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Impacts of LUCC and climate change on runoff in Lancang River Basin
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2 Yunnan Provincial Climate Center, Kunming 650034, China

3 School of Resource Environment and Earth Science in Yunnan University, kunming 650504, China

4 School of Remote Sensing & Geomatics Engineering in Nanjing University of Information Science & Technology, Nanjing 210044, China

Abstract. Using the SWAT ( Soil and Water Assessment Tools) model, the impacts of LUCC (land use and land cover
change) and climate change on runoff in Lancang River Basin were quantitatively analyzed by setting different scenarios.
The future runoff changes were predicted with RCP4.5 and RCP8.5 emissions scenarios in Lancang River Basin. The results
showed that the SWAT model had good applicability in runoff simulation of Lancang River Basin. The model parameters R’
of calibration and validation periods were 0.80 and 0.74, respectively. The model parameters Ens of calibration and
validation periods were 0.80 and 0.73, respectively. Considering the land use change, the conversion of farmland into
woodland or grassland would reduce basin runoff, but the conversion of woodland into grassland would increase basin runoff.
The contribution to basin runoff from big to small was farmland, grassland, and woodland. Regarding climate change, the
basin runoff was proportional to rainfall, but inversely proportional to temperature. The reduction of monthly runoff caused

by climate change was stronger than the increment caused by LUCC in Lancang River Basin from 2006 to 2015. Therefore,
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runoff change was dominated by climate change. The runoff in Lancang River Basin in both RCP4.5 and RCP8.5 emissions

scenarios would increase from 2021 to 2050, which is contrary to the measured basin runoff from 1971 to 2015.

Key Words; SWAT model ; Lancang River Basin; LUCC; climate change; runoff simulation
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Fig.2 Land use map of Lancang River Basin in 2006 (a) and 2015 (b)
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Tablel Land use percentage of Lancang River Basin in 2006 and 2015
TFLEL ] Area percentage/%

i; Foll e ol HH SR A Kik A i
Agricultural land Forest land Grassland Urban areas Water body Unused land Wetland

2006 32.90 44.88 18.02 0.04 3.77 0.38 0.01

2015 17.09 35.82 45.84 0.34 0.39 0.33 0.19

84k Change -15.81 -9.06 27.82 0.30 -3.38 -0.05 0.18
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F2 SWAT REEREIETIR
Table 2 List of basic data for SWAT model

B2 Data types Bl A Data description BAHESRIE Data source AbEETT ¥ Method

DEM , [ P27 Bl R

Digital elevation model 90m + 90m R5EG Arcgis DY BUY 2

- b ) A E s 2006 4 BR 7S J&y i A A% $0cH 5 BRI K 25 R - ena .
Land use raster data 2015 KL LHATIEEGE A Arcgis M HHX BH TR
SR HWSD 51 FE -+ S 50 HWSD - HE¥C Arcgis 20T A

Soil raster data

1966—2015 4F-3% H S 4 54 ; RCP4.

e - = . 455 SWATWeather #37 KA K& 4 78 51
_ 5 Fl RCP8.5 1if 5% 7,2016—2050 4 mMAS4LR . gl A
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7KI%E 1971—2015 43 H i i BMA KR B SWAT_CUP SRR TR BB AR
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Kt S W R R E
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o5 BB IR T4

b e Al
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IR SCEF AR SPAW 115545 2]
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Table 3 Extreme land use scenario setting

4 =t
it LA ORI e LA R
. Meteorological . Meteorological
Scenarios Land use data Scenarios Land use data
data data
f5% 1 Scenariol 2006 4 1998—2006 4F || 13 2 Scenario 2 WA Al I bt 1998—2006 4
5% 3 Scenario 3 ALl A B 1998—2006 4F || 13 4 Scenario 4 W A s B 1998—2006 4

2.3.3 LUCC FIE AL sE 518 5
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Table 4 Integrated land use and climate change scenarios
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Table 5 Sensitive Parameters of SWAT model in Lancang River Basin

