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Abstract:  Realɬtime 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 by using simple Zɬ

R relationship. In order to get the accurate quantitative precipitation estimation (QPE) data, 

converted precipitation amount 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 in Japan Meteorological Agency (JMA) for more than 25 years. This 

is the first attempt to get quantitative precipitation distribution with 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 some preliminary results. Several 

issues to improve its accuracy is also proposed. 
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1. Introduction  

Natural disasters such as landslides, floods, and inundations caused by heavy rainfall 

occur in Viet Nam every year. These disasters cause not only human damage but also 

economical loss to the country. To mitigate these damages, it is necessary to statistically 

analyze hydrological and geological relationship between precipitation amount and the 

occurrence of disaster. Based on these relationships, accurate and prompt meteorological 

information and/or warning should be issued before a disaster occurs. As an indicator for 

precipitation monitoring, quantitative precipitation estimation (QPE) plays a central role and 

therefore should be calculated and monitored in realïtime. 

Since June 2018, a bilateral cooperative project between the Japan International 

Cooperation Agency (JICA) and the Viet Nam Meteorological and Hydrological 

Administration (VNMHA) named ñStrengthening capacity in weather forecasting and flood 

early warning system in Viet Namò has been conducted. This project is related to the 

quantitative utilization of Sïband radars that were installed at Hai Phong (Phu Lien) and Vinh 
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in September 2017 by another grant aid project. Detailed reviews of this JICA project are 

given by Tonouchi et al. (2020) [1]. One of the main targets of the JICA project is the 

quantitative utilization of these radar data and precipitation estimation.  

Three observation systems are used to estimate precipitation distributions in VNMHA; 

(1) meteorological radar, (2) meteorological satellite and (3) rain gauge. Each system has its 

strengths and weaknesses as follows. First, the major remote sensing tool for precipitation 

land is the meteorological radar. Key topographic uncertainties in radar observation are due 

to the curvature of the Earth and radar beam broadening with detection range; moreover, 

precipitation estimation is expected to be the most accurate where the radar beam is close to 

the ground. Therefore, scanning strategy is important to get observational data close to the 

ground while avoiding beam blockage by the mountain. Other sources of uncertainties in 

radar precipitation estimation include radar reflectivityïrain rate (ZïR) relations resulting 

from variable drop size distributions, lack of consistent radar hardware calibration, 

evaporation of raindrops as they fall through the air, and horizontal advection below the radar 

sampling volume due to wind shear. Improvements are also needed on quality control (QC) 

of radar data to remove ground/sea clutter, biological targets, and other nonïprecipitation 

echoes. 

While generally acknowledged to have significantly greater uncertainty than radar, 

precipitation estimation from satellite data provides continuous spatial coverage and can be 

valuable where radar data are unavailable or known to be unreliable. Various techniques have 

been developed to estimate precipitation from infrared (IR) and microwave satellite 

observations [2]. IR data corresponds to cloud top feature which is not directly related to 

precipitation amount. Passive microwave sensors provide a stronger indicator of precipitation 

than IR sensors, although microwave instruments are presently available only on limited 

satellites with a typical sampling frequency of twice per day per satellite and a spatial 

resolution on the order of 15 km. Satellite estimates also need to be quality controlled to 

screen out nonïprecipitating clouds. 

In situ rain gauges provide direct measurement of point precipitation as well as a surface 

reference for adjustment and evaluation of, and merging with, remotely sensed precipitation. 

Because of the various limitations of radar and satellite estimations as described earlier, rain 

gauge data secures the accuracy of QPE. Improved precipitation products must draw from 

each system's strength in an optimal way. In particular, meteorological radar can provide 

highïquality estimation in regions of appropriate observation conditions. Satellites are the 

secondary source of data followed by radars. Detailed description of the characteristics of 

these three observation systems are referred [3]. 

In Viet Nam, radar reflectivity data is previously converted to precipitation amount by 

simple ZïR relationship by assuming MarshalïPalmer size distribution. This relation is 

commonly used as an averaged raindrop size distribution and therefore estimation error 

becomes large when the drop size distribution is different from MarshalïPalmerôs. In order 

to get the accurate precipitation amount, converted precipitation amount from radar should 

be corrected by rain gauge data. In this paper, new method of combining radar and rain gauge 

is applied [4ï5] and shows some preliminary results. 

2. Observation network in Viet Nam 

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

gauge stations which are located at 370 locations as shown in Figure 1a. The staff on duty at 

the station measures the accumulated rain amount every six hours. The other is automatic 

rain gauge (ARG) stations located around 1400 points as shown in Figure 1b. In these ARG 

stations, 10ïminutes rainfall amount is recorded and transferred to the data center at the 

VNMHA  headquarter every hour. However, different ARG systems have been installed 

depending on the organization that installed them, such as VNMHA, the World Bank, Italy 
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and South Korea. Their data formats and data monitoring/controlling systems differ, 

depending on their manufacturers. 
 

Figure 1. Surface rainfall observation network in Viet Nam: (a) Meteorological stations; (b) 

Automatic rain gauge (ARG) stations. 

Currently, ten meteorological radars of VNMHA are operated by the Aeroï

Meteorological Observatory (AMO). Their locations and maximum detection range are 

shown in Figure 2 and their characteristics are shown in Table 1. Several different generations 

and types of radars are operated. The radar network consists of two Sïband radars and eight 

Cïband radars, and consists of one conventional radar, six Doppler radars, and three dualï

polarized Doppler radars. Eight radars are newly replaced ones (including a minor upgrade 

of signal/data processing unit) in the past few years and the remaining two radars are 

scheduled to be replaced shortly. These radars almost cover the whole country and 

surrounding sea except some undetectable areas in the northwestern mountainous region. 
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