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ABSTRACT

Water balance studies are important in planning and managing water resources, as they improve the
understanding about water input and output within a watershed ecosystem. The headwater areas in Nan Province
are currently experiencing flooding, landslides, drought, forest fires, and haze. The aim of this research was to
understand the water input and output characteristics and the status of water balance in the Huai Na Tong
Watershed, Nalai Subdistrict, Wiang Sa District, Nan Province, which is representative of the Nan Watershed. The
study analyzed the relationships among rainfall, evapotranspiration, runoff, and the antecedent precipitation index
(API) during 2012 to 2025. The results showed that the average annual rainfall was 1,332.57 mm, annual
evapotranspiration was 328.49 mm, and annual runoff was 356.42 mm, or approximately 27% of annual rainfall,
while the APl was 91.60 mm. Pearson's correlation coefficient between rainfall, evapotranspiration, runoff, and API
indicated that most variables were correlated to a high to moderate degree, statistically significant at the 0.01
level. The water balance estimates indicated an inflow of 1,332.57 mm and water consumption of 782.27 mm,
resulting in excess water of 550.30 mm. This information can be used to support watershed management planning
to reduce the impacts of floods and landslides, and can be applied to smaller watersheds experiencing similar
problems. Managing the annual excess water would require reforestation of degraded headwater areas and
construction of small retention basins rather than conventional drainage, which could worsen downstream

floodins.
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1. iusausandayausuiamu Usuautivin
USUNINITITLABLATNITAIBTZLNE 2106AT Bedle
araviafiandsuinaguinieunag

1.1 YayauIuianustedu wasdeyanis
FEMBUATNIIAYIEMETI8TU TIUTINTeY A INAnT]
As29¥neINAveaand3sedutnuy drenTestarly
WUUWAIRY (standard rain gauge) uazIasTasTIne
kUUNIA (evaporation pan) mumﬁumu@‘uéﬂmq 120
WURLAT AUEN 25 Wwudins vinstufindudsedn
NN 5¥1I19U WA, 2555 - 2568

1.2 Fogaviinaivieetu nusudeys
Mndeuiai (weir) Wulasiadrannisisenuuuuils
ansoinensnisivavesifilwaruldednausiug Tng
ondendnnismslensednfiduiussyninesesuiinglua
WUl sududnsinisiva (flow rate) $1uu 3 90
Aseunquituiivesguintheuines fauanslu (Figure 1)
mmi’masﬁuﬁﬂ%gaizﬁuﬁﬂLLazU'%mmmﬁvaasuaa
Yvhsety Tneldnsmuansnnuduiudsewineseiuih
fuusinahlua (rating curve) Fagafivhurldnisfnu
aglusendny w.e. 2555 - 2568

Figure 1 Sampling site in Huai Natong Watershed, Ai Na Lai Subdistrict, Wiang Sa District, Nan Province.
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1.3.1 MInTINdUANNINTRYA laenIs
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1A3 03 07a (Rain Gauge) Iny 8198 su1mgIUNTY
RLDEHEVR

1.3.2 nszuiumsinnsteyafigamie
Tnsnsaudeyaiifiagaymooon (deletion) Wion5ifx
Uil (imputation) L9y Aady, Tsug1u

1.3.3 nsimuatnggeendu 2 49
Iun 229damann (wet period) wazaaeudedly (dry
period) Tngas19n s WLEAIANUE NN WS TENI19UT U
ey uazgamgiindeneitou lagl¥8msves Chorley
(1971) wazdvanuuad1niutsiaiuy AsUsuuNuan
578 WeuliAy 40 faduns Frenanfilunnusasiiou
laiiAu 5 Yu uagthanafiduiduiugumginsstu Tng
qmmﬁL‘fJuaaawi'lﬁuaaU%mmﬁmu

