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Abstract

The objective of this work was to study the land use changes of head watershed area on streamflow (Q),
suspended sediment (SS) and water quality (Biochemical Oxygen Demand; BOD) in Khlong Lan Watershed (KLW).
The SWAT (Soil and Water Assessment Tool) model and GIS (Geographic Information System) were applied to
estimate amount of the streamflow, suspended sediment and BOD from the land use changes of head watershed
area during November 2017 to October 2018. The reliability of the model was calibrated with the observed data by
adjusting the coefficient of the key parameters by using SWAT CUP program. The goodness of the calibration
results were assessed based on the coefficient of determination (Rz), nash- sutcliffe efficiency (NSE) and mean
squared error (MSE). The results showed that the KLW area was 90.07 km®, 11 hydrological response units. The
Scenario 1: The land use at the existing condition, indicated that the total amount of streamflow was 28.73 MCM,
total suspended sediment was 2.386 tons and average BOD was 0.55 mg/L. The simulation of the Scenario 2: The
land use based on the Khlong Lan National Park boundary, implied that the total amount of the streamflow an
increasing to 10.15 MCM, suspended sediment was decreased to 0.655 tons and average BOD was decreased
0.076 mg/L when compared to the Scenario 1 because of increasing in forest area and decreased field crops,

orchard, other area and urban area.

Keywords : land use changes, head watershed area, streamflow, suspended sediment, Khlong Lan Watershed
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Parameter R? NSE MSE Period of Observed Data
Streamflow 0.82 0.81 5.68 November, 2017 - October, 2018
Suspended Sediment 0.78 0.79 6.14 November, 2017 - October, 2018
Water Quality (BOD) 0.76 0.64 7.87 November, 2017 - October, 2018
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Streamflow (MCM) Suspended Sediment (tons) BOD (mg/l)
Month
Scenario 1 Scenario 2 Scenario 1 Scenario 2 Scenario 1 Scenario 2
November, 2017 8.63 9.45 0.468 0.365 0.56 0.53
December, 2017 5.91 6.34 0.563 0.514 0.73 0.60
January, 2018 3.27 2.47 0.213 0.186 0.51 0.43
February, 2018 0.76 1.86 0.144 0.096 0.63 0.62
March, 2018 0.44 0.94 0.101 0.096 0.59 0.50
April, 2018 0.23 0.77 0.074 0.056 0.61 0.54
May, 2018 0.57 1.68 0.086 0.064 0.58 0.56
June, 2018 0.71 1.84 0.081 0.044 0.52 0.46
July, 2018 0.68 1.69 0.069 0.032 0.60 0.45
August, 2018 0.76 1.21 0.078 0.018 0.44 0.40
September, 2018 2.41 3.84 0.185 0.093 0.42 0.33
October, 2018 4.36 6.79 0.324 0.167 0.39 0.25
Total 28.73 38.88 2.386 1.731 - -
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Scenario 1 Scenario 2 Land use change
Order Type of land use
Km? % Km? % Km? %
1 Evergreen forest 68.75 76.33 69.05 76.66 0.30 0.33
2 Deciduous forest 9.91 11.00 10.12 11.23 0.21 0.23
3 Field crop 7.35 8.16 7.05 7.83 -0.30 -0.34
4 Orchard 0.62 0.68 0.59 0.66 -0.03 -0.03
5 Urban 1.04 1.16 0.90 1.00 -0.15 -0.16
6 Paddy field 0.61 0.67 0.66 0.73 0.05 0.05
7 Other 1.68 1.87 1.60 1.78 -0.08 -0.09
8 Water 0.11 0.12 0.11 0.12 -0.00 -0.00
Tatal 90.07 100.00 90.07 100.00 - -

IANTINENAIARTYIN T 24 (AULN 2) WOHNIAN - RIVIAN W.A. 2562 545




UNAINNIRE

AANTMUNANISIAE
- o . cda s da & v

nsAnnaasuudasnisldlss Tamiauisnuiunfuiise B AzneuwIuaRY LAZAANIN
11 (BOD) Tuunguinaasdaiu aandanunanas Tudaanislilselomininnauluilaqiuuazasnpndasivaning
\luagase (nagl Scenario 1) waz naslddssTominAummunzan (n9td Scenario 2) Wu31 xRN lutaansal

