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Abstract

The paper proposes the application of satellite soil moisture
(Soil Moisture Active Passive, SMAP) for estimating parameters of
hydrological model (HEC-HMS) in a basin with limited runoff
observation. The Lam Plai Mat, a tributary of the Mun River, was
selected. Most of drainage area of Lam Plai Mat (approximately
4,900 km2) is located in Buriram province. SMAP data was

collected since available in 2015 and observed streamflow

(M.185) from 2015 to 2017. The Soil Moisture Accounting (SMA)
algorithm of HEC-HMS was configured for the continuous
simulation. Model parameters were initially estimated using the
physical and hydraulic properties corresponding to the basin soil
and land use and further adjusted by comparing the simulated
soil moisture by HEC-HMS with soil moisture from SMAP data.
The selected model parameters included infiltration, surface
storage, and soil storage. Model performance comparing with the
observed runoff was satisfied. Satellite soil moisture data provide
invaluable information for hydrologic modeling in ungauged

basin.

Keywords: Runoff, Hydrologic modeling, Soil moisture, Satellite
data
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sial,ﬁ‘awaﬁmga [6] a1Liiy Soil Moisture Active Passive (SMAP)
Y9499ANTUIMsN1sTULas NIRRT RanSTeLsn (NASA) Wu
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KUUINRB98NNINY1 Hydrologic Modeling System (HEC-HMS)
[13; 14] Warunlae Hydrologic Engineering Center (HEC) 1Y u
NU891UY049 U.S. Army Corps of Engineers (USACE) kuUa1884
HEC-HMS a"waaanszmumimaqwﬂ"iwmmaqswuq'mfﬁ [15]
UsenoureluganisiAgIgyin1eenninegt 81 nsTur1uibu
s vimdamae uasnsidsushvesivann sauadinszuauns
dmsunissasuuurewios laun nsssmeaetn nisazanefiuy
wazSinamnutuiiu sua%leﬁm%ﬁmsuﬂsmmig’m%m&aLLazLﬂ%"aqﬁa
P891U [16; 17] ﬁamﬁﬁwﬁﬁmﬂa ANSATUIN NIFIIBITUKE &IU
Aanens finduld (GU) Teyavesnistiasaiuliuwuu Data
Storage System (DSS) ¥84 HEC-DSS [16; 18] hazarutsaur luld
Sfurendussuls

wuudnaas HEC-HMS dn1suinanldludssinalnelunis@nwiniy
i [19-22], nMsUsEifiunansenu/anulasnseidou [23; 24],
mﬁﬂizmmﬁwﬁunuéwﬁm}w [25], HANTENUVDINSIUA UL
qﬁmmﬂ/mﬂ%ﬁau [25-28], Lmsmiﬁﬂmaﬁwﬂﬂuzﬁmﬁwﬁlﬂﬁms

7137939 (prediction in an ungauged basin, PUB) [29]

23 35 Soil Moisture Accounting (SMA)

YIMIRIAY (surface runoff) LAAANEIULA UV INU (rainfall
o o o A - ¥ 4
excess) nasninn1sgaydoenn 33n1smuTuna gl (loss

method) ¥89uuUUINE8e HEC-HMS dmsunisinassiuunaciles [30-
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33] sz uauis nmsazauaudulufu (Soil Moisture Accounting,
SMA) [13; 34] (371 3) Iagviniiafu (surface runoff) yinduuniin
(precipitation) afieuviavunegluzurasiiny (rainfall) Fnt1nneAg
UuNYNSIa (canopy interception) U19sluussguuuRIAY (surface
depression) kaginTun1ufaAu (infiltration) Tnefiarsaviuinsin
2 & w16 XA d 4 1 F e A a = A& Y o

wuludsldiuinilamie dhdusinuinfudiunilasauiduntings
A (soil profile storage) dnaudunufuluasaun v uulanu

(groundwater storage)
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fu (Soil Moisture Accounting, SMA) Tuuudnass HEC-HMS dwmsunis

Iravansgnninguuudeiiles [13; 30]

