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Table 1 Information of the flux sites used in this study
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Table 2  Effects of different land cover change types and climate differences on ET in the tropical LMRB (mm-a™)
A T A YT R iiE Jei it 0] ) e J5 2 1Lk ] FEL ) 2 YA = F N
Effects Land cover change type Lower of Lancang River Northern Highlands ~ Khorat Basin ~ Annan Mountain Tonle Sap Lake Basin Mekong Delta
BRI —WEAR -12.62+106.89 8.95+83.54 -29.46+129.76  -39.16+123.21 -89.99:+147.96 -
- H R AR~ R H - -112.43+158.94  -131.54+109.99  -109.52+132.15 -124.89+162.00 -107.43+186.19
Ak HEAR— TR 53.14+£134.90 - 114.45+134.95 -
Land cover A FH—BEAR - - 136.64+132.50 - - -2.60+219.60
change AR EAR R 22.45£94.43 20.64+85.05 -
AR —HER—~H - - - - -186.79+144.44
AR —HER 18.23+74.49 -4.70+72.41 9.72+79.50 6.01£76.31 -4.76+96.16 -
HEAR—RH - -38.75+90.06 11.54+75.96 -22.49+73.49 -36.04+91.28 -8.97+91.07
b‘ﬁfﬁfg" FEAR— TR 32.73+70.58 - 45.89+87.74 -
Climate
differences RH—~HEAR - - 35.07451.55 - - -21.68+87.78
AR —WEAR —~ TR 25.44+73.95 10.91+65.82 - - B
AR —ER—~ K H - - - - 18.99+88.26
%3 MEREAEBR AR ARG ST i (1 70015198) mm, HPGEST RS 2 A
a0 OB HOR BT RIZL, R A A T A
Table 3 Comparison of ET change between static and dynamic H 23 8 UK 28> (158.38+150.89) mm, ZHHEZ
analyzing method in the tropical LMRB (mm-a™) TR E I Z& 5 R &2 2 A,
H A A N5 BT S = 75 b AR 251X 3
L;;%f/zgiﬁgf %pe Dynzjjn:;c];:Zysis Sj?i:aif}}/rsis Mii‘ﬁf Zi\ﬁ 7J< %;% E % ’ j:ﬂi”% %EZ E}'fjﬁ‘ ,Ti Eﬂ: jL Iz i
AR AR Forests—Shrubs -34.06£124.63  -56.51+159.50 20 AEHZRHUFER BN 2) 278.87 AL m’s SMRFEFFL
WA —4< ] Shrubs—Croplands 11799415198 -142.314165.41 TR AL 190.96 14 m*. EHIGTL T, Jbimit,
WK — 74k Shrubs—Forests 60.094136.09  107.42+177.17 A LK CA SR A = AL R, - AR A A
4 — WA Croplands—Shrubs 118.07+156.53  169.06:184.38 REURFEKERD, MAREERF BRI FEKEL .
ARk~ HEAR M Forests—Shrubs—Forests ~ 3.31x107.31 - TEIH BRI Mo X 4, T 20 42 (i 22 B A 451% X I8 1) 38
%%%”%71?*12\53 Forests—Shrubs—Croplands -158.38+150.89 -238.12+187.81 R FE KL 43.82 17 m®, X T RES %X BT T
FEA— PR —MEA Shrubs—Forests—Shrubs ~ 53.34£112.91 - ES AR YA . MR A LR bk

HEAR— A FH—#EA Shrubs—Croplands—Shrubs  -72.73£159.46 A5 A DI 25 W A5 S WA T35 Sy 7 PRSP 9 X

RYHESNITESHEMNINE T NEBERE KB ER R, 5 5AF 48.01%F 41.69%
WEaHIFRA TN ZESR, ERABKERMERS  (F4) . EWUEE, LB 0 SRENRE
WG/ EENAS IR, X EERMPERRA kR, X i T AR A 78 g A DA% A
AT I RO BRI 29 39.55 mm, ARTEEMT  HASHBMITE. EEERIR, 75 2 X% 1)
J7E P TR B R (14268 mm) (£3) o ZEEURIEAKRRD 163.06 12 m®, 54 W 9T X & BCR B>
EAh, AR AL HEA A RSN AR TTZ P B 58.47%, X B FRARFL AR e A T ES A8 94 H

PR 2345 X I ZEBUR 70 IR/ (34.06£124.63) F ZRbkEEAS R A . VEAKEAS g4k FH = Fi s {0, 2K 700 B 3%
Fx4 TRXEGETETBHTUXRSHWFEKETL

Table 4 Changes in water consumption caused by major land cover change types in each region z m*

