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Abstract: Currently, 112 Automatic Weather Stations (AWS) and over 1,000 Automatic 

Rain Gauges (ARG), approximately 2,000 AWS in total including stations outside the 

national hydrometeorological network are installed in the nationwide country of Vietnam 

so that they can be used for Quantitative Precipitation Estimation of weather radars, etc. 

Meanwhile, it takes a vast amount of time and cost to properly operate and maintain the 

large number of AWS. Besides, rain gauges cannot be checked whether it has properly 

operated without a certain amount of rain. This research attempted to detect maintenance- 

need rain gauges of the AWS by the slope and R2 values obtained by double-mass analysis 

against the distance between the stations. Evaluated distances were used for the 

classification of AWS. As ñClass 1 AWSò is the distance within 5 km and ñClass 2 AWSò 

is the distance within 20 km and the criteria were obtained by AMeDAS data of the Japan 

Meteorological Agency. Additionally, the process is cycled several times to expand the 

candidate AWS. The result says that stations except 125 Class 1 AWSs and 710 Class 2 

AWSs need to be checked. It is suggested that this assessment can be used to detect 

maintenance-need stations; however, periodical maintenance is still needed for proper 

observation because this assessment also needs reliable AWSs. 

Keywords: Automatic Weather Station; Automatic Rain Gauge; Maintenance; Double- 

mass Analysis. 

 

1. Introduction  

[1] surveyed the status of Automatic Weather Stations (AWS) and Automatic Rain Gauges 

(ARG) operated by the Viet Nam Meteorological and Hydrological Administration (VNMHA) 

in 2019 and the VNMHA currently operates 186 Synoptic stations, 112 AWS, and over 1,000 

ARG. In total, around 2,000 AWS are operated including stations outside the national 

hydrometeorological network, according to the data retrieved from the Central Data Hub 

(CDH). All data observed by the stations have been sent and stored in CDH at the VNMHA 

headquarters and used for monitoring and forecasting operations, especially Quantitative 

Precipitation Estimation (QPE) of weather radars [2]. However, because of the large number 

of stations, it is not easy to maintain the AWS periodically. In fact, it is easy to find some ARG 

stations that keep 0 mm of precipitation even if the surroundings of the station are observing 

rainfall. These stations should be detected and maintained as soon as possible, but the detection 

method exampled above needs to wait for massive rainfall around the station. 
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In this paper, we proposed an alternate method for the Quality Check of rain gauge data to 

find AWS/ARG sites that need to be maintained by using the double-mass analysis method as 

a data assessment. The double-mass analysis is normally used for checking the transformation 

of the environment of the station [3], but this method analyzes the relationship between other 

near stations assuming that well-maintained stations have a constant relationship. For this 

reason, maintenance-need stations can be detected without waiting for massive rainfalls. 

2. Used data 

2.1. Data period 

We used Synoptic station data, AWS data, and JICA-ARG data. All data were provided 

by Aero-Meteorological Observation (AMO) of VNMHA. Each data period is shown in Table 

1. The date and time are stamped with Vietnamese local time (GMT+7:00). As AWS data are 

not sufficient until 31 December 2020, this assessment is conducted with data from January to 

December 2021. 

Table 1. Data period. 

Station type (data storing interval) From To 

Synoptic (6 hours) 2019/01/01 01:00 2022/01/05 19:00 

AWS (10 minutes) 2020/03/05 00:00 2021/12/30 23:50 

ARG (st1 ï st15) (10 minutes) * 2019/09/25 15:20 2022/01/13 14:20 

ARG (st16 ï st18) (10 minutes) 2021/07/14 11:20 2022/01/13 14:20 

*The beginning time of observation is different at each ARG station. 

2.2. Synoptic station 

Synoptic data used in the assessment were provided by the AMO (not CDH or forecast 

division) in a DAT file (kind of a text file of which the extension is ñ.datò). The total number 

of stations in the file is 174. The stationôs geo-coordinate information was provided by the 

AMO as well. As Synoptic data are stored all observation data such as temperature, 

precipitation, etc. into a 6-hourly DAT file with a space-separated method. Only assessment 

data (precipitation) were extracted and realigned. 