24 deyanly

UinadetlddeyadumeTuresnsugaioninen Tuuiidny
U 4 a0nil Ae LaolagadeuIneruiases (Ussud) 2.a014
asrafatnduluufiunng 3.a018n599 5 a0 dudUatoune 4.a014
ATITATHUAZMINTIE SEWIng WA, 2558-2564 (2015-2021) Tnedl
ANE9LMTN 0.36, 0.28, 0.24, Wag 0.12 ANuEEU USunavinld

v o

Toyasnnisivasefuveansuvausemu dnnil M.185 druateune

9.d81Ua1831# 2.U35UY 5ENIN8 WAL 2558-2560 (2015-2018) 115
seieaeinlddeyanisldiivesiieded (ETo) eouads [35]
ATUIUATNANNTS FAO Penman-Monteith [36; 37] BRGRRE

a a 19

1HENINEIUNNTBY (UTTUE) wrunfuwaznsiduseloyinfuvesnsy

e <O

N

Wannnay Joyasy

o a

Upiiusemaduunud 3-arc-second SRTM DEM

frnuaziduaUszana 90 4. adluananniules srtm.csicgiar.org

25 dayanruiien SMAP

A1 Soil Moisture Active Passive (SMAP) a314lagadAn1s
UInsmsTunazeImauviend (NASA) Uaseiiloduii 31 . 2558
dsulidmafudeyauardannmaninadsusasnnutuiiuuy
Mufalan [11] nuideildnansneisyiu 4 (La_SM) [11; 38] a1a1]
Inaalda1n www.earthdata.nasa.gov/SMAP oy afivuingnnin
Uszanal 9 km svezianfiseUszanana (latency) fosnin 7 Ju nns
Sufinfoyadue 3 dalus Sersuuamtuiu 3 seiudu e (1)
AU (surface soil moisture) 0-10 @, (2) ArwAuAlu
\UA39N (root zone soil moisture) 0-100 @ wae (3) ATHTuTTaMER
findu (profile soil moisture) 0-200 #l. [39] luuseinealne Tayadl
muduwusaneldiiiediousunisnsiataluauy [6: 10] n1s@nwn
susdoyamuiufuremuiion SMAP fusEiliuinistoya

(LIWYU W.F.2558)

26 5TANTUATT

FunpumstaThuuusiaes (model set-up) (Uil 4) Bennszuau
5 SMA dmfunisdrassuuusieliles [33] Ineidenasdusznouvesgu
thuagisnsmuasaglumnsd 1 mssmuasmsfineEudy
YBIUUUTIABY (parameter estimation) 14 wuan197 Ahbari et al.
[40] wauelidmiviuiiquifiiteyasin [40; 411 Taglétoyann
wuiiusazusuiinsliUssloviiiiu [42) forsanaudfimanieniw
waznsramansiiaenndestuiidanu 5] luituiduiiduenFudu
Trefiansandudinaudn 1 4. (1,000 uil.) %ﬂaamﬂﬁaaﬁ’u%ga root

zone soil moisture 484 SMAP [39]

-
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Subbasin components and method Parameter
Canopy methodt Simple canopy

Initial canopy storage: dry condition 0%

Max canopy storage: land use map [30; 40; 42] 2 mm
Surface methodt Simple Surface

Initial storage: dry condition 0%

Max storage: slope/land use map [30; 42] 60 mm
Loss method Soil Moisture Accounting (SMA)

Soil: default 50%

Groundwaterl: dry condition 0%

Groundwater2: dry condition 0%

Max Infiltration: Ksat (based on soil texture) [5; 43] 1.8 mm/h

Impervious: based on land use map [40] 0%

0.45*1000 mm
0.27*1000 mm

Soil storage: porosity*soil depth [40]
Tension storage: field capacity*soil depth [40]

Soil percolation: 1-2 mm/day [44] 0.084 mm/h
GW1 storage: 0.45*500 mm
GW1 percolation: 1-2 mm/day [44] 0.084 mm/h

GW!1 coefficient: default) 24 h

GW2 storage: 0.45*500 mm

GW?2 percolation: 1-2 mm/day [44] 0.042 mm/h

GW?2 coefficient: default 24 h
Transform methodt SCS Unit Hydrograph

Graph type: standard (PRF 484)

Lag time: estimated (10 days) 14400 min
Baseflow method: Recession [42]

