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ABSTRACT

The effects of climate variability and land use changes on streamflow was carried out in
Mae Soi sub-watershed, Lampang province. The objectives were to find the land use changes and
to predict land use. Using the CA-Markov Chain model, the streamflow was estimated and streamflow
predicted under climate variability and greenhouse effect using the SWAT model (RCP 8.5), which is
a hydrological process model. Hydrological limiting factors input into this model consisted of
meteorological data (2007-2018), land use data in 2007 and 2018, Digital Elevation Model (DEM), and
soil data.

The predicted land use in 2029 indicated that relative to year 2018, the forest area would
decrease by 6.30%, while the area under agriculture and water would increase by 20.17% and 32.85%,
respectively, with changes in other land uses would only increase slightly. The model could be used
to analyze the change in average annual streamflow resulting from climate variability and could be
efficiently used to estimate the streamflow. Model calibration results for the data collected from
W.17 station indicated to an RMSE between 0.223-0.227 and NSE between 0.893-0.897 in 2018 and
2029, using the same set of climate data. Average annual streamflow was estimated at 168.71 and
170.87 mcm for 24.66% and 24.97% of rainfall respectively, while the ratio of dry to wet flow of
36.15% and 34.68%, respectively. Water yield was estimated at 0.23 mcm km™, with the streamflow
in 2029 being 1.26% higher than that in 2018.
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Prediction of streamflow under climate variability, greenhouse effect (RCP 8.5), and land use
changes indicated that the average annual streamflow in 2050 and 2613 would be 344.86 and 372.65
mcm, the annual streamflow 39.12% and 40.39% of rainfall, respectively, higher than that in 2018
by 56.69% and 59.92%, respectively, with the ratio of dry to wet flow being 50.81% and 57.339%,

respectively.
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Figure 1 The study area in the Mae Soi sub-watershed, Lampang province.
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Table 1 Land utilization and percentage change in area between 2007 and 2018 at the Mae Soi

sub-watershed, Lampang province.

2007 2018 2007 and 2018
(o)
Land use type Area Area Land use (%)
. % . % change Change in
(rai) (rai) .
(rai) total area
Agriculture 55,273.94 12.06 79,144.81 17.27 +23,870.87 42.87
Forest 391,381.44 85.43 363,767.46 79.40 -27,613.98 49.59
Urban 8,834.40 1.93 10,698.53 2.33 +1,864.13 3.35
Water 898.59 0.20 3,006.59 0.66 +2,108.00 3.79
Miscellaneous 1,749.36 0.38 1,520.33 0.33 -229.03 0.41
Total 458,137.72 100.00 458,137.72 100.00 55,686.01 100.00

Remarks: Symbols ( + and - ) indicate an increase and decrease in the area.
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Table 2 Transition land use area matrix between years 2018 to 2029 at the Mae Soi sub-watershed,

Lampang province.

2029 Agriculture Forest Urban Water Miscellaneous
2018 (rai) (rai) (rai) (rai) (rai)
Agriculture 72,357.25 2,561.25 1,629.00 1,573.75 1,015.00
Forest 25,526.75  336,098.75 1,087.75 849.25 205.75
Urban 402.00 116.25 9,991.25 104.75 78.25
Water 204.00 19.25 10.75 2,609.50 168.75
Miscellaneous 645.75 227.25 118.00 115.50 421.00

nan1satan1sainslausslomuninuly
aunAn 11 Y1nauth @ we. 2572) Iasngiiene
wuuIaee CA-Markov Chainwuin ﬁuﬁfjuﬁw
wianvudaes fiifefvalsivindu 340,858 13
\nwasnssUintU 99,136 13 uaunazdsugnaing
Wiy 11,887 13 undsiwindu 4,477 19 uas
Wawaawindu 1,779 15 Andudesas 74.41, 21.64,
259, 0.98 ua 0.39 muadu Wewdeuiieuiu
Ywa. 2561 nu Unldiuuwalduanaasiniu 22,909

15 vi3e308aY 6.30 1NWAIATSUTWLITLRNTUWINTY

19,992 ioeuay 20.17 wazUszinvdug fuusliy
Wauwiniy 2,917.55 sidederay 6.37 it Table 3
Faaenandeaiu Tonsir et al. (2018) l¢@AnwInTg
Wasuwlasnsliusslovififumenuusians CA-
Markov U3nasuminuiugdnivinaesanile
aansainmsUasunlainsldussleviiiau Tul
WA, 2566 WU Tusserandn 11 Y9 a1n
Y . 2555-2566 HuiiUnlifanastovay 0.11 uay

NUNLAYRTNITUNLUSDEAY 20.07

Table 3 Land utilization changes between the years 2018 and 2029 at the Mae Soi sub-watershed,

Lampang province.

