -0.17
INM-CM5-0 0.65 0.86 -0.21 0.76 0.91 -0.21
IR MIROC6 0.51 0.81 0.08 0.60 0.84 0.08
MPI-ESM1-2-HR 0.61 0.81 -0.04 0.69 0.85 -0.04
NorESM2- MM 0.61 0.80 -0.10 0.73 0.86 -0.10
EC-Earth3 0.61 0.81 -0.21 0.69 0.87 -0.21
INM- CM5-0 0.47 0.83 -0.43 0.53 0.90 -0.43
T MIROC6 0.84 0.92 -0.11 0.88 0.95 -0.11
MPI-ESM1-2-HR 0.62 0.79 -0.07 0.68 0.83 -0.07
NorESM2- MM 0.68 0.86 -0.21 0.76 0.91 -0.21
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Table 4 Drought intensity categories based on I, and I
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Fig.2 Relative changes of multi-model ensemble future mean annual precipitation with reference to the historical

period (2003—2019) in the upper basin of the Stung Treng gauging station
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Fig.3 Multi-model ensemble mean annual discharge during 2020—2050 at four gauging stations on the mainstem of the

Lancang- Mekong River
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Fig. 4 1-12 and I,-12 series in the upper basins of four gauging stations on the mainstem of the Lancang-Mekong River
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Table 5 Drought frequencies in the Lancang- Mekong River basin under future climate scenarios based on I and I,

B %
T E 4512 (2020—2029 4F) T E 9512 (2030—2050 4F)
K 3w Mg R
Iss Igp Iss Isp
SSP126 33 29 5 5
otk SSP245 35 36 12 11
SSP585 18 19 13 11
SSP126 42 43 4 4
EIRE EiTA:Y SSP245 27 27 11 14
SSP585 10 15 10 11
SSP126 47 46 5 5
AL SSP245 31 23 14 15
SSP585 9 13 9 13
SSP126 44 40 6 6
T SSP245 29 23 15 15
SSP585 18 17 18 16
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3.3 SELTAXTFEREERIT

6 frn, AR BRI BIATUN BT K SCE57E 2020—2029 4 3 i SSP-RCP A A 1 5 F
TR, R RETRERL LKSCTRFFAF BG4, 6, 4 5, KAETREFERLL
SR TREPFEI R 5. 9, 6 F18, 4 DI/KICHETE 2030—2050 4F 3 Fit SSP-RCP AT, AP R4
F LA EARSCT RO 6, 40 6 F14, KATRELL EIRTREFEEN T, 7, 8 H
6, SRS, AR TRAELBOKCT FE Y, B S RS B, 2030—2050 4 5258 B2 A7 ir 7t
g ZS[E L, 2020—2050 AT | AR A R L 5 R MDA L T R O A [ R O R, X AR K =
] 22—,

[ Fr 34 4% 45 1 /PO (International Centre for Environmental Management ) 7£ 5& TS 5 28 46 X3 1 U8 T Ui I 3k 52
i ) AIF ST AR A s R BRI R R FR O Y 50% WA % A KA AR TR, BT AR = UK PR A A
2 LT X ( Coupled Model Intercomparison Project Phase 3, CMIP3) GCMs 5 ¥E 73 #1145 11 4516 . # & 2050 4F,
8 8 U A A AR T R R AR PR R AR E AR AL X, X AW ASIE AL, SAh, IR
MO 4 FIR6) , Bl SRHE RO BES I, 2030—2050 4R & AE h SUORVRE R RO i, 1 5™ SR Y
IAEL A 5 4R 52 B[] ] R 46 6

®6 EF I I EHRRSEEE TRRRETATRAABESRNTEEER
Table 6 Numbers of drought events based on I and I, for different drought intensity levels in the

Lancang- Mekong River basin under future climate scenarios

+ 5 FH 5 (2020—2029 4F) + 5 FHF 5 (2030—2050 4F)
K 33 ok i i 5 5 R i 5
I Iep I Iy I Iep I I, I Iep I Iy

SSP126 1 3 0 1 3 2 5 4 0 1 0 0
Fo st it SSP245 1 1 1 0 1 2 8 7 1 2 0 0
SSP585 2 2 1 2 1 1 2 6 2 1 1 1
SSP126 4 5 0 0 3 3 0 2 0 0 1 1
R LA SSP245 4 7 0 1 2 2 4 5 2 2 0 4
SSP585 4 8 0 1 0 0 1 3 1 2 2 1
SSP126 1 6 2 1 1 2 3 2 1 0 0 1
Bk SSP245 3 3 0 1 1 1 4 9 0 0 2 2
SSP585 3 4 0 1 0 0 4 6 1 1 2 2
SSP126 4 5 1 3 1 1 1 1 1 0 0 1
ET SSp245 3 6 0 1 1 1 3 3 1 3 1 1
SSP585 4 3 1 2 1 1 1 5 2 0 2 3