Initial type: discharge

Initial discharge: dry condition 0 m3/s

Recession constant: estimated 0.9

Threshold type: ratio to peak

Ratio: estimated 0.5

Funoun13UT UL BULAYN1TNIUABULUUTIAD (model
calibration and validation) n15Us UL B U La"aﬂﬁu”a%au’sw lay
fa1sandulniegnninen (hydrological year) wielth Taeidond
11 2560 (1 1.8, 2560 (2017) §a 31 .. 2561 (2018)) ifleUSuifioy
fudayauvndaeiad esfle Optimization Trial 499 HEC-HMS
Usznaude sasnsfuruiaiu (max infiltration) wavUsunasi
FIUURIAY (surface storage) a’ausﬁ"mﬂaﬂﬁ'uq Fndelddmiumu
dou 9ntiu MsUfummlimesuuvasdsalaaUssuiiisuiunis
WasuuwUasuTananilufiuees HECHMS Auteyadina1viey
SMAP (ld9ayan1iiient 2558 fiv 2560) Fetunouuseuiiiey
AnuduAutudonya SMAP Aoefanadniuidingesidaey Excel
109910 HEC-HMS "LaimmsaﬂﬂLﬁi’ﬂfﬁa;ﬂam'sﬁﬁﬂmm%uau

nMyUsziluaussausuuInaes (performance evaluation) 14
nsinsaSeuiisunsmsenitmanisdnaesiuteyansiain

[45-47] wagiansanavilaussauy Nash-Sutcliffe Efficiency (NSE,

auns 1) [46; 48], percentage bias (%BIAS, @105 2) kay RMSE-

observations SD ratio (RSR, @115 3) [47] @uITOULUDULUUIIAY
dmiumsaenivilunasifsusuldilo NSE > 0.5, RSR < 0.7

uag %BIAS Tutiag + 25% [47]

Ti1(0i—P)?

NSE =1-32 00

E?:l(oi_Pi)
?:1(01')

%BIAS = x 100 2)

RMSE

RSR Y1 (0;-P;)?

STDEV ops \/Z?=1(Oi_0)2

3)

lay 0; Ae 183a3INN19M3191A (observed data), P fie doya
911N1391884 (simulated data), P A9 A1ad 8819038310013

d1a04, 0 fis AaderastayaaINNINTIAIn
a (4
3. WNALazIIN

lugun 5 uansuSuadvifian1dngaiauivii M.185 91013
1009 (RALUTIFR) Uazn13nIain (ATUEURY) s8ndne LA, 2558

PN

fla 5.0 2563 (2015-2020) war3UT 6 wamsUTINmAILTUluAlng
Usu1ms (m¥m3) ludrananfeiiulaenanissiasslu soil storage
wanuduaaluseddu Foyativiigasdun 2558-2560 (2015-2017)
tnldlunisusuiiieumsfimesvesuuudians Duh 2561-2562
(2018-2019) Liiifeyansiain

wan1ssaesiwinluti 2560 (2017) Fvsuifteumndimesine
Tugaves HEC-HMS Idendvdaussousveanuudiassegluinasii
oouSUlsl (NSE=0.66, %BIAS=6.33%, RSR=0.58) Tuvaszdilunmsiy
3 U (2558-2560) Arddaussausvaanuuinaesdulngdilioglu
LNt (NSE=0.27, %BIAS=-1.83%, RSR=0.85) WfioRa1sanuseuiiiou
3wdwugwhmmamﬁwaanﬁuﬁan&amaﬁﬂ (Ul 5) wiulsannns
wWasuulasesnsmdvinluliih 2560 (2017) faruaenadaaity
sniiuluiounsngiruuazdaviau nan1sdtasadiA1dnsilnagsgn
Apud19ganinteyansiain wilnesiunaendardyiaussouzeylu
wnausifteensuld eftansanthi 2558-2559 (2015-2016) nsviwi
felaiaenndesiuhlsiaussauzvosuuuiiananas egslsfnanile
firsanaruduiuludi 2558-2559 (gﬂﬁ 6) nud1 mstdsundag

v v v

mm%uﬁumﬂms'«j’waaqﬁmmaamﬂaaﬂﬂumaagamuﬂﬂm SMAP

v '
1Y ° a

uonvnil Tuldh 2561 (2018) Fdlsifiteyaivimsiota Tuvusi
wuudraedliinadnlaifivminlutidu WeRinisanananuduiulud
Weaiu wudt waainnisiaesazteayaniiisulinaaennaeiu
Tagarudududiawiiniigaduiadae (~0.4 m¥m?) naensisd
2561 faifu ilerunnsoragudelnefuiuiuaulifiduAudivhly

