WORLD

METEOROLOGICAL

ORGANIZATION
Operational Hydrology
Report No. 14

HYDROLOGICAL DATA TRANSMISSION
by A. F. Flanders

U. D. C. 556043

I

WMO. No. 559

I

Secretariat of the World Meteorological Organization - Geneva - Switzerland

1981

© 1981, World Meteorological Organization

ISBN 92-63-10559- 6
NOTE
The designations employed and the presentation of material in this publication do not
imply the expression of any opinion whatsoever on the part of the Secretariat of the World
Meteorological Organization concerning the legal status of any country, territory, city or area,
or of its ~uthoritieB, pr concerning the delimitation of its frontiers or boundaries.

CON TEN T S

v

FOREWORD

VII

SUMMARY (English, French, Russian, Spanish)

1.

INTRODUCTION

1.1
1.2
1.3

General

2.

AUTOMATIC TRANSMISSION SYSTEMS

2

2.1
2.2
2.3
2.3.1
2.3.2
2.3.3
2.3.4
2.3.5
2.3.6

General •.•....•.....•....•........•.•.•....•...•..•...•..•.•.••..
Collection of data •.•••..••...•..••.•.••...•...•..•.•.•..........

2
2

Transmission methods
Direct wire

3

3.

REQUIREMENTS FOR HYDROLOGICAL DATA TRANSMISSION

3.1
3.2
3.3

General

Long-term needs
Special requirements for data transmission in

3.4

Data transmission in support of operations of

a Hydrological Service •.•...•.•.•...•••.•..•......•...•.......•••
Coordination of meteorological and hydrological

6

3.5

data transmission

6

1

•.•.••.•.•.•••......•.....•...•..••..•..•......•...•..••.•
.

1
1

....••..••...........•.....•...........•...••.

2

Hydrological data transmission

Scope of the report

.
.

Direct-dial-telephone ••••••••.••..•....••...•..•...•..•...•...••.
Line-of-sight radio ...•.•.•••.•...••...••........•....•........•.
Radio relay •..•...........•...••........•.•............••........
Satelli te ••.•.•••.•..••.••••...•.•.••...••..•...•.............••.
Meteor burst ••....•.....•.•...•.........•...•..••..•...•.........

4
4
5
5

6

•••••••••.•••.•••••••...•..•.••...•...•......•...••..•.•..

hydrological forecasting

3
3

.

6
6

•••••..••.••••.•..•......•...•...•...••..

6

,

.

4.

MEETING THE REQUIREMENTS

4.1
4.2
4.2.1
4.2.2
4.3

General •.••••.•.•..•••..•...••...•...•••.•.....•..••••.••.••...••
Use of GTS for hydrological data transmission ••••.••••..•.••..•.•
Organization of the GTS ••..••..••.•.•.••••••..••..•...•.•.•...•..
Arrangements for transmission of hydrological data .•...•.......••
Functions and responsibilities of national Hydrological

9
10
10
11

Servi ces

12
12
13
14

4.3.1
4.3.2
4.3.3

9

.

Functions of the Hydrolagical Forecast Units .....•..••..••..••....
Organization of the Hydrological Forecast Units •....•............
General responsibilities of the Hydrolagical Forecasting Units

IV

CONTENTS

4.4

Data transmission for forecast dissemination

16

5.

NEW TECHNOLOGY FOR HYDROLOGICAL DATA TRANSMISSION

16

5.1
5.2
5.2.1
5.2.2
5.2.3
5.2.4
5.2.5
5.3
5.3.1
5.3.2
5.3.3

General

.

Satelli tes •....•...•...•......••...•........•.............•....•.•
Geastationary Operational Environmental Satellite (GOES) ......•.•.
Geostationary Meteorological Satellite (METEOSAT) .........•...•.•.
The ARGOS sys tem •......•...•..•...••........•............•...••.•.
Other satellite data-collection systems •...••...•...•••.•..•.••.•.
Satellite system comparisons

Meteor burst

•.•..•.•..........•...•.............•...••.......••...

Master station
Remote station

System applications

REFERENCES

.

..
.

••.•...•..•.•..•.................•....••..•.•.•

16
18
18
24
25
27
28
30

31
31
31
33

FOR E W0 R D

It is likely that many current data-acquisition and-transmission

techniques will not be able to meet the needs of the next decade.

However, advonced

technology in telecommunications is now available for application in the transmission

of hydrological dato.

Hydrologicol observing systems, manual or outomatic, con be

linked to a data-collecting and-disseminating centre through transmission methods
ranging from direct wire to radio relays, satellites and meteor burst.
For the benefit of the national Hydrological Services or agencies

responsible for operational hydrology, the WMO Commission for Hydrology (CHy)
decided to prepare this report and charged Mr. A. F. Flonders os its Rapporteur on
Design of Automatic Telemetering and Satellite Data Transmission Systems to under-

take this task.
It is with great pleasure that I express the gratitude of WMO to
Mr. A. F. Flanders for this timely contribution to the WMO Operotional Hydrology
Programme, a contribution which is valuable for the effective operation of hydrological services~

(A.C.

Wiin~Nielsen)

Secretary-General

SUMMARY

The effectiveness of flood forecost ond warning systems con often be
measured by the obility of the notional Service to deliver wornings in sufficient
time for adequate preparation by the population. The ability to deliver warnings
and forecast products is often related to the responsiveness of the hydrological
observing system.

In most situations this response is a function of how quickly

a potential flood threot is recognized and observations collected ond forworded to
the forecast centre. This is also true in day-ta-day operations where the timeliness
of forecast releases are vital to navigation, power production, irrigation and

pollution abatement programmes.
One of the major drawbacks in many countries is the lock of adequate
real-time data collection and reloy focilities. The World Weother Wotch (WWW)
facilities of WHO, in particular the Globol Telecommunication System (GTS~ offers
an opportunity for national Services to improve their data-collection and-relay

capabilities.
This report deals briefly with current data-transmission systems and
describes ways of meeting the requirements of national Hydrological Services on a
regional or subregional basis with particular emphasis on satellite data-collection
systems.

VIII

RESUME

Ilest souvent possible d'évaluer l'efficacité des systèmes de prévision et
d'avis de crues d'après l'aptitude du service national à diffuser des avis en temps
voulu pour que la population puisse se préparer convenablement. L'qptitude à diffuser avis et prévisions est souvent liée à la vitesse de réponse des systèmes d'observation hydrologique. Dans la plupart des cas, cette réponse est fonction de la
rapidité avec laquelle la menace potentielle de crue est détectée, les observations
rassemblées et acheminées vers le centre de prévision. Cette constatation s'étend
aussi aux opérations av jour le jour, la diffusion des prevlslons en temps utile
étant d'une importance capitale pour la navigation l la production d'énergie, l'irrigation et les programmes de réduction de la pollution.
Le manque d'installations et de moyens satisfaisants pour le rassemblement
et la transmission des données en temps réel constitue l'un des principaux obstacles
dans de nombreux pays. Les installations et les moyens de la Veille météorologique
mondiale (VMM) de l'OMM, et en particulier le système mondial de télécommunications
(SMT), offrent aux services nationaux une occasion d'améliorer leurs possibilités de
rassemblement et de transmission des données.
Le présent rapport traite brièvement
actuellement en service et décrit les moyens
hydrologiques nationaux à l'échelon régional
culier sur les systèmes de rassemblement des

des systèmes de transmission des données
de faire face aux besoins des services
et subrégional, en insistant en partidonnées par satellite.

·IX

РЕЗЮМЕ

Эффективность систем прогнозирования и

оповещения о

паводках

часто может быть оценена посредством учета возможности национальной службы
передать оповещение с
ПОДГОТОВКИ населения.

достаточной заблаговременностью для удовлетворительной
Возможность передачи оповещений и

прогностической

продукции часто свяэана с

реакцией гидрологической наблюдательной системы.

В

реакцией подразумевается, насколько быстро

большинстве случаев под

определяется потенциальная угроэа паводка,
прогноэа наблюдения.