A A Lﬁﬁ;iﬂ{iﬂg feiy w S {Eiﬁiﬁﬁi AN it

Land cover change type River Northern Highlands Khorat Basin Mountain Basin Mekong Delta Total
AR~ Forests—Shrubs 9.83 4225 273 3547 -43.80 0.00 -134.07
WEA— 4% Hl Shrubs—Croplands -0.16 -12.20 9.25 -16.87 -44.12 -5.58 -88.18
THEAR—~FRHR Shrubs—Forests 8.75 5.67 6.13 4.19 428 0.01 29.03

A% =K Croplands—Shrubs 0.37 7.29 12.06 241 527 -0.97 25.70

R AR —~FHK Forests—Shrubs—Forests 244 0.01 1.04 0.19 129 0.08 241
Fk—#EAR— 4K H Forests—Shrubs—Croplands 0.17 -10.40 2.83 -16.22 -85.02 -1.63 -116.27

TEAR—~FRM—MEA Shrubs—Forests—Shrubs 0.30 1.69 0.38 0.82 143 0.00 4.62

HEA— 4~ Shrubs—Croplands—Shrubs 0.16 1.21 0.35 037 0.19 1.49 2.72

At Total -4.07 -48.97 5.14 -61.31 -163.06 -6.60 -278.87




22 1

MRJE Fe 2. 2001—2020 4F5 Y8 it 3k A4 1 X 3 78 Bl A8 A 3o 28 UK R 52 ) 119

4 1 B
4.1 FmATREMS
4.1.1 2HBWRTLFRGRAH TN

TEGR /D B SEH IR PR AT, JE T 38 B AR B s %) Tt
B AT R BRI AT I uE A O e —, =
i FZ 5 iEA — 2 A E . — 5T, MCDI2QI
A HEEAR, S50 N BIRE B S AN g LA 32 XA Bl il
JE o TEARFMEHLIX, VAL A H I BE 4 BB 5 44,
FERT A RMELE . ARREAR . TR AR A 2N
TAREZ PRI AY, R AU & KBS R AED,
A BRAHAZREN TR, B—H, ZaBEamis
ESER =, =R ER I ZEA T e, XG0
(AR FEE e Sk — IR ANBff o 12k o

RN AR E S E B WAL AR e, A
SCRH Cochran $12 H AN 52 PR BT 71200, S ahAs P e
BHE1S 2 R EAG ACE T S 1SR 1l ZE A2 X 554 Tt

BWERMAE 95%EEACT NI E AT KA, 153%
RANHRE 1 A LRy - 3t B 57 b ANif 5 P S B0 2
RFEKEAR WA (K 5) o« SRR &L
AR FEK A E PSS, & 32 E AR A Py 33
HIFEK B R EZ AT EIIAE 15% AN, BRI EE(E
FEH 95% N I\ gitis dh 1 3 78 AR 10 S BURFE K B i 2 AN
St 73.32 12 m’e WBHIRE BE, ZENRERRAE
WSHIIATEE B2 TR, KU R
TN &N AR AT AT E N, SRR EA
SEMAR R FESHITBX 7 B K AN E
YRR, 9364412 m’, A TdiFE K BN E VT 50%.
FEEEREPAR A, AR A NEAR S
PR AL P AR AR IR R ANTA 58 1 B v 3
AR AL, 321 14.6%, HOWHF 7 X AHE K AN e P
TURRIFAN R T AR AL HEAR P AR AR FH T AR B AR
HoF AR, (HRHZEBREARNER, HeHHFKEAR
B kS 31112 m’s i RVARRHE LR 42%.

%5 TEARSTHERTUSHNRKBTUTHEN

Table 5 Uncertainty of ET water consumption caused by land cover change in each region

(fZ. m®

=) N =gl S A 3 b 2y7 2 7 X NE i
Land cover change type Ratio of maximum Lower of Northern Khorat Basin Annan Tonle Sap Lake Mekone Dela Total
ge typ uncertainty/% Lancang River ~ Highlands Mountain Basin g