2. midpTevidaya
2.1 Ansghanuduiu Tnsussgndldad

mmﬂméﬁyu%a\‘lﬁu (Antecedent Precipitation Index,
AP Fadutladenilafifiunuimanfynenisusyidunn
Usinamdesnsnisinavesinn vielnalugisisin
alvAngnnde aaensuMsUstdiuannyvesnuTuvie
Usunaniludui nelniinnisasuvesurud uld
(Witthawatchutikul and Jirasuktaveekul, 2005) haztdu
AdAleE YauSunmnutuluAuaray WJunauiein
nsarvauvesUSinanuiinnamn tnedaanamiugas
3383L’JaWﬁlLﬁlm‘ﬁu%ﬁjﬁﬂ’mNUﬁqﬂmﬂ (Linsley et al.,
1982) figUnuuseannsd (1)

APl; = (K)xAPIp+PR (1)

Tnei APl @B Andrstlluesiull (mm)
AP, fB APt uresiuneay (mm)
PR Ao AUSsnasusuil (mm)
K o AndulszansaIuan

IngFuagiuusaziuiiavianuuanaeivesniy

Juogiuanatimsgafuuadutvesiu Tagldanen
FUYDINTIEUATINALNTANUFUN UG TEWIB RTINS
Tnawesti1seTuil Rarsaniusnsinisinaveswe
fraanneuntiifiansan (Nonsir et al,, 2022)

2.2 Siaszsanudundsvesusunanindy
USinamsmesssetn U LLazﬁﬂJﬁmmﬁm%u
vosiiu luflufiquiifisuines Tasldnisindadsids
WU (descriptive statistics)
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2.3 AATHANNFUN UG TE I NUS IR LA
Vnaniwih Tngldadfdulseans anduiusvoniiosdu
(Pearson’s Correlation Coefficient) Tun1s3Las1¢ %
ANUFUNUSLTUFUTEIINAUTITsUS U audeasa lawn
USunauly (fuUsdase) wazUSunaniwin (fudseny)
felUsLATUIATIZEDR IBM SPSS Statistics

24 Fnwagauoni (1167 uarseien) 110
fiuiiquih Tngldaunnsaunaues Low and Goh (1974)
Seaunsi (2)

ET=P-Q+As (2
fo Usunanisaeszmeth

Taofl  ET

(evapotranspiration)

P A9 U3unaunlu (precipitation)
Q Ao USuauein (runoff)

As Ao USinmerwduiifi uty
v3oanast wdsuly Wleanas Ao thludugnldlulums
wite 1 AS aeidiu (+) Tuanns doifisiiu fe drugnifu
Wududngnlyluleeuiliivaslveasdisisviluen AS
fanvu () aenndestu dudaiiugud uvesiu
(Antecedent Precipitation Index, API) 7iduviunm
arwilufuavay Sadunananmsavausesuiuna
dufianasun Tnefaranasniudassyesnandiii iy
naandungann (Linsley et al., 1982) TunsAnunasdl
Faunuen AS Fredwiarmue 8 uresiyu (Antecedent
Precipitation Index, API)
25 Binszsianaiisanevosilusyuugy
i wWisuidfisuusinashitlvadlussuugui (inflow)
Fuvsurmund 19lunszuiunisn g (water
consumption) Ingldndnnisaunaruiieissuiiioy
U3manradesnsliiignaanssufuTunaidunu
FafuUszendlthwiniinisAnwves Tarakultip (2015)
fiAnwianufsanedmsvus ity flud ui
WisuifleuiuUinansldlunienssy wazidlesanngs
drigunesdisunuunsldvsslondiiau 3 Yssian
Ifun Ualsf inwmsnssy wazfiogendo(@tina) Taed
dndhuvesiiuiivnlsiinian thilnyudeulussuugin
?NLﬂuﬂjﬂﬁ'agﬂuﬂismumwquﬂ%wmﬁqgu Feimiun
USinaihitlvadlussuugun (inflow) Ao U3anamy
warUSurau i 1dlunssuaunisaieg (water
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Tuszuugand (inflow) fuvsunahildlunssuiunis
#1199 (water consumption) fianduuan wansieusanm
iluguihfiaumeifies auAntmdeld (excess water)
mnnassfienduauuansfeiinashluguiline oy

(lack of water)

