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Abstract

The runoff in the Lancang River basin has undergone significant changes due to the changing environ-
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ment in recent decades. Two-water Sources and Three-water Sources Lumped Watershed Hydrological
Model Considering Land Use and Land Cover Change (LWHM-LUCC) were constructed, and the data from
1986 to 2004 were used to calibrated and verify the models. The results show that: annual runoff simu-
lation effect of the two-water sources and three-water sources LWHM-LUCC model is basically the same,
and the monthly runoff simulated by the three-water sources LWHM-LUCC model is better than that of
the two-water sources LWHM-LUCC model, which indicates that three-water sources LWHM-LUCC model
has better applicability; the two-water sources and three-water sources LWHM-LUCC model have better
runoff simulation effects in the flood season than in the non-flood season, especially the runoff simula-
tion effect in July is the best.

Keywords

LWHM-LUCC Model, Lancang River Basin, Runoff Simulation, Water Source Division

Copyright © 2021 by author(s) and Wuhan University.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 5|8

AR, EAERAF NG ONEAEH T, MSERARAE T AR 2R 1] SR, hESR
WA R E S RIS, Xk — DR T R E KSR 2 TR S, R E R TR E ST
J&[2]. Bk, FFRERISAR AL AR AL Tt Tk S5 IR it A BT K S5 ) A B I S S,

KSR R SRR B TR, — R AR S AU SRR A7 ROK SO R RS, Hodr, &R
K SRR AL A — N2 A, PSR 1) 2 H5OR0 BRI R F T35 A AR B s 43 A K OIS PR 3881 43 A
HTANEARERRIG, XA I0R A AR 2 50RO\ BERMEEAT AK SCRLARN 3] 43 A 2K SO HA L
SRV BN, Be S B HERR A R AR A K SRR E T A A 2 R RN A N R R | e LA S s B A
FEAR R B R e s 7 B A SR OB G5 R TR B, 03 N BE R SRR, LA AR A0 i AR ASLAULRG B2, R G A A 4k
A A AN 0] B A 4] [5]. TR, ARG 51E M LR /8 32840 B 2 B 2L, HHia sk 3C
TR R R M 52 BB RER 22 1 OV, DRI -4 A HE T 28 B8 R /78 AR A 1) B S SR K SCRE Y (Lumped
Watershed Hydrological Model Considering Land Use and Land Cover Change, &8 LWHM-LUCC); FH#T HAh
ERAUKICEA, LWHM-LUCC A% 18 1 s T 88 T ) 2 1) 22 5, K Iau 3 B8 i 1) 43 A ) L ) FH 2R 28
a3 i BEAT K SCBEAEL, AT T 58 & VP Ay = b R FH /78 B 738 A B0 7K SCOK BE R ARSI [6] o i~ 55 N R — 7K i
LWHM-LUCC B %} =52 2 7 51 X ) J6 e AT e deldh AT AR 4L, 45 SRAIE B LWHM-LUCC B8 B AT B 47 1) i
FAE s SRT KRR 53 o2 vHE A e B T A A ) 1 X A S AR A # - PR AR S0 K IE LWHM-LUCC 54
HuiE A =K LWHM-LUCC B H8 i b X () B0 AT A A4, LWHM-LUCC #8 B A 52 1 iE H
.
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THIHAG S 2 5O, R] M 4 10 A28 VA A A 55 T i T s Ay [ A A 2 28 RO AR 8 R R 7] (8]0 JU AT 25 (9] B FH AH R 43
B RS (] /N AR e (1) o3 AT 74, WA T 2 B 858 N TVE VL H A2 0 78 A ) A O P AR AIE A1 22 ) [) )ROBESRRAE, 45 3R
R UL H R &R 72 B ) 2 (A RBE ARG RAE . 245510125 TG L - J8 20 T 8
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Figure 1. Sketch of the Lancang River basin
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Table 1. The introduction of the LWHM-LUCC model input data
# 1. LWHM-LUCC =B N BIRN 4B

Hlii 44 P Hs i Hel RV
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K SCEE Fe gl H R B (1961~2014 4F) ZEEKE
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Figure 2. Structure of the LWHM-LUCC model (a) two-water sources model; (b) three-water sources model
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Figure 3. Structure of the runoff yield model coupling of
saturated storage and excess infiltration
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h(t) =Eexp(—éj (2)

A K AETERBGHN), £ /KEAEARNCR RS, MibESRRn, K BO8 KL, SibE SRR, K
BN KG.
3.2. ERSH
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Table 2. LWHM-LUCC model parameters
# 2. LWHM-LUCC 58 8%