W1 wuudnaesdslvinadnsNaumeng
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400 + ® Rainfall .
* Qobs 2
7 Qsim
= 300 +
Y :
g :
22004 LI
A s -
4 iloar
100 T é: . s £E :
Jan 2015 Jan 2016 Jan 2017 Jan 2018 Jan 2019 Jan 2020
Uit 5 Unanfwhilandl M.185 nansdhaest) 2558-2563 (2015-2020) WisuiieuiuieyansItn
FrUuLieul 2558-2560 (2015-2017) waztaamauaau U 2563 (2020)
0.60 T

+ SMAP[rootzone]

= HEC-HMS [soil storage]

0.50 T

o
n
=)

Soil water content (m%m?)
o [=]
[ w
(=} o

o

—

o
t

0.00

Jan 2015 Jan 2016 Jan 2017

Jan 2018

Jan 2019 Jan 2020 Jan 2021

Uil 6 AR uInsLUUTIARY HEC-HMS Wisuifeuiudeyanmaiflon SMAP § 2558-2563 (2015-2020)

e

o v a

TudunauN153RYILUUsIae N1SAINUARIAIAUNISITNDSIDY

o
v v

wwusaesdudunouiidrdylnenisussanudaiulaglitoyaan
uwui AuuazunuiinislEiau [40] Baglianunsadmunans udud
IndiAsatuerilmngandsenadpsufuifisuuuuasiBoafiududn
iisadniies mndwesnguitseulm loun nguifuin wie storage
wazngunslva wie percolation Inenguusn laun soil storage [33;
42], tension storage [42], Wa¥ GW storage [49] dungunaasiud
max infiltration [33; 42], soil percolation [33], GW percolation [49;
50] agslsfinu wsfiwesassnguil limsuiuifsunion q fu
dlosan nmaidsurwesndunilsdnalinnduiossulasiatu
o1 fuaiimnzuds uwmmsidenuiuiisuiiazngy Taeag
13 (soil storage) D19lFUUIMINTUsEINUANINATIMY
voshufiviidngn 1 m lnedansening 300-500 mm Arlutasild
AEeRAdeIfUNATe ANty [33; 40-42; 49; 51-53] d115Un1s

° a < 1Y) . .
919039 NTUTIMIU (daily time step)

4. ajluasdolauauuy

o v

nuITpildveyanuiuluduainaiiien SMAP ¥aeluns
AvuANIsElmesveIuuUIIaes HEC-HMS Tuguuraivatgune
F¥NIN WA, 2558-2563 N1591809M19aNNINgwuuneiiiagly

N5%UUTS Soil Moisture Accounting (SMA) W1510LABT UD

wuudaesimuaedsiundeyaiu/nslifau uesusulneifieuiy

AruduAuIndoyanuiios SMAP uuuT1ae HEC-HMS Slaussous

Tunshaesiwiuasarutuiveglunasiduiisonsuldmels
mslideyannutuiuanaufiouddneamamiuiluldlunis

<

Ussanauanisfimesveauuudtassgnnivettuguunitafinis
o 5 L o oay H a
aT19innvin wenani Selldeyanisseimeaieun (ET) 3naniiey
Wudeyadnunamisiifidnanmlunisthanldonu Swduwuudiass
HEC-HMS @1115aUSuLigun1sniimeswuusmlud® wawuusnaneds

Tiansaladeyannusuiududeyansinindmiunisuiuieuld
finAnssuuszne

aAfedldFunuamivayuan auglmnssumans Munaau
uInedeinuasmand wasaniissveveunamsnuitliaim
auATzvideya Usznaudiy nsugnileninen nsuvausenu N3y
Waniau waggiannTusunsy HEC fueuAvanSvenduwasdiniu

P &
N1IANYIU

WREQ9-5



[

2

Fuil 24-26 Banau 2565 2uTewe

mMUssgRTMAmnTTlesuiend A 27

The 27* National Convention on Civil Engineering

August 24-26, 2022, Chiang Rai, THAILAND

LPNANTD9DY

(1]