NaLazINTal

1. MSAATIZRANURULUS (5rethu wazsie)
nsfnwdeyadnumzenimInanidngiain
omeluiiuiiguiivheunes sswihaieuunsiay 2555
- fugneu 2568 fiseasiBoadl
1.1 Ysunauelu (rainfall)
USuauunduiag o iy 1,332.57
adlunssied degeanlud w.e. 2568 Wiy 1,807.90
AdLUNS LLazﬁmﬁ’wqmiuﬂ WA, 2562 WinAu 1,010.30
adwns (Table 1) ot 1ifeanluTffusuamuLn
AsuBnENaINauNsauag Tunndaslduas ey
Youi Tundsfndnannziadulduasumanmsuddin

N

MU BA LA TUANTALLAR BUAINIIAL TUANNIULIIAUNY

) ) )

—=

v

wsearudguseimalnelugluvunefsadulseneu
ﬁ’uﬁ&gwaﬁwi’mmua&ﬂuLLuaﬂWiLﬂﬁauﬁamaaaum5qm
3al#suBvEwagauaruiidnuae Dugigegedunnng
wwamgviliiAnduanudn dauludi fdunndosdy
SvswannaunsaunzTunnidesldd aduauusauunid
WAAN U A EIWTIaua™ (Thai Meteorological
Department, 2013)
\ofiasuUTiuussggnIaLaz e
Wou nuin Ysunarulugienivann winfu 1,071.24
fioduns (Sovay 80.39 vesUiinamluiio) Tnefidngean
lufoudamau iy 291.34 daduns dmSuruas
B Wiy 261.32 fiafiuns (Sevay 19.61 YosUTuUNY
i147) Tnedaraaluiioununiius wiadu 11.21
Haawns (Figure 2, Table 2) Wil iosandviswannay
usgquagTuandodld i3 uiadanluganaadiou
ngunienfanatafounaiay omaduusasiiunngn
fausszananaraiounguniandusuly wasasag
fanan mgsatuiisouidasnanmemauniou
Afuvdarudaunannzadulddlenianianiudau
Usnaumawiieveslssmdalnalagiansifoudanaui
Tludoudamaniiusunanilugegs dauluraadiou
paraudaufounuaiusduldYusviwaainanusau
p Tuoonidsamilowaiorenmadueniututesitunln
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ﬂquﬁﬂﬁﬂumﬂﬁaﬂ (Thai Meteorological Department,
2013)
1.2 YSnaunsanessimen (evapotranspiration)

USnaunsmessmetiiage whitu 328.49
fafunsaed dageaalud w.e. 2559 winiu 430.88
Tladumssiol wazdwnanlull wa. 2566 Wity 262.40
fadiunssiaU (Table 1)

dlefiansanusunanisaiessnetnsie
Qamauagsedou wuih UTinuntseesssetlugg
Ymann wiau 255.13 fadwns (Jesay 23.82 vos
Usunauly) lneiageanluideudanau windu 55.16
HaAwns dmMTUTUAIY 1Y 73.36 Hadwns (5o
az 28.07 vesUTunam) Tnedaianlufousuiiay
WU 1.84 dadtuns (Figure 2, Table 2) Wil (ilesann
msmgszmeiniunsgydetiooniniud fdadeiis
dnswa lawn Sedarnudeu gungiionnia anudule
anuSan warUiinanh ludeuiiduanunniiiiluszuy
11n Wldnszuiunsssmetuaznsaeive ity
Aatuldun Tuvaedidunnesilusyuudes Suin
nszUaUNITAINa12lades (Chunkao, 2008) was
40AAA BINUNITANYIU99 Lekprasoet (2021)
ynsAnuUiinanIsaesEme U%Lamfjmﬁwsjaam
a2 SUNDIEIE TINTAUIU 531I19U W.A.2561-2562
oguinnlndifsstuguinheuines nud fusinmns
maﬁzmaﬁ']qaqﬂuﬂmﬁmﬁuLﬁ‘uqasﬁu Tgaumniiuay
USnnussdnisonfindgs wasannutuduings Sevilid
nsszmetluiiuiiainniludeudu q luvaeid
Usunanisaessmeningaluraei duanas wad
ArutudininsgessnauiuligumgiuasUsunissdm
ofindin Sainsmessmeiluiluiidesniieudu o