Это

собираются и

также относится и

к

передаются в

повседневной работе,

торой своевременность выпуска ПРОГНОЗ0В жизненно важна для
как навигация, производство энергии,

ирригация и

в

центр
ко

таких областей,

про граммы по

борьбе с

загрязнением.

ОДНИМ ИЗ

основных недостатков во

многих странах является отсутст

вие удовлетворительных средств для

сбора и

Всемирной службы погоды (ВСП) ВМО,

в частности, Глобальная система теле~

передачи данных.

Средства

связи (гст), способствуют расширению возможностей национальных служб в
отношении сбора и

передачи данных.

Настоящий отчет кратко рассматривает имеющиеся в
мя

системы передачи данных и

описывает пути удовлетворения потребностей

национальных гидрологических служб на
основе с

особым упором на

настоящее вре

региональной или

субрегиональной

спутниковые системы сбора данных.

RESUMEN

La eficacia de los sistemas de predicción y aviso puede determinarse a menudo
en función de la posibilidad que el Servicio Nacional tiene de suministrar avisos con
la suficiente antelación para poder preparar de manera adecuada a las poblaciones.
Esa posibilidad de facilitar avisos y predicciones depende frecuentemente de la eficaz
reacción del sistema de observaciones hidrológicas. En la mayoría de los casos, esa
reacción es función de la rapidez con que se puede determinar el riesgo de una eventual crecida, y asimismo de las observaciones colectadas y transmitidas al centro
de predicción. Esto se aplica igualmente a las operaciones de todas los d{as, en
las que la puntualidad con que se facilitan las predicciones es vital para la navegación, para la producción de energía, para el riego y para los programas de mitigación de la contaminación.
En muchos países, uno de los inconvenientes principales es la falta de instalaciones y medios adecuados de concentración y de transmisión de datos en tiempo
real. Las instalaciones y medios de la Vigilancia Meteorológica Mundial (VMM) de
la OMM, y particularmente el Sistema Mundial de Telecomunicación (SMT), ofrecen a
los Servicios Nacionales la posibilidad de mejorar la concentración y la retransmisión de sus datos.
El presente informe trata sucintamente de los sistemas ordinarios de transde datos y en el mismo se expone la forma de satisfacer las necesidades de
los Servicios Hidrológicos nacionales, tanto a nivel regional como subregional,
insistiéndose particularmente en los sistemas de concentración de datos por medio de
satélites.
m~s~on

HYDROLOGICAL

1.

INTRODUCTION

1.1

General

DATA

TRANSMISSION

Most significant advances in weather-related forecast and warning services

have accrued because of technological developments.

Use of modern systems of

communication, computers, and satellites are demonstrating their impact almost

daily.

The automation of meteorological and hydrological observing stations and

the relay of data to forecast centres via rapid transmission facilities are highly
dependent upon such systems. Various levels of these complex data-acquisition

systems will be employed by Hydrological Services of Members during the 1980s to
achieve some form of automation. The degree of automation will remain a crucial
question and con only be answered by each user assessing national requirements
against economic considerations.

1.2

Hydrological data transmission

For operational hydrology purposes the need for transmission of hydrological data has evolved from (a) the growing interest in and need for flood forecasting, warning systems and water management; (b) increasing demand, particularly
in developing countries, for transmission of data from manned and unmanned stations
for real-time as well as archival purposes; (c) expanding international exchange of
'~ubregionQl and inter-country data in common river basins.
There is little

apparent need in operational hydrology for the global exchange of observational
data.
A notional Service may have hydrological forecast units that require
observations in real-time.
The three major areas when considering hydrological data transmission are
data collection, data processing, and forecast and warning dissemination.
A river forecasting service is only as good as its data-collection system.

These data are the lifeblood of the complex river forecost models and the heart of
the system that can simulate river flow conditions upon which good water-management
decisions can be made and warnings issued. Timeliness in all facets of the
operation is a vital aspect of its effectiveness. Data must be collected as

quickly as possible following the observation and relayed to a collection point or
a forecast centre. The analysis of the data, its processing, either manually or by
computer, and the preparation of forecasts and warnings must be rapid. Finally,
the dissemination of the forecast and in particular a warning of impending floods

is paramount. Any loss of time in the above steps delays the issue of the products.
A delay can be translated into loss of life and damage to property that might otherwise hove been prevented or mitigated through adequate preparation. Such preparation, however, is dependent upon sufficient advance warning time. Rapid data
transmission is a key element in providing the much-needed time.

- 2 -

The WMO Commission for Hydrology (CHy), for proctical ond economic reasons,
considered use of the World Weother Watch (WWW) Global Telecommunication System (GTS)
advantageous to collect, exchange and distribute data required for hydrological
purposes in both alphanumeric

and pictorial form.

In this connexion, the WWW plan

for the period 1976-1979 states that " .•. WWW facilities may be used, to the extent
feasible, in support of other WMO programmes (operational hydrology, agrometeorology

and weather modification) ..• ". Seventh Congress (1975) instructed the executing
organs of WMO "to ensure that the implementation of the WWW plan takes into consideration, to the extent feasible and necessary, the operational needs of Hydrological

Services." Eighth Congress (1979) also "ogreed thot the WWW Programme was the basic
programme of the Organization in that it provided support for all the other activities
in the field of applications and research

1.3

l

'.

Scope of the report
Use of high frequency (HF), very high frequency (VHF) and VHF paint-to-

point radio has been in use for many years to meet data-transmission requirements.
Two relatively new data-acquisition and -transmission systems are in use by some
countries.

This report is limited to a brief description of current methods of data
transmission, and of existing facilities and requirements for transmission of data
for hydrological purposes~ It then considers the ways of meeting these requirements,

possibly through satellites and meteor burst and the Global Telecommunication
System.
2.

AUTOMATIC TRANSMISSION SYSTEMS

2.1

General
Operational Hydrology Report No.2 (1)

on automatic collection and trans-

mission of hydrological observations describes basic systems for transmission of
data and also contains guidance on the choice of automatic instruments, types of

installatian

and operation of hydrological data-collection systems for various

climatic and geographical

2.2

conditions~

Collection af data

The collection of hydrological data is time-consuming and basically a
manual task. The vast majority of data that is relayed involves voice transmission,
either by telephone ar radio. Over the past quarter af a century, efforts have been
made by countries to accelerate data collection.

The increased use of telemetering

was made possible by advances in sensing and cammunications technology (2).
Observing and recording of the elements posed problems for the acquisition process;
transmissian of the data from the sensor to the user was another problem. Sensors
were designed with cams, coded discs, weighing mechanisms, potentiometers, shaft

encoders, and other apparatus that would transform analogue data inta an electrical
signal, permitting data to be transmitted from the remote sensor to a collecting
office by hard wire, telephone line, and radio.
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2.3

Transmission methods

Some of the more commonly-used tronsmission methods of Hydrological
Service$ are listed below.
2.3.1

Direct wire

This system involves a hard-wire connexion or dedicated telephone line

between the sensor and the centrol readout device. The readout device provides
instant display of the sensor reading. An interrogator can also be used, programmed
to interrogate automatically anyone station, group of stations or the entire network
at 0 variety of time intervals. An interrogator can be a teletypewriter or small
computer terminal. The system may accommodate more than one parameter at each site

and can relay the data to another location.
Low-voltage direct wire systems OIe used to relay water-level recorder
information from the gauging station to a convenient nearby location for ready

access by the observer.

These systems have a good history of reliability.

The

observer generally uses other means, such as the telephone, to relay the observations over longer distances to a collection centre.

These systems ore not costly and ore relatively easy to maintain. They are
particularly useful in remote areas if the observer has a radio transceiver, whereby
he con be in direct contact with a collection centre, relay point or forecast centre,

depending on distance.
The availability of automatic digital recorders, memory devices and automatic

relay equipment has permitted the automation of functions once performed by the
observer. This approach extended data availability to 24 hours a day. The system
is more expensive but less castly than providing the odditional staff for the same
coverage.