3.4 KEFHEXMTFEEHLEZHZM

)P D7 S 7K A R o e A0 Ay K Y A T P R R O Y T GOM IR B BRIR 4 A 2.1 PR E
i) CREST-Snow 48K IRAR PN [B] P51, A] ik — 20 AL 400208 10 v VB0 B K 119 I 4 A 7K Sk i A 10T 3 W 18T )
HORUEEZK FER AR, A AR RV VAR SOK PR X AR I PR 5 /R T, 5 2o T U 10 4 /K 3Lk 2020—
2050 4F #2445 R AR A U 5 FUK B8 5 J5 89 H B i, o a] LU K 28 0 42 3 B A R B9 1 i b Al
PERT, 7K P 9 98 5 A D L 3 210 98 328 3 s 553
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Fig.5 Multi-year mean monthly natural and reservoir-regulated discharge during 2020—2050 at four

gauging stations on the mainstem of the Lancang- Mekong River

TR A2 H AR AL, R AR AR (R T) . HPRRWT . 2020—2050 4 fo Bkl 40K R
R JE T AR A BN T L SR B R A DU A 1Tk T 2 AR R 0 D 83% . 83% Al
68% . Suft it 2020—2050 4F ZAF P F R ARAR WG G T F 3 7K S0 2 48 2 7 2 0 SR AR VAL 9 e
THIN 66% | 44% F130% , LKIETAN G LI 53 T2% | 47% il 34% o+ Z S R 23 0 i IR Al K Ry
EE VRV AR T R AR N T, U YT R K P R R A AR, ORI
W IR T AR, A BT AR T T R, DR R U SOK R A
#7 WRIT-EAT TR 4 k85 20202050 EEEEHTFRERAGREMAEAFERE

Table 7 Multi-year averaged dry and wet season natural and reservoir-regulated streamflow during 2020—2050 at

four gauging stations on the mainstem of the Lancang- Mekong River

T BT
7K 3 PN /Y R v KPRV R PN /Y R v KPRV R R
TR % AR/ %

fZ m* fZ m? 12 m? fZ m?
ot 143 285 99 397 225 -43
PR 216 396 83 817 646 -21
BRIk I 328 603 83 1943 1772 -8
=T 496 834 68 2 830 2 658 -6

Fo i ikl 2020—2050 A R IROIRAS 2457 B0 222 i i S K R W IS /N T 43% 5 IREPLI G . BRI
i F b TR FE AR I R R INMIE BE A BN 21% | 8% 1 6% T 1 VI RR G K J2E VR B AE /M AR W T 1, X A
St AR RS AR R O B, XK DORT BT AR AN

Bl6 o TR T30 4 A 7K SCol 1 it 3 38 20 301 3 F R 9R A8 O R K P2 9 35 A2 1T 5 T AR 1~ 12 1 ]
FEA RO TR U YT R SR % AT R R T Ao R RO VR A E B AR, (H I~ 12 WA F A 22 BN
K, FRWIIR VLT SRR OK A 2 R (/NS AR FLIE ), H— H R R AR, ML
ARG 2 R 2T 5 (JUHAE 2020—2029 4F[R] ), ARk AT F — 25 004k 7K B 38 B2 O =X, BT 4 b Y X i

UER/R. A
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Fig.6 [-12 series from natural and reservoir-regulated streamflow at four gauging stations on the mainstem of the Lancang- Mekong River

4 #

AR SCAE T B R B 28 I 22 M IE B9 CMIP6 1R 5 S GOM #5=, 7E 3 Fh SSP-RCP 414 1% 5 (SSP126 .
SSP245, SSP585) T AL %4, K3 CREST-Snow 434 XK SCEEAY | il T 2020—2050 4F <528 L1 5t T
(AR AR B T IR IR 8, 434 T IR B2 AR CF R ARk R RS, B4 TR
T W GOK PR EEXT R R WA PR R . B IT ,

(1) T8930l 0 I 3 F 359 B /K AR B T g sl B30 (2003—2019 4F ) B n ka4, s | b, i
AR K AL 22 R (- 10% ~30% ), oA vt VU5 DX T Ui O 3 e K S g Pk #A ;e i O SR UK
JC B B AR AL B AT W/ . CREST- Snow A5S80I 75108 U T 30 M1 28 0% 4 A 7K Sk 1) 2488 3048 6 R ok R AR AR
FEVAE 3 Fl SSP-RCP H G S M E AR E A EH,

(2) BT I M I il VR AR ok TR, 45 RY], KX TREERZTRERE1LAH, HRZT
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Projection of future droughts across the Lancang- Mekong
River under a changing environment*
LONG Di, HAN Zhongying, WANG Yiming

(State Key Laboratory of Hydroscience and Engineering, Tsinghua University, Beijing 100084, China)

Abstract: To enhance the resilience of riparian countries associated with the Lancang- Mekong River (LMR) to
drought under a changing environment, there is a pressing need to project future droughts across this river basin. Bias
corrected projections from five CMIP6-GCMs under three Shared Socioeconomic Pathways ( SSPs) were used as forcing
data of a distributed hydrologic model ( CREST-Snow) to project future streamflow of the LMR, and to examine mete-
orological and hydrological droughts across the LMR basin during 2020—2050. The regulation effect of cascade reser-
voirs on the mainstem of the Lancang River on downstream streamflow in the future was also quantified. Results show
that although the entire basin will likely experience an overall wetting trend, the frequency of extreme dry and wet e-
vents across the LMR basin is likely to increase during 2020—2050. Droughts will more frequently occur during
2020—2029, as opposed to wet events that will be mainly concentrated during 2030—2050. From a spatial perspec-
tive, Laos and Thailand are likely to experience more frequent and severe droughts than other riparian countries. Cas-
cade reservoirs on the Lancang River in China can effectively increase dry-season streamflow in downsiream areas ( de-
creasing from 99% in the upper stream to 68% in the downstream), playing a positive and important role in mitiga-
ting water shortage during dry seasons or droughts. We advocate for enhancing the cooperation through improving regu-
lation of reservoirs across the entire basin, which should benefit water security and mitigation of droughts for all ripari-

an countries of the LMR.

Key words: drought projection; streamflow; reservoir operation; hydrological modeling; Lancang- Mekong River
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