1.3 Y3unausirvin (runoff)

Usinaniviiade wihiu 356.42 faduns
Andusndudinanivhdeusinania (unoff ratio)
Wiy 0.27 aedlAngegalul w.e. 2567 Wity 758.13
fiadiwnseiol uazdawhanlul wa. 2558 indy 75.43
fiadwnssied (Table 1) viail Jadeiifinasenisinaves
ﬁwﬁ’mﬁzﬂauﬁqUé’ﬂwmqﬁﬂﬁzmﬂ WATANWYULINA
T8Nzl vy AIURTINIUI LazI28z1Ia1nNI5AN
ol Aifadensinatmiiiu fitlugnindntilud
513 fetfu dlefldunnuSnasnnasilfiindavian
Tuvasidleduinarution Thandindnaggnifusinly
TuRuuarldannsavanudesosnunduvildmnladl
NuAnasnaEsreLiios (Chunkao, 2008)



KASETSART
UNIVERSITY

@

FACULTY OF FORESTRY
KASETSART UNIVERSITY

FACULTY OF FORESTRY,
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Usinahvilugasthvann whiu 28617 fadiuns (Sae
ag 26.71 vasUuasly) lnediAgegalusioudaay
Winilu 133.28 Hadiuns dmsugiiassy wiidu 70.25
fadwns (Gevaz 26.88 vesUTuany) aediasgely
WWoudulAN YNy 0.60 dadluns (Figure 2, Table 2)
A8nAd0IiuN1IANYIVDY Phuanda (1999) ¥in15Anwn
Snwairmagnnineivesguinvhsuines Faduufiqy
51ﬁqqmauéwmq&juLLaiif'lmmﬁvaamUﬁwLLahfm"m
wudn fUsudwiniede 2.78 dugnuiadiuns §
Sasdusgniaivirouuaiilulssanadesay
21.9
1.4 fvfiaauyuduvasiu (Antecedent
Precipitation Index, API)
n1sEnwIR YT ALY uT ure iy
(Antecedent Precipitation Index, API) 78T wu31 A1
API @de Wiy 91.60 fiadums InedlAngeaeilud we. 2561
Wiy 188.65 fadiunseel wazlamnanlul w.a. 2562
Wity 56.72 fafiunssed (Table 1) wiall fwdianudy
FureshuduailddinTuumnduiifognouluiy
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Tneidunadiinduannmsazauvestuiinnasn dilufu
fiszmenduiululuennia wazsluAuiiszuneliiud
ssavnsiinfuualdiafy dedy Jaderuuasdnainis
Inavesu v Tednan odwdaruy ud uvesiu
(Witthawatchutikul and Jirasuktaveekul, 2005)

Lﬁaﬁmmnﬁmﬁmwmjw%usumaumsqvgma
wags1eiieu wudn luganimaindan wiady 75.60
Tadwns lnedargeanluneudniay windu 23.13
Tadiuns dmsuriauday Wiy 15.96 fadiuns lagd
Aviaeludioufiuna wiriu 057 dadwwns (Figure 2,
Table 2) @onAaosiun1ANYIV09 Lekprasoet (2021)
vhnsnwadiiauruduresiuse Turesdiningos
UIMa gLnaLIgsan JmiauIu wuln Adviinnury
JuvesAuiargagalufoudomay wazsgaluiou
fiunau - wwiou ngludienguirsarnidudisfiddunn
niind il adeduusunauidnsnauinnindady
AU ynssas wazanuaau lunienduiulugssudsy
Uadunamunynssa wazaudhau J8ninauinnidn
Yadenunu

Table 1 Annual variation of rainfall, evapotranspiration, runoff and API at Huai Natong Watershed during the years 2012 -

2025.