Beven, K. J. and Alcock, R. E. (2012). Modelling everything
everywhere: a new approach to decision-making for water
management under uncertainty. Freshwater Biology, 57, pp.
124-132.
Blair, G. S. et al. (2019). Models of everywhere revisited: A
technological perspective. Environmental Modelling &
Software, 122
Beven, K. J. (2012). Rainfall-runoff modelling: the primer,
2nd ed. John Wiley and Sons, Chichester, UK.
Terrier, M., Perrin, C., de Lavenne, A., Andréassian, V., Lerat,
J. and Vaze, J. (2020). Streamflow naturalization methods:
a review. Hydrological sciences journal, 66, pp. 12-36.
Hillel, D. (1998). Environmental Soil Physics. Academic
Press, San Diego, CA.
wondvs Tadnanatouazany. (2564). msfnwuUsudioy
mm%uluﬁuﬁm%’@gamuﬁﬂm SMAP funisnsiaingae TDR
Tuitufiudmmensfusenidsanie.  Msasiverrnaniuaz
welulad wninendeinuasenans, 97 10, uih 9-24.
Srivastava, P. K., Petropoulos, G. and Kerr, Y. H. (2016).
Satellite Soil Moisture Retrieval: Techniques and
Applications. Elsevier, Amsterdam, the Netherlands.
Petropoulos, G. P., Ireland, G. and Barrett, B. (2015). Surface
soil moisture retrievals from remote sensing: Current status,
products & future trends. Physics and Chemistry of the
Earth, Parts A/B/C, 83-84, pp. 36-56.
El Hajj, M., Baghdadi, N., Zribi, M., Rodriguez-Fernandez, N.,
Wigneron, J., Al-Yaari, A., Al Bitar, A., Albergel, C. and Calvet,
J.-C. (2018). Evaluation of SMOS, SMAP, ASCAT and Sentinel-
1 Soil Moisture Products at Sites in Southwestern France.
Remote Sensing, 0.
tonavs ledmanad, gvsun ugnuadal, sngn swad, yayde
ATLIUNSR, 9 Jumdd way Selse nznnsh. (2565). 113
Soviunufissiudssmaanmmsnatilufulaglideya

Tu:

asaumAdiuiensaduauunsuiianisiunais (U9 2).

arisunuulndiatagtu. MITeuaimNTEUY
AnuRRILINITITENTNERNT (BIANTUMNYY), TN 4-49
Reichle, R. (2018). SMAP L4 Global 3-hourly 9 km EASE-Grid
Surface and Root Zone Soil Moisture Analysis Update,
Version 4. In. NASA National Snow and Ice Data Center
DAAC.

nsuvausEnIu. (2553). a3 112 Y dnauuimsdanisi

WAZNNINEN. NTUYAUTENIY, NTANNAL

[13]

[14]

[17]

[19]

[22]

WREQ9-6

USACE. (2000). HEC-HMS: Hydrologic Modeling System.
Technical Reference Manual. Hydrologic Engineering Center
(HEQ), US Army Corps of Engineers (USACE), Davis, CA.
USACE. (2022). HEC-HMS: Hydrologic Modeling System.
User's  Manual, version 4.9. Retrieved  from
https://www.hec.usace.army.mil/confluence/hmsdocs/hm
sum/4.9

Bhuiyan, H., McNairn, H., Powers, J. and Merzouki, A. (2017).
Application of HEC-HMS in a cold region watershed and use
of RADARSAT-2 soil moisture in initializing the model.
Hydrology, 4, pp. 9.

USACE. (2021). HEC-DSSVue HEC Data Storage System Visual
Utility Engine. User's Manual Version 3.2. Retrieved from
https://www.hec.usace.army.mil/confluence/dssvuedocs/l
atest/hec-dssvue
USACE. (2013). HEC-GeoHMS: Geospatial Hydrologic
Modeling Extension. User's Manual, version 10.1. Hydrologic
Engineering Center (HEC), US Army Corps of Engineers
(USACE), Davis, CA.

USACE. (2009). HEC-DSSVue HEC Data Storage System Visual
Utility Engine. User's Manual Version 2.0. Hydrologic
Engineering Center (HEC), US Army Corps of Engineers
(USACE), Davis, CA.