2.3. AWS 

Figure 1. An example of data error (left: 1- hour data, right: 6- hour data). 
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AWS data used in the assessment were obtained via JICA Linux PC. The total number of 

data is 2,332 stations as far as JICA Linux PC could obtain after June 2021. 

AWS data are separated into 10-minute data. Therefore, AWS data were accumulated into 

1-hour and 6-hour data were used for the assessment. 1-hour accumulation data are calculated 

from 10, 20, 30, 40, 50, and 00 minutes of data. If one of the 10-minute data is lost, the 

accumulation data of the time is regarded as NaN (Not a number, or blank). 6-hour data 

processing is calculated in the same manner. An example is shown in Figure 1. 

2.4. JICAïARG 

ARG data used in the assessment were obtained from the ARG server directly. The total 

number of ARGs is 18 stations. These stations were installed in 2019 and 2021, therefore, the 

beginning time of observation is different for each data. Geo-coordinated data were provided 

by Mr. Ichijo who oversees these ARGs. 

ARG data is saved every 10-minute data into one DAT file for one station with a comma-

separated method. ARG data were accumulated into 1-hour and 6-hour data used for the 

assessment. The accumulation manner is the same as the manner used for AWS. 

3. Assessment method 

3.1. Classification of AWS 

In the assessment, AWS and ARG were classified into two classes. The Class 1 AWS is 

to be located around the Synoptic station and compared with Synoptic data. The Class 2 AWS 

is categorized as the site whose distance from the reference site is within a few kilometers and 

compared with the Class 1 or 2 AWS so that candidates for Class 2 AWS can be sampled as 

much as possible even in remote areas. Both classes have their criteria. 

3.2. Assessment method 

The assessment was conducted by an evaluation of a slope of the regression line whose 

intercept is set to be 0.0 and the R2 value (square of Pearson's correlation coefficient) of the 

double-mass analysis curve between each candidate station and a reference. The slope and the 

R2 value were computed every month by using the past three-month observation data. 

If the candidate station is located at the same place as the reference, although there is an 

uneven catching rate of rain, the candidate will observe almost the same value. Therefore, in 

the double-mass analysis, the slope will be nearly 1.0, and the R2 value will also be nearly 1.0. 

However, the slope and the R2 value will enlarge a gap from 1.0 if the station is located farther 

and farther away from a reference. 

Slope calculation: The slope in the result of the double-mass analysis is obtained by single 

regression analysis by the least-squares method. In the regression analysis, the intercept is set 

as 0.0 because the initial precipitation is 0.0 mm for both rain gauge stations. 

R2 calculation: Although there are a lot of methods to obtain the R2 value, the R2 value in 

this assessment is calculated as the square of Pearsonôs correlation coefficient. The R2 value is 

obtained from the result of the double-mass analysis because the scatter plot of hourly 

precipitation cannot find any relativeness, but the result of the double-mass analysis showed 

relativeness. 

Distance calculation: Distance between reference and candidate stations was calculated 

with Hubenyôs distance formula (by Geodetic Reference System 1980, Pole radius 

6,356,752.314 m, Equator radius: 6,378,137 m). 

These calculations were computed with Python 3x. After computing the slope and R2 

value, Class 1 and 2 AWSs were retrieved as per the criteria. These program flowcharts are 

shown in Figure 2. 
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Figure 2. Program flowcharts: (a) Calculation of the slope and the R2 value; (b) Screen the stations. 

3.3. Criteria of the assessment 

Used data for the criteria: To provide criteria of the slope and the R2 value for the assessment, 

AMeDAS (Automated Meteorological Data Acquisition System: the AWSs in Japan operated by 

Japan Meteorological Agency (JMA)) data in Okinawa prefecture of Japan located in a tropical 

zone was evaluated. AMeDAS is well maintained every year and its rain gauge is calibrated every 

five years by JMA. Evaluated stations are listed in Table 2. Data used for this examination was 

30-year data from May 1992 to April 2022 (some stations are from the 2000s). 

Table 2. Reference stations and evaluated stations. 