Year Rainfall (mm) Evapotranspiration (mm) Runoff (mm) APl (mm)
2012 1283.20 295.90 471.94 175.69
2013 1172.15 298.85 254.19 93.62
2014 1106.95 301.95 147.40 74.46
2015 1099.07 354.76 75.43 57.68
2016 1366.22 430.88 500.31 68.03
2017 1426.16 387.77 343.69 97.60
2018 1221.46 355.50 258.88 188.65
2019 1010.30 287.87 226.75 56.72
2020 1246.64 310.50 721.17 74.76
2021 1353.43 339.61 197.56 57.52
2022 1785.60 324.60 353.38 115.66
2023 1239.74 262.40 649.83 97.53
2024 1537.10 322.60 758.13 110.45
2025 1807.90 325.60 31.25 14.00

average 1332.57 328.49 356.42 91.60
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Figure 2 Variation of rainfall, evapotranspiration, runoff and APl measured at the Huai Natong Watershed.

Table 2 Monthly variation of rainfall, evapotranspiration, runoff and API at the Huai Natong Watershed.

month rainfall (mm) evapotranspiration (mm) runoff (mm) API (mm)
January 29.59 3.67 3.97 1.12
February 11.21 3.37 1.77 0.73
March 27.49 8.43 0.60 0.57
April 81.37 32.12 0.85 4.59
May 171.53 53.78 12.65 9.66
June 148.11 48.17 9.34 10.78
July 256.66 55.04 30.85 17.61
August 291.34 55.16 133.94 24.91
September 203.60 42.98 103.48 17.75
October 79.88 19.19 52.77 6.86
November 15.17 4.74 8.72 1.43
December 16.62 1.84 2.84 1.35
total 1,332.57 328.49 361.76 97.36
wet period 1071.24 255.13 290.25 80.71
(May-September) 80.39% 77.67% 80.23% 82.90%
dry period 261.32 73.36 71.51 16.65
(October-April) 19.61% 22.33% 19.77% 17.10%
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Table 3 Correlation between rainfall, evapotranspiration, runoff and API at Huai Natong Watershed.

Pearson Correlation rainfall evapotranspiration runoff API
rainfall 1 0.936** 0.731** 0.978**
evapotranspiration 0.936%* 1 0.527™ 0.870**
runoff 0.731** 0.527"™ 1 0.844**
API 0.978** 0.870** 0.844** 1

Remarks: ** Significance level at probability 0.01, ns Non significance
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Figure 3 Comparison of monthly Inflow and Water consumption at the Huai Natong Watershed.

Table 4 Water balance in the Huai Natong Watershed during the years 2012 - 2025.

inflow water consumption in various process (mm) water balance
month (rainfall) (excess water)
evapotranspiration runoff AP| total
(mm) (mm)
January 29.59 3.67 3.97 1.12 8.76 20.83
February 11.21 3.37 1.77 0.73 5.87 5.34
March 27.49 8.43 0.60 0.57 9.59 17.90
April 81.37 32.12 0.85 4.59 37.55 43.82
May 171.53 53.78 12.65 9.66 76.09 95.44
June 148.11 48.17 9.34 10.78 68.29 79.83
July 256.66 55.04 30.85 17.61 103.50 153.16
Ausgust 291.34 55.16 133.94 2491 214.01 77.33
September 203.60 42.98 103.48 17.75 164.21 39.39
October 79.88 19.19 52.77 6.86 78.83 1.05
November 15.17 4.74 8.72 1.43 14.90 0.27
December 16.62 1.84 2.84 1.35 6.02 10.60
total 1332.57 328.49 361.76 97.36 787.61 544.96
A5ULAZUDLAUD LU mﬂammqui’uaaﬂLﬁmmﬁaﬁ’mmemmﬁumm%u
a5 ’ Wesituunaguyvilvidunnies lugisdeunaiauis

9

MsANIANUAULUSVRIUSINUNY NMsAesEvE
ih i useduianauturesiu wuh SGinasuned
winfu 1,332.57 Sadns laedangeanuazangaludou
Fanaunaze ounuNRUS visil JudnSwaanauusay
azunnidedddisuiadnulugnaadeunguanauds
nanaiiounanan yhvifTuangn uazwgAsatuiigou
ME9AIINNIY MY WLUAT BUNIAK UL UT LI
nawmilovesusewmelnglagianivifsudneay svgna