. | ™ Y  a & oA~ o S aAa & & a o \ =~ .
Scenario 2 dwlvajiuua HiningeuienauiulEu sl ureme R iulugeensil Scenario 1 Tng
WAaunAIANINTILRE UL A9289 IR N YIANT G AN 4.36 Augnuaafinms Tudaensdl Scenario 1 1
6.79 frugnunarinms Tugaensdl Scenario 2 INIWWINAL 2.43 AAUgNUIATINAT LATLENIUAZNAULIIUADE BN
weunaIANEnIsanuLLaanaIgegn a1n 0.324 fu Tugdaensdl Scenario 1 1w 0.167 i Tuta9nsel Scenario 2
AAALYINTL 0.157 Al dauAninIneid (BOD) WUl ihaunsngianinisidasuutlaianasgegaann 0.597 Haaniusie
ams lutnanstl Scenario 11ilu 0.447 Ja@nFusiadns ludaanadl Scenario 2 AAAILYINAL 0.150 HaAnFusadmns
WasannnislidsslaminAudssimiuninemonssy quavetende uazauling gnulaswilunislddsclamingu
szt I8 aenunaziauiifiadnaiunestinluntsduinenlluauldnanndndunnis sy lemingu
dszinnaws) thididuunaaindiasiuiianansasyinliitlunanasnres duduasiufunaeduri iaueas lnats
1 d’l 4 1 09/ o = 091 1 = a 1 d” 091 liJ a =

wvaadealiiwithassiin vastnaenl NaAMNgNTULATAILANANTI9zaINTA latiduRna NN laTesiie
< o £ ' & A 2o 6o Py py a o & o o & o a
Fuinuegunueluiunn i lidanaugaiieguugiansiaslatnaznausananeilumssonsofianig

povudunateiuduanasuin B uninw il auguauegianeaswin B iiingeavlukazinou

v (%
a o

a o 1 Yo U o [ o v A a K a i’/
annath fidaeilasiunisinanzuasiawiniinbuaintiduiazaunig lnaanusatlzne nangaaauIeIALaLintu
wazduluniedoaliiusitingnanssine) lawaudnaeiiasaini ilduseuseaivanuanauazinisUnagunumiing
- LA as erda Cd v . 4 . .
Aunndnunns s TaninAud ssinnene] T uann15 1A NRINA 8 LATNIAREUANIBIALNBULIIUABEANE
s o P P ' Y | = . A = o =
wrasunasn liununzneuniinluluurazineureslugaanssl Scenario 2 anadtieiFeuiiguiugaensdl
Scenario 1 FLBFNIIALNALUIIUARLAAAIAILAFBAILDIANNINT (BOD) antiasiad i AN WINATY danA&es
Aun12ANEU84 (Xiaobo et al., 2008; Piyawat, 2012; Oeurng et al., 2011) Wu31 U3N1dtinvinwaznznauinans
wenlasiuunmwizilgn Tnenisulasundasaasiiuiamnvinaziuegfudslnaguaniiunan s9ums Cao et al.
(2009) #3884 m@mi:wmmmﬂﬂaﬂuuﬂmamﬂmuﬁuﬁi@%nqr;mwm%wmmumiﬂwmzﬁuﬁw Motueka Uszine
a A P - | A ° a a = ° % v @ A A
Hauaud Fednassaniunisaleanidiy 2 nsil As N1sRnaesRsnguALluenn wazN1TANaeINITgnAuauliEuNun
. 4 . o A e ¥ “
Wud1 Naidas Ul aeRatlnAguANENAAR TN MUY ATNBULLIUARE LATAMNINGN WAT N1PANIVE
Banchongsak et al. (2017) wuan 13Nnaunznaulauastiuas AN mnaziuag i unvinduuan Tnaiunon

& ' A a d’l ! 1 a =2 o S va
mmwmmumu’lﬂﬂﬂ;mmmmﬁ‘mmﬂummmimuuﬂmmu

IANTINENAIARTYIN T 24 (AULN 2) WOHNIAN - RIVIAN W.A. 2562 546



UNAINNIRE

a71nans3e
~ o y cda s & dy & L

arnnsAnenInlasunlaenislddes e minpuiznununsuiiselFunnmiai azneuuaauaes uas
AUNINII (BOD) TNuNguinAaeda11 A9ndanunaings TudaunaungAaniei w.A. 2560 DAaunaIAN W.A.
2561 Wu3 Tumaanstd Scenario 1 USNNUENYINGINWINAY 28.73 EugNUIATLNAT AZNOULIIUABETINYINAL 2.386
A LaANININGN (BOD) AEini 0.55 HaAniusaans @autaensid Scenario 2 UsNNvIngaxiniy 38.88
ANUQNUIATLNAT AZNOULIIBABUTINIVINAL 1.731 U UATAUNINEN (BOD) 1aA8Linfiu 0.47 Haaniuseans e
WrauiguNan1sANETNN UL ATNaULEIUADEY LATADININYN (BOD) 84 Scenario 1 waz Scenario 2 W4

