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Assessment of the Impact of Land Use Change on Runoff in Lam Phachi Basin

using Satellite Data and SWAT Model
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ABSTRACT

This research aims to study the impact of land use change on runoff by SWAT model in Lam
Pachi Basin. The methodology included land use/land cover classification from Landsat images in 1989,
2000 and 2014 by the Decision Tree method. Rainfall-runoff relationships were subsequently simulated
by SWAT model, using climate and rainfall data from 2010 to 2015 and 3 periods of land use from the
classification. Finally, the comparative study of simulated runoff was conducted in order to evaluate the
effect of land-use change on runoff in Lam Pachi Basin. The land classification showed that forest
covered more than half of the basin area and a quarter of basin is covered by annual-crop land. The
comparative study of land use in Lam Pachi Basin from 1989 to 2014 revealed the substantial change in
agricultural land by converting annual crops to perennial trees. Simulation studies of rainfall-runoff
relationships in Lam Pachi basin by SWAT model under 3 land-use scenarios (1989, 2000 and 2014)
generated the mean-annual direct-runoffs of 195.9, 192.5, and 188.8 mm, respectively. The mean-annual
runoff in 2014 decreased about 3.6% compared with those in 1989 due to the conversion of upland crop

to perennial trees in the eastern part of basin.
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Figure 1 Lam Pachi Basin, Thailand
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Figure 2 Mean-monthly rainfall and temperature of Lam Pachi Basin (2005-2015)
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coefficient of efficiency (NSE)
Sutcliffe, 1970)

(Nash and
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AwALN®ATNTIY (C, upland crop) b fwdss
(P, perennial tree) {7 1 (W, water body) Aaw
WawseFenaas1s (SB, soillbuilding)

1w Figure 4 1Junan1ssuunanIwdn
ﬂqwauluﬁ?uﬁ@;uﬁﬂﬁwm%ﬁa #7370 Decision Tree
2891 2532 (1989) I 2543 (2000) wazi 2557
(2014) wud vInwmiaazTuanuazfialdvadgy
ﬁﬂ%m‘fluﬁuﬁgmﬁ daulngiduiuithannni
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AIIAWIVDINBNNIRNG LWASLTWNUNNTNTID

v
A o

v d? d' 1R dql' 1
HouluNuwinin ld89 2% Vo INUNNINNA 8%
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vInmnsiaazineandaduinigneinaon
& 4 & A& A a I
AALRTAUNIIY LT UNBNNBATNIINAALD U
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At WHNAIAWLATRINBFTII WA audIaU
myUsziinanuuang lain1sdansale
AMaauwINLazUszLiuan overall accuracy 16
. - Y 4 &
82.92% a1 Kappa coefficient 16 0.745 Fansmad
agﬂummsﬁﬁwalﬂ? Ll aNAITHY ANANNAA
LARBW (error) LAZANNLAREN (accuracy) LN
MuThaveIFIUNAGNA (Table 1) WU Wi
111 (W) LnsasnITy (C) wazdals (F) &
anugnaadlunisduundwald (accuracy >
80%) luw e NAWUN L HUAU (P) WUNRIAULAS
§9na§3I1d (SB) ﬁmwgﬂﬁaﬂumﬁmuﬂ
1 v c: lj/ lﬂl v v = ™
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Table 1 Accuracy assessment between ground-truth survey and land use/cover in 2014

Ground-truth survey (pixels)
F C P W SB Total C.E.(%) U.A. (%)
) F 2578 0 66 21 0 2665 3.26 96.74
% C 140 2943 63 1 313 3460 14.94 85.06
g P 478 171 438 7 0 1094 59.96 40.04
g w 0 0 0 343 0 343 0 100
% SB 0 90 0 0 254 344 26.16 73.84
§ Total 3196 3204 567 372 567 7906
3 O.E (%) 19.34 8.15 22.75 7.80 55.20
P.A. (%) 80.66 91.85 77.25 92.20 44.80

Note: F, forest; LV, low vegetation in hilly area; C, upland crop; P, perennial crop W, water body; SB, soil/building;

O.E, omission error; P.A., producer accuracy; C.E., commission error; U.A., user accuracy
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Figure 4 Land-use/cover maps of Lam Pachi basin in 1989, 2000 and 2014
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A159% Awnan, 2557; AAANIBUazA e, 2560)