R —HEAK Forests—Shrubs 73 1.43 6.15 0.40 5.16 6.37 0.00 19.59

WEAR— 4 H Shrubs— Croplands 6.0 0.02 1.47 1.12 2.04 5.33 0.67 10.71

WEAR — Rk Shrubs—Forests 73 1.27 0.82 0.89 0.61 0.62 0.00 430

A FH— K Croplands— Shrubs 6.0 0.04 0.88 1.46 0.29 0.64 0.12 3.49

AR~ A AR 14.6 0.71 0.00 0.30 0.06 0.38 0.02 1.62

Forests— Shrubs—Forests

TR —FER &k

Forests—Shrubs—Croplands 13.3 0.04 2.77 0.75 432 22.64 0.43 31.10
TER — BRI~ VAR

Shrubs— Forests—Shrabs 14.6 0.09 0.49 0.11 0.24 0.42 0.00 1.49
HEAR— R H—HEAR

Shrubs—Croplands—Shrubs 12.1 0.04 0.29 0.08 0.09 0.05 0.36 1.03

£rit Total - 3.65 12.88 5.11 12.80 36.44 1.61 73.32

4.1.2 EAMAFBFHOTAE (B 57 BR ) T4 N 5= ok BEAN s, B 57 V5 PR DL &

S MODI16 754 BRIEH N#:vZ S, (H A] 208
P S S T R AR E . 1) MODI16 %A
# 18 AR FE UL R B KRR A R R, T B R OK R B
AT REE B A EH S A ERM R R MM
ZRABEE S (PINT2. miRS N, Y AEEERH
5yt a /e R AR il A S L L R 2) MOD16
FEH AL T R R AR KSR 456 7 RE X
BHTAH, 02567 FEAEAS R IX 38 1 A7 1 2 8,
FHEEH A A ERZEHOR = i, ASCEA 1) MOD16 AT LR
AR H: 1) MODI16 ERAEN, KA
T Th 6 R BEBRAR R i B S AL ZKVR R 22 5552 ]
TR AR E R B E, DR AT DU R A T
KM EBKEZER, 2) MODI6 HHEMAN XA TS
MCDI12Q1 S 1 Th e R AR HUR FFESEL, XK
KGN T AHF L R T F s 3) R4 REW
MODI16 44 b AT DAZI i H X 48k 2% 5K 16025 18] 43 A6 K 4R
brAsth . RSB B EAEBUE T M CA IS TR E,

REIUHAAS LS5 2 J7 T P, R N ) 38 R 2 IR ™ i
FERESRTE . BEAEIN AR B Th, T 28 8O i
I3 I A]_E o A A i A AR, D B A I 1A RUBE Y |
Th AR ZE LW A, R R 2% b
Tho BEAh, FUIEGE BN B % 2 ORI K SR, S
R AR . B fE . A B AISAFlux
(http://asiaflux.net/) 1 ChinaFLUX Chttp://www.chinaflux.
org/) JYRLGAHILINE BTG R R, HA X — AR
AEPRINTE o RS ARHCAR ™ S IR AT B S A M
MARGA TR, WEERN A —ERZER,
ENSRENISPOREE S AUk U N
4.2 SHFHENRHEM
AECRBEAMN 2B LB R, Ea%
F)R - PR RETRISEM, o by g e
Ao X ZEHUR H 5 R B B2 76 73 25 B8 S AR fL 22 57031 R
gL A 4RE Z H AR T AR B B R R RS
RASAL I FEME 2 T A5 B SEBRR TCAE SRR T J5 B 28
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Bk 225 . R AT DAZE /b BRI B IX 3 b 25 Bk
A G BRSBTS R R 5K
oA A ZEHUR B2, B ) B HL A7 v R a5
AR R 2 b, FERDE: D FiEzshER
AR, BEARLIRME L S5 S HGIuRE .. K. 4E
S DA B RG2S R 2 A HRIE T AR [, (B 2 11 33 b
KPS FAEBERAAAERRER, RSB AF
ZERWIFMAT AR ZE; 2) AW 70 - 78 gl 2R R A A
AT — 4 1SR S AR VE S 22 S O R, (BT IXR
FE L E, o0 b A R AR AT — I S
XIRRE F SRR ZE R, 3) M T2 T SRR
L7, FET 7R BIAS W T VE TGRS Rk
PAK K S5 e B 0 B 4) AR TR F A H
N ATESIIREM . AR ) 2R BUR S IR E Rl 2 AL
BT AL 7 SR R AR R E R
4.3 SETHELBHTUITEMLNZMN

AR SCHIF 7T 435 SR 2% 0 - b 7 Al A A X3k ) - b 7 g AR
1 S B EE R B Ry 278.87 12 mP, AARASL S BUEEL
RABKBEIE A 190.96 12 m®, 2B AR AR Ak X 4 - 1 785 ol
A R R TS AR . T R AL S B0
D ZEBUR KT SR I & 8L, LB
A X B AR R RS WKE AR,
XEWInAR L X SR A, N e AL X I B
BB A R R ik . R 78 AR A X s
BUR BRI, H R A8 4 DX 8 3 BB o 9 ek A T
T 25% 7047, TR - b 78 4 A8 A0 X 5 85U 28 ORI
B I R AN T X T AR SRR &
ik,