quIIAAEIATU T1T99 Scenario 2 HFNNMUNNANTWWINAL 10.15 AugnUIATNAT AzNauLIILABEAAWNAL

v
v A v o K a

0.655 Fts WAZAMNINTN (BOD) L1a@tanad 0.076 Hadaninsadns AvinasaasinisayinsuasWuyiuniild

[ V|
o o A .

TagannzatnedeuBnuiunfuisaiuiduann nguinduin 1 aasinuliduunasfiuiiaisnslllinfanag

v

¥ 1 [
= 1

wWaruudaslihiflunislilselanilszinnau douiunguuariunneunegneuansresquingedoulunilunisld

dszTaminaulugluuvaesiunigls Wunldus wasiundaman Arsiinaslduinsnisauindaunarindansion iy
e~ = ] 1 ] v a A I~ o a

nadgnivtiuuvyuRey nsdgnivaunsnszudnaunn nsdgnivauuuilntlesrqusu nslfiasanivouwasianaquai

diusiu sanisnaslduamsnisfnunguanadinniasupuetiuasan fnnaiuniswasuudasnislidss Taninau

v 1 '
e A o

a & Ay & A o o TR GRS Y =
tnniunsiuimadiunisdnileswazewindiunililiinegetia gt

URLAUDLUE
~ o & < &AL % | a a R A I A A
ArsEinsauinFuaruNunin 1l TnalanizetnelisBuuiunfuinvieNunduanninguiidun 1 18

AINAININNGT 700 msanszAutnzalunane iduanndduiiuas i linanisdasuudasliilunisls
derlamitszinnaw] douiunguuariunneunegnouaeesguindedanugiifunslidsslonimaulugluuuaes
dgl d‘d 1 d!/ dl v dgl d‘ =3 =3 = o o ca Oy ¥ o 1 b4 1 ]

wuniiels wunliing uaziuidamdn AasiinisinnsniseyinEAuLas i SANIsaNAae Wl nstgnivauuy

a = U A ¥ a A A o a I
NHULIEU ﬂ’]iﬂ@ﬂW“ﬁLLVl‘é‘ﬂizﬂ"J’NLLﬂq ﬂ’]ﬁ‘ﬂ@‘ﬂW?jLLUUﬂﬂﬂ’a\iﬂ@qNﬂu mﬂmﬂwmﬂwmmmmmmu ﬂ’]i‘ﬂ@]ﬂ‘W“ﬁLLUU

v v
o a

wiiula nsanuilasuazypseslunuuwassdu nsindutaeranuidaneann nslgnivaijaanvizanislgnivansyna

|

'
o

daielonauagniadniuau nnsdgnivaaduiiuuouniszazlgninas i auiuaaI9ANaI ANBI R AN LW
seau ludiu sanian1slnnmsnisfiungunnedinnnacuaNettuassa iR aaiun wasuulasresinuin s i
dselamnaunadunisinilesuazanyinedium viseunsiui santsaatymeonudauiadussuuuaziinanonu

Lo
DENENEL

namnssulsznA
1928UANANNTUIAE NN INNduIEAD A unenT? Naiuauuuide uazipeieaniuilunisAneide
2e7aUAN AMIANST Wt wazinAnsnldsunsuiainaimianideuanien AncanaAaniuazimatulad

wAneENdaaAg it unanes Naruayuliaoudasmae lunisAneidelua il sereunns Aans1ansd ne.dwug

IANTINENAIARTYIN T 24 (AULN 2) WOHNIAN - RIVIAN W.A. 2562 547



UNAINNIRE

Ao

Fan9sN NneduuzaneanenasfnIN] eusudsasudsniulssTamiundwiin aereaunn Aruranussas ALK

a o

Wnanysal {liNla 1aeen ausudeasu iAnlsnen aanuviaale Wivndwmnetraludinuniinidiauillsnedus

o

:/l a rd‘ < o o Yy ¥ 1 = = a dgl
TANYN UNWNANILTINAT Wmmgim niluniaslalifdnndnatsmnaaanisAneniaei

LANA9A19BY

Abbaspour, K.C. (2013). SWAT-CUP 2012, SWAT Calibration and Uncertainty Programs — A User Manual.
(pp. 103).