2.3.2
This system utilizes commercially-available telephone circuits. Either a
manual, automatic dial or computer-assisted dial system can initiate the outgoing
call. Upon connexion the observational site responds and transmits current

observational data and any data held in

memory if the station is so equipped.

Data transmitted, depending on the sensor type, may be tones or other
audible sounds. The sounds may be slow - slow enough to count and manuolly record
- ar they may be rapid, requiring special equipment to record and either display or
print out the information.

With the availability of relatively inexpensive mini-computer systems, the
use of commercially-available telephone

circuits provides a rapid means of

automating data collection directly at the observing site.

This presuppases the

availability of telephone circuits at or near the observation point and a certain

degree of reliability of the telephone system, particularly in periods of storms
and floads.

- 4 This system involves a m~n~mum of investment in communications equipment.
The major components aTe a mini-computer or specially con figured teletypewriter
at the collection centre or forecast centre and a communications interface at the
sensor sites. Communications costs are the monthly tariff of the telephone company
and the maintenance of the lines is their responsibility.
The national Service is usually only responsible for the mini-computer
terminal or specially configured teletypewriter. These systems can generally be
obtained on lease and under an arrangement where maintenance is included.

2.3.3

~~~::~!:!~~~!_:~~~~
This system depends on VHF line-of-sight transmission ~sually less than

50 km) and does not therefore require relay stations. Greater distances can be
achieved if the remote stations are elevated such as on a mountainside.
The network of remote stations can be designed to initiate a transmission
whenever an event occurs. The receiving station can be equipped to process the
data or relay them to a central processor.

Line-of-sight radio systems are less costly than rodio-relay primarily
because they are not dependent on relay towers but offer benefits as well as
limitations. The benefits are that the system is not compromised by the possible
failure of a relay tower facility through which all or parts of the data flow.
One limitation is that transmissions are usually restricted to line-of-sight
distances, generally less than 50 km on level terrain. This approach, however, has

particular value and application in relatively small basins where data may be
collected from within the basin at a collection centre or the forecast centre.
More than one collection centre may be employed for larger basins and, in

addition, this system can be extended to use by satellite. Data could be relayed
from the collection centre to a satellite for further relay.

2.3.4
This system features radio equipment that includes the use of high
frequency, very high frequencies, ultra-high frequencies (UHF), and super-high
frequencies (SHF).
Super-high frequencies are generolly used where multiplexed channels are
required for data transmission such as from an Eorth command station to a satellite.
Ultra-high frequencies are used between Earth-orbiting satellites ond data-collection
platforms as well as between relay stations.
In such systems the computer initiates an identifying signal which is
transmitted from the data-control unit over a multichannel microwave link to a
relay station. The signal is then carried over 0 VHF link from the relay station
to other relay stations, to repeater stations and finally to remote reporting
stations.

- 5 -

The remote station responds to the proper identifying signal and transmits
observational data to its assigned -repeater station. The repeater station relays
the data to the relay station and then to central control.
Radio relay provides a range of systems to meet particular needs of users.
This capability requires an extensive maintenance programme of electronic technicians
either in-house or under contract with a radio maintenance company where UHF and

SHF ore employed such os with computer-controlled interrogation systems . Both HF
and VHF are used in the basic collection of data and ore the least expensive radio
systems.

2.3.5

Satelli te
Two types of satellite are employed for data collection:

palor-orbiting

and geostationary. A polar-orbiting satellite circles the Earth once about every
90 minutes and is therefore available for use as a relay station only while passing
overhead within view of the Earth platform. A geostationory satellite is in a fixed
location in space relative to the Earth above the Equator and as it always views

the same area of the Earth is therefore available for cantinuous do to relay.

A

smaller antenna and less power ore required to transmit data to a polar-orbiting

satellite because it is closer to Earth (about 1 000 km altitude).

A larger ontenno

and more power are required to relay data to a geostationary satellite because of

its higher altitude (about 30 000 km).
Two basic types of data-collection platform radio sets are most commonly

used with the geostationary satellite: interrogated and timed. With the interrogated type 0 coli-up demand con be initiated. With the timed platform, reporting
intervals ore preselected and remain fixed at the site until changed. All dotocollection platforms communicate with the satellite in the UHF bond.
Data are received directly at the central reodout facility and may be
relayed over other communications facilities to various users.
More detailed technical information on the use of satellite data-collection
systems for transmission of hydrological data is given in section 5.2.

2.3.6

Meteor burst

Meteor-scatter, or more commonly, meteor-burst communications rely on the
ionization in meteor trails to re-radiate or reflect radio waves in the low VHF
frequency range for distances up to 2 000 km.
The meteor trail characteristics dictate the techniques for utilization of
the medium as a communications path. As these meteor trails only exist for a few
seconds, a burst (very short) transmission mode must be used. Also, the availability

of ionized meteor trails varies with the time of day and the month of the year,
requiring proper selection of operating frequencies.

- 6 The meteor-buTst transmission system consists of two master polling
stations plus the remote stations where the hydrological observing sites are located.
The master station(s) can be linked to a central computer over dedicated telephone
circuits if required. The system can operate unattended and interrogating can be
made for anyone remote station or group of stations 05 described in section 5.3.
Remote stations can be powered by batteries charged by solar panels.

3.

REQUIREMENTS FOR HYDROLOGICAL DATA TRANSMISSION

3.1

Ge~eral

In 1973, a questionnaire was circulated by WMO to obtoin fundamental
information on the real-time requirements of agencies responsible for collection

and relay of data for national Hydrologicol Services. One of the purposes of the
questionnoire was also to ascertain the volume of hydrological data that might be
imposed on the GTS of the WWW. At present little use is being made of the GTS, and
there is no requirement for collection of real-time hydrological data beyond the
regional or subregional (basin-wide) scale. Members indicated that they expected
real-time data collection activities to increase in the coming yeoEs as their
national Services expanded.

3.2

Long-term needs
It is anticipated that present-day techniques of data acquisition ond

transmission will be inadequate to meet the needs for services expected from
organizations in the next decade. For a newly-established service where flood
warnings are the only immediate demands to be satisfied, rainfall reports following
heavy rains may be quite adequate for many years. However, demands will steadily
increase, requiring definition of the complete hydrograph expanding to extended outlooks for weeks in advance. Requirements for river, rainfall and related data will

grow to the point at which the observation and data-collection system is inadequate.
Daily reports will not define a hydrograph except on the largest of rivers. Multiply
this by other demands for data concerning irrigation, navigation, power reservoir

regulation, and pollution abatement where hourly data are often needed, and a full
Hydrological Service organization will hove evolved. Many of the longer-term needs
make use of satellite imagery and related technology. These observational requirements for hydrology in the 1980s are detailed in Annex 11 of WWW Planning Report
No. 36 (3).

3.3

Special requirements for data transmission in hydrological forecasting

Extremes in
given time and place
disasters of flooded
and predicting these

the hydrological cycle - too much or too little water at a
- produce the long-term disasters of drought and the seasonal
river valleys. Data-transmission systems are vital to monitoring
events.

- 7 -

One of the prime requirements of a national Hydrological Service is an
adequate network of observing stations to provide data on elements that characterize
the physical environment of the basin and are vital to the river, flood, and watersupply forecasting and advisory services. Types of data collected vary with climate,
geographical location, season of year and other factors but may include any or all

of the following parameters:

(0)

Amount, character, and time of occurrence of precipitation;

(b)

Elements determining rates of snowmelt and evaporation - solar
radiation, air temperature, humidity and wind;

