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AUTOMATED METEOROLOGIACL DATA ACQUISITION SYSTEM

YOSHITSUGU OHMAE
Nippon Telegraph and Telephone Public Corp.

Summary.  This paper describes the Automated Meteorological Data Acquisition System
(AMeDAS) developed co-operatively by the Japan Meteorological Agency (JMA) and the
Nippon Telegraph and Telephone Public Corporation (NTT). The object of this system is
to collect exact meteorological data in Japan automatically, and to process it expeditiously
by computer. The automatic meteorological observation equipments which observe the
amount of precipitation, wind speed/direction, sunshine duration and air temperature, are
located at about 1,300 points throughout Japan. The data obtained are collected at the
computer center through NTT’s telecommunication network by automatic telemetering.
After rearrangement, data are sent to about 60 forecasting centers through leased lines.
Using these data, the forecasting centers can make accurate weather forecasts to enable
taking appropriate measures against disasters.

1.  Introduction.  Japan, which is located between the Asiatic Continent and the Pacific
Ocean, is in the Asiatic seasonal wind area and has four seasons, spring, summer, autumn
and winter. Furthermore, Japan is located in a median latitude where typhoons pass
frequently. Therefore, its weather is more variable than in many other countries. As this
complicated weather has a great influence on Japan’s agricultural products and everyday
life, it is expected that the enhancement of meteorological observation work will be highly
beneficial to the lives of the Japanese people.

JMA has so far developed the Automatic Data Editing and Switching System (ADESS) to
collect global weather data. Now JMA and NTT have cooperated in developing
AMeDAS. This system has been in operation since 1 November 1974.

In the previous observation method, JMA has been informed of meteorological data by
telephone or telegraph from meteorological observatories or citizens, schools, city offices,
and so on. They read the observation equipment scales themselves several times a day.
However, in this method, there are many problems, such as observation errors, time loss in
passing on information, and frequent need to change the recording paper. Besides, during
typhoons or heavy rains, JMA could not necessarily receive sufficient data in spite of the
urgency, because the observers could not perform their tasks.



In AMeDAS, these problems have been solved by the automatic meteorological
observation network. Previous observation equipments were replaced by unmanned
observation equipments with automatic telemetering capability. Observed data are
automatically collected at the computer center on a real-time basis every hour on the hour
through the switching network. Collected data consists of the amount of precipitation,
wind speed/direction, air temperature and duration of sunshine. Also, rain/ snow
information and observation equipment power stoppage information are recorded. After
editing by the computer, the data are distributed to about 60 forecasting centers. AMeDAS
is designed so that most of the data collection and distribution will be completed within 20
minutes after each hour.

The allocation of observation points is made in such a way that meteorological data
observed at each point is representative of data for the area surrounding the point.
According to studies, an observation point should be located at least in an area of about
290 km2 (about 17 by 17 km) for precipitation, and in an area of about 400 km2 (20 by
20 km) for meteorological data other than precipitation.

Based on the studies above, AMeDAS observation points are located at about 1,300
precipitation checking locations and about 840 points used to check other data, covering
the whole country.

2.   System Configuration.  An outline of the system configuration is shown in Fig. 1.
There are three kinds of meteorological observation equipment (sensors); landline
telemeteorograph, automatic radio rain-gauge and recording rain-gauge.

The landline telemeteorograph records the amount of precipitation, wind speed/direction,
air temperature and duration of sunshine. The other sensors automatically observe whether
or not the precipitation occurs. Data are sent by wire or wireless to the data converter from
the sensors located in cities, on mountaintops and islands. The data sent are stored in a
data converter, one data converter being connected to three or less sensors.

A transponder is used to change the stored data in the data converter into multi-frequency
signals and to send them to the center when the computer center calls for it automatically.
Calls from the computer center are made every hour on the hour 24 times a day. Sensors
and data converters belong to JMA, and are maintained by them, whereas the
transponders, the lines, the computers, and the terminal equipments are owned and
maintained by NTT. After rearrangement by the computer, collected data is distributed
immediately to all forecasting centers.



Figure 1.  System Configuration

Following receipt of these data, the forecasting centers make weather forecasts and issue
warnings if necessary.

DT-221 terminals located at all local forecasting centers are designed to switch over to a
spare set when an operating set becomes faulty, in order to maintain 24 hour on-line
operation.

Forecasting centers and observation points are shown in Fig. 2. The number of observation
points in each local forecasting center area is expressed in the figures in parentheses.

3.   Job Processing.  The jobs in this system are on-line collection, distribution of and
answering inquiries about meteorological data, and off-line compilation and interpretation
of statistical data, such as daily, monthly and annual reports.