Jomvoravong, A., Putthividhya, A. and Vechpanich, E.
(2015). A comparative study of stochastic and conventional
deterministic flood frequency analysis for extreme events
in Thailand. World Environmental and Water Resources
Congress 2015: Floods, Droughts, and Ecosystems -
Proceedings of the 2015 World Environmental and Water
Resources Congress.

Kuntiyawichai, K., Dau, Q. V., Sri-Amporn, W. and Suryadi, F.
X. (2016). An assessment of flood hazard and risk zoning in
the lower nam phong river basin, thailand. International
Journal of Technology, 7, pp. 1147-1154.

Kuntiyawichai, K., Sri-Amporn, W., Wongsasri, S. and
Chindaprasirt, P. (2020). Anticipating of potential climate
and land use change impacts on floods: A case study of
the lower Nam Phong river basin. Water (Switzerland), 12
Lohpaisankrit, W., Hiranwattananon, T. and Tumma, N.
(2021). Application of a rainfall-runoff model for flood
generation in the Huai Sangka Catchment, Thailand.

Engineering and Applied Science Research, 48, pp. 121-130.



peceZ/

Fuil 24-26 Banau 2565 2uTewe

mMUssgRTMAmnTTlesuiend A 27

The 27* National Convention on Civil Engineering

August 24-26, 2022, Chiang Rai, THAILAND

(23]

[24

N
il

[27

‘W
2

‘@
=

Apichitchat, S. and Jung, K. (2015). Hydrological simulation
for impact assessment of Kaeng Sue Ten dam in Thailand.
KSCE Journal of Civil Engineering, 19, pp. 2325-2332.
Tingsanchali, T. and Tanmanee, S. (2012). Assessment of
hydrological safety of Mae Sruai Dam, Thailand. Procedia
engineering.

Promping, T. and Tingsanchali, T. (2022). Effects of Climate
Change and Land-use Change on Future Inflow to a
Reservoir: A Case Study of Sirikit Dam, Upper Nan River
Basin, Thailand. GMSARN International Journal, 76, pp. 366-
376.

Deb, P., Babel, M. S. and Denis, A. F. (2018). Multi-GCMs
approach for assessing climate change impact on water
resources in Thailand. Modeling Earth Systems and
Environment, 4, pp. 825-839.

Gunathilake, M. B., Y.V, A,
Chathuranika, I. M., Gunathilake, A. S. and Rathnayake, U.

Amaratunga, Perera,
(2020). Evaluation of Future Climate and Potential Impact
on Streamflow in the Upper Nan River Basin of Northern
Thailand. Advances in Meteorology, 2020.

Sharma, D. and Babel, M. S. (2018). Assessing hydrological
impacts of climate change using bias-corrected downscaled
precipitation in  Mae Klong basin of Thailand.
Meteorological Applications, 25, pp. 384-393.
Piman, T. and Babel, M. S. (2013). Prediction of rainfall-
runoff in an ungauged basin: Case study in the mountainous
region of Northern Thailand. Journal of Hydrologic
Engineering, 18, pp. 285-296.

Bennett, T. H. (1998). Development and application of a
continuous soil moisture accounting algorithm for the
Hydrologic Engineering Center Hydrologic Modeling System
(HEC-HMS), MS thesis. University of California, Davis, CA.
Bennett, T. H. and Peters, J. C. (2000). Continuous Soil
Moisture Accounting in the Hydrologic Engineering Center
Hydrologic  Modeling  System  (HEC-HMS).  Building
Partnerships, pp. 1-10.

Chu, X. and Steinman, A. (2009). Event and Continuous
Hydrologic Modeling with HEC-HMS. Journal of Irrigation
and Drainage Engineering, 735, pp. 119-124.

Singh, W. R. and Jain, M. K. (2015). Continuous Hydrological
Modeling using Soil Moisture Accounting Algorithm in
Vamsadhara River Basin, India. Journal of Water Resource

and Hydraulic Engineering, 4, pp. 398-408.

[34]

(38]

(41]

WREQ9-7

Wardhana, P. N. and Kusumawijaya, L. P. (2021). Gajahwong
River Continuous Flow Simulation by Using Soil Moisture
Accounting (SMA) of HEC HMS. IOP Conference Series: Earth
and Environmental Science, 930, pp. 012032.

