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Abstract: Flash flood is anaturaldisaster occurring in a short time duehiavy rainfall
combined with topographygeomorphology, economigrowth in the basin Although it
happens on amall scaléut it leaves famreaching destruction in its wake. Recgearshave
recorded severalcorsecutive flash flood events causiggeatdamagen the mountainous

area of Quang Nam provinc&or example, in2020, thesuccessiveflash floods and
landslides occurring in October and November has bewassingdisaster problemwhich
causegreat loss of life and property. Flash flopediction poses big challenge fonot

only Viethamese but also international scientists. The general method of flash flood
predictionis based on threshold runoff and bankfull discharge. Cuwyrethie Viet Nam
Meteorological and Hydrological Administratiors selected as Regional Centre for
supporting flash flooavarningby the World Meteorological Organization, has receitred
ARSout heast AsGualancE$ yasthe mF | 0SEHAFFGS)thke UBevel op
Hydrological Researc@enter andhitially applied in flash flood anthndslidewarning. This

paper presents the results of a methodological application for determining the guidance
threshold runoff and bankfull discharge for flash flood warningpénSEAFFGS, which will

be applied for the mountainous area of Quang Nam province as a pilot study area. The
research results will be the first step for studies to determine the threshold runoff formed for
flash flood warnings and can be referred for otheuntainous regions of Vietnam.
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1. Introduction

Flash flood is considered as one of the disasters causing the most terribléhiossiof
lives and propeies because of their occurrence on a small scale, rapid development when
there is heavy rainfall combined with triggering factwiated to topogrdyy, geology and
land cover. The concept of flash flood is defined differently duevanous studies
approaches, but theywerlap wherdescribing a flood that forms quickly after heavy rainfall
with high intensity. According to WMOQY], a flash flood is d&lood occurringin a short
period oftime with a relatively high flood peak. The American Meteorological Society
(AMS) [2] definesthatflash flood as a floo&ventwith very short duration ofising and
falling andwith little to no forewarningit is aresult ofhighly intense rainfall events across
the small basinThe US National Weather Service (US NW$)) dlso defines a flash flood
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as a rapid and intense flowhich iscaused by high water mass reachinigeguently dry

area or a verpighi waterlevel rise in streams, canals, rivers exeegdhe predetermined

flood level and usuallpccurringwithin 6 hours of the incident (heavy rain, dam breaking,

ice melting. Flash flood thresholds may vary from regaa regiors and basiato ba#s.
Besides, 4] states that flash floods often occur in mountainous basins with catchment areas
ranging from a few tens of square kilometers to several hundred square kilometers. Flash
floods with a peak time of less than 3 hours iri &06kn¥ basin in he United Kingdom

while in the US a peak time of up to 6 hours for a 400%Kmasin is considered a potential

flash flood basin.

VietnameseScientistshave also introduced many different concepts of flash floods in
order to express the fast and inteberacteristicsof this type of disaster5] said that
Flash flood is a type dfig flood which occurssuddenlyand lastdor a short time (fast up
and down quickly)with greatdestructive power.q] gave the definition: Flash flood is a
type of flood withrapid speed (sweepinghich occurssuddenly (usuallyappearsat nights
whereit rains smallflood pipes) on a small or largeale maintained for a short or long
period oftime (depending on thainfalli flood even), carriesa lot of mud and sandnd
has great destructive power. According to][ flash flood is a flood formed by rafall
combined with unfavorable combinations of buffer surface conditions (topography,
geomorphologygover, etc.) toproduce mudrock flows on the steep slopes (basins, rivers
and streams) and propagate very quickly downstream, causing sudden and terrible
destruction in the mountainside areas and along the rivers and streams through which it
overflows.

Currently, followng the functions and tasks prescribed by the Government, flash flood
warnings are carried out at the Viet Nam Meteorological and Hydrological Administration
(VNMHA and implemented directly at the National Center for Hydvieteorological
Forecasting(NCHMF), Regional HydroMeteorological Centers and Provincial Hydro
Meteorological Centers. The Early Warning SystgiBg8/S) are consideredhe key to
reducing thempacs of flash floods.