3.1   Collection   The collection job is to gather meteorological data from the sensors to
the computer center through the telecommunications network. The data are collected from
about 1,300 sensors every hour on the hour. Collection is made 24 times a day. The
relation between sensors and collected data is shown in Table 1.
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Figure 2. Forecasting Centers and Observation Points

Transponders are called in sequence from the computer center according to their pertinent
telephone numbers. Collected data are given a logical check in sequence. If no erroneous
logical data are found, the data are given a comparison check against the standard values,
and Quality Control (AQC). AQC is used to automatically check the appropriateness of
data by comparison with local and seasonal limits covering the precipitation, air
temperature and wind speed. Data rejected by AQC is not distributed to the forecasting
centers.
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Table 1.  Collection Data

The above operations are repeated for all observation points. Calls are made repeatedly at
constant intervals to any observation point whose data have not been received because the
telecommunication network was busy. If data from some particular point’s cannot be read
out at all for some reason, the observation point is regarded as having furnished no data at
that time.

When data collection from all sensors has been completed, the data are written into the
observation data file, and the collection job is closed for that time.

Logical check is made to detect any logical error in the observed data. No erroneous
logical data should be used. Standard values, such as less than 10mm precipitation per
hour, are used for judging whether it is unusual weather or not. If the observation data are
over those values, an “unusual” report will be made.

3.2   Distribution   The distribution job is the sending of data to all forecasting centers
after rearrangement according to contents, location and priority. Many kinds of reports
made in off-line jobs are also distributed. The distribution cycle is set up on an hourly or
three hourly basis. This system is designed so that most of the data collection and
distribution can be completed within 20 minutes after each hour. Kinds of distribution are
shown in Table 2.

(1) Unusual weather report distribution

If the collection data exceed a standard value, the data will be rearranged following the
locations. Then the unusual weather reports are distributed to the proper local forecasting
centers. At that time, if the amount of precipitation exceeds the standard value for unusual
weather, a warning signal will be sent to the forecasting centers before sending the data, 
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Table 2.   Distribution Message

and an alarm at the DT-221 terminal will be activated. As unusual weather reports are
urgent, they will be distributed first.

(2) Regular report distribution

After unusual weather report distribution, regular report distribution messages will be
rearranged and sent to the forecasting centers. Regular report distribution to JMA includes
only data exceeding the standard values shown in Table 2.

(3) Plotted chart distribution

After the regular report, the district plotted chart, made up into a map, will be sent to the
district forecasting centers. A nation-wide plotted chart will be sent to JMA.

Fig. 3 shows a precipitation chart covering the area in and around Tokyo printed out from
a terminal equipment. In this chart, the three numerals in a line show hourly precipitation
(top), three-hourly precipitation (middle), and precipitation starting from zero hours
(bottom), each measured in millimeters.
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3.3   Inquiries  Various inquiries are also available from the forecasting centers. These
inquiries are accessible from DT-221 terminals only, except during collection and
distribution time.

(1) Current data inquiry

The current data inquiry is made to collect current meteorological data at any time of any
selected point from the forecasting centers.

(2) Past data inquiry

The past data inquiry is a job which requests hourly data from among the previous 24
hours of any appointed local forecasting center area.
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(3) Local plotted chart inquiry

The local plotted chart inquiry is a job whereby the data covering the past data inquiry is
put into a chart format.

(4) District 24-hour precipitation list inquiry

This inquiry requests data on the 24-hour precipitation from all observation points in each
district forecasting center area in the list.

3.4 Off-line Job

The data collected by the on-line operation are analyzed and edited by the off-line
operation at the center to prepare meteorological statistics in the forms of daily, monthly
and annual reports.

4.  Computer Center Configuration.  The AMeDAS center, established in NTT’s Tokyo
Central Data Communication office at Otemachi, Tokyo, is operated by JMA personnel
and maintained by NTT personnel.

4.1  Hardware  The center equipment plays an important part in this system, so it is
necessary to plan carefully for reliability, efficiency and flexibility. These units, peripheral
equipment and important line equipments are arranged in duplex configuration. One set is
used for on-line jobs on a real-time basis. The other set is used as a subset for on-line jobs
and statistical work. The center equipment configuration is shown in Fig. 4.

The central processing unit is a J4035 information processor designed for this system,
based on HITAC 8350. It is characterized by 4 bytes/word, micro-programming method,
393k bytes in the main memory, and 1.4 µs cycle time.

The automatic calling equipment is used to translate the transponder number and ENQ
(enquiry) signal from the communication control unit into a multi-frequency signal, which
it sends to the telecommunication network. In reverse, it is used also to translate the
multifrequency signal from the transponder into direct current, and to send it to the
communication control unit.

