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Abstract: We developeaprototype system of theery shortrange forecast of precipitation

in Viethamby merging kinematic extrapolations of composite hourly rainfall analysis and
NWP, verified its performance for the case of a heavy rainfall event in July 2021 over central
Vietnam First, we produecd hourly composite rainfall analysiser Vietnam with ayrid
distanceof 5 kmusing AWS, radgrand satellite datdNext, we computedag correlations
betweentwo hourly rainfallintensitiesat specifictemplates of 50x 50 grids, andobtained

lag indexeghat maximize thelag correlationat 11 x 10 points The moving vectors of
precipitation areas at all grids are obtaifdCressman interpolation of the laglexes
anda quality check using NWP horizontal winds at #i®a levelwasapplied Kinematic
extrapolation of ranfall analysis was conducted using #itgovemoving vectorandwas
merged withhourly rainfall predictionby a regional NWP model at NCHM# VNMHA
(WRF3kmIFSDA) by weighted averagg. The magnitude ofweightfor the NWP in the
mergerwaslinearly increased from 0 tofér FT=2 to 6 from 03 UTC to 07 UTC12 July
2027). Verifications showd that the merged rainfalls outperfoech both NWP and
kinematically extrapolated precipitations for the time range of BTo 5.
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1. Introduction

In most countries in southeast and east Asia includifigtnam and Japan
meteorological disasters occur every yéaparticular, disasters by heavy rains often cause
the greatest damagand improvement of nowcasting and forecasting of intense precipitation
is a key issue for disaster prevention and mitigatsamce June 2018, a bilateral coopenati
project between the Japan International Cooperation Agency (JICA) and the Viet Nam
Meteorological and Hydrological Administration (VNMHA) fér 8engtheningCapacity in
WeatherfForecasting anéood Early Warning System inthe Social Republic d¥ietnanmo
has been conducted. The Japan Meteorological Business Support Center (JMBSC) has been
participating in the project as a main contributing organization of Japan. The project scopes
are divided into four output targetd) surface meteorological observatioR) radar
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maintenance and produr®) weather forecastingand4) regionalweather dissemination.
More detailed reviews of the JICA project are giverj Hy

One of the main targets of the JICA project is quantitative precipitation estimation
(QPE).QPE focusson estimating precipitation levels over a relatively short perioch as
a few hoursn disaster preventioQPE isusefulin predicting the likelihood of flash floods
or other weathérelated hazards in a given ar€mod QPE is attained by qualified networks
of rain gauges and radars, and satellite data are usegpdesientary information for filling
data sparse areas as on the sedhe first term of the JICA projectnaintenance and
installation ofautomated raiigaugedor radar QPE calibratio[?’], and QPBy combining
rain gauge antheteorologicatadametwork[3] in Vietnamwere conductedit the National
Center for Hydro-Meteorological Forecasting (NCHMF) of VNMHA, precipitation
nowcasting for 3hour precipitation is operationally conducted usangomposite of rain
gauge data at Automated Weather Stations (AWS), rainfall estingti@darsand satellite
(Himawart8 or GPS) 4i 5].

Another important topicn disaster preventiois the quantative precipitatiorforecast
(QPF). QPF is typically based arumerical weather prediction (NWP), aritbg-term QPFs
areusedfor decisions aboytre-evacuatiorand emergency respongdthough the accuracy
of NWP has improvedemarkablyin recent years, the absolute accurac@fP is still not
necessarilysufficientfor disaster prevention, especiaitya very shortrangeof time €.g.,
less than 6 hoursyvhere the accuracy is often inferior to the kinemeicapolatiorof the
precipitation analysist o bridgethis gap betweeiQPE andNWP, the Japan Meteorological
Agency (JMA) operates its precipitatioranalysis and very shortange forecast of
precipitation(VSRFP) The first one ishe precipitation nowcast based cawlarfain gauge
analyzedprecipitation with a spatial resolution of 28000 m, updated every 5 minu{é$.

VSRFPof JMA predicts precipitationvith a spatial resolution of 1 km up to 6 hours
ahead, updated every 10 minyteghose basic concept isthe merge ofkinematic
extrapolation of precipitatioanalysisandregionalNWP model forecastSince performance
of kinematic extrapolation deterides more rapidly than NWP, VSRFP with merging
usually outperforms both extrapolation and N{¥Ryurel) [71 &].
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Figure 1. Concept of VSRFPReproduced from Saito and Makihara (2007)

A similar precipitation nowcasting system, SWIRLS, has been in operation at the Hong
Kong Observatory as wdlt]. At IMA, both precipitation nowcast and VSRFP are essential
information to issue advisories and warnings for rainfall and are used as inptardéta
hydrological model tacompute soil water, surface watand runoff indexes on risks of
landslide, inundationand river flood[10]. The mportance ofsuch the impactbasel
forecasing (IBF [11]) is increasing in several countridisat suffer from natural disasters
including VietnamTowardtherealization of a very sherange rainfall prediction system in
Vietnam similar to VSRFP of JMA, we developegratotype system of the very shoainge
forecast of precipitation in Vietham by merging kinematic extrapolations of composite hourly
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rainfall analysisandregionalNWP at NCHMF.Validation of the system was conducted for
a heavy rainfall everthatoccurred in central Viet Naim SeptembeR021.

The organization of this paper is as followsSkction2, a heavy rainfall event in central
Vietnam on 10-12 Septenber 2@1 is introduced. InSection3, hourly composite rainfall
analysisfor this casaising AWS radar and satellitedatais describedThe performance of
persistencyfor this case is shown with verification scorda. Section4, the kinematic
extrapolationmethod for rainfall area®y moving vectors based olag correlationis
describedQuality control of moving vectors is performed byecking consistency against
NWP winds. In section,5a merge of extrapolated rains with regional NWP at NCHMF is
described, with its verification scoré&ummary and concluding remarks are giveSeation
6.

2. Heavy rainfall event in central Viet Nam on10-12 September 202

On September 142, 2021, a heavy rainfall event occurred in central Y&h, and at
Danang,rain of 584mm was observed 8 hours from12 UTC SeplO to Sepdl2 (Figure
2). This heavyrainfall wasbrought by aweak tropical cyclone (T2113 Conson)which
moved westward ovehe East China sea (Fige 3a). Although its intensity wasot strong
in terms ofthe cental pressure (Figre 3b), this tropicalcyclonewas accompanied by a
distinct cold dense overcaadseenin the Himawari satellite imaggEigure4).

As shown in Figre 2a, there were two peaks in this heavy rainfall event; 1012 UTC to
1112 UTC, and 1118 UTC to 1212 UTC. Here, we focus otatieepeakof the rainfallin
this study. Figuré indicates SYNOP and AWS 6h rains for 111&12UTC. Generdly,
AWS rainfall well follows the rainfall pattern in SYNORand indicates a more detailed
distribution.Quality control of AWSs in Vietnam has been discusseflLbly
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Figure 2. (a) SYNOP 6h observed rain at Beng 584 mm in 48 from 12 UTC SefdOto 12 UTC
Sep 12(b) SYNOP 24h accumulated rain at 12 UTC Sep 12.

Figure 3. Track (a) and central pressure (b) of typhoon T2113 Corfsfter. the Digital Typhoon
website of the National Institute of Informatics (http://agora.ex.nii.ac.jp/digital
typhoon/summary/wnp/s/202113.html)en