(c)

Areal extent and water equivalent of snow cover;

(cl)

River conditions - gauge height, tendency, rate of rise or
ice cover, reservoir outflow, etc.

Instructions to observers may be issued for making and transmitting river
and rainfall observations on a schedule as well as on a criteria basis. These
observations can be categorized in two ways: by parameters observed (river stage

and rainfall, river stage only, rainfall only) and by reporting frequency (daily ar
occasional)~ In general, daily reporting stations transmit a routine observation at
a scheduled time such as 7 a.m. However, when reporting criteria (pre-established
rainfall amounts or river stages) are e~ceeded, both types of substation may report
more frequently as long as storm or flood conditions continue.

Additional data requirements may be provided by other national agencies
concerned with flood prevention and water resources and collected on a co-operative
basis and shared among the agencies. This co-operation involves not only the

exchange of data but also the octual operation of reporting networks and the performance of some maintenance of the gauging equipment and telemetry links.
As an integral part of data collection, radar surveillance is being
used increasingly to determine areal extent and intensity of rainfall. Use of
radar greatly enhances conventional observations and, in many instances, provides
the only observation of precipitation. The use of satellite-derived imagery is

also being studied for operational hydrological aoplication, particularly for
better determining precipitation conditions and the extent of snow cover in addition
to data collection. These data need to be considered in data-transmission planning.

3.4

Data transmis$ion in support of operations of a Hydrological Service

In operational hydrology it is essential that information be received
speedily and in a coordinated fashion. For real-time forecasting, data must be
received in real-time. Real-time uses are those operations where the information
must be received and/or processed within a few hours. Hydrological data transmission
in support of operations concerns reel-time requirements.
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If the basic levels of systems were categorized, they might be grouped as
follows:
(a)
(b)
(c)
(d)
(e)
(f)

Manual;
Mix of manual and semi-automated;
Semi-automated (mon/machine mix);
Semi- and fully automated;
Fully outomated (computer controlled);
A combination of any of these.

Undoubtedly, there are numerous subcategories and combinations of these
arbitrary levels. One area not mentioned, but of major consideration, is the size
of the network and environmental extremes under which such networks must operate,
and maintenance of the sensors and telecommunications equipment. - the larger the
system and the more severe the weather extremes, the more costly the original
system and its maintenance.

Current trends indicate that the next major advance in hydrology depends
on upgrading the hydrological data-acquisition, -transmission and-processing systems.
Upgrading these data-acqui~itian systems in meteorology and hydrology calls for
automatic stations to facilitate the collection and relay of data. International
co-operation and assistance for developing countries need to be strengthened to
stimulate and execute operational data-collection programmes. Training is needed
on handling the automatic systems. Support is required to introduce less expensive,
faster, and more reliable modern technologies. General information on various dataacquisition systems may be found in the WMO report for the International Conference
on the Results of the International Hydrological Decade (Paris, 1974) • (4)

3.5

Coordination of meteorological and hydrological data transmission

There is an increasing need in meteorology and hydrology for automatic
observing stations at manned and unmanned sites, particularly where the two
disciplines have common elements to be measured. (5)
In some countries, where
there are combined Hydrological and Meteorological Services, hydrological and
meteorological data are exchanged on common communication networks. In other
countries, the exchange of hydrological data is quite distinct from the meteorological telecommunication system. The Danube basin is an example of an international
river basin where there is an exchange of operational hydrological and meteorological
data between the countries concerned over common telecommunications channels. In
the U.S.S.R., codes have been devised for the exchange of hydrological data on
networks utilized for transmitting meteorological data. The U.S.A. has similar
arrangements. A preliminary report on the River Niger basin in Africa recommends
not only that the meteorological national and regional telecommunication networks
planned under the WWW should be implemented, but that these networks should be made
available for the collection and dissemination of hydrometric and related meteorological information through the countries concerned in the River Niger basin.
A beginning in this approach is reflected in the WMO pilot project on the Saint
John River Basin (Canada/U.S.A.). (6)
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In addition, processed meteorological observational data available under
the WWW have application in hydrological forecasting. Similarlarly, meteorological
forecasts are an important input for hydrological forecasting. Here, the problem
of communication arises in ensuring that this information can be made available for

day-to-day operations.

While forecasts of specific elements moy be available

from

the meteorological centres, the most important feature is often the interpretation

at the national level of prediction charts from these centres in terms of the
expected occurrence, intensity and duration of weather elements. Hydrological
forecasting offices need meteorological warnings and forecasts, calling for communi-

cations links between these offices and weather forecasting offices. It is
considered that the whole question of coordinating hydrological and meteorological
communication systems is worthy of detailed examination primarily at the national

and regionol level.
It is not unusual for imposed problems to be the impetus required to set
needed change in motion. Similarly, new methods and techniques of observing and
forecasting can bring about change. Primary among these will be the introduction
of new procedures for data observation and forecasts such as:
(a)

Radar-estimated rainfall in digital form for specified basins;

(b)
(c)

Satellite-derived digital data;
Hydrological models for forecasting streamflow.

These data will create new or additional demands for computers and
automated data-acquisition systems to maintain effective cnd efficient operations.

Similarly, hydrological sensors will be designed to interface with a wide variety
of telemetering devices. In countries where telemeters
or computers have not
been introduced for lack of resources or need, careful consideration should be given
to planning improvements. Actual needs, including the timeliness of the data, must

be defined to help in deciding the most cost-effective system.

Consideration must

also be given to real-time as opposed to non-real-time data needs and to manual

as opposed to computer reduction of data as this consideration affects hydrological
instrumentation requirements in several woys.

4.

MEETING THE REQUIREMENTS

4.1

General
It is pertinent to examine the practicality of using the facilities

offered by the World Weather Watch to meet hydrological requirements for tronsmission
of data.

WWW is a world-wide, coordinated, developing system of meteorological

services provided by Member countries. The primary purpose of the WWW is to make
available to each Member, within the limits of the agreed system, meteorological
and other related environmental information required for on efficient and effective

Meteorological (including Sydrological) Service, as regards applications and
research. The three principal elements for obtaining and exchanging observed
and processed information via the WWW are: the Global Observing System (GaS), the
Glabal Data-processing System (GDPS) and the Global Telecommunication System (GTS).
Information on the WWW systems and subsystems of particular interest to hydrologists
is contained in WWW Planning Report No.35 - Use of WWW Facilities far Hydrology. (7)
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As the WWW is on evolving system, prOV~S10n has therefore been made for
incorporating new techniques for observation, data processing and telecommunications

as soon as they hove been proved to be sufficiently reliable and economical.
In planning automatic data-collection systems, there is the need to
consider compatibility in sensor output and appropriate interfaces with WWW or
other communications systems. It should be feasible at appropriate sites to incorporate sensors in automatic stations for the measurement of such meteorological and
hydrological elements as air temperature and dew point, wind, precipitation, snowpack,
water levels and river discharge. Thus, some hydrological observe-ticns could be

included in the GaS, while same of the data could be collected and processed within
the GDPS and relayed via the GTS far operational hydrology purposes in international
river basins or to improve national Hydrological Services~

4.2

Use of GTS for hydrological data transmission
The GTS primarily provides the telecommunication facilities and arrangements

far the rapid and reliable collection, exchange and distribution of the required