4.2  Software  The software in this system consists of on-line programs, off-line programs
and on-line support programs.



Figure 4.  Center Equipment Configuration.

As the system must be operated on a 24-hour basis without interruption, consideration has
been given to make its software free of trouble. Particularly, as all data obtained are
written in duplicate, data covering the past 24 hours are completely secured.

5.  Terminal Equipment.  In this system, terminal equipment owned by NTT are the
transponder, the DT-221 data terminal equipment, and the DT-1211 data terminal
equipment. The transponder, located at an observation point, was newly developed for this
system. Both DT-221 and DT-1211 terminal equipments are NTT’s general purpose
equipment.
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(1) DT-221 data terminal equipment

DT-221, consisting of a keyboard printer, paper tape reader/puncher, input/output
controller, transmission controller and a modem, is used for distribution and inquiries.
Functional specifications are 200 bits/sec transmission speed, half-duplex communication
method and start-stop synchronous method.

(2) DT-1211 data terminal equipment

DT-1211, consisting of a printer, a transmission controller and a modem, is installed at the
district forecasting center and JMA for distribution only. Functional specifications are
1,200 bits/sec transmission speed, half-duplex communication method, clean output error
correction  method with constant block transmission with buffer memories.

(3) Transponder

The transponder is based on the automatic remote meter-reading technique.

A telephone number is assigned to each transponder. Automatic calling equipment at the
computer center calls the transponder according to the number. After contacting the
transponder, the computer center will send a digit of ENQ signal to the transponder. After
receiving this signal, the transponder picks up meteorological data stored in the data
converter with a scanning circuit and sends them to the computer center.

The configuration of the transponder is shown in Fig. 5 and its functional specifications are
given in Table 3. Table 4 shows the frequency assignment of the ENQ signal and Table 5
shows the frequency assignment of the data code signal.

6.  Conclusion.  Because unusual weather conditions, such as localized torrential
downpours, are phenomena occurring at limited areas in a short time, it has so far been
quite difficult to tell in advance definitely when, where and how much it will rain.

By means of AMeDAS, however, current amount, area and moving direction of rainfall
can be seen at every moment, and if unusual conditions are expected to occur, it enables
forecast centers to issue warnings or emergency warnings by showing definite areas that
may be hit by disasters before conditions may worsen.

Fig. 6 shows the difference between data collected by the former observation method and
by this system. These data are important when each weather forecast center decides to
issue warnings or emergency warnings. It is known that this system is markedly superior in
the amount of data obtained and rapidity to the former observation method. 



Figure 5.  Transponder Configuration

Table 3.  Transponders Functional Specifications
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Table 4.  ENQ Signal Frequency Assignment

Table 5.  Data Code Signal Frequency Assignment

(observation points, A, a, B, b, C, c, ...., in Fig. 6 are different, but neighboring each
other.)

The relation of rainfall to the issuance of warnings (in Shizuoka city) is shown in Fig. 7.
According to this figure, it is known that there is, in this system, sufficient time (more than
three hours and a half) from the issuance of warning to the first landslide due to floods. By
the former observation method, however messages were sent after observing the peak of a
heavy rain, leaving only about one hour for sending warnings. Thus, measures against
disasters may be seriously restricted.

Outstanding features of this system are:

(1) Data on rainfall conditions in wide areas can be obtained rapidly and systematically.

(2) Point-to-point meteorological observations have been changed into wide area
observations.

(3) Accurate and timely issuance of warnings can be made by tracing the movement of
rainfall.

~ 
L, L, L, 

450Hz 520Hz 600Hz g p 

H, l,800Hz 1 2 3 

H, 2,0SOHz 4 5 6 

H, 2,300Hz 7 8 9 

H• 2,550Hz 0 ---- ------

s B, B, B, B. 
l,209Hz l,336Hz l,477Hz l,633Hz p 

A, 697Hz 1 2 3 ~ 
A, 770Hz 4 5 6 STX 

A, 852Hz 7 8 9 -----A. 941Hz 0 Space EQT 



Figure 6.  Comparison of Hourly Precipitation Data,
Between AmeDAS & Former Method

Figure 7.  Rainfall Relation to Warnings Issuance (Shizuoka City)
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As mentioned above, this system gives full play to its capability in executing
meteorological observations and forecasts. Furthermore, the system gives useful
information to agencies and organizations that are responsible for prevention of disasters.

In the future, automatic collection of snowfall, seawave height and frequency and tidal data
will be incorporated in this system. AMeDAS will thus be enhanced in function and scale.
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