5 & 1

AT R B A A3 M 5 A T YR T AT H X
7 AT ZE B R, 45 SRR

1) MCDI12Q1 5 MODI16 #] -+ i 78 # 48 1h 5 2%
Bk B ST, Horh MCD12Q1 HRRRS 4 82.3%,
MODI16 & 8 d LK H R B35 AR Z g K+
1 mm/d;

2) 2001—2020 4F[a], BF7TXAE B B AR, H
HH R AR S RE AR E A B A8 Sy Ak B 24 o8 it 38 AR A T AR
1) 61.2%; ==+ Hh 75 1l AR fb T BUIX Sk 28 UK FE K D
£)278.87 42, m®, i AR HUR N A% % S Wi B 3 BUFE /K
41 190.96 12 m’.

AW 5T 45 BA B 38 3 XK ST IR I FE I T
il MR IR ISR U AT SR SR LR 1 S B KR -

Bt . RS EESEAN Boonsiri Sawasdchai 7B
MBI X B KB RE L 2 S g i
HESEN .
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Effects of land cover change on evapotranspiration in the tropical
Lancang-Mekong River Basin from 2001 to 2020

1,2

Chen Houbing'?, Chen Yaoliang'**, Song Qinghai', Montri Sanwangsri**, Nuttapon Khongdee?, Zhang Jing!

(1. CAS Key Laboratory of Tropical Forest Ecology, Xishuangbanna Tropical Botanical Garden, Chinese Academy of Sciences, Mengla
666303, China; 2. Fujian Provincial Key Laboratory of Subtropical Resources and Environment, Fujian Normal University, Fuzhou 350117,
China; 3. Department of Highland Agriculture and Natural Resources, Faculty of Agriculture, Chiang Mai University, Chiang Mai 50200,
Thailand; 4. Agriculture and Forestry Climate Change Research Center (AFCC), Faculty of Agriculture, Chiang Mai University, Chiang Mai
50200, Thailand)

Abstract: Land cover types have changed dramatically in the tropics as human activity is ever increasing in recent years.
These changes can cause great impacts on regional water security. Therefore, it is a high demand to accurately quantify the
effect of land cover change on evapotranspiration (ET) for a better understanding of the mechanism of the water cycle under
global warming. This study aims to investigate the effects of land cover change on the ET in the tropical Lancang-Mekong
River Basin (LMRB) from 2001 to 2020. Firstly, the land cover data was reclassified and we corrected the unreasonable
change types. The land cover product (MCD12Q1) was then evaluated using high spatial resolution images with Google Earth
Pro. Secondly, the ET product (MOD16) was assessed using a total of 10 eddy covariance observation sites. Pearson's
correlation coefficient (), Root Mean Square Error (RMSE), Mean Absolute Error (MAE), and Mean Relative Percentage
Error (MRPE) were also used to analyze the land cover changes and ET trends in this region. Finally, a dynamic analysis was
developed to accurately quantify the effect of land cover changes on ET water consumption, where the impacts of climate
change were excluded. The results show that: 1) The MCD12Q1 performed better with an overall accuracy beyond 82%, the
forests and cropland of which were 90.5% and 89.4%, respectively. The RMSE values of MOD16 on the 8-day and monthly
scales were only slightly larger than 1 mm/day. Therefore, the two products (land cover and ET) can be expected to analyze the
ET changes in the study area. 2) The changing area accounted for 24.7% of the total. There was a degradation trend of the
overall vegetation, where the conversion areas of the forest to shrubs and shrubs to cropland accounted for 61.2% of the
changing area. 3) The trend analysis showed that there was an increasing average ET of 5 mm/a in the entire region. 4) A
significant difference was observed in the annual average ET of each land cover type. Generally, the annual average ET of the
forest was higher than that of shrubs, and the annual average ET of shrubs was higher than that of cropland. 5) The major types
of land cover change caused a total decrease of 27.89 billion m® of water consumption, whereas, climate change led to an
increase of 19.10 billion m® of ET water consumption. 6) Although there was a decrease of ET in the land cover change area,
there was no significant influence of the land cover change area on the increasing ET. In general, the vegetation degradation
resulted in a decrease in ET and water consumption, indicating the conversion of forests to shrubs and shrubs to cropland from
2001 to 2020. A better understanding of the water cycle response to global change can provide useful knowledge to effectively
monitor the water resources security and the allocation of land and water resources in the tropical LMRB.

Keywords: land use; evapotranspiration; Lancang-Mekong River Basin; water resource



