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Development of a Runoff Coefficient Equation Using Spatial Variables

for Feasibility Study of Small-scale Irrigation Projects
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Abstract

The preliminary feasibility study of small-scale irrigation
projects for water resources development under the Royal
Irrigation Department (RID) guidelines requires a monthly runoff
assessment at the headworks to determine storage capacity.
Runoff is calculated using catchment area, average monthly
rainfall, runoff coefficient (R.O.C.). the
determination of R.O.C. relies on qualitative topographic

and a Currently,

assessments  without clear numerical criteria, resulting in

variations based on individual project engineer's judgment. This

research aimed to develop an equation for estimating R.O.C. with

explicit numerical criteria using spatial variables, including slope
data derived from MERIT DEM and percent tree cover (PTC) grid
data from ISCGM. Additionally, the consistency of the developed
equation was evaluated by comparing calculated runoff volumes
with those obtained from the traditional assessment method for
20 previously designed projects in the western region of Thailand.
The study reveals that the developed equation can estimate
R.O.C. values consistent with the traditional assessment method
used in previous project designs, with an Index of Agreement of
0.995, effectively linking spatial variables to R.O.C. values and
reducing dependence on the project engineer's judgment., and
can be incorporated into a working manual for engineers
conducting preliminary feasibility studies of small-scale irrigation

projects nationwide, enhancing accuracy and standardization.

Keywords: Runoff Coefficient, Spatial Variables, Small-scale
Irrigation Projects
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2.2.1 Yoya MERIT DEM

JoyauuuTaeInINgIRavia MERIT DEM (Multi-Error-Removed
Improved-Terrain DEM) Wannlagamning1delafe) Ussimadiu
(8] ¥oya MERIT DEM I@sunisusuninnunannd ounazdaaa
sumulmglddoya DEM Aiflegiiia (NASA SRTM3 v2.1, JAXA AW3D-
30m v1 uag Viewfinder Panoramas) $auifudeyauseneudue vl
Huiidanuudugmenaisdy 4aya MERIT DEM Anuazidenida
fuiluszanas 3 arc-seconds (M3pUsaNa 90 WAsEMSUUSAUT
Indiduguegns) awnsannilnaaldainiules http/hydro.is.u-
tokyo.ac.jp/~yamadai/MERIT_DEM

2.2.2 Yoya Percent Tree Cover (PTC)

Joyawesifudauunaguuessiulil (Percent Tree Cover, PTC)
Version 2 eWaiulag The International Steering Committee for
Global Mapping (ISCGM) ¥ 230 U The Geospatial Information
Authority of Japan (GSI) wazun1Ineiaedug [9] lnsulananiain
AwEngINATITEN TerraMODIS Sauazidenideiiuil 500 wns
(15 arc-seconds) wansarunutwiuvesduldvui uay Tnaidu
Shsnduszwinsiuiifiuneaquieisiunarluresiuls (Jeusanld)
sofiufafu fledaus 0-100% lne 0% manedslifduliunaqy uas
100% v uitunaquiae Fousenlimun awisonia
anldanniiulad https://globalmaps.github.io/ptc.html
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Uszuam D: fiuflanndutios fhndnisaunnen C = -3.162

UseLam E: fufisw flundniswuauann fn C = -6.237
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70 | D: Gentle slope area, many paddy field
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R.0.C.= 0.1295R + (mD +¢) (4)

Tgf m LAy ¢ ABAIAINIINAITIATITHANUFUNUSITUEUTENIN
A1 D wazAl C

1nuldan R.O.C. wuulndAwiausunaivinsiefausum
UlATINIT BATVINNITIATIEANEDAAE BITENINaUSUINYN
wuuhnaziuululanadaiuaennans (Index of Agreement, d)
o &
PaU [10] :
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wa 28.5 13.7 2,843,560.8 2,368,909.5 -16.7%
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nsUssdiudiinanhvhazdmalaenssonisiisuaruianug in
Wivredlasinis mnesnwuunuislulddiardesnd azvhls
Usgndinauuszainanoadns uddesiansanaadesinnisiiemnuql
iisaweluunansdde il 33lmiaaineslinanisuseduiiusiug
m'ﬂuﬁ'yuﬁ'ﬁﬁmmwmﬂwmwmﬁm&quﬁﬂssmml,asﬁ‘uwsm
Lﬁ'a&mmﬁﬁmmﬁagaLa?{aﬁﬂﬁuﬁ%’uﬁw Laildanzusnaiinu
Tasens eazdrelinnsesnuuulasinsdenndosiuannasanniu