observational data particularly from the GaS, and also for processed information
available from the World Meteorological Centres (WMCs) and Regional Meteorological
Centres (RMCs) operating within the GDPS of the WWW. Thus, the GTS would meet the
needs of Members for operational purposes and those research purposes which
necessarily involve the exchange of information in real-time~ The GTS also gives
telecommunication support for the implementation of all other environmental
programmes insofar as its principal objective allows.

Meteorological and environmental satellites can be expected to perform -an

increasingly important role within the GTS. Data-eallectian platforms (DCPs) will
constitute an integral part of the GTS far the collection of in situ observotians
from fixed ond mobile platforms. Furthermore, the low resolution analogue direct
broodcast channel of geastatianary sotellites, known os WEFAX, is an important part
of the GTS for the distribution of pictorial information directly to users. Therefore, bath the data-collection and -distribution capabilities of meteorological
satellites will be integrated into the GTS, as far as passible. Use of satellites
far hydrological data transmission is described in greater detail in section 50

The GTS is organized on three levels, namely:
(a)

The Main Trunk Circuit (MTC) and its branches;

(b)

The regional meteorological telecommunication networks;

( c)

The national meteorological telecommunication networks.

and
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The GTS is internationally supported by the telecommunication functions
of the following centres:

(0)

World Meteorological Centres;

(b)

Regional Telecommunication Hubs (RTHs);

Cc)

Regional Meteorological Centres, as necessary, in
accordance with regional agreement;

(d)

National Meteorological Centres (NMCs).

The RTHs, other thon those on the MTC and its branches, as included by
the regional associations in their regional telecommunication plans ore:

Brazzaville, Casablanca, Dakar, Jeddah, Kano, Khabarovsk, Lusaka, Maracay, Norrkoping,
Novosibirsk, Oran, Rome, Sofia, Tashkent, Tehran, Vienna, Wellington.
In accordance with the WMO Technicol Regulations contained in the Manual
on the GTS (8), each Member has designated a National Meteorological Centre, or
other centre(s) as appropriate, to carry out the WWW telecommunication function.

4.2.2
The GTS operates in accordance with the Technical Regulations contoined in
Volume I (Global Aspects) of the Manual on the GTS consisting of the following
parts:
Part I

Organization of the Global Telecommunication System;

Part 11

Meteorological Telecommunication Procedures for the
Global Telecommunication System;

Port III

Technical Characteristics and Specifications for the
Global Telecommunications System.

Volume 11 of the Manual on the GTS contains supplementary procedures applicable in
each of the six WMO Regions.
Recognizing the specific requirements for telecommunication support by
the GTS for the Hydrology and Water Resource Programme, the following assumptions
are made:

(a)

Requirements do not exist for global exchange of hydrological
data; consequently, the MTC will not normally be involved in
exchanging hydrological observations;

(b)

Requirements exist for the exchange of hydrological data on a
subregional (basin-wide) basis o Consequently, any exchange of
this nature will be restricted to the use of some portions of
the regional telecommunication networks and, possibly, the national

meteorological networks of the GTS. To a large extent, hydrological
data will be exchanged between adjacent NMCs directly or via the
associated RTH;

- u (c)

Hydrologicol Service., to the extent possible ond feasible,
should orient their data flow to make maximum use of meteorological
facilities and channels of communications available;

(d)

Hydrological Services will need their own lines or channels of
communications for data collection where other facilities are
not avaialble;

(e)

Hydrological observations, especially in areas remote from

automatic equipment, moy be included in the Global Observing
System to meet international or national requirements;

(f)

Hydrological data collected will probably flow to a specified
NMC/RTH for entry into the GTS and delivery to the NMC interfacing
with the interested Hydrologicol Service.

Data for the national Services often flow to and come from centres other
thon meteorological. Similarly, methods of data transmission and archiving may
differ.
4.3

Functions and responsibilities of national Hydrological ~ervices
Although some transmission facilities may be used only for the routine

collection of hydrological data, these facilities form the basis for real-time
collection for real-time

forecasting~

In performing these real-time forecasting

activities, Members may have or plan to have Hydrological Forcast Units (HFUs).
In the HFUs the collection and relay of hydrological observations over transmission
channels including the WWW GTS may be necessary to meet international agreements as
well as to provide national hydrological forecast services.
Arrangements for the use of transmission

channels, including the GTS, for

the exchange of relevant data for hydrological purposes may be conveniently
considered at the regional level, in connexion with the functions and responsibilities

of the Services with national hydrological responsibilites as follows:

4.3.1
The functions of the HFU should be to:
(a)

Collect and/ or receive hydrological and supporting
meteorological data from their own territory or that of
one or more Members;

(b)
(c)

Distribute the data to their national Services
required, to other Members;

and, if

Process the data for the preparation of hydrological
forecast products;

(d)
(e)

Prepare hydrological forecasts and warnings of impending floods;
Transmit the forecast products and warnings to other national
Services and, if required, to other Members.
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4.3.2
(a)

The HFU should be organized on the national level to support notional
and/or regional services in accordance with agreements.

At the national

level the HFU could be part of the NMC, within 0 RMC or in a national
Hydrological Service, depending on the structure and organization of
the national Services;
(b)

A possible configuration for the collection and relay of hydrological
data is shown in Figure 1. The regional use of the GTS is shown in
part (a) of the figure where data could be collected by the HFU and
relayed via the GTS to other regional or subregional (common river
basin) users. A Subregional Hydrological Collection Centre (SHCC)
concept is shown in part (b) of the figure. Under this organization
the SHCC could perform data collection for national use or other
regional arrangements separate from the GTS. This arrangement could
be a direct readout ground station for receiving satellite datacollection platform observation reports or other telecommunications
systems including meteor burst~

(a.)

NMC

1----~8--[[3-I
I

I
Hydrological
stations
.in common

drainage

basin

I
I
~I
.~ I

~I
" I

"
ID

I

.. I
~I

.,.,1
,..,
(b)

Figure 1 - Possible configura.tion for collection a.nd rela.y of
hydrologica.l da.ta.: (a.) Regiona.l use of GTS; (b) Subregiona.l Hydrologica.l Gollection Gentre conoept
(NMC - Na.tiona.l Meteorologica.l Centre; RTHRegiona.l Telecommunica.tions Hub; HFU - Hydrologica.l
Foreca.st Unit; SHCC - Subregiona.l Hydrologica.l
Collection Centre)
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The responsibilities of Members should be to ensure that:
(a)

The national hydrological collection system for observational
reports allows both national and international needs to be met
in accordance with agreements;

(b)

The technical characteristics and operational methods are
compatible with the regional telecommunications networks of
the GTS and regional meteorological telecommunications plans,

whereby the HFU would require direct use of the GTS for data
relay;

(c)

The Subregional Hydrological Collection Centre, where in use
to collect data regionally as well as nationally would include
provision to interface with the GTS if required for regional
relay of datao

For planning purposes, there is a need to establish requirements for data
transmission including use of the GTS and plans for distribution of the data
internationall~ primarily at the regional or subregional (basin-wide) level.
The regional associations do not as yet have immediate plans regarding the use of
telecommunications (including satellites) for operational hydrologyo This in itself
means that the hydrological community has to assess its requirements and suggest
areas of additional planning to ensure that the operational hydrology needs of
Members are met o This planning is important as entry to the GTS will be through
the NMCs or RTHs and therefore coordination on such matters becomes mandatory. The
Regions should prepare a more in-depth evaluation for those Members having a need
to collect and exchange data in common river basins particularly over the GTSo
At the same time, the NMCs should ensure that data originating from their observing
network and from Services with national hydrological responsibilities are placed on
the GTS, if requiredo

Data-transmission systems are needed that will make data available every
six hours, or more frequently for some users during storm events. These kinds of
varying requirements can place special demands for relatively short periods upon
the GTS and should be planned for accordingly within the WWW system. Other
hydrological data are expected to be required only on a daily basis. One can,