Iefuri (1) CN2.mgt tudmansianldsivnaes
anuiuludnEudutiunag (Iniial SCS runoff
curve number for moisture condition |I)
(2) GWQMN.gw 1uszavinaastulwinguumn
( Threshold water level in shallow aquifer for
base flow) W#218dadLuAT (3) SOL_AWC.sol
Lflum'mmmsnlum‘sa}”uﬁwaa"ﬁguﬁu
(Available water capacity of the soil layer) #1h28
\Ju fadwarindedaduasningadn wan1s
USuisuuazmMuaauuaadlyu Table 4 lagidu

]
3 =3

Anfanniitatinlug1n1T K25A, K17, K61, K62
Bgamudwindariein waznanisUsuLAsy
8015 K25A a2 K17 W.@. 2553 119 2558 (2010-
2015) uaa4lu Figure 5(b) Waz Figure 6(b)
ANNAIAY FIUHNANIUFOL W.A. 2548 ©19 2552

(2005-2009) LEAILY Figure 5(a) LLae Figure 6(a)
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Table 2 Relationships between classified land-use/cover and land-use type in SWAT database

Land Use Type

Satellite Image Classification

Land Use Type

SWAT Database

Less vegetation in hilly area

Hay

Forest Forest-Mixed
Crop Agricultural Land-Generic
Water Water
Soil/Building Residential-Low Density
Perennial tree Orchard
Table 3 Selected model parameters for calibration
Parameter Unit Method Initial Value Range Fitted Value
1. CN2.mgt - Relative varied -10% ... +10% -9.55%
2. GWQMN.gw mm Absolute 1000 +0 ... +4000 +3582
3. SOL_AWC.sol MMyo0/MM g Absolute varied +0 ... +0.4 +0.1455

Note:

1. CN2.mgt = Initial SCS runoff curve number for moisture condition Il

2. GWQMN.gw = Threshold water level in shallow aquifer for base flow

3. SOL_AWC.sol = Available water capacity of the soil layer

Table 4 Model-performance indicators from calibration and validation

Hydrometric

Calibration (2010-2015)

Validation (2005-2009)

. 2 2
Station R NSE R NSE
K25A 0.818 0.647 0.821 0.504
K17 0.880 0.772 0.846 0.711
K61 0.894 0.792 N/A N/A
K62 0.936 0.863 N/A N/A
Note: N/A = Observed data not available
60 0 60 0
100 100
50 50
200 200
300 300
40 - —~ 40 p
i) rain —_ w ran —_
= 400 E & 400 g
g 20 =—0=—Qobs <00 é E 30 —0=—Qobs 500 é
% Qsim 600 E % ﬁ Qsim 500 E
< 20 g < 20 g
2 w2 2 \ ECC]
[s] [a)]
10 r\ 800 10 /‘ ) 800
/ &R A 900 | I 900
0 Arpborio? Y __d[ \"Airwvcpo fpt\». B P % B8 By 0 Ao ,# R Bl B AT Yy ,-:O"’C! B B BN 1000
2888838888865 5888883883328 EEEEEEEEEEEE R R EE R R
SRS 8SR8RIIRRIIIRII]ERSE SERRSRRRSRRS8RRRRRRIS8RRESR
B R R I I B LR R R R R SRR R
(a) 2005-2009 (b) 2010-2015

Figure 5 Comparison between observed data (Qobs) and simulated data (Qsim) of mean-monthly

streamflow at station K25A (a) 2005-2009 (b) 2010-2015
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Figure 6 Comparison between observed data (Qobs) and simulated data (Qsim) of mean-monthly

streamflow at station K17 (a) 2005-2009 (b) 2010-2015
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myanzinmadasuudasnisldiaw
amwﬂnﬂquﬁuluﬁuﬁ&juﬁnéwm%hﬂ 2532
(1989), 2543 (2000) U8z 2557 (2014) AILEAI
Tu Table 5 waznsiSouifisunmsanuuyas
52391 2532 (1989) U 2557 (2014) (Table 6)
Wudn Audidn (F) dn1sUaonudastAud
L@n¥aw (Table 5) AunRansyostonluiud