127

Woununmius Yinamseesswersed winiu 32849
fiad1uns Taoiirngegauazsngaludoud wmauuasifiou
Sumen Usinauiwin 9187 wiiiu 356.42 Gadiuns An
\BusnsrduuTinadvireuTunainy (runoff ratio)
Wiy 0.27 TnefiAngegauassaaluieudomeuuay
Woufuieu uasdwiinnuguduveshused (AP) winf
91.60 fladiuns Inedargegauazsianluioudsna
uazipuiiunAY



Q ) KASETSART
UNIVERSITY

FACULTY OF FORESTRY FACULTY OF FORESTRY,

25815 ENS Y 45(1): 119-129 (2569)

a .54 L4
UNUIAURUU
(Original

e Thai Journal of Forestry 45(1): 119-129 (2026)

nsfnwAuduiusTEnIUsnael s
nsmesEvEn USnanvh uasirienuguturesiu
wuin Jadeiifianuduiudiulusedudiunans - 1 diu
JadeUsumnisaieszme A uUT i 14 d
arwdustusfuneada iesndadevisans lifinnu
Aerteatulnenss uidunsdmasorulunsden vinli
Sovhmseszimeada Sevihlilddanuduiusiuma
Ga

miﬁﬂmama‘fw wuidn dwasneseninauiunm
hitlvaidituiigui (inflow) waguagUsnamiillélu
N3EUIUNITA99 (water consumption) sAU L11AY
550.30 fiadums dauansdsUsinashilvadiudigu
flanumeiisennudesnisldirlunszuruniseng
Tuninsaaied Tnedasluthudely thdudandnds
Inasengiiuiinoudrsasquiilaten nisldthesiiud
pouasIasliamuziingy Tinnuidsetouds wayld
hAnusslovigean viednsnaunuiniuiilugaagg
Bl Iummsﬁﬁhaqaﬁmmﬂﬁmqa Junaaindneninng
Fnfudiluguresannud uiuwarnisanddosiiy
vvinen thdlngiiaduilwaumipuuaylvasen
éﬁuﬁmauéwamaaﬁufwuwn farudsaintialuiiui
poudswesuin Sududesduumsinmauaniise T
wansznudana Tnenuiteidinseiaduianusuiu
(API) 187U BeannsaranUszy ndldidunuamidlunsg
Wausemaingnnse
Jalauauue

1. msfnwaugath vildnsudeyauiuuh
wideld (excess water) Tuusiazngnia Fsannsntiunld
Tunmsnauwunisdanisiivesguni lnefmuamasns
Tmngaufuliinaniimdeld Weannsolduselosian
Usinauthldgean wardlesiuniaifintivion Aundu

2. MsfnwangatmsRunsAnunisld
meluguiruszneudienisldtmdng anniagulna
uilna uaznienunsnssy ielvinseuaguyniifnisld
thasdluitud

3. mewnsgidadueuduiu dslilddoya
gNeiBa wiugh mil,ﬁmmﬁmswﬁmﬁ%ﬁmmﬁﬁwmﬁu
ngw LfJumﬁ'ﬁwaﬂﬁaﬁﬂsﬂwwqqqﬂmaaﬂﬁuﬁﬁ%mmsa
soafuih vidoruAulEluAuld ynUinanhiilvansgiu
Audneamnissesiuivesiiuiivh dutagldannse
Ineasghuldunzuusanmduiilvatmiiu Ssdinasie
nslaesiaunatile

0. lumsfiniasnatiives1555uvA AITENIg
Windadeiidueiiou (eakage) wieUSunauinnuiidy
a N
Tuludnnostuiu wari@urnutuiiuiiogliduiueen
uonguily Fadunildusiinuhiigydeosnangunh

REFERENCES
Chunkao, K. 200 8. Principles of Watershed
Management. Kasetsart University.