Name Data available Distance from the reference 

Naha 01/05/1992 Reference 

Naha Ashimine 01/01/2003 5.0 km (Naha) 

Itokazu 01/05/1992 9.8 km (Naha) 

Goya 01/05/1992 17.8 km (Naha) 

Yomitan 01/05/1992 22.7 km (Naha) 

Tokashiki 01/05/1992 32.3 km (Naha) 

Miyagijima 19/12/2007 33.3 km (Naha) 

Nago 01/05/1992 Reference 

Motobe 01/05/1992 12.2 km (Nago) 

Higashi 01/05/1992 19.2 km (Nago) 

Miyagijima 19/12/2007 25.6 km (Nago) 

Kunigami 20/12/2005 26.0 km (Nago) 

Yomitan 01/05/1992 31.0 km (Nago) 

Goya 01/05/1992 33.7 km (Nago) 

Miyakojima  01/05/1992 Reference 

Kagamihara 01/01/2003 2.1 km (Miyako) 

Shimojijima 01/01/2003 14.1 km (Miyako) 

(a) (b)
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Name Data available Distance from the reference 

Gusukube 01/05/1992 14.4 km (Miyako) 

Ishigakijima  01/05/1992 Reference 

Moriyama 07/03/2013 10.5 km (Ishigaki) 

Kabira 01/05/1992 14.6 km (Ishigaki) 

Ibaruma 01/05/1992 22.3 km (Ishigaki) 

Oohara 01/05/1992 30.6 km (Ishigaki) 

Kumejima 01/05/1992 Reference 

Kitahara 01/01/2003 9.4 km (Kumejima) 

Tonaki 26/08/2014 34.0 km (Kumejima) 

Method to define the criteria of the slope 

The slope is computed with three-month data for each month. 95 percentiles of the slope 

at respective distances are to be evaluated as the criteria. 

Method to define the criteria of the R2 

The R2 value is also computed with three-month data and output per month too. 95 

percentiles of the R2 value at respective distances are to be evaluated as the criteria. 

Method to define the distance 

Representativeness of localized rainfall can be around 2.5 km in hourly precipitation and 

around 5 km in 24-hourly precipitation [4]. Therefore, the range of Class 1 AWS is to be 5 km 

from a reference. Whereas it is difficult to find AWS located within 5 km, especially in remote 

areas, another range for the remote stations is temporarily defined by using the results of the 

slope and the R2 value. 

Result of the criteria for the assessment 

AMeDAS evaluation results are shown in Table 3. The slope values show differences as 

absolute values of calculated slope value minus one. The slope values were rounding up by 

five-tenth units and the R2 values were rounding down by one-tenth unit. 

Table 3. Result of the slope and the R2 values at a respective distance. 

Reference 
Compared 

station 

Total number 

of results 

(month) 

Distance (km) 
Slope R2 

95 percentiles 95 percentiles 

Miyakojima Kagamihara 230 2.1 1.0 ± 0.25 0.99 

Naha Naha Ashimine 230 5.0 1.0 ± 0.35 0.98 

Kumejima Kitahara 230 9.4 1.0 ± 0.40 0.97 

Naha Itokazu 355 9.8 1.0 ± 0.45 0.94 

Ishigakijima Moriyama 107 10.5 1.0 ± 0.35 0.96 

Nago Motobe 355 12.2 1.0 ± 0.35 0.95 

Miyakojima Shimojijima 230 14.1 1.0 ± 0.45 0.94 

Miyakojima Gusukube 355 14.4 1.0 ± 0.40 0.95 

Ishigakijima Kabira 355 14.6 1.0 ± 0.65 0.93 

Naha Goya 355 17.8 1.0 ± 0.40 0.95 

Nago Higashi 355 19.2 1.0 ± 0.45 0.93 

Ishigakijima Ibaruma 355 22.3 1.0 ± 0.70 0.91 

Naha Yomitan 355 22.7 1.0 ± 0.45 0.93 

Nago Miyagijima 170 25.6 1.0 ± 0.55 0.90 

Nago Kunigami 194 26.0 1.0 ± 0.60 0.94 

Ishigakijima Oohara 355 30.6 1.0 ± 0.50 0.93 

Nago Yomitan 355 31.0 1.0 ± 0.45 0.93 

Naha Tokashiki 355 32.3 1.0 ± 0.50 0.90 

Naha Miyagijima 170 33.3 1.0 ± 0.50 0.89 

Nago Goya 355 33.7 1.0 ± 0.50 0.92 

Kumejima Tonaki 90 34 1.0 ± 0.45 0.97 




