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Abstract:  Real-time monitoring of quantitative precipitation distribution is essential to 

prevent natural disasters caused by heavy rainfall. Precipitation distribution by rain gauge 

network or combined with radar/satellite data is operationally used in Viet Nam. 

Previously, meteorological radar data was simply converted to precipitation amount using 

a simple Z-R relationship. To get accurate quantitative precipitation estimation (QPE) 

data, converted precipitation amounts from radar should be corrected by rain gauge data. 

In the ongoing JICA technical cooperation project, preliminary development of the QPE 

product has been conducted by utilizing the data from the automatic rain gauge network 

and meteorological radar network in Viet Nam. The fundamental part of this QPE 

algorithm has been used and updated by Japan Meteorological Agency (JMA) for more 

than 25 years. This is the first attempt to get quantitative precipitation distribution with a 

precise resolution by combining radar and rain gauge data in Viet Nam. This paper 

describes each process to introduce this QPE method to Viet Nam and indicates the results 

through the project. Future issues to improve its accuracy are also mentioned. 
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1. Introduction  

Weather radar is an effective system for monitoring precipitation, but various methods 

are needed for its quantitative use. Japan Meteorological Agency (JMA) has developed a 

system to calculate quantitative precipitation estimation (QPE) by combining radar and rain 

gauges [1ï2]. Based on this QPE, JMA uses it for short-time precipitation forecasts and for 

calculating landslides, inundation, and flood indices that are directly related to the 

occurrence of these disasters. JICA initiated a technical cooperation project with the Viet 

Nam Meteorological and Hydrological Administration (VNMHA) to introduce these JMA 

methods to Viet Nam. Since June 2018, a bilateral cooperative project (hereinafter 

described as ñProjectò) between JICA and the VNMHA named ñStrengthening capacity in 

weather forecasting and flood early warning system in Viet Namò has been conducted [3ï

4]. A basic QPE system was introduced in the first period of the Project, and an outline of 

the QPE in Viet Nam was reported [5]. 
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For improvement of QPE, various kinds of issues should be considered. The priority is 

to improve the quality of the rain gauge and radar observation data used in the analysis. 

Second, the QPE algorithm needs to be improved to fit the situation in Vietnam. In the 

future, the utilization of dual-polarization radar is also an important theme. However, 

further efforts should be made to calibrate and maintain radar for the utilization of dual-

polarization radar. Several improvements for QPE have been conducted in the second half 

of the Project from 2020 to 2023, and these trials are reported in section 2, and some 

evaluation results are summarized in section 3. 

2. Materials and methods 

2.1. Observation Data 

In VNMHA, two types of rain gauge stations are under operation. One is manual rain 

gauge stations which are located at 186 locations. The staff on duty at the station measures 

the accumulated rain amount every six hours. The other is automatic rain gauge (ARG) 

stations located at around 500 points. In these ARG stations, 10-minutes of rainfall amount 

is recorded and transferred to the data center at the VNMHA headquarters. VNMHA also 

receives more than 1500 ARG data operating outside VNMHA and a total of more than 

2000 ARG data is available.  

There are many ARG sites, but the quality 

of some sites is problematic. The problems of 

some sites are as follows; poor data 

transmission rate, continuation of non-zero 

constant value, and significant differences 

from surrounding sites. In this QPE algorithm, 

rain gauge values are treated as true values, so 

any errors in the rain gauge cannot be 

corrected. Quality control is essential to 

identify poor-quality rain gauge data [6]. 

Currently, ten meteorological radars of 

VNMHA are operated by the Aero 

Meteorological Observatory (AMO). Their 

locations and maximum detection range are 

shown in Figure 1, and their characteristics are 

shown in Table 1. Several different 

generations and types of radars are under 

operation. The radar network consists of two 

S-band radars and eight C-band radars, which 

consist of five Doppler radars and five dual-

polarized Doppler radars. These radars have 

been newly replaced since 2017 (including a 

minor upgrade of the signal/data processing 

unit). This radar network covers almost the 

whole country and surrounding sea except for 

some areas where the lower layer is difficult 

to detect in the mountainous region. 

 

Figure 1. Meteorological radar network in 

March 2023. Larger circles represent Japan 

Radio Company (JRC) radars and other circles 

represent Vaisala radars. 
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Table 1. Characteristics of radars. D and S in the third column indicate dual-polarized radar and 

single-polarized radar, correspondingly. The first and second values in the detection range column 

show maximum detection range in intensity mode and Doppler mode respectively. 

Radar Site 
Height 

(m) 
Type Band 

Detection 

Range (km) 

Beam Width 

(deg) 
Manufacturer  

Phadin 1470 D C 300/120 1.0 Vaisala 

Viettri 154 D C 300/120 1.0 Vaisala 

Phulien 146 S S 450/200 1.7 JRC 

Vinh 92 S S 450/200 1.7 JRC 

Dongha 40 S C 300/120 1.2 Vaisala 

Tamky 52 S C 300/120 1.2 Vaisala 

Pleiku 842 D C 300/120 1.0 Vaisala 

Quynhon 582 D C 300/120 1.0 Vaisala 

Nhatrang 467 D C 300/120 1.0 Vaisala 

Nhabe 35 S C 300/120 1.0 Vaisala 

2.2. Method of QPE Calculation and its Improvements 

The QPE value is obtained by combining the one-hour integrated radar value and the 

rain gauge value and applying a two-step correction process (primary correction and 

secondary correction). The basic algorithm is explained in [5]. A simplified version of the 

software made by JMA was installed. The essential calculation part is almost the same, but 

the part of the effect of beam altitude is not included.  

After the software was implemented, various adjustments were made to fit the 

Vietnamese situation. In Vietnam, stable calculation of QPE required not only adjustment, 

but also improvement of the algorithm, optimization of the settings used in the calculation, 

and selection of rain gauges to be used. We comment on several important points below. 

2.2.1. QPE algorithm 

In the early stage of operation, QPE results were sometimes unstable. Especially when 

most of the echoes were at sea and only a few were on land, unstable results were often 

evident. Since the current algorithm uses a method of determining the primary correction 

factor for each radar in an area where multiple radars overlap by comparing each radar with 

the rain gauges in that area, it was found that the calculation results may vary over time if 

the number of valid rain gauges in this area is small. 

 
 Figure 2. QPE results are based on the original algorithm. 

 


