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Abstract: On 9 December 2018, a heavy rainfall event occurred in centraNdiet and

at Da Nang, a recorfireaking rainfall of 972 mm was observed in 24 hours. The operational
precipitation analysis at the Viet Nam Meteorological and Hydrological Administration
(VNMHA) on the day considerably underestimated the intense rainshé¢&ed causes of
underestimation and modified the precipitation analysis by revising the use of observation
data from Automated Weather Stations (AWS) and meteorological radar data. Since the
cloud top height of the precipitation system was not high,lgatptecipitation estimates
using Himawati8 data drastically underestimated intense rains around central Viet Nam.
GSMaP on the day detected the intense tai@scertain extenand their rainfall estimates
(GSMaP_MVKand GSMaP_NOWjvere applied to p@pitation analysis as alternative
satellite estimates. The revised precipitation analysis showed much better representation of
the precipitation system. Verificatioof three precipitation estimates (Hima¢&
GSMaP_MVK, and GSMaP_NOWggainst AWSobsevation was conducted.GSMaP
productsclearlyoutperfornedprecipitation estimates by Himawd]j though their standard
product (GSMaP_MVKjvasbetter than the real time version (GSMaP_NOW).
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1. Introduction

In Viet Nam, meteorological disasters occur every ylegrarticular, disasters by heavy
rains often cause the greatest damagel improvement of nowcasting and forecasting of
intense precipitation ia key issue for disaster prevention and mitigat®nce June 2018, a
bilateral cooperative project between the Japan International Cooperation Agency (JICA) and
the Viet Nam Meteorological and Hydrological Administration (VNMHA) for
A Bengtheningcapacity inWeatherForecastingand Flood Early Warning Systemin the
Social Republic oVietnamd has been conducted. This project is related+tzaid radars
that were installed at Hai Phong (Phu Lien) and Vinh in September 2017 by another JICA

VN J. Hydrometeorol202Q 5, 65i 78; doi: 10.36335/VNJHM.202®).65i 79 http://vnjhm.vn/



VN J. Hydrometeorol202Q 5, 65i 78; doi: 10.36335/VNJHM.202®).65i 79 66

grant aidproject. 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 observatjoR) radar
maintenance and product3) weather forecastingand4) regional weather dissemination.
More detailed reviews of the JICA project are giveriy

One of the main targets of the JICA project is the quantitative precipitation estimation
(QPE). Good QPE is attained by qualified networks of rain gauges and radars, and satellite
dataareused for supplementary information for filling data sparse areas t® sea. QPE
is important for disaster prevention/mitigation through detection of heavy rainfall areas. The
application includes the very shiadnge forecast of precipitation, input of hydrological
models and verification of numerical weather predict

On 9 December 2018, a heavy rainfall event occurred in central Viet Nam, and at Da
Nang, a recondreaking rainfall of 972 mm was observed in 24 hours. The operational
precipitation analysis at VNMHA on the day considerably underestimated theeimtens.
As the output 3 activity in the JICA projeete modified the precipitation analysis by revising
the use of observation data from Automated Weather Stations (AWS) and meteorological
radars. Since the cloud top height of the precipitation system ne& high, satellite
precipitation estimates using Himawa&idata drastically underestimated intense rains
around central Viet Nam. We applied GSMaP rainfall estimatteeforecipitation analysis
as alternativelata forsatellite estimates.

The orgaruation of this paper is as follows. $ection2, a heavy rainfall event in central
Viet Nam on 9 December 2018 is introducedSéttion3, operationaprecipitation analysis
at VNMHA is introduced and modification of the analyssing AWS and radar data
described. InSection4, application of GSMaP ishown Verification of GSMaP and
Himawari 8 satellite estimates of precipitati@gainst AWS observation. Summary and
concluding remarks are given @ection5.

2. Heavy rainfall event in central Viet Nan on 9 December 2018

On 9" December 2018, a heavy rainfall event occurred in central Viet Nam, and at Da
Nang, a reconrdreaking rainfall 972 mm was observed in 24 hours frono6al standard
time (LST) of December 9 (18 UTC of December'. Figure Jashows threghour rainfalls
at Da Nang from 12 UTC Decembét® 18 UTC December 10 The highest period of the
heavy rainfall was from 18 UTC Decembét® 15 UTC December'® Observed €hour
precipitation by SYNOP stations for 00 to 06 USCDecember 9 is indicated by Figre
1b.
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Figure 1. (a) Observed Bhour rainfalls at Da Nang from 12 UT( & 18 UTC 16, December
2018 (b) Observed Bhour precipitation at SYNOP stations for 00 to 06 Udf®ecember Y.
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This heavy rainfall occurred in a typical heavy rainfall situation in Viet Nam, relating to
the northeasterly cold surge at the surface Ufieiga). At 700 hPa level (Fige 2b),
southeasterly moist air was lifted over the cold surge, stiggeabundant water vapor
convergence in the lower troposphere.

Geostationary satellite (Himawa8) images on the day suggested that this event was
not brought by deep convection but mainly by the warm rain process, because the cloud top
height ofthe rainfall system was not high (kg 20).
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Figure 2. (a) Global analysis at 00 UTC 9 December 2018 by JWikan sea level pressure and
surface wind(b) Relative humidity and wind at 700 hfa) Infrared image by geostationary satellite
(Himawari 8) at 00 UTC 9 December 2018.

3. Precipitation analysis at VNVHA

In VNMHA, 176 manned observatories (SYNOP}ate 6 hour accumulated rain at
four times(00, 06, 12, 18 UTC) a day, and the rains are interpolated to 5 km grids to produce
a rainfall map (Figre 19. Since August 2018, aBour accumulated rainfall map has been
produced at the National Center for Hydvteteorological Forecasting (NCHMF) aseal
time precipitation analysis, using observations from rain gauge data at about 1,100 AWS
stations (Figre 3a) and precipitation estimates by meteorological radarsan@igp) and
satellite. For details of meteorological radar observations at VNNHA

Two kinds of precipitation analysigiNleard andfiMax0) are produced at NCHMF. In
fiMearD, a priority order of data, AWS, radar and satellite, is prescribed, and precipitation
amount at each analysis grid (5 km resolution) is determined by higher pdatétysource
in order among the available data (e.g., a mean value of AWS precipitation is taken first if
AWS rain gauge data are available)iiviaxo, the maximum value of the available data is
selected