E2ICAN SHGE WSk HUETEE SgEE TR EHE4
Parameter name Parameter definition Calibration method ~ Value range Optimal value Sensitivity order
SOL_K g RSk R R r (-1,195) 34.01 1
ALPHA_BNK VAL SR IR B 5 R v (0,1) 0.19 2
CN2 SCS 2 3i ih4k & 41 r (-0.5,0.5) -0.44 3
CANMX T K 2 v (0,100) 21.58 4
SLSUBBSN TR K v (10,150) 28.64 5
SFTMP R R v (-5,5) 2.73 6
SOL_Z R R r (-1,10.5) 0.84 7
GW_REVAP REH T K78 K R 5L v (0.02,0.2) 0.03 8
SOL_ALB TR 44 R r (-1,5) -0.08 9
REVAPMN TRIZH T K28 & R v (0,1000) 132.39 10
ALPHA_BF e S v (0,1) 0.15 11
SOL_AWC -3En] A oK r (-1,8) -0.94 12
SMFMN 12 A 21 HE/MRE B H K F v (0,10) 8.69 13
SURLAG AR AR A 3R B ] v (1,24) 4.08 14
TIMP ZE KIS R A v (0,1) 0.06 15
GWQMN LR T RZRSE v (0,5000) 2068.32 16
ESCO IR AME R AL v (0,1) 0.2 17
SMTMP T R AR AR v (-5,5) -0.51 18
SMFMX 6 7 21 HE KRS H R+ v (0,10) 4.96 19
OV_N BT 0 2 T R AL v (0.01,30) 5.13 20
CH_N2 ESTBEL=N Y54 v (-0.01,0.3) 0.26 21
EPCO TR B ZE I M TR B v (0,1) 0.61 22
RCHRG_DP WEKZBERE v (0,1) 0.43 23
GW_DELAY R K R R AL a (-31,469) 312.23 24
CH_K2 FiE K R v (-0.01,500) 122.63 25
TLAPS IR v (-50,50) 0.43 26

TE S RAIHEITE voa o, 20, AN{E, 3R DL (1+ 43 )

3.2 EREAGE R
3.2.1  AN[R] A b ) FH 2 U2 A X A48 A 1) 5 i

PUTE 56 1 VR R X F R B 2 (36 6) T 01 K oy i U T AR 32.909% 1R A b Fi i (36 1) 43R5 1k Ak
Mo, 2 53O BRI 87.23 m® /s, W] LMK AR X T A4l b EL A R A 5 X EAE SR 3 R K I I
BATHIFR 32.90% 14 M 3 438 5 A0 ok Bt | 25 307 AR T 082D 15.47 m® /s, v] L HiAE Xl FH Al
A WORAE % He AR S 4 T 5 B A TET B 44.88% MRk HE (38 1) 2P EL AL B M | 23 S 30U B 7 4
J193.22 m*/s, AT LA M AR T AR LA SEFAE . UL, A0l FH M bR | R b = 25 S A58 3 184 o A B ik IO
SRl b > b > R
3.2.2 AR EXARTAY W

MRS BEAK L3 0B I 209% A1 109% 0, 342 TR A B T 191.39 m*/s (11.57% ) F178.41m’/s
(4.74%) 5 B K 12 43 Bk 2> 10% F1 209% B, H #4348 30 & 50 0 /0 T 48.96 m*/s (2.96%) Fl 116.13 m’/s
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Fig.3 Precipitation and Simulation results of calibration and validationperiod of runoff in Lancang River Basin

(7.02%) (= 7) , Al WAR I & B AR L R A RS Ab i i 5 e K AR A S AE He . 24K AR AR 40 5 34 i 1°C #n
2°C B}, A ¥R B 22.50 m*/s(1.36% ) #l 36.23 m*/s(2.19%) , v WAR i & 1728 k#3455 R A8 1k
R L, AR AR S AR AR AR B R AE T
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Table 6 Simulation results of the scenario of extreme land use type in Lancang River Basin

