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Abstract: Flood isone of the most commonly occurring forms of natural disagkéch
damage t@nvironment andociety. Flood events have been increased both in their intensity
and frequency associating with increasing average global temperateiréo dilimate
change. In order to contribute to the work of mitigating the effect of climate change as well
as floods' damage, this study introduces a method to simulate discharge with respect to
design storm through hydrological modeling system (HMS). ifiadel is applied for three

case studies thHdpperSunter river basin in Indonesia, the Vu Giau Bon river basin and

the Nhat Le River basin in Vietnam in which there were several severe floods occurred,
causing severe impacts on social developmentdrélggic simulations were performed
using thesoftware of Hydrologic Engineering Center's Hydrologic Modeling System
(HECI HMS). With three different precipitation input data, daily data inUp@er Sunter

river basin, 8hourly data in the Vu Gia hu Bonriver basin and hourly data in the Nhat Le
river basin were used to simulate. TRECIi HMS calibration and validationvere
conducted to assetig®e model performance, and the estimation of design floods with respect
to design storm was also presented. N&&fwients are higher than 0.70 in both calibration
and validation process through the years which is acceptable for further simulation. With the
validated modelseven return periods (2, 5, 10, 25, 50, 100 and 200 years) were used to
design seven floods
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1. Introduction

Lack of datdase in many areasf the world is a serious obstacle for the hydrologic
model. At thesimilar time, most of theeneratinglatdbaseson alocal and global scale are
also making a problemof modelthat causes amncertaintysource {i 2]. The unsimilar
databaseavere applied for the one river basin making the unlike modelresults and,
consequently, differergstimates ofvater resourcescosystem variables$i[5]. In order to
understand and support decisioegardingof waterresources management, water padioit
and flood contrqglthe consequences of anthropogenic and natural chéorgeastingn the
environment arerucial [61 8]. However, using a model ®imulatethe ral river basinhas
made evidencé be challengingbecause ofmanyimpossiblesources, such gsarameter
estimation,model structureforcing data,input data, and usingoadnes$ofi fit criteria
[91 11]. The spatial informatiorwas used for input data dfstributed or seniidistributed
hydrological modelssuch as topography (elevation), LULC (land use/land cover), soils,
(hydra') geology [L21 14]. Thesecategories of datare oftenpossiblein differentor same
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resolutions and can beollectedfrom different sources, with the latter providingnse
different information 15/ 17].

Now a daythe technology ofatellite andemote sensinig providingextraordinarydata
on land surface processes, whedlow land surface hydrologynodelingat largespatial
scaks,arrangingfrom theriver basinto regonal, to continentall[8/ 20]. Therefore, we can
simulate or forecast some kinds of natural disasters such as typhoons, floods, droughts
[211 22]. Due to climate change and the rising of global temperature, thetéoddncy and
intensity has been increased as weli P5]. Therefore in order tominimize the backffed
of climate changet is needed to provide reliable models for simulating a flood.

Hydrological modeling system (HMS) waseatedin the nineteenth cgury when the
software systemand technologiebave beemenerally. HMS modelvasdevelopedy the
US Army Corps of Engineef26]. A partof themajorobjectives of thenodelis to support
engineers and hydrologists in providdae most reliablevaludion of annual flood$271 2€].
The HEG HMS was applied to simulate floag/ents and continuous hydrologic modeling
[29 30]. This model was proved to perform flood events accurately through several studies.
Therainfalli runoff is simulatedoy separatingheriver basin into three siilsatchmentand
each subcatchments simulatedwith its parameterg31]. Thehydrologic modelingarticle
was usedhew version of HECHMS released in April 2006 bthe US Army Corps of
Engineers. This model contaired two parts:runoff scenarios using IDF curveand
event based hourly simulations. Infiltration loss arwhseflow parameters of each
suli catchmentis calibrated with hourly simulationg32i 33]. Therefore,the simulated
runi off resultscan beappliedfor flood damageestimationand flood controlin another
studies.

Simulating the rainfall runoff by the HEQ HMS modelfrom Probable Maximum Storm
(PMS)iT a most severe event that can occur in a particular r¢gidpi5]. This simulation
was toassess discharge hydrogina combinedvith the Probable Maximum Flood (PMF) at
extraordinaryocations in eachiver basin These hydrographs wertensequentlapplied for
developng flood inundation maps of the study areas ahdracterimg phenomenaof
sediment transport in thereamswith severe flooding condition36]. Moreover,at Tapi
river India HECi HMS was used fosimulation of rainfallrunoff [37]. The peak flow
discharges and maximizing the NaShitcliffe is fitted to this study For better runoff
estimation SCS unhydrograph and Snyder Unit hydrograph methodsaaedyzed and the
bestadaptednethod for the study area is chosen for the final simulation.