2018 2029 2018 and 2029
Land use

Land use type Area Area (%) Change

% % change
(rai) in total area

(rai)
Agriculture 79,144.81 17.28 99,136.50 21.64  +19,991.69 43.63
Forest 363,767.46 79.40  340,858.22 74.40  -22,909.24 50.00
Urban 10,698.53 2.34 11,886.75 2.59 +1,188.22 2.59
Water 3,006.59 0.66 4,477.25 0.98 +1,470.66 3.21
Miscellaneous 1,520.33 0.33 1,779.00 0.39 +258.67 0.56
Total 458,137.72 100.00 458,137.72 100.00 45,818.48 100.00

Remarks: Symbols ( + and - ) indicate an increase and decrease in area.
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Table 4 Summary of the sensitivity analysis of the SWAT model parameters.

No. Parameter Definition Default
1 CN2 the Curve number -10-10
2 ALPHA BF the Baseflow alpha factor. (days) 0.01-1
3 GW _DELAY the Groundwater delay. (days) 0 - 500
4  GWQOMN Threshold depth of water in the shallow aquifer required for return 0 - 5,000
flow to occur. (mm)
5 Canmx Maximum canopy storage 0-15
6 Soil K Saturated hydraulic conductivity 0 - 2,000
7 Soill AWC  the Available water capacity of the soil layer. (mm H20/mm Soil) 0-1
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Figure 2 Streamflow variability simulated by the SWAT model and the respective measured data

between 2007-2018.
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Figure 3 The relationship of streamflow between simulation by SWAT model and observation data

during 2007-2018.
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Sovay 5 laglomzraieunnsauiidutaagguds
uenvntu ludigsdmgleudou (uiuan) indou
whgusemalngnaniawmile (The Meteorological
Department, 2018b) dswalinunnningfeou
damnay U%mmﬁwhﬂ'am azamﬁmqﬂmﬁauﬁ
FeeulmguunliuuSinanivihazuUsiumuiina
dluustaziteuiinnann uiiosmndunnasnly
U'%mmﬁmﬂﬂdmmmaﬂ%mm@au (Mishra and

Singh, 2003) viluraieudsAuiiUInavn

QmL“ﬂuwammﬂmsm?auLLUaﬂﬂﬂii%Uixiaﬁjﬂﬁﬁu
Tudssezinan 117 dausd e, 2550 asunta
nfiuivn s duiiufnensnssuiedesas 50 v
fufinsasuutas nsvhaneUnsssuend Yild
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"ﬁu (Witthawatchutikul and Jirasuktaveekul, 2001).

Table 5 Comparison of monthly streamflow between 2007 and 2018.

2007 2018
streamflow (mcm) streamflow (mcm)
Months Rainfall Rainfall
amount amount
(mm) (mm)
observation simulated observation simulated

January 7.33 13.63 8.40 3.60 7.64 32.06
February 3.82 7.32 22.42 1.96 4.80 9.40
March 8.08 4.84 9.74 2.59 2.84 8.96
April 1.03 2.74 73.12 493 1.16 82.80
May 20.92 22.60 212.94 16.38 2.04 223.68
June 13.99 16.23 115.98 18.38 5.38 164.84
July 6.30 12.45 0.00 25.68 25.95 118.82
August 17.11 17.58 131.94 38.86 34.32 133.60
September 14.81 12.07 129.36 29.34 27.21 119.18
October 13.79 9.77 77.70 34.52 22.45 120.14
November 7.85 6.14 25.10 17.30 11.52 19.30
December 1.67 3.89 0.00 9.18 6.09 9.04
Total Runoff 116.69 129.26 806.70 202.72 151.41 1,041.82
wet period 86.91 90.70 667.92 163.16 117.35 880.26
dry period 29.78 38.56 138.78 39.56 34.06 161.56
(%) dry period/wet period

34.24 42.51 79.22 24.24 29.02 81.65
(Year)
(%) streamflow /Rainfall

19.73 21.86 - 26.54 27.05 -
(Year)
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wrldunisasunlasnisidusslenifinuse
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Table 6 Monthly variation of streamflow during 2018 and 2029 at the Mae Soi sub-watershed,

Lampang province.