17 5t A ¥R AHXE R 1 R AR AL
Scenarios Monthly mean runoff /(m?®/s) Change in runoff relative to scenariol/(m?®/s)
&3t 1Scenario 1 1654.21 -
5% 2Scenario 2 1566.98 -87.23
&3t 3Scenario 3 1638.74 -15.47
1% 5% 4Scenario 4 1747.43 93.22

®7 WEIIRBSRERNRRAIZM

Table 7 Impact of climate elements on runoff in Lancang River Basin

15 5 Scenario 5 Px(1420%) Px(1+10%) Px(1-10%) Px(1-20%) || 1% % 6 Scenario 6 T+1 T+2

T 1845.60 1732.62 1605.25 1538.08 P 1631.71 1617.98
(e 191.39 78.41 -48.96 -116.13 || &&HAEfk -22.50 -36.23
runoff variation (11.57%) (4.74%) (-2.96%) (=7.02%) || runoff variation (-1.36%) (-2.19%)

3.2.3 LUCC P fmAZ AL 2L W52~ A A2 A 4

B ZE R A5 7.8 .9 H BRI R 4310 1666.57m’ /s 1605.07m* /s ,1617.43m’/s (£ 8) . LU 5t 1
SHFEWER X LU B 7 AT LUCC 51 H BE &R 12.36m’/s, 4543 1 A %1,2006—2015 4, ik &
b Ml ARHD | R 3 A B KA R R T b Y AR A R4 1 R - 15.81% - 9.06% . 27.82% ,0.30% .
-3.38% ,-0.05% ,0.18% , A4 1= 384 M1 i) e by T R 248 R3S 43 vh A Ml FH b FTOB L322 Ak T >, BRI 2006—2015 4F
6], LUCC 5| 2 4 I8 3 42 1 2 ol 7 S5 P MR 2 A 0 b 80, LR b 2 £ Sy 0 5 | 1) 428 3 185 o it 5t
T FH M5 Ak A B 5 RS A AR i /N s X E R 5 8 AT, R AR Ak 5 i H ¥ 48 3 s 2b 49.14m’ /s, TR
GIE R 7R, 2007—2015 4[] 1998—2006 4[] itk P4 H -2 [ B =k 2> 9. 16mm  H S-S T+ 0.
2°C , BX PG AE A 35 255 | RS AR T A0/ , PRI Is /0 () A2 3 Pl B R AN TR AR AL [R] 5 R 5 X6 ER RS 5 9 T, = A
FHA S A2 Ak 2 [/l S B0 ] R0 36.78m’ /s, R, 2006—2015 4E ], i VI LUCC 51#2 /9 H
PR M B /N A AR A 5 R Y T AR U 8D T TR VR VAR A AR R s b e A X
LUCC i 5 , SR AL AE R /e VAR i A fh ke = A
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Table 8 Simulation results of different scenarios in Lancang River Basin

17 5 Rt AT R 1 AR AR
Scenarios Monthly mean runoff /( m?®/s) Change in runoff relative to scenariosl/(m*/s)
1# % 7 Scenario 7 1666.57 12.36
%5t 8 Scenario 8 1605.07 -49.14
%5 9 Scenario 9 1617.43 -36.78

3.2.4 RCP4.5 5 RCP8.5 fff 5 MRV VLA KSR AR Ak il

Al 45 % /R . RCP4.5 Fl RCP8.5 1% 5, 2021—2050 4 7] 1 1 V190 WA Uit 14 52 48 ik i | 186 A 5ok 6
539K 4.47 42 m*/10a F17.39 42 m®/10a( &l 4) 1008 78 VT3 38k Fo 5 it /K SOk S22 9 2 7 1971—2015 4F
) , VA AR i S U/ N 3 TR/ NS R 22.74 /2 mP/10a, 7] UL RCP4.5 Il RCP8.5 W FliE & F , Ji bl A% i 22
A R AR | R R A A R A R s ik
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Fig.4 Trend Prediction Map of Annual runoff under RCP4.5 and RCP8.5 scenarios in the Lancang River Basin
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