For the purpose oénhancing thecapacityof warning sméi scale natural disasters
such as flash floods, the World Meteorological Organization (WMQO) cooperates with the
United States Agency for International Development/OfficeUo$. Foreign Disaster
Assistance (USAID/OFDA), the National Oceanic and Atmosplaeri
Administration/National Weather Service (NOAA/NWS) and the Hydrological Research
Center (HRC) are collaborating ttevelopa suppoiihg system. Flash Flood Guidance
System with Global Coverage (GFFGS) for the benefit of the community withimulti
stakehol@r coordination. Flash flooduidancesystem (FFGS) is developed to provide a
system of tools to support hydrometeorological forecasters around the wogdrational
work, analysis, monitoring and warning of flash flood disasters thraligierveddata,
real time model data, and réaime information orguidancerainfall thresholds capable of
generating flash floods in a certain aréh [

In 2019, the first FFGS system was established for Vietnacter the nameof
VNFFGS within the framework of thgrojectfinvestigation, survey, and mapping of flash
flood risk zoningfor the Central and Highland regions, and develop a pilot systdlash
floods warning for highrisk localities inorder to serveplanning, directing and operating
disaster preventioandclimate changadaptatiod implementedoy theViet Nam Institute
of Meteorology, Hydrology and Climate Changé [

In 2022, the Southeast Asklash Flood Guidance System (SeAFFGS) funded by
WMO was transferred to théiet Nam Meteorologcal and Hydrologcal Administration
(VNMHA) for management as the representative role éfFEGS Regional Center.
SEAFFGS is the first flash flood warning suppog system using d@remely shoitterm
forecast data and integrating a largenberof different data sources from Southeast Asian
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countries including: satellite and radsstimate rainfalls, telemetry rainfall4 quantitative
precipitation forecast productsreal time and historical data received frommember
countries, productsf Flash Flood Riskvith warning time up to 36 hours. In this system,
Vietnam provides and shares data including: 10 radars, 1500 automatgauges and
administrativemaps of districts, communeasnd extremelyshori termforecasting products
(Nowcasting) quantitative precipitation forecast products from radar faoeh numerical
weather forecastnodel WRF with coverage for 04 countries Laos, Cambodia, Thajland
Viet Nam The sulbbbasins divided irBeAFFGS have an average areaabbut 20km? with

a total of over 71,000 subasins for 4membercountries in Southeast Asia, of which
18,345 suld basinare in Vietham. The FFG approach implements flash flood warnings
based on the comparison of obsereedorecast rainfall over a certain period of time in a
watershed with the estimated:@FFG) rainfall generation for Vietnaonly.

The SEAFFGS system hdseen tested evaluatedand applied in the flash flood
warning service for mountainous areasvViditnam. The purpose of the study will be: (1)
Presenting the method of determining threshuaidoff for FFGS oriented warning; (2)
Applying this method to calculate threshold runoff and bankfull discharge in the
SEAFFGS, pilot application ithe mountainos arean Quang Nam province

2. Materials and Methods
2.1.Description of study site

The Central region has been facing natural disasters such as flooding, flash flood that
occur frequently witrenormity. Most of the provincesf this regionrecordedflash floods
which cause greatoss of life and property. Quang Nam is one of the certpalstal
provinces that suffer from many types of disasters, including flooding and flash flood. The
topography of Quang Nam provinéeaturesmany areas with a combination séveral
disadvantagesuch as: steep terrain, strong cleavag@ming narrow M shaped stream,
slope of 3045 degrees, twavalls in bothsides of the streanwith the condition of
breakablesoil structurebedrock lyingleading tolandslidessituation[10]. The short and
steepcharacteristicof the stream networkas well as narrowalleysin the upstream are
thebasicfactors forhighi risk of flash floods and landslides.

In October 20204 communesn Quang Nanface landslides, flash floods, and tube
floods which cause greadlestruction Districts where flash flods often occur are Bac Tra
My, Nam Tra My, Phuoc Son, and Tam Giang. The study se@@eang Nam province
which hasmany higfirisk points for flash floods in recent years, to pilot the application of
the thresholdrunoff generating flash floods and thmankfull dischargan mountainous
areas.

2.2.Data used in the study

Observed data: Hourly and daily rainfall from 150 rain gauges, flood peak records of
60 hydrological stations in the whole country.

Model data: The catchment data of the Southeast Aash filood guidance system
(SEAFFGS); Survey data on flash floods (rainfall, causes) ofviee Nam Institute of
Meteorology, Hydrology and Climate Changéiet Nam Institute of Geosciences and
MineralsResourcesProvincial Hydrd Meteorological Centan Quang Nam province.

Map data: DEM (Digital Elevation Model) map (30mx30m) scale obtained from free
welbsite of United States Geological SunigySGS at http://gdex.cr.usgs.gov/gdex/.