therefore, estimate anticipated data requirements of only a small percentage of
the total data being needed for international exchange over the GTS.
Steps that need consideration in a hydrological data transmission plan
are detailed in Table I.

- 15 TABLE I
Hydrological data-collection planning steps

1.

Plan the transmission of hydrologicol observotions necessary to meet
national requirements.

2.

Focilities should be organized for the internationol exchange of
hydrological data, forecasts and warnings on the bosis of biloteral
or multilateral agreement.

3.

The Global Telecommunication System should be used for the regional,
subregianal or bilateral exchange of hydrological data, where practical
and economicald Alternative systems may be more appropriate for the
transmission of hydrological data not required in real-time.

4.

The data-transmission system should include communications facilities
to transmit, relay and collect data from a hydrological observing system
and to distribute processed data to users.

5.

The hydrological data transmission plan should include prOV1S10n for
sensor interfacing, communications equipment, data formatting, operating

personnel and operating procedures.
revised as needed.

The pIon should be reviewed and

6.

Ensure that national hydrological data tronsmission facilities meet both
national and international requirements and that the technical characteristics and aperotional methods are compatible with regional telecommunication networks and associated plans.

7.

Ensure the collection of hydrological and related meteorological
observational data from its own territory and ensure reception of such
data from one or more other Members, if required, on the basis of bilatera
or multilateral agreement.

8.

Ensure distribution of data and resulting processed informotion to its
users and, if required, to other Members, on the basis of bilateral or
multilateral agreement.

9.

According to national needs, establish 0 communication link between
Hydrological Service{s) and the National Meteorological Centre. According
to international needs for exchange, establish Q communications link
through the NMC to use the GTS.
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4.4

Date transmission for forecast dissemination

Effective disseminatio~ of river forecasts, advisories, observational
data, and related information is dependent upon extensive and reliable comm~ica
ticn networks. Communications may be provided in a variety of ways.

Offices may disseminate local forecasts and advisories (see Table 11) for
their areas directly to community

flood-warning representatives, public safety

officials, the press, radio and television stations, and to individual interests by
telephone, telegraph, and teletypewriter. When regular communication facilities
foil, offices may resort to emergency communication facilities that ore made

available through prior arrangements with State and locol authorities.
employ any of the following available facilities:
(0)

They may

Law enforcement agencies
These facilities generally consist of

circuits.

radio and teletypewriter

While the teletypewriter is confined to fixed points

and its lines are vulnerable to failure from the same causes as
any wire system, the radio is free from these limitations and
its mobility in emergency vehicles is a very valuable featurei

(b)

Utilities
Radio and telephone lines of power, railroad, oil and ot~er
national organizations can also serve as a means of communication
in times when the usual lines are unavailable for any reasoni

(c)

Military
Military installations have radio facilities for their own
inter-communications which ore often put into emergency use
in times of natural disasters.

5.

NEW TECHNOLOGY FOR HYDROLOGICAL DATA TRANSMISSION

5.1

General

Meteorological satellites can be divided into two groups, polar orbiters
and those in geostationary orbit. The polar-orbiting oltitude is relatively neor
the Earth (800-100 km) while the geostationary orbit is at approximately 36.000 km.
Dato collection via geostationary satellites promises to be useful to a latltud~ ?f
75 0 _800 north and south of the sub-satellite point over the Equator. Polor-orbltlng
satellites collect dota as they pass overhead within viewing (radio) range.

TABLE

II

Examples af "ame hydralagical farecast and warning praducts

Product
Flash flood

Period
Hours

Frequency
As required

Content
Time, local information

Coveraae
Small headwater
basins, local
drain age, and

warnings

urban areas

Flood forecasts
and warnings

River forecasts

Hours to

I As

required

weeks

Hours to
weeks

Daily to
weekly as
required

Water supply
forecasts

Month,
season and
water year

I Monthly

Present and forecast
river stage, time,
local information

Specific forecast

Present and forecast

Specific forecast
points within a

stage (and/or flows),

points within a
river system

other parameters as
ice formation or
bre..ak-up, water
temperature

river

system

Forecasts of total
runoff volume for
water year and season
(or residual volume),
observed flow of post
year and is-year
average flow

Specific forecost
points within a
river system

.........
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5.2

Satelli telil

The WWW space-based subsystem (3) includes six geostationary satellites
shown in Figure 2, some of which ore fully operotionol. The sotellites hove a datocollection copability facilitoting the collection af abservotional data from ships,
island stations, ocean buoys and other plotform5~ Furthermore, the satellites
provide a data-relay facility for the broadcasting of processed information in
pictorial form. The near-polar-orbiting and geostationary satellites also form part

of the integrated Global Observing System to provide reasonably complete coverage of
the world, taking observations between about SOoN and 50°5 on a near-continuous basis

by day and night. Details of each af the satellite systems are given in WHO
publication No. 411.(9)

5.2.1
In some countries, the use

of satellite data-collection systems may be as

importont or perhaps more important than remote sensing for hydrological purposes.
Techniques for using geostationary (10) and polar-orbiting (11) satellite communicotion systems to collect ground-based meteorological and hydrological data have been
developed and field-tested. Data received from these sensors can be telemetered to
fixed data-acquisition sites.

Requireme~t.

for rapid, broadscale dissemination of

data may increase if satellite systems are used widely for data collection. (12)
With the launch in 1974 of the U.S.A. Geostationary Operational
Enviranmental Satellite an operational environmental Data-r~llection System (DCS)
became availoble. The DCS includes 0 Commond and Dota-Acquisitian Statian (CDAS),
the spacecraft which collects information from radio-equipped data-collection

platforms and con farms ta the applicable standards and regulatians established by
the Internatianal Telecammunications Union (ITU).
The use of the DeS is limited to the acquisition of environmental data.
Environmental data are defined as observations and measurements of the physical,
chemical or biological properties of the oceans, rivers, lakes, solid earth, a~d
atmosphere (including spoce).
Users of the environmental DeS are responsible for the costs of the
environmental sensors and data-collection platform radio equipment required to
provide the communications link with the satellite, and any unique equip~ent/
communications required to receive the data at the user's facility.

Design choracteristics of the DCS on the spacecraft require that users
conform to specific technical standards. An agreeme~t is required that includes
statements as to (a) the period of time the agree~ent is valid and procedJres for
cancelling it; (b) conformity with ITU agreements a~d regulations; (c) required
equipment standards; (d) standards of op~ration; (e) priorities for use;

(f) reporting times and frequencies;
and schedules, and

(i)

(g) data formats;

user-borne costs.

(h) dota-delivery systems
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The first of this .eries of geostotionory satellites was lounched by the
U.S.A. in May 1974. Two ore currentlv in aDeratian, one at 75 a W to serve the
a
Atlontic ond the other at 135 W to se~ve the eastern Pacific Ocean. A third
satellite is located near lOSoW as an in-orbit spare~

The control facility for the GOES satellites is at the Notionol Oceanic
and Atmospheric Administration (NOAA) Command ond Dato Acquisition Station at Wallops
Island, Virginia, operated by its Notional Environmental Satellite Service (NESS).
This facility has two 60-ft (18.3m) parabolic antennae, one for eoch of the two
GOES satellites. A third ontenno provides on emergency lack-u p reception copabili ty
in the event of 0 failure on one of the 60-ft antenna systems. The focility also
has the necessary command, telemetry, data-processing, and communications equipment

to interfoce with the spacecroft.
5.2.1.2

~a!e~l~t: ~p:r~t~a~s_C~n!r~l_C:n!r:

In addition to performing telemetry control functions, the CDAS serves
os the ground link between the spacecraft and the notional Sotellite Operations
Control Centre (SOCC) in Suitland, Maryland. The sacc is responsible for the
command programmes, which ore transmitted by landline to the CDAS from which the
personnel relay appropriate control

instructions to the satellite.

Imagery from

the GOES data os well as telemetry on spacecraft status are received at the CDAS and
relayed to sacc where controllers analyse the spacecraft status and prepare the data