4. asUuazdalauauus

NTedldTauaunisUssanasdulssani i seiieu
(RO.C) Inglddruusideiud Idun Arwaindu (slope) andoya
MERIT DEM waziesidusmuunaguuesiulil (PTC) 910 ISCGM wa
msnageuiulasansvausEnuuiaian 20 lassnnsluniang Tuan
vpaszmndlng wuiraunsiaduannsadssinan RO.C. ¢
denndoaiuiiauny lnediduinmudenndas Wi 0.995 Saudns

fennudenndosiivann lasaumslmidiedoulswuyadeiuiity
A1 RO.C. ldegnedaiau annisiamnasfidavesimnslasenis uas
ai”wmmLﬂummigmlumiﬂ'izLﬁuﬂ%‘mmfw'wﬁmi"umiﬁﬂm
arunzauowiuradasinisaussmurnaidn

aun1simud uasnsothluvssgndldidudaunilugiionns
UitRmudmiuimnslunsfinunanumnzaudesiuredasing
gausznuvuIAd NI ol uauusiugiuaz Ay
wnsgrieaiulunsuszdiu eglsin nsideluewmannisueie
vouinnsnageuliinseunquituiilugiinindug vesssmalneiis
dnvazgiivsuauazivnssauaneiy liensisasunnumnzay
vosaunsluuiunitvarnvans uenainil mrsfinsfinyiariuusiue
yosnsUssdiuUimanivhanaunsivaund ulasiuieudisuiu
Foyanistnasdluiiuiidaniiiadivi ilefusudssansamuos
aunsuazUuRauwivdimunzauiunisldailunisesniuy
TasansyausznurwIndniuewInn LazAsAnyINTIATIzRAY
1 (Sensitivity Analysis) 283@1 R.O.C. fon1sidsunlawes %Slope
way PTC uielidnladnduuslafiniwasen RO.C. snnndtfu uag
Tutsenlafinisasunuasesduusinaniasdsnansenudad
RO.C. athsiltfudiey Fveaeliidlanginssuvosaunislinaiu
uenanil msimsanfnwransznureansisundamisléiau
wardsUnaquiuiidsedn PTC wagean RO.C. lussozenn Feasidu
Uszlowiognad slunismaununisdanisminensiegadsdu
Tastamzluaaunisalifinsdsuuvasaningdeiniauaznis
VLHIVDUUAIR

AnRNssUUsENA

mu?aﬁ”&ﬁiﬁ%nuﬁﬁ’uauumﬂﬂmﬁmﬂﬁimmam%ﬁmwmau
UMINGIFENYATANAAT INONVAAUNIUAY DUNDAUNIUAY
Fim¥aunsusu veveunszaudinauralsenudl 13 feyiasgh
Foyaiindlassnsinuidesiu sudaftouwasiidosiiiugtasly
maiudeyauazsiusindeyalunsinuiduedied

LBNEN5919949

[1] Ditthakit, P., Pinthong, S., Salaeh, N., Binnui, F., Khwanchum,
L., and Pham, Q. B. 2021. Using machine learning methods
for supporting GR2M model in runoff estimation in an
ungauged basin, Scientific Reports, 11, 19955.

[2] Machado, R. E., Cardoso, T. O., and Mortene, M. H. 2022.
Determination of runoff coefficient (C) in catchments based
on analysis of precipitation and flow events, International
Soil and Water Conservation Research, 10(2), 208-216.

[3] Zheng, Y., Coxon, G., Woods, R, Li, J., and Feng, P. 2023. A
Framework for Estimating the Probability Distribution of
Event Runoff Coefficient in Ungauged Catchments, Water
Resources Research, 59, e2022\WR033227.

[4] Itsukushima, R. 2021. Characteristics and controlling factors
of the drought runoff coefficient, Water, 13(9), 1259.

[5] Kriangsiri, P. and Lertsincharoen, J. 1995. Guidelines for
Studying Small Water Resource Project Planning in Northern
Thailand
Engineering Journal, 9(25), 75-114.

using  Spreadsheet  Programs,  Kasetsart

WRE-50-5



N' BE r N15U529u3vIN53AINTTUTESUNIR A%sfl 30 The 30" National Convention on Civil Engineering
M ' Ul 28-30 NaEWA1AN 2568 2.UT2AUAIVUS May 28-30, 2025, Prachuap Khiri Khan, THAILAND

[6] Lu,J, Chen, X, Zhang, L., Sauvage, S., and S¢énchez-Pérez, [8] Yamazaki, D. et al. 2017. A high-accuracy map of global

J. M. 2018. Water balance assessment of an ungauged area terrain elevations, Geophysical Research Letters, 44(11),
in Poyang Lake watershed using a spatially distributed 5844-5853.

runoff coefficient model, Journal of Hydroinformatics, [9] Kobayashi, T., Tsend-Ayush, J., and Tateishi, R. 2016. A new
20(5), 1009-1024. global tree-cover percentage map using MODIS data,

[7]1 Akbari, M., Haghighi, A. T., Aghayi, M. M., Javadian, M., International Journal of Remote Sensing, 37(4), 969-992.

Tajrishy, M., and Klgve, B. 2019. Assimilation of satellite-  [10] Willmott, C. J., Robeson, S. M., and Matsuura, K. 2012. A
based data for hydrological mapping of precipitation and refined index of model performance, International Journal
direct runoff coefficient for the Lake Urmia basin in Iran, of Climatology, 32(13), 2088-2094.

Water, 11(8), 1624.

WRE-50-6