KRR L =K IRARTY S 4L SHF IR SRR ST L
WM WM 40 150 PRI 18 /K A B (mm)
BN BN 0.01 2 Tk & KA B i A4
BM BM 0.01 2 PRC IR 228 A1 A E (=514
cC cC 0.01 0.3 RIZABR R
CE, CE, 0.01 2 Mt g L3 55 R %
FC, FC, 1 6 MRHbASSE T 5% (mm)
CK, CK, 0.01 1 I VE R 7 M 2 FE 5
CE, CE, 0.01 2 e LA 5 R %
FC, FC, 1 6 FI A E T 75 % (mm)
CK, CK, 0.01 1 B ERE T M 2 FE 5
CE; CE; 0.01 2 BEhZE & T 5 R 5
FC; FC; 1 6 HHHLES E T8 2 (mm)
CK; CK; 0.01 1 B 56 th 2 F5 4
CE, CE, 0.01 2 A b R LT 5 R 2
FC,4 FC, 1 6 ARHHIHIAR E 5 % (mm)
CK4 CK4 0.01 1 AR B 7 ih 23
CE;s CEs 0.01 2 K R AT 5 AR 3
SM 10 50 H 7K & 7K 5 (mm)
EX 1 1.5 H 7K & K7 i 2R 4R AL
CI 0.01 0.7 Berh iR R 2L
CG 0.01 0.7 Hu R K H R R B
CS CS 0.01 5 ST K P E (m/'s)
DS DS 1 10 KM R B (km/h)
CR CR 0.01 10 T KB I3 (m/s)
DR DR 1 20 TTE VKBS R B (km?/h)
CKI 0.01 0.9 B H VIR R
CKG CKG 0.95 0.999 T Gl PA )23 H IR R4

E: MO ARZKIR, AHEALA NS, AR R B O R AR, T/KIRAE R M.

4. FEBENRER 2
4.1. SHRESEETFM

R SRR R, WM SCE-UA . Bk, ZHRMEwikfnaipy, Hd, PRk
SRR f R, B4l SCE-UA 15k 2., F2RE RS : SCE-UA VAR RIVE NS S B0 1 ZE R,
1M1 % #R A Bt e vE AR AT SR R s AL R SCE-UA VEMIAS EE R =, B AR A Eh wikike, FEH
I ZE[18] [19]0 2 BB JURP 7R 2, AR SCHe R A SCE-UA VLRI R & 45 RAE NS HWIE, K515 Halife
Ptk —gesE, MR RIRMRK SR, HERRECH
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min F = i(Rabs,i - RSimJ )2 (3)

i=1
e Ropoin Ry 73095 1 £ R SEARRUIRAEIDARIIR, n N EED)EL
ASCR K ET B REL R AZRUREHE R DR(Y) AT R R NSE {E RS PP fabs, R € SON
TR RLADL A P AL ADL S AR IR 5 S AR TR T EL B, DR(%) 7€ SR M I (F ) I E BEA BRI S T, —
BN T AR R S SE AR R AR XTR 22/ T 20% 502 S A% (8], W AR N

R= ZRsim,i Z Robs,i (4)
i=1 i=l
DR(%) =n, [nx100%(n, =|R, R, |/R,.  <20%) %)
NSE =1- Z(Robs,i - Rsim,i )2 Z(Robs,i - Robs,avg )2 (6)
i=1 i=1

R Ry Ry F1 1 BORE S5 A RGYMIFL, n, NI RR S BEMA R HORIX R 22N T 20% 94RO )8,
Ropsang HSEIAECH R IRVR I T 2

R, KR AR R WESET 1, o B AR TR S S 0 R R s TR A R
DRI 100%, 99H 3 RHNSE MBSE T 1, For 0 Rt e B T 9 M A o 7.

4.2. FEREW

16 YR VLR 1961~2004 AR 7KSC B RMEAT B () 2803 e Fke s, Hodr, 1991~2004 45 (1) iR FH 4
PERE PR, 1985~1990 4 1) - 3t ) FH B A FE ARG B0 22 o AL LL 1991~2004 4EAE N E W, LL 1985~1990
SEVE NI, 23 B R KR AN = 7K IR LWHM-LUCC BBV T8 10 SE A2 R HEA TR0, 5 5 RIS 56 9
AR TS A 4 FoR, ARG RAEN W2 3 B, WRIEE 4 A2 3 oMl 5R5E A 6 3
(7K B8 REUDIE LT 1, BRIRSH R 100%, R RBIIRT 0.88, /K UE A = /K U5 I BDURS B2
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Figure 4. Annual runoff simulation results of the Lancang River basin (Simulation value 1 and 2 correspond to
the annual runoff simulation values of two-water sources and three-water sources model respectively)
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Table 3. Evaluation of annual runoff simulation results of the Lancang River basin

= 3. DR F R REMSERITN

HLALE 5] B3 KA R H RRIREIE % IR R
— REH(1991~2004) 1.000 100.00 0.905
656 41 (1985~1990) 0.978 100.00 0.935
e — ZEH(1991~2004) 0.998 100.00 0.882
K 56311 (1985~1990) 0.985 100.00 0.921