937175 WYY, (2539). s ETo veslsewmealvelagds
Penman - Monteith. 3fnssuans un, I 10, i 91-105.
Allen, R. G., Pereira, L. S., Raes, D. and Smith, M. (1998). Crop
evapotranspiration: Guidelines for computing crop water
requirements. Food and Agriculture Organization (fAO) of
the United Nations, Rome, Italy.

wndvs Tedmanads. (2557). msldwosie: vguiuesnis
Uizqﬂﬁ. MATVIAINTTUTAUTENIU UPNINYIFUNWASAERS,
UATUFY.

Reichle, R. H. et al. (2019). Version 4 of the SMAP Level-4
Soil Moisture Algorithm and Data Product. Journal of
Advances in Modeling Earth Systems, 77, pp. 3106-3130.
Reichle, R., Koster, R., De Lannoy, G., Crow, W. and Kimball,
J. (2014). Level 4 Surface and Root Zone Soil Moisture
(L4 _SM) Data Product. In GMAO Office Note No. 6 (Initial
Version 1.3) (pp. 99).

Ahbari, A., Stour, L., Agoumi, A. and Serhir, N. (2018).
Estimation of initial values of the HMS model parameters:
application to the basin of Bin El Ouidane (Azilal, Morocco).
Journal of Materials and Environmental Sciences, 9, pp.
305-317.

El Mansouri, B. et al. (2021). Estimation of the HEC-HMS
model parameters in data-scarce regions. Application to
the Ouergha watershed (Sebou, Morocco). E3S Web of
Conferences, 314.

Fleming, M. and Neary, V. (2004). Continuous Hydrologic
Modeling Study with the Hydrologic Modeling System.
Journal of Hydrologic Engineering, 9, pp. 175-183.

Hillel, D. (1971). Soil and water: physical principles and
processes. Academic Press.

fisn vesetw. (2526). AnwdeansivausEmuuazATa
msglumseenuuusruvdni. T walladfimnzaduns
Bauralseny, aunauAvdinimnssurausenulunseusy
318U, ngamne, wih 7-103.

ASCE Task Committee. (1993). Criteria for Evaluation of
Watershed Models. Journal of Irrigation and Drainage
Engineering, 719, pp. 429-442.

Legates, D. R. and McCabe, G. J. (1999). Evaluating the use
Measures  in and

of  “goodness-of-fit” hydrologic



mMUssgRTMAmnTTlesuiend A 27

E Fuil 24-26 Banau 2565 2uTewe

The 27* National Convention on Civil Engineering

August 24-26, 2022, Chiang Rai, THAILAND

(47

(50

[52

—

=

i)

=

hydroclimatic model validation. Water Resources Research,
35, pp. 233-241.

Moriasi, D. N., Arnold, J. G., Van Liew, M. W., Bingner, R. L.,
Harmel, R. D. and Veith, T. L. (2007). Model evaluation
guidelines for systematic quantification of accuracy in
watershed simulations. Transactions of the ASABE, 50, pp.
885-900.

Nash, J. E. and Sutcliffe, J. V. (1970). River flow forecasting
through conceptual models part | — A discussion of
principles. Journal of Hydrology, 10, pp. 282-290.

Chea, S. and Oeurng, C. (2017). Flow simulation in an
ungauged catchment of Tonle Sap Lake Basin in Cambodia:
Application of the HEC-HMS model. Water Utility Journal,
17, pp. 3-17.

Ouédraogo, W., Raude, J. and Gathenya, J. (2018).
Continuous Modeling of the Mkurumudzi River Catchment
in  Kenya Using the HEC-HMS Conceptual Model:
Calibration, Validation, Model Performance Evaluation and
Sensitivity Analysis. Hydrology, 5.

Edijatno, De Oliveira Nascimento, N., Yang, X., Makhlouf, Z.
and Michel, C. (1999). GR3J: a daily watershed model with
three free parameters. Hydrological sciences journal, 44,
pp. 263-277.

Perrin, C., Michel, C. and Andréassian, V. (2001). Does a large
number of parameters enhance model performance?
Comparative assessment of common catchment model
structures on 429 catchments. Journal of Hydrology, 242,
pp. 275-301.

Perrin, C., Michel, C. and Andréassian, V. (2002). Vers une
amélioration d’un modéle global pluie-débit au travers
d’une approche comparative. La Houille Blanche, 88, pp.

84-91.

WREQ9-8