2.3.Calculation methods of flash floodrfoed rainfall threshold antanKkulldischarge
threshold

ThresholdRunoffis an important factowhich iswidely usedworldwidein flash flood
warning methodsHowever, determining thexact thresholdunoff in different areass a
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big challenge becausdlash floods are caused by many factareluding hydra
meteorology, topography, land cover, and human activiliee approachable SEAFFGS
flash flood warning system is based on several concepts of FFG, FFTidaf Qroviding
users the necessary infiaation to assess the potential of flash floods insareeluding

(1) Flash Flood Guidance (FFG) is tiielume of rainfall over a given duratioin a
small catchmentwhich is required for the occurrence of a Bankfull discharge at the river
basinoutlet The FFG is an indicataf the volumerainfall needed to overcome tiseil
water storage and streambed, causmigor flooding in the basin. The FFG is continuously
updated based on current soil saturation water deficits (as determined by pssilous
moisture conditions), precipitation, evaporation, and infiltration losses.

(2) Flash Flood Threat (FFT) is the mearecipitation of a basin in a certain period
exceeding the corresponding FFG value. Hhesh Flood Threat index isdetermined
accordingto the difference (or percentage) between the cumulative rainfall during the
forecast period and the corresponding FFG.

(3) Bankfull discharge (&) is the discharge in a river/canal thajuist enough tacause
flooding to the entire riverbed at the same level ashidwekfull channe[10].

2.3.1.Qur determination in the FFGS

Bankfull discharge is an important parameter that determines the volume of guidance
rainfall capable of generating flash floods (FFG). The method of determinirgattéull
dischargds basedn the geometrical features of the basin or riverbed wherbathiefull
dischargeoccurs. The method of determinings@ased on crogsectional geometry is only
suitable for rivers and streanssnditionwith clear banks andverbeds.In mountainous
areas many river sections have aishaped cro$section with two steeppanks not
seprating the riverbedndtheriverbank pJ.

The determination of bankfull discharge based on topography requires a lot ofssurvey
andmeasurement albaitith irregular sufficient data for calculatioManyresearchekhave
statedthat Qbf is usually a peak flood discharge witheturn period of about 12 years
[10i17]. So, in the FFGS systemp@ also define@ccording tQmaxso% Thus, each stib
basin has a ©@value,and the FFG of different periods will be diffetea the form the Qps.

When establishing the FFGS, the bankfull discharge is determined by the HRC based on
the relationship between the bankfull discharge at hydrological stations with a catchment
area oflessthan 2000 krhand the basin characteristicsTiable 1. This method has been
implementedn many US states such as California, lowa and OklahanTde regression
equation is built in the following 8/pes[9]:

Qo= bA? 1)
Qof = bA¥IR?2 (2)
Qbf - bAalsa3 (3)

where Qyr is the bankfull discharge; A is the catchment area; R is the mean annual
precipitation; S is the catchment slope; b,;aaa a are calculated coefficients

Table 1. Correlation of bankfull discharge with area A, basin slope SaandalprecipitationR in
lowa and Oklahom&8JS)[14].

State Correlation function
lowa Qo= 20,4*A0060%0,44
Oklahoma Qo= 0,03*A05R184

Inheriting research results from the projébtvestigation, survey, and mapping of
flash flood risk zoning for the Central and Highland regions, and develop a pilot system of
flash floods warning fohighi risk localities in order to servthe purpose oplanning,
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directing and operating disaster prevention and climate change adaptéafiponducted
by the Viet Nam Institute of Meteorology, Hydrology and Climate &ige in 2019
analyzel the relationship @ according to formulas (1), (2) and (3). Vietnalivided into
4 regions for analysis and identification based on falh and flood characteristics,
including theNorthern,Northeast andMiddle North the Northwest, the NortGentral and

Highlands. Thesalculation results are in Table 2.

Table 2. Relationship @ with basin featurefd].

No Qo= bA2 Qb = bA3IS? Qof = bA¥R™
Region  station a b R? a1 a b R? a as b R?

Whole VN 60 0.844 244 0.616 0.0790 040 18 0.670 0.9 1.9 0.31 0.725
Northern 34 0.765 3.60 0.600 0.0760 0.33 15 0.602 0.9 2.0 0.26 0.737
NorthEast

&Middle 14 0.768 6.01 0.724 0.0778 045 20 0.796 0.9 1.4 0.44 0.810
North

NorthWest 20 0.721 2.27 0.536 0.0770 047 15 0,537 09 31 0.38 0.768
Central&H

ighland 27 0.871 4.90 0.729 0.0629 047 16 0.735 09 11 0.27 0.772

Through he analysigesults the addition of mean annuaittecipitationand catchment
slope as independent variables to determine runoff showed an improveaitberit
insignificant while uncertainty increas@s all suli catchment

2.3.2.Determinatiorof rainfall threshold causing flash flood

The rainfall threshold causing flash floods or the threshold of banktdipitationcan

be determined by the following formula4):
Rihr =A*Q bt/ Qav

(4)

whereA is the catchment area (KnQuris the bankfull discharge {s); quw is the unit

hydrograph peak for a specific duration®{®.kn?.mm)).