for immediate relay to users or archive it for later colI-up. Figure 3 (13) is the
overall outline of the CDAS, SOCC, and computer system for the data-collection
system. System design will accommodate more than 10 000 DCPs within each six-hour
period. The initial observing platforms will consist of river and rain gauges,
tide gauges, buoys, seismometers and automatic weather stations. The DCP radio set
(DCPRS) will transmit sensor data to the spacecraft in either on interrogated or 0
self-timed mode of operation (14).

The interrogated DCPRS is an externally actuated command-receiver system.
The radio set is actuated by a command initiated by the CDAS and received through
the GOES spacecraft. The DCPRS demodulate. and decodes the received command. If
the address agrees with the DCPRS stored address, the DCPRS is placed in the
transmission mode in a manner identical to that of the self-timed DCPRS. Interrogation will be on a scheduled or as-needed basis o A duplexer module, placed
between the receiver and transmitter, allows a single antenna to be usedo The
programming of the synthesizer allows the radio set transmitter to be operated on
anyone of 100 selectable channels, plus one emergency channel. A fail-safe
provision is included in the control circuits o A lower-cost, single-channel DCPRS
has been developed thot uses 0 crystal oscillator insteod af a synthesizer.
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- 22 The self-timed DCPRS operates on an internally actuated, self-contained
pre-programmed timer system. The timer is a clock that synoptically turns on the
transmitter at one- to twelve-hour reporting intervals in one-hour increments.

A temperature-compensated ~oltage-controlledcry.t~l oscillator (TC/VCXO) with an
accuracy of one part in 10 will control transmitter frequency and the clock time.
When the synoptic time period is reached, sensor data enters the DCPRS and the
transmitter carrier is phase-shift keyed by the data. The operating frequency is
selected at the DCPRS from anyone of 50 channels.
Specifications for self-timed and interrogated typed DCPs are shown in
Table Ill.
After a synchronization sequence and preamble are transmitted by the DCPRS,
the data to be transmitted are applied ta the modulator. The set returns to a
standby condition to conserve power after the transmission interval is completed.
A foil-safe provision is included in the control circuits to prevent the transmitter
from transmitting continuously. Also included is an externally actuated switch to
initiate a transmission on an emergency channel when predetermined emergency
conditions are sensed.

A third type of DCP radio set is coming into wide use known as random
reporting. It transmits almost continuously, thereby ensuring observational data
frequently enough to meet most user needs. Random reporting was initially used

with polar-orbiting satellites but is now being employed with geostationary
satellites. The random-reporting DCP does not need the accurate time clock
(oscillator) required with the timed DCP but does have to be aperated on a dedicated
channel on the geostationary satellite to avoid interference with fixed-timed
reporting DCPs.

-Through microprocessor electronics the timed DCP radio set can be
programmed automatically to increase reporting frequency when an event occurs.

For example, a DCP radio set is interfaced with a water-level recorder and scheduled
to report once every 24 hours. The river rises to a predetermined level, and upon
exceeding this threshold the mircroprocessor instructs the radio to increase its
reporting to a preselecte~ more frequent, interval such as every three hours. When

the river falls below the threshold the microprocessor again instructs the radio to
return to its once-a-day reporting interval. A self-timed DCP operating in this
mode would be required to operate on a dedicated channel similar to the random
reporting DCP to avoid interference with fixed-time reporting DCP••

All these DCP radio sets can be operated on batteries which are "tricklecharged" by solar cells.
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TABLE III
DCP radio set specification (fixed location-type)

Sel f-timed

Parameter

Interrogated

Frequency
Transmit

468.825 MHz

N/A

Receive

401.7 MHz to 401.85 MHz

401.85 to 402.0 MHz

No. of channels
Receive

N/A

1

Transmi t

50

100

Modulation technique

+ 60° PSK Monchester

5 W

5 W

" 200 mW

"500 mW

Transmitted power
Stand-by power
dissipation

- 130 dBm

N/A

Receiver sensitivity
AntenflO

+ 60° PSK Manchester

Helix,

righ~-hand

circu-

13 dB, 60° BW at 3 dB points

lar polarization

Supply voltage
Temperature range

Timing

12.5 V
_20°C to 50°C
1- to 12-h reporting
intervals in I-h increments; may be set to any

30-s period in the 12-h
interval..

12.5 V
_20°C to 50°C
N/A
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For the interrogoted DCP the sequence begins when on S-bond frequency
commond signal (up-link 2 035 MHz) is initiated at the CDAS. This signal is
transponded on baard GOES spacecroft to 469 MHz. At the DCP, the command is
received, demodulated, and decoded. If the decoded oddress agrees with the address
stored in the DCP, the UHF radio set is placed in an active mode for data transmission

at 402 MHz. The satellite then tronsponds the dato to on S-bond frequency (downlink 1 695 MHz) for receipt ond recording by the CDAS. Interrogotions ore sent
continuously ot the rote of two per second from the CDAS.
For self-timed ond rondom-reporting DCPs, the sequence is determined by the
timer (clock) in the DCP.

The GOES data-collection sub-system ope rotes in the following frequency
bands:
(a)

401 - 403 MHz - Earth-to-space link for data platforms;

(b)

468 - 469 MHz - space-to Earth link for platform interrogation;

(c)

1 690 - 1 700 MHz - space-to-Earth link for transmission of
platform data to the CDAS.

Frequencies allocated by

ITU for world use are shown in Table IV.

5.2.2
The METEOSAT project was conceived to meet the requirements of the
European meteorological community and to constitute Europe's contribution to the

Global Atmaspheric Research Programme and in particular to the First GARP Global
Experiment (FGGE) and
the World Weather Watch programme of WMO. Among the
missions of METEOSAT of special interest to national Hydrological Services is the
data-collection capability of the satellite that was launched in 1977. METEOSAT
0
is at geastationary altitude at 0 longitude over the Equatar. In this location,
data collectian is possible for all of Europe and Africa eastward to about 70 0 E
longitude (Figure 2).
The meteoralagical programme office for METEOSAT is aperated by the
European Space Agency (ESA) in Toulouse, France.

Ground facilities for METEOSAT are at Darmstadt and Odenwold where the
main telecommunication links with the satellite are located. These inclJde the
Data Acquisition, Tracking and Telecammand Station and the METEOSAT Op,nations
Control Centre. The link to the GTS is via Offenbach.
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TABLE

IV

Satellite communications frequencies as

allocated by the International Telecommunication
Union World Administrotive Conference
(Geneva - 1979)
Frequ..~

Use

137-138 MHz

Meteorological sotelli tes (spoce-to-Earth on a primary basis)

400.15-401 MHz

Meteorological aids and meteorological satellites (space-toEarth) on a primary basis

401-403 MHz

Meteorological aids on a primary basis and for meteorological
satelli tes (Earth-ta-space) on a secondary basis

460-470 MHz

Meteorologicol satellites (spoce-to-Earth) on a seconda ry basis

1 670-1 700 MHz

Meteorological aids and meteorological satellites (spoce-to-

Earth) on a primary basis
1 700-1 710 MHz

Meteorological satellites (space-to-Earth) on a primary basis

Date-collection plotforms for use with the METEOSAT system con be installed
on land, at sea (buoys, ships) and aboard aircraft. There are two types of DCP:
self-timed and interrogated.
International OCPs

can operate in all zones covered by the various

geostationary satellites whereas the regional DCPs will operate only with one
satellite (Table V).
502.2 03

Data dissemination

Dissemination of data processed by the central station will be over the GTS.
Other messages will be broadcast by private land lines at the user's cost.

5.2.3
In addition to the GOES and METEOSAT geostationary data-collection· systems
experience, users have reported (15) on the polar-orbiting TIROS-N satellite with
its ARGOS system o
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TABLE V
METEOSAT data callectian system
Transmission of satellite interrogations ta the DCPs
International

Regianal

(from 1981)
468.875 MHz

Frequency

468.925 MHz

Number af channels

1

1

Type af modulation

PCM-PSK MANCHESTER -+ 60

Digital rate

100 bit/s
12 dBw

Satellite E.I.R.P.
Polarization

0

Right-hand circular

Transmission of messages. from the DCPs ta the satellite

International
Frequency band

Number of channels
Channel width
Type of modulation
Digital rate
LI.R.P. af a platform
Polarization

Satellite
G/T

X'eceiver

402 to 402.1 MHz

Reqianal
402.1 to 402.2 MHz
33

33

3 kHz
a
PCM-PSK MANCHESTER ±. 60
3 kHz

100 bit/s
13 ta 22 dBw
Right-hand circular
-29 dB/K
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ARGOS is a co-operative project between the Centre national d'etudes
spatiales (CNES), Toulouse, France, and the U.S.A. The ARGOS programme started in
1978. The ARGOS on-board equipment package (i.e. the receiving system) will be
carried by the U.S. operational satellites designated NOAA-A to NOAA-G with a
service of two in-oruit satellites planned until 1985.

The ARGOS on-board data-collection system is equipped to receive do to