The flood frequency analysis (FFA) and hydrological niodesystem (HMS)s used to
estimate theeak dischayes[38/ 39. FFA method wagarried outusing two distribution
functions, i . e., Gumbel 6s extreme value

di

distribution, while HMS wasperformedu si ng t he Hydrol ogi c Eng

Hydrologic Modeling System (HE HMS) model[4(]. Calibratng and validatig processes
were usingto analyzethe applicability of HECi HMS modelto simulate thedischargeof
Sungai Rinching 38]. These resultshowedthat the model performance &xceptional
Using FFA and HMSto estimag peak discharges for several average recurrence intervals
(ARISs), i.e., 2, 5, 10, 20, 50, and 100 years estimated, were also compared.

This study mainly used ArcGIS 10.4 with Geospatial Hydrologic Modeling
(HECi GeoHMS) and HECHMS 4.2.1. The ArcGIS used prepare thepatial datasets for
the hydrological and hydraulic model, in HBEMS and HEGCRAS respectively. The
HECi GeoHMS extension component delineates and maps river networks farHNEC
manipulation {1]. In HECi HMS, eachcomponenin the model perfons differentpurpose
of the precipitationrunoff process within a paf the catchment or basin known as a
suli catchment[4Z]. The result of the modeling process is tiguring of streamflow
hydrographs at the catchment outlet or inlet to the reser#mally, the discharge

hydrographs with respect to the seven design storms are estimated and presented in the study.
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2. Methodology

2.1. Study site

In this research, three different study areas will be selected to simulate thei raingf|
and desigrstorm. In order to make the result comparisons, each study area will use different
precipitation time steps: dailyj Bour and hourly for simulation.

The UppeiSuntemriver basinwill be select for daily data time step, as shown in Figure 1.
The watershethcludestwo upstream rivers: Sunter River and Cipinang Riverdbatbine
into a majorriver in the downstreararea The maximum watershdengthis approximately
37 km; theriver basinis calculated330 km? with the annual average temperatig€6°C.
Moreover the average annual rainfalldstimatedl883 mmaccording to th€ipinang gauge
station data from 2001 to 20073. The Cipinang Gaugmles the streamflow observation
Furthermore the purpose ofwater is identifying for agricultural, urban busess and
hydroelectric power industrsectord44]. Neverthelesshe stream role is only for domestic
purposes nowadays.

Vietnam 7% a0
flyanmar Harol &

Lmv}x!m‘.’

The Nhat Le river basin
————)

.,  The Upper Sunter river basin _

LIk

Figure 1. The three river baséin this study

The Vu Gid Thu Bon river basin will be used with 6hours data time step, whicleis th
largest riveibasinin theVietnam central regia he river basin area is approximat&(,350
kmz, the basirconsists of a part of Kon Tum, Quang Ng@uang Nam province, and Da
Nang city f5]. Over the past century, floods hasppearedmore frequenly in the Vu
Gial Thu Bon river basin. Théistoric floodswerein 1964, 1996, 1998, 1999, 2007, 2009,
2011 and 2013]. During the period from 1997 to 20G8¢efloods in Quang Nam province
leaded tb89dead 33 missing, 1,550 injed, the financialdssof 9,436.5 billion (109) VND
[47].

The Nhat Le River basin will be used with hourly data time step, is located in the south
Quang Binh Province, Vietnam, with its area of ab®@®7 knt. This basin is the second
largest river system in Quang Binh, after the Gianh River system in the north area.
Downstream of the river, there are densely populated areas, especially the coastal areas
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including Dong Hoi city, in which the populati density is six times higher than that of the
whole province. Along the banks of the river, the population is also more concentrated,;
therefore, people living here are strongly affected by severe floods. The topography of the
area is mainly mountainousarrow with short streams and steep slopes from West to East.
This characteristic leads to water is rapidly gathered, and the floods quickly rise and flow
down to the sea when heavy rains appear. However, unlike other river systems, the amount of
water usally drains into the sea through several streams, the Nhat Le river system only has
one outlet (Nhat Le estuary). Therefore, floods cannot be released directly to the sea.
Moreover, there is a relatively high sand dune’ 480m) making a natural dike runrgn
parallel to the shoreline that also contributes to preventing the floods flush out. Besides, in
some areas, the terrain is lower than the sea levéll(hd so heavy rains combined with

high tides cause these areas to flood in a long time and watpededae sea in daysd].