4.3. ARHREM

AL LA 1991~2004 FEAF A Z 5 1, LA 1985~1990 F=AF Ak 56 1, 43 ) S — /K A1 = /K LWHM-LUCC
RRAUOHE VO VLRI F AR AT, g WATR 50 1 0 B AR gs &l 5 R, A ARt 45 S vr
R4 PR WRIEE S AL 4 o bral N 2R IR IO K B R EOSIE T 1, g R R EUS KT 0.90,
TOKIEA KRS A ZE BN, H =K R AR IRIR SRR T 70%, KRB AR IR A A% R Lk
50%, HAHEF /KPR, = KIS AL AR 3 A2 i FE 5 sl H Rk R ORI, 4 SRR = KR
LWHM-LUCC 8 ¥ AR A AORS BE 8y, T 7K IE LWHM-LUCC #5581 H A2 B 00K BEmS 72, =K IR
LWHM-LUCC #8142 i A SR LT — 7K Y8 LWHM-LUCC #54L.
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Figure 5. Monthly runoff simulation results of the Lancang River basin (Simulation value 1 and 2 correspond
to the monthly runoff simulation values of two-water sources and three-water sources model respectively)
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Table 4. Evaluation of monthly runoff simulation results of the Lancang River basin

F 4. RRIIRE R ERBIEE RN

LT 1) IS IKE P R EL RIRIREIEZ% YRR R

HEM(1991~2004) 0.992 53.57 0.934

TOKIEAE A
K 5631 (1985~1990) 0.970 50.00 0.930
HEHA(1991~2004) 1.004 73.21 0.953

=K
K56 HA(1985~1990) 0.979 79.17 0.963
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N5 T ZKIERT = KYE LWHM-LUCC BEAUHIETLIIRAN A A 0 AR TSR, Al S e
11(1991~2004 ). K36 11(1985~1991 4E) AL I(1985~2004 4F) N £ H 43 SEIAR IR IR 5 AR LA X 1R 2 1
YA, i3 5 B ARME 2 5 20 al i 78 K IERE RS e, 6~11 H = AN IR RIRAE X 3R 2235/ T 20%,
He 7 ANARREMSHR Z RN, 2~5 H =AM IR RIR SR 25K TF 20%; 75 = /KIERE BB LS S, 1~3
AR 6~12 H =AW AR TR R ZE /N T 20%, o 7 H AR AE R ZE B/, 15 H =AM AR RIR
ST IR ZE KT 20%; 45 B8] —/KIEAI =/KIE LWHM-LUCC FEAIZETIH(6~10 ) HIARRAEL R R0 TR
B A~ S B, JUIHR 7 A AR R T, HENDE i T ARG LA T /KRME T2, R =K
R — K YFRE AR AR LN AT — E AR T, (2 LWHM-LUCC BEAURBE 58 S sk 1 2 it A2 28 1k

Table 5. Relative error of monthly runoff depth in the Lancang River basin (unit: percentage)

F 5. RRIDRE R ERAEMNREEA: %)

i KRR ZIKUEAE A

E M 56 A A HA e K56 A Y HA
1 9.38 22.38 13.28 -3.73 -10.66 —8.58
2 32.86 43.40 36.02 =7.07 —4.93 =5.57
3 37.65 38.93 38.04 2.73 3.81 3.49
4 34.55 39.50 36.04 23.27 17.01 18.89
5 28.05 34.42 29.96 31.90 20.19 23.70
6 —1.61 13.87 3.04 14.77 -1.99 3.04
7 -0.24 1.55 0.30 4.38 -0.27 1.13
8 -10.31 —14.22 -11.49 —8.88 -3.29 -4.97
9 -15.24 -9.37 —13.48 -2.85 —6.36 —5.31
10 -15.74 —7.82 -13.37 1.00 -3.91 —2.44
11 —4.13 -13.13 —6.83 =5.23 =7.08 —6.53
12 22.67 16.68 20.88 -10.23 —6.04 =7.30

5. GRS RE

AR SCHY T VIR A KPR = /KIE LWHM-LUCC #%, SEH] 1986~2004 4 [ %8 kLT 4427 A1 H
BRIl FEEELWR:

1) Z/KJER =7KJE LWHM-LUCC A (R AEAR IR SRR B AR A [F], 3 BT BOs AERRS FE s =K R
LWHM-LUCC B54 f) H 2 R RCR AL T —/KJE LWHM-LUCC R, = /KRR (K RO RS B e v, /K IR A
RUFREAURE FE NG 22, W] = K I LWHM-LUCC FE Y 7E I 1 VLA 4k B A 8 4 158 FH A

2) Z/KIEF =7KIE LWHM-LUCC A PE U AR BRI T4 AU, TG 7 H B S i

RS ATFTIR , AR SO LWHM-LUCC AR VLR AT 7RG E 0t 9T, ISR — 2
AJEZAL, KRR LA BEAE LU T J7 1 e Pt — B 7t . BT LWHM-LUCC 5 88565 AN [7] () <A A - iR FH AR 4k
ST SR, B AR ISR N IRE VL AR A A, o3 B YA S AN L b R AR A 5 R ) K S
KB IERN ;s LWHM-LUCC H2Y 7E A AR AL 8 R A, w] LA LWHM-LUCC B AR A dE A7 4
FOLANTRI AT A3 Y VT 3 vt /K PR S5 A DS Fe e it — e I 5o

E&WE

Bl X H AR Rl #FE 4T H (91547205, 41971040, 51579181),
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