Months 2018 2029 Rainfall amount
streamflow (mcm) streamflow (mcm) (mm)
January 7.08 7.05 19.37
February 3.40 3.28 6.23
March 2.18 2.13 24.24
April 1.59 1.64 68.91
May 7.84 8.41 177.94
June 6.06 6.22 113.17
July 12.19 12.77 119.53
August 31.61 32.55 148.06
September 37.88 38.87 166.65
October 28.34 28.05 83.41
November 18.82 18.57 5.12
December 11.71 11.32 0.76
Total Runoff 168.71 170.87 933.38
wet period 123.92 126.87 808.75
dry period 44.79 44.00 124.63
(%) wet period/dry period (Year) 36.15 34.68 15.41
(%) streamflow /Rainfall (Year) 24.66 24.97 -
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Table 7 Monthly variation of simulated streamflow and rainfall amount between the years 2018,

2050, and 2070 at the Mae Soi sub-watershed, Lampang province.

2018 2050 2070
Rainfall Rainfall Rainfall
Months streamflow streamflow streamflow
amount amount amount
(mcm) (mcm) (mcm)
(mm) (mm) (mm)

January 3.60 32.06 0.00 30.01 0.00 15.38
February 1.96 9.40 0.01 6.10 0.00 9.41
March 2.59 8.96 0.00 18.54 0.00 19.22
April 493 82.80 0.00 54.60 0.00 58.38
May 16.38 223.68 0.00 82.83 0.00 93.56
June 18.38 164.84 0.06 120.54 0.07 111.24
July 25.68 118.82 9.37 212.60 13.85 217.00
August 38.86 133.60 57.55 296.36 59.83 280.55
September 29.34 119.18 75.87 228.78 76.93 226.80
October 34.52 120.14 85.82 104.66 86.17 156.43
November 17.30 19.30 69.12 34.14 77.60 48.42
December 9.18 9.04 47.06 13.33 58.19 22.32
Total Runoff 202.72 1,041.82 344.86 1,202.49 372.65 1,258.70
wet period 163.16 880.26 228.67 1,045.77 236.86 1,085.57
dry period 39.56 161.56 116.19 156.72 135.79 173.12
(%) dry period/wet period

24.25 81.65 50.81 85.02 57.32 84.05
(Year)
(%) streamflow /Rainfall

26.55 - 39.12 - 40.29 -
(Year)
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wazidlovhnnsmenisainisliusslovuniaulud w.e.
2572 ieuwuuinaas CA-Markov Chain wua Unldl
fiuivindu 300,858 13 wie¥osas 74.40 voeiiudi
wvun anasnd we. 2561 Andufesas 6.30
Aunuasnssuiiuiviiy 99,137 15 vieteay
21.64 vosuTiaun WinTuant we. 2561 An
Wudesay 20.17 LLazSuﬂ fitudwihvu 18,143 1
vise¥ouay 3.96 vosiiuiavue Wuduaint w.e.
2561 Anludesay 16.08

PNUUUTIAD SWAT Tut .. 2550 wag

Y w.a. 2561 JUSUIUEIYINTINAARANIY Winfu
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129.26 wa151.41 dugnuIARUAS %130 0.18 Uax
0.21 fugnueriumssenseitawns Andudesas
21.86 uay 19.83 vesidusel muddu Tnedl
Usinaueuiadesel wihiu 806.70 uay 1,041.82
fadluns Auaiy FeuSunaihvinazudsiunu
Usinanhely namde wetrududyinfiuiy
WU URUUSInaiviainnsnsaa e Tae
19A1 Nash-Sutcliffe Efficiency (N.) fAvinfu
0.893-0.897 UALYAINITATIVABUAIIUYNABIAIL
AaALAADULRAE A8 root mean square error
(RMSE) ffwinfu 0.223-0.227 Ustiinuuusaesd]
UszavBnmieeusuld uansnmnsauiiegldifie
Ansziinadwirluguihaeniuslaesld an
fuishaouvmmsal 2 nsdl Iiun nedlii 1 Jszana
AnUsInativinannnsTdUssTomiAaulud we,
2561 warl w.e. 2572 Auanmgilon Adaunas
(.7, 2550-2561) wuin Tud w.a. 2572 HUsunu
“fwhgjmdﬂ WA, 2561 2.16 fugnuian
wns Andudesas 1.26 Fslsifimuuansrsiuetng
udfuneadn edugldan Welnlsanasiun
dvisedianty wazinunsnssusinysunasiyi
Aazifiumy dnlunsdld 2 Teuvseandu 2 99
Lan lauA 611"NﬂﬁLU?isJuLLanamwgﬁmmﬂiu
DUIARN NNITATITBUNTLAINAMITLTU (RCP 8.5)
296380 WA, 2593 (AwadeT .6, 2584-2603) uaw
F19987: 2613 (ALaAeT WA, 2604-2628) WU
Usanauivinlud we. 2613 A1gendny w.e. 2593
Zauay 7.46 wasliinduannt wa. 2561 Yoay 41.22
Wag 45.60 ANNAIAU HANLANAIA UL
HedAgnseianul w.e. 2561 Iaglul w.a. 2593
wagd w2613 fUSmnanivinlnddeeiud we.
2554 FautfiAngnnsvaisuusdlulssmalne
HuifiAnnnusngnisaiandiugn Fanianisalld
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v