2.2. Datacollection

A properunderstanding of the hydrologicabpographicabnd climatic conditios of
this studyarea andconsiderablesetof data defining them are most esserfbalanalying
andsimulatingtherealistichydrologic and hydraulievent In addition theexactlyof input
data for modelinghas direct impact tthe model resultsso the dataollection should be
analyzedand processed before using them.

WatersheflSuby basin Characteristics

Topography in thedrm of a Digital Elevation Model (DEMyvas extractedrom an
operisource,1 ardsecond (approximately 30 m) resolutiod.S. Geological Survey
(USGS)

Land Coverdatawas downloaded frorilighi Resolution Land Use and Land Cover
(LULC) Map of the Central Regn of Viethami 1/3 arcsecond (approximately 10 m)
resolutionandWater Basef United Nations University global repositarfdata with 400 m
resolution for AustraliaPacific data.

Digital Soil Survey Datavas collectedrom Global Hydrologic Soil Group$s 1/480
decimaldegrees (approximately 250 m) resolutiddistributed Active Archive Centefior
Biogeochemical Dynamics (DAAC)

Climatedata

Precipitation data: hourlgeries data for five flood events in Nhat Le &fgperSunter
river basin and a sihous period data for Vu Gidhu Bon river basin.

Design storm data: houilgeries data for 2, 5, 10, 25, 50, 100, and 200 years

Flow data

Daily discharge datéStation No: Meteorolog 745) are used for the calibration tfe
hydrological modein the Uppea Sunter river basin, hourly discharge dafaKien Giang
stationfor Nhat Le river basin and a $ixour periodof Nong Son stationfor Vu Gia Thu
Bon river basin.

2.3.Model development

The watershed and streams in the study area were first delifeated 30 meter
spatial resolution DEM using the HEGeoHMS tool. The HEGGeoHMSpermitsusers to
visualize spatiadatg perform spatial analysisflocument watersheproperties delineate
stream anduli basins andbuilding inputsdatafor hydrologic modks [49].

The next step in the model development is deriving input parameters for eabbsnb
(Loss, transform and routing parameters). For those parameters, the dataset of LULC and soil
map was used to calculatehe CN grid. With the calculated CN gridthe losses and
transformations in stlbasins can be estimatgdd. Precipitation that does noteate to
surfacerunoffis identifiedas lossesThe total runoffvolume ofwatershedvas controlled by
lossegnainly, which influence tthe magnitude of @k streamflow50]. Soil infiltration and
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initial abstractionare he major lossesomponentsinitial abstraction mention® the total
depression storage and vegetation interception that ddoneteto runoff. The infiltration
losses wereneasuredby using the Natural Resources Conservation Service (NRCS, formerly
Soil Conservation Service) curve number method (&N§. The SCBECN method
calculategrecipitation excess as a functiog of cumulative precipitation, soil group, and
land use.

A hydrographis showing the discharge againstime. The unit hydrographis the
hydrodynamic flow that flows directly as a result of a unit of precipitation per unit time and is
used to determine the theoretical shape ohtfutgographduring precipitatiorperiod Using
the parameterization of this method, it is possible to estimate the time and intensity of peak
flows generated in the catchmeihe SCS Unit Hydrograph method was applied to the
simulated watersheds(]. For this method, the input to the HBIMS modelis theriver
basin time lagThis parameter is a factadjusted estimate of the condensation time, which is
the time required for direct runofid travel from the furthest point in thiever basin to the
outlet. This time depends on the hydraulic lengthtlee watershed, watershed slope and
maximum retention in the watershdgbr subbasins receiving flows from the upstream
catchment, channel routing is usedramsmitdischargehrough the primary channel to the
catchment outletSubbasins that do nacceptflows from the upstream sthmsin will not
includerouting elementsTherouting component of thdECi HMS controls the attenuation
of the flow due to energy resistance and can therefore control the magnitude and duration of
the peak flowlt does noinfluencethe total amount of runoffolume developeth ariver
basin.

The schematic diagram shows steps that required for running the model, calibrating,
validating and simulating the design floods.

Figure 2. Flow chart ofthe study.