N (LV) Saunaesdlasinmalasuudasdy

U
[ 1
A =

WwN11 42.56 km*(Table 6) ABNLNHATNITY

(C) inunaaadlasinmauasnudaaduini sl

fludu (P) 285.68 kmi(Table 6) Wit lalHwan
P) TRuALAndn udursdrnnarotdwiud
LN¥ATNTTY (C) 102.43 km? (Table 6) Wi %
LWauazFenaaina(SB) Sinfiaaaslasiinng
wWassuaaiuiuiinwasnysy (A) wazui el
fuctie (P) AaLduiuf 57.09 km? Waz 16.00 km?
(Table 6) AN&GU wazA Uity (W) TNuA
WAndn 97 2.93 km? ludl 2532 (1989) Wil 7.42
km?lutl 2557 (2014) (Table 5)

Table 5 Comparison of land use/cover in Lam Pachi basin in 1989, 2000 and 2014

Area (km?)
Land use/cover 1989 2000 2014

F 1352.21 1389.36 1388.60

Lv 45.36 8.24 8.55

C 865.01 716.69 723.42

P 233.07 426.95 430.10

w 2.93 5.45 7.42

SB 76.15 28.04 16.64

Total 2574.73 2574.73 2574.73

Note: F, forest; LV, low vegetation in hilly area; C, upland crop; P, perennial tree; W, water body; SB, soil/building
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Table 6 Land-use/cover changes between 1989 and 2014

Land use/cover in 2014 (km?)

. F LV Cc P w SB Total
E F 1343.18 6.15 0.53 1.62 0.72 0.004 1352.22
% LV 42.56 2.22 0.20 0.32 0.06 0.002 45.36
< C 1.47 0.12 562.77 285.68 3.02 11.95 865.01
E’ P 1.29 0.02 102.43 126.13 1.37 1.85 233.07
% W 0.08 0.04 0.46 0.35 1.82 0.19 2.93
é SB 0.02 0.003 57.04 16.00 0.43 2.65 76.15
il% Total 1388.60 8.55 723.42 430.01 7.42 16.64 2574.73

Note: F, forest; LV, low vegetation in hilly area; C, upland crop; P, perennial tree W, water body; SB, soil/building;
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Table 7 Changes of mean-annual direct-runoff in Lam Phachi Basin

Year Rainfall (mm.) Runoff (mm.) Change in %

Land use Landuse Landuse From 1989 From 2000 From 1989

1989 2000 2014 to 2000 to 2014 to 2014
2010 1170.8 246.1 241.3 235.9 -1.95% -2.24% -4.14%
2011 1060.9 168.1 166.6 163.1 -0.89% -2.10% -2.97%
2012 1067.9 217.7 212.6 208.2 -2.34% -2.07% -4.36%
2013 1257.6 269.4 264.6 261.7 -1.78% -1.10% -2.86%
2014 961.6 165.9 163.1 159.0 -1.69% -2.51% -4.16%
2015 798.6 108.0 106.5 104.8 -1.39% -1.60% -2.96%
Mean 1052.9 195.9 192.5 188.8 -1.74% -1.92% -3.62%

58
- change to crop
- change to perennial tree

(a) from 1989 to Land2000 (b) from 2000 to Land2014 (c) from 1989 to Land2014

Figure 7 Land-use conversion to crop or perennial tree in Lam Pachi Basin (a) from 1989 to 2000

(b) from 2000 to 2014 (c) from 1989 to 2014



1IN IINemaasazina lulad yn1Inenseinwasmans 49 7 aliun 3 2561 14

I <80 mm.
[ 80-120 mm.
[ 120-160 mm.
[ 160-200 mm.
[ 200-240 mm.
I 240-280 mm.
I 280-320 mm.
I > 320 mm.

(a) Land use 1989 (b) Land use 2000 (c) Land use 2014
Figure 8 Mean-annual runoff (a) Land use 1989 (b) Land use 2000 (c) Land use 2014

62

(a) Land use 2000/ Land use (b) Land use 2014/ Land use (c) Land use 2014/ Land use
1989 2000 1989
Figure 9 Ratio of mean-annual direct-runoff (a) Land use 2000/ Land use 1989 (b) Land use 2014/
Land use 2000 (c) Land use 2014/ Land use 1989
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