The unit floodhydrographpeak can be determindyy measured data. However, this
method will not be feasible in thmaseof limited hydrological ime series. The unit flood
peak is calculated by using the Geomorphological Unit Hydrograph method. Accordingly,
the peak flood discharge in the time perigtstdetermined by the formula:

Q =2.42iAr/ ¥(1i 0.218k/ &)

(5)

whered = £Y(ARLUH); U= S®¥nB?3; tr is the duration ofeffective rainfall(h); L is
themain streantiength(km) ; i is the effective rainfall intensitfcm/h);R.isthe Hor t on o6 s
length ratio. Assign n as the corresponding river level of the tributairy which the
precipitationthreshold fobankfullis to be calculated, n+1 is the river level of the tributar
and the pour into rivetthe R ratio determined by the total length of thigavel rivers
divided by the total length h+1) level rivers (in the same main river systengc¢is the
local channeklope n is the Manning roughness coefficiel is thechanneltop width at

bankfull (m).

Thetop width (B), hydraulic depth (Dat bankfullandlocal channelslope (Sc) can be
determined according to the relationship between basin area characteristics. The relations
between features B, D and Sc has been developed for some €S lstalowa and
Oklahoma in the US, sets of channel crgsstional data were available and utilized to

develop these regional relationships
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Table 3. The relation betweeB, D ScandA correspondingQbfin some states of US

California lowa Oklahoma
B =3.29A03714 B =2.8A0363 B =2.33A0542
D =0.3A%%61 D = 0.82A0-160 D =1.03A%1%
Sc=0.006A°38 Sc=0.045A0-20330-564 Sc=0.006A38

Thresholdrunoff Ry equal to the rainfall intensityimes its durationtR(ixtR). We
have:

Q = 2. %ARAN/MHM18Y) R/ Y (6)
Thus, the thresholdunoff with different time can be calculated based on the basin
characteristics such as: catchment adeaal chanel slopethe top width Manning
roughness coefficient, Hortontength ratio andankfull discharge. The parameters of the
relations of B, D, Sc v the basin characteristicstaken according to the relation of the
state of California, where the climate and rainfall conditions are similar to Vietnam. The
formulas to calculate B, D, Sc are as follows:

B= 3.20940-3714 @)
D= 0.3A0-261 (8)
Sc=0.006A 0-385 9)

whereB is the topwidth at bankful| D is the hydraulic deptlat bankfull; Sc is the
local channeklope
According to [l4] gave the formula for calculatiniglannings roughness coefficient
(for cases with roughness coefficigmgherthan 0.035) as follows:
T mM8~R 158 (10)

wheren is theMa n n i raughhess coefficientc is thdocal chanel slope D is the
hydraulic depth

Bed river characteristics: chanel

slope (S¢), length (L), width (B),
hydraulic depth (D)

Catchment
area

25 ¥
Mean annual

precipitation
_

Threshold runoff (R)

B
L

Slope

Rainfall
duration (tR)

Manning
coefficient (n)

Figure 1. Diagram ofbankfull discharge and threshotdnoff for flash floodwarning



VN J. HydrometeoroR022, 13, 25-36; d0i:10.36335/VNJHM.202(13).25-36 31
3. Results and Discussion

3.1 Division of sulbbasins of Quang Nam province

Mapping data for dividing sulbasins in Quang Nam province is extracted from the
suli basin division map laydor the entire Southeast Asia region in the SEAFFGS system
(source: https://222.255.11.76/SEAFFGS_MAPSERVERY/). Using QGIS software, Clip
tool to separate siibasins in Quang Nam provinegth 643 sulbbasins in tota{Figure 1)

Figure 1. Suli basinsdevided in Quang Nam Province

3.2. Calculating the length of rivers and streams in Quang Nam province

Using ArcGIS software, Flow Accumulation and Flow Direction tools create a network

of rivers and streams in Quang Nam province. Using the Calculatenédgotool in
ArcGIS calculate the river lengttFigures 2a2b).

Figure 2. (a) River network used in calculations in Quang Nam provind® Example of
calculating river length in siilbasins of Quang Namrovince