Bangkok, Thailand. (in Thai)

Chorley, RJ. 197 1. Introduction to Physical
Hydrology. Methuens Co, Ltd.,London.

Lekprasoet, R. 2021. Estimating Surface Runoff and
Streamflow Generation Using Rainfall
Characteristics and Antecedent
Precipitation Index at Na Luang Sub-
Watershed, Wiang Sa District, Nan
Province. M.S. Thesis, Kasetsart University,
Bangkok, Thailand. (in Thai)

Linsley, R.K., Kohler, M.A,, Paulus, J. 1982. Hydrology
for Engineers McGraw-Hill Series in
Water Resources and Environmental
Engineering. McGraw-Hill International,
New York, NY, USA.

Low, K.S. and K.C. Goh. 1974. Water balance studied
and implications on water resource
utilization in West Malaysia. In the climate
of West Malaysia and Singapore. Oxford
University Press, London, pp. 110-119.

Nan Provincial Statistic Office. 2566. Nan Province.
https://www.nso.go.th/nsoweb/storage/fil
e or_link/ 2024/
20240712131726 97432.pdf, 12 March
2025. (in Thai)

Nonsiri, A., Senawang, W., Thepprasit, C., Homdee, T.
2022. Flood Warning by An Antecedent
Precipitation Index for Chanod Basin. The
27" National Convention on Civil
Engineering. Chiang Rai, Thailand, pp.
WRE24-1 - WRE24-7. (in Thai)

Panutai, S.i, Onasa, S., Desaeng, B.,, Wwag Marod, D.
2013. Hydrological Characteristic Study of
Mae Klong Head Watershed on Land Use

Changes, Kanchanaburi province. In: Thai



(Q\ Keany sETIuAEasing 45(1): 119-129 (2569)

FACULTY OF FORESTRY FACULTY OF FORESTRY,

a .54 L4
UNUIAURUU
(Original

e Thai Journal of Forestry 45(1): 119-129 (2026)

Forest Ecological Research Network Conference.
Maejo University, Chiangmai, Thailand, pp.
114-126. (in Thai)

Phuanda, J. 1999. Hydrological Characteristics of
Hilly Lower Highland Watershed. M.S.
Thesis, Kasetsart University, Bangkok,
Thailand. (in Thai)

Royal Forest Department. 2023. Forestry Statices
Data 2023. Information and
Communication Technology Center Royal
Forest Department. Bangkok, Thailand. (in
Thai)

Royal lIrrigation Department. 2009. The Study of
Runoff  Coefficient and Relation
between Mean Annual Runoff of 25
River Basins in Thailand. Hydrology
Division Office of Hydrology and Water
Management. Bangkok, Thailand. (in Thai)

Suksawang S., Tangtham, N., Panuthai S. 2002. Water
Balance of Natural Forest and Mixed Forest
Plantation = Watershed at  Maeklong
Watershed Area, Kanchanaburi Province. In:

Proceedings of the Forestry Conference

129

2002. Bangkok, Thailand, pp. 416-429. (in
Thai)

Suwanarat, R., Chunkao, K., Tangtham, N., Boonyawat,

S., Niyom, W. 1981. Kog-Ma Watershed
Research Bulletin, 36. Kasetsart University.
Bangkok, Thailand. (in Thai)

Tarakultip R., and Sangchan S. 2015. Analysis of water

amount as a guide for water management
in non-irricated area: a case study of
Nongphon village, Kudkhonkean sub-
district, Phuwiang district; Khonkean
province. In: Proceedings of the 12th KU-
KPS Conference. Nakhon Pathom,
Thailand, pp. 251-258. (in Thai)

Thai Meteorological Department. 2013. Southwest

monsoon. https://shorturl.asia/gHphE, 12
March 2025.(in Thai)

Witthawatchutikul, P., Jirasuktaveekul, W. 2005.

Antecedent Precipitation Index (API) for
Flood and Landslide Warning. In:
Workshop for Head of Department
Watershed Conservation and
Management  Office. Phitsanulok,
Thailand. (in Thai)


https://shorturl.asia/qHphE