Abbaspour, K. C., Rouholahnejad, E., Vaghefi, S., Srinivasan, R., & Klove, B. (2014). Modeling Hydrology and
Water Quality of the European Continent at a Sub Basin Scale: Calibration of a High resolution Large-
Scale SWAT Model. Journal of Hydrology, 524, 733-752.

Abbaspour, K. C., Yang, J., Maximov, |., Siber, R., Bogner, K., Mieleitner, J., Zobrist, J., & Srinivasan, R. (2007).
Modeling Hydrological and Water Quality in the Pre-Alpine/Alpine Thur Watershed using SWAT. Journal
of Hydrology, 333, 413-430.

Arnold, J.G., Moriasi, D.N., Gassman, P.W., Abbaspour, K.C., White, M.J., Srinivasan, R., Santhi, C., Harmel, R.D.,
Van Griensven, A., Van Liew, M.W., Kannan, N., & Jha, M.K. (2012). Swat: model use, calibration, and
validation. Transactions of the Asabe, 55 (4), 1491-1508.

Banchongsak, F., Bualert, S., Dampin, N., & Nipon, T. (2017). Dynamic Modeling of Water Storage Capacity for
the Dilution of Waste Water of Land Utilization in the Upper Tha Chin Watershed, Thailand.
EnvironmentAsia, 10, 33-42.

Cao, W., Bowden, W.B., Davie, T., & Fenemor, A. (2009). Modeling Impact of Land Cover Change on Critical on
Critical Water Resources in the Motueka River Catchments, New Zealand. Water Resources
Management, 23, 137-151.

Donigain, A.S.Jr. (2002). Watershed Model Calibration and Validation-The HSPF Experience. AQUA TERRA
Consultants, 2685 Marine Way, Suite 1314. Mountain View. CA 94043.

Guan, D, Li, H., Inohae, T., Su, W., Nagaie, T., & Hokao, K. (2011). Modeling urban land use change by the
integration of cellular automaton and Markov model. Ecological Modelling, 222, 3761-3772.

Land Development Department. (2002). Evaluation of the Universal Soil Loss in Thailand. Ministry of Agriculture
and Cooperatives. Bangkok. (in Thai)

Nash, J.E. & Sutcliffe, J.V. (1970). River Flow Forecasting Through Conceptual Models, Part 1: A Discussion of
Principles. Journal of Hydrology, 10 (3), 282-290.

IANTINENAIARTYIN T 24 (AULN 2) WOHNIAN - RIVIAN W.A. 2562 548



UNAINNIRE

Neitsch, S.L., Arnold, J.G., Kiniry, J.R., & Williams, J.R. (2011). Soil and Water Assessment Tool. Theoretical
Documentation (Version 2009). Retrieved May 1, 2016, from
http://swat.tamu.edu/media/99192/swat2009-theory.pdf

Nipon, T. (2006). Watershed Management and Environment System Modelling. Forestry Research Center, Faculty
of Forestry, Kasetsart University, Bangkok. (in Thai)

Nopparmard, N. (2004). Effects of Land Use Patterns on Surface Water Quality of Middle-Lower Tha-Chin River.
Master of Science (Environmental Science), Kasetsart University, Bangkok. (in Thai)

Oeurng, C., Sauvage, S., & Sanchez-Perez, J.M. (2011). Assessment of hydrology, sediment and particulate
organic carbon yield in a large agricultural catchment using the SWAT model. Journal of Hydrology, 401
(3-4), 145-153.

Piyawat, W. (2012). Study of the runoff and sediment in a basin scale using the SWAT model. Rajamangala
University of Technology Lanna, Chiang rai. (in Thai)

Thai Meteorological Department. (2018). Kamphaeng Phet Meteorological Station. Northern Meteorological
Center, Ministry of Information and Communication Technology, Kamphaeng Phet. (in Thai)

Xiaobo, J., Huang, C.H., & Ruan, F. (2008). Impacts of Land Cover Changes on Runoff and Sediment in the Cedar

Creek Watershed, St. Joseph River, Indiana, United States. Journal of Mountain Science, 5, 113-121.

IANTINENAIARTYIN T 24 (AULN 2) WOHNIAN - RIVIAN W.A. 2562 549



