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Abstract: We developed a prototype system of the very short-range forecast of precipitation 

in Vietnam by 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 produced hourly composite rainfall analysis over Vietnam with a grid 

distance of 5 km using AWS, radar, and satellite data. Next, we computed lag correlations 

between two hourly rainfall intensities at specific templates of 50 × 50 grids, and obtained 

lag indexes that maximize the lag correlation at 11 × 10 points. The moving vectors of 

precipitation areas at all grids are obtained by Cressman interpolation of the lag indexes, 

and a quality check using NWP horizontal winds at 700 hPa level was applied. Kinematic 

extrapolation of rainfall analysis was conducted using the above moving vectors and was 

merged with hourly rainfall prediction by a regional NWP model at NCHMF of VNMHA  

(WRF3kmIFS-DA) by weighted averaging. The magnitude of weight for the NWP in the 

merger was linearly increased from 0 to 1 for FT = 2 to 6 (from 03 UTC to 07 UTC, 12 July 

2021). Verifications showed that the merged rainfalls outperformed both NWP and 

kinematically extrapolated precipitations for the time range of FT = 3 to 5.  

Keywords: Precipitation analysis; Radar composite; Quantitative precipitation forecast; 

Very short-range forecast of precipitation. 

 

1. Introduction  

In most countries in southeast and east Asia including Vietnam and Japan, 

meteorological disasters occur every year. In particular, disasters by heavy rains often cause 

the greatest damage, and improvement of nowcasting and forecasting of intense precipitation 

is a key issue for disaster prevention and mitigation. Since June 2018, a bilateral cooperation 

project between the Japan International Cooperation Agency (JICA) and the Viet Nam 

Meteorological and Hydrological Administration (VNMHA) for ñStrengthening Capacity in 

Weather Forecasting and Flood Early Warning System in the Social Republic of Vietnamò 

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 targets: 1) surface meteorological observation; 2) radar 
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maintenance and products; 3) weather forecasting; and 4) regional weather dissemination. 

More detailed reviews of the JICA project are given by [1].  

One of the main targets of the JICA project is quantitative precipitation estimation 

(QPE). QPE focuses on estimating precipitation levels over a relatively short period, such as 

a few hours in disaster prevention. QPE is useful in predicting the likelihood of flash floods 

or other weatherïrelated hazards in a given area. Good QPE is attained by qualified networks 

of rain gauges and radars, and satellite data are used for supplementary information for filling 

data sparse areas as on the sea. In the first term of the JICA project, maintenance and 

installation of automated rain gauges for radar QPE calibration [2], and QPE by combining 

rain gauge and meteorological radar network [3] in Vietnam were conducted. At the National 

Center for Hydro-Meteorological Forecasting (NCHMF) of VNMHA, precipitation 

nowcasting for 3-hour precipitation is operationally conducted using a composite of rain 

gauge data at Automated Weather Stations (AWS), rainfall estimation by radars and satellite 

(Himawari-8 or GPS) [4ï5].       

Another important topic in disaster prevention is the quantitative precipitation forecast 

(QPF). QPF is typically based on numerical weather prediction (NWP), and short-term QPFs 

are used for decisions about pre-evacuation and emergency response. Although the accuracy 

of NWP has improved remarkably in recent years, the absolute accuracy of NWP is still not 

necessarily sufficient for disaster prevention, especially in a very short range of time (e.g., 

less than 6 hours), where the accuracy is often inferior to the kinematic extrapolation of the 

precipitation analysis. To bridge this gap between QPE and NWP, the Japan Meteorological 

Agency (JMA) operates its precipitation analysis and very short-range forecast of 

precipitation (VSRFP). The first one is the precipitation nowcast based on radar/rain gauge-

analyzed precipitation with a spatial resolution of 250-1000 m, updated every 5 minutes [6].  

VSRFP of JMA predicts precipitation with a spatial resolution of 1 km up to 6 hours 

ahead, updated every 10 minutes, whose basic concept is the merge of kinematic 

extrapolation of precipitation analysis and regional NWP model forecasts. Since performance 

of kinematic extrapolation deteriorates more rapidly than NWP, VSRFP with merging 

usually outperforms both extrapolation and NWP (Figure 1) [7ï8].  

 

Figure 1. Concept of VSRFP: Reproduced from Saito and Makihara (2007) [7]. 

A similar precipitation nowcasting system, SWIRLS, has been in operation at the Hong 

Kong Observatory as well [9]. At JMA, both precipitation nowcast and VSRFP are essential 

information to issue advisories and warnings for rainfall and are used as input data for its 

hydrological model to compute soil water, surface water, and runoff indexes on risks of 

landslide, inundation, and river flood [10]. The importance of such the impact-based 

forecasting (IBF [11]) is increasing in several countries that suffer from natural disasters 

including Vietnam. Toward the realization of a very short-range rainfall prediction system in 

Vietnam similar to VSRFP of JMA, we developed a prototype system of the very short-range 

forecast of precipitation in Vietnam by merging kinematic extrapolations of composite hourly 
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rainfall analysis and regional NWP at NCHMF. Validation of the system was conducted for 

a heavy rainfall event that occurred in central Viet Nam in September 2021.  

The organization of this paper is as follows. In Section 2, a heavy rainfall event in central 

Vietnam on 10-12 September 2021 is introduced. In Section 3, hourly composite rainfall 

analysis for this case using AWS, radar, and satellite data is described. The performance of 

persistency for this case is shown with verification scores. In Section 4, the kinematic 

extrapolation method for rainfall areas by moving vectors based on lag correlation is 

described. Quality control of moving vectors is performed by checking consistency against 

NWP winds. In section 5, a merge of extrapolated rains with regional NWP at NCHMF is 

described, with its verification scores. Summary and concluding remarks are given in Section 

6. 

2. Heavy rainfall event in central Viet Nam on 10-12 September 2021   

On September 10-12, 2021, a heavy rainfall event occurred in central Vietnam, and at 

Danang, rain of 584 mm was observed in 48 hours from 12 UTC Sep 10 to Sep 12 (Figure 

2). This heavy rainfall was brought by a weak tropical cyclone (T2113 Conson), which 

moved westward over the East China sea (Figure 3a). Although its intensity was not strong 

in terms of the central pressure (Figure 3b), this tropical cyclone was accompanied by a 

distinct cold dense overcast as seen in the Himawari satellite images (Figure 4).  

As shown in Figure 2a, there were two peaks in this heavy rainfall event; 1012 UTC to 

1112 UTC, and 1118 UTC to 1212 UTC. Here, we focus on the later peak of the rainfall in 

this study. Figure 5 indicates SYNOP and AWS 6h rains for 1118-1212 UTC. Generally , 

AWS rainfall well follows the rainfall pattern in SYNOP and indicates a more detailed 

distribution. Quality control of AWSs in Vietnam has been discussed by [11].        

 

Figure 2. (a) SYNOP 6h observed rain at Danang 584 mm in 48h from 12 UTC Sep 10 to 12 UTC 

Sep 12; (b) SYNOP 24h accumulated rain at 12 UTC Sep 12. 
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Figure 3. Track (a) and central pressure (b) of typhoon T2113 Conson. After the Digital Typhoon 

website of the National Institute of Informatics (http://agora.ex.nii.ac.jp/digital-

typhoon/summary/wnp/s/202113.html.en). 