AEAINVRINUT harliin1sInN1sUSISUNTA

REFERENCES
Chaitham, W. 1987. Hydrology. 2™ Ed. Faculty

of Engineering, Khon Kaen University,
Khon Kaen. (in Thai)

Department of Water Resources. 2005. Study
and Survey on Hydrological Station
Design 25 Watershed of Thailand
Project. Ministry of Natural Resources
and Environment, Bangkok. (in Thai)

. 2006. Integrated Water Resources
Management Plan Project in the Wang
Watershed. Ministry of Natural
Resources and Environment, Bangkok.
(in Thai)

. 2018. Meteorology Data and Rain
Station. Ministry of Natural Resources
and Environment, Bangkok. (in Thai)

Institute of Water and Agricultural Resources
Information (Public Organization). 2012.
Data Collection and Analysis data
Project of 25 Basin and Flood Drought
Model, Wang River Basins. Ministry
of Natural Resources and Environment,
Bangkok. (in Thai)

Land Development Department. 2010. Soil

Group Data. Soil Resources Survey
and Research Division, Land Development
Department, Ministry of Agriculture and
Cooperatives, Bangkok. (in Thai)
. 2018. Land Use Data. Land Policy
and Planning Division, Land Development
Department, Ministry of Agriculture and
Cooperatives, Bangkok. (in Thai)



2Msd15uAEnslne 39 (2) : 107-125 (2563) 125

Mishra, S.K. and V.P. Singh. 2003. Soil Conservation
Service Curve Number (SCS-CN)
Methodology. Kluwer Academic
Publishers, Dordrecht.

Prueksawan, M. and S. Nimma. 1999. The
Influence of La Nina Events on Rainfall
and Temperature Patterns over
Thailand. Meteorological Department
Ministry of Transport, Bangkok. (in Thai)

Ruangphanit, N. 2014. Watershed Management.
4" ed. Department of Conservation,
Faculty of Forestry, Kasetsart University,
Bangkok. (in Thai)

Royal Irrigation Department. 2018. Rainfall
Data and Rain Station. Available
Source: https://www.hydro-1.net/main/
3-RAIN.php, May 25, 2018. (in Thai)

Sangkhathananon, P., C. Chotamonsak and P.
Dhanasin. 2018. Performance of SWAT
hydrologic model for runoff simulation
in Wang River Basin. The Journal of
King Mongkut’s University of Technology
North Bangkok 28(4): 869-880.

Tangtham, N. 2006. Watershed Management

and Environment System Modeling.

Faculty of Forestry, Kasetsart University,
Bangkok. (in Thai)

The Meteorological Department. 2018a. Weather

station in Thailand. Ministry of
Information and CommunicationTechnology.
Bangkok. (in Thai)
. 2018b. Tropical storm “Bebinca”.
Available Source: https://www.thaiwater.
net/current/2018/bebinca/bebinca2018.
html, April 20, 2019. (in Thai)

The National Center for Atmospheric Research.
2011. Visualize Possible Temperature
and Precipitation Changes. Available
Source: gisclimatechange.ucar, April 10,
2019. (in Thai)

Tonsir, S., W. Arunpraparut and W. Khunrattanasiri.
2018. Application of CA-Markov model
to predict land use changes in Khao
Soi Dao wildlife sanctuary, Chanthaburi
province. Thai Journal of Forestry
37(2): 138-150. (in Thai)

Witthawatchutikul, P. and W. Jirasuktaveekul.
2001. Synthetic hydrograph of disturbed
watershed. Journal of Thai Forestry
Research 3(2): 130-138.