transmitted by DCPs (fixed or moving) within the satellite's radio viewing range.
Data are received on a random access basis.

Under this arrangement the DC? in

effect transmits its signals continuously (about every

100 to 200 seconds for fixed

DCPs). As each message is acquired the time and date are recorded, the DeS measures
carrier frequency and demodulates the platform identification number and sensor data.

These data ore then formatted and stored by one of the on-boord magnetic
tape recorders.

Each time the satellite passes over the telemetry station, the

data recorded an tape are read out and transmitted to the ground receiving station.
All DCPs transmit on the same frequency (401.650 MHzl.

Duration of the

messages is less than one second.

The spacecraft transmits dato in real-time on

136.770 or 137.770 MHz.

Users can receive sensor data from platforms at the time of transmission by
providing a demultiplexing and reconstruction programme.

Two systems are employed for relay of ARGOS data - one via the GTS and
the other via specialized telex or telephone lines.
The ORSTOM experience with ARGOS indicates that direct return of data via
the GTS has a delay of some hours due to the fact that synoptic data take priority.
5.2.4

9!~~~_~~!~!!~!~_~~!~:=~!!~=!~~~_~~~!~~!
Numerous ather data collection systems (16) have been or are in use today

in several countries but most cIe research or experimental satellites.

The most

significant of these are the following:
ATS
ERTS
GMS
IRLS
OPLE
RAMS
TWERLE

Applications Technology Satellite;
Earth Resources Technology Satellite;
Geastationary Meteorological Satellite;
Interrogation, Recording & Location System;
Omega Position Location Equipment;
Random Access Measurement System;
Tropical Wind Energy Conversion and Reference Experiment.

- 28 -

The typ.s of data-collection systems. and whether the eatellite is in low
or synchronous orbit, are shown in Figure 4 (Taillade-Carriere). including the
operational satelliie daia-collection systems GOES. METEOSAT and TIROS-N.
5.2.5
Avoilability, reliability ond cost ore omong the final set of determinonts
in the selection of 0 dota-collection system. The user must be assured that the
system will be available when needed. The user must also be assured that the
system is reliable and not sub ject to freq,uent or long outage periods and that it
will deliver the required data when needed,. Finally, stc-rt-up costs,_ as well as
operating and maintenance costs - including simplicity of repair - must be within

acceptable limits.
Some comparisons have been reported (17) indicating that geosynchronous

satellite data-collection systems offer the most advantages for operational hydrology
in terms of technical suitability and co>st.

One such comparison is the Canadian

experience (18) on the use of sotellites for hydrometric telemetry.

In Canada it

is not always financially feasible to use conventional telemetry methods in remote
areas. For example, the installation of power and' telephone services at C1- gauging

stotion site con cost over US $10 000 for eoch kilometre of line while rodio
telemetry con cost over US $20 000 for eoch site.
The requirements of the Woter Survey of Conodo ore being met by using the
dota-collection systems corried by the GOES and TIROS-N series of spocecraft. The
Inland Waters Directorote of Canoda has 100 time slats on GOES-east ond 50 on GOESwest. No problems have been encountered in obtaining addi tiona-l time slots nor have
there been di fficulties in renewing the ag-reement. A GOES receiving site is operated

at the Prince Albert Satellite Station by the Canada Centre for Remote Sensing on
behalf of the Directorate. The receiving site can be interragated by means of
standard 110- ar 300-baud teletype terminals or by telex. The majar drowback of the
GOES system is thot as the DCP antenno must be oimed ot the spacecroft, there con
be problems in obtaining line-of-sight in mountainous or northern regions. For example,

in the Mackenzie delta, the antenna elevotion angle is 100. Another telemetry system
must be selected for areas where use of GOES is not possible; the TlROS-N/ARGOS
system is most appropriate.

Bristol Aerosphace, Ltd.,

in Winnipeg, is supplying

GOES DCPs to the Atmospheric Environment Service. In addition, Bristol is develaping a DCP that could be used with both the GOES and the ARGOS systems under contract
with the Water Resources Branch. The DCP is designed to meet Water Survey requirements, and to survive in Canadian environmental conditions.

The estimated cost, at

US S5 000 far each unit, is about the same os the U.S. product.
The stondard method af receiving GOES data is through NESS in Washington,
D.C. Dota are available in a row format by means of 300- or 1 200-baud diol-in
lines. A standard synchronous modem may also be obtained to distribute data
automatically at rates of 2 400, 4 800, 7 200 and 9 600 baud. Most Water Survey of
Canada offices have terminals that can be used with the 300-baud dial-in line;
these terminols cost as little as US $1 200 and are suitable for persons operating
small numbers of DCPs. Of the existing GOES users in Canada, the Province of Quebec
hos 0 ter~inal that has access to the 1 200 baud dial-in line. These terminals
cost about US $5 000.
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The data from TIROS-N con be received on much the same basis as that from
GOES except that the distribution centre is CNES in Toulouse, France. It would be
possible to install additional receiving equipment to handle TIROS-N data which
could cost up to US $80 000.
Ground direct-readout reoeivEgstations are being marketed for under

US $100 000 that will enable

users to acquire data directly without needing to

receive the information via other relay facilities.

What has been experienced (15) up to now demonstrates the reliability of
the ARGOS and GOES systems for the teletransmission of data. As technology
continues to improve, the potential for satisfying the requirements of users will
also increase. Both Canada and the U.S.A. use satellite telemetry on an operotional
basis for the acquisition of water resources data. TIROS will most likely be used
to relay information from hydrolo~ical stations which ore inaccessible to geostationory
satellites at 0 latitude above 80. Telemetry has a direct bearing on methods of
exploitation of observation systems, and on the cost associated with these programmes.

Cost-benefit studies relating to the advantages of telemetry in programmes of realtime data acquisition show the possibility of reducing the loss of data and the
lowering of the operation budgets of collecting systems. The inherent risks of loss
of data and operational problems go hand in hand with the sophistication sought in
the choice of equipment and the degree of automation of the collection system.
The experience acquired to dote can facilitate the transfer of this new
technology to developing countries. This will assist in decision-making concerning
the best methods for establishing data-acquisition programmes and will also enable
the best choices to be made concerning the networks in the conception of collection
systems. Egypt has exmoined the use of satellites to transmit Nile Water data (19)
to help in this area. The proven technology and equipment now available provide means
to convert water-level data into digital information for radio transmission to
satellites. Many countries in the large basin of the River Nile _ore interested in
having up-to-date data on flows and levels for forecasting and operation planning.
The use of satellite transmission of water-level data presents on opportunity to
establish for all countries in the basin a service that con avoid all the implications
involved in the existing system.
Finally, objectives and performance must constantly be revised: an evaluation of the benefits and norms established concerning the quality of results will
dictate the necessary adjustments to be made to data-acquisition programmes, and to
give a real answer to the particular problems and requirements of hydrological
knowledge of the country concerned.
5.3

Meteor burst

A meteor-burst communications system is designed to use the ionized meteor
trails in the upper atmosphere as reflectors to transmit digital data intermittently
over non-line-of-sight paths up to 2 000 km long.

- 31 -

A meteor-burst communication system must take into account the characteris tics of the meteor trails. Some of these characteristics include diurnal and
seasonal fluctuations, density, duration and length of the trails. In the U.S.A.
several systems are under test and evaluation. (20)

5.3.1

Master station

The master station consists of a transmitter, receiver, duplexar, antenna/
and a. pracessor. A call-up message on 0 frequency in the VHF band is initiated to
call remote stations. The master station can call any remote station or group of
remote stations on command. In addition, the system can be instructed automatically
to perform system-wide calling daily in the absence of other instructions and store
data on-line as a back-up feature in the event that land-line outages prevent the
forwarding of data. The master station can be computer-controlled and commanded over
telephone circuits for unattended operation. The master station transmitter power

output may be as low as 100 W but other systems (21) indicate that power requirements
of 1 000 Wor higher may be needed, depending on whether one antenna far ·one
quadrant coverage is used or four antennae for 3600 coverage aIe used.

5.3.2

Remote st~tion

The occurrence of a meteor trail in the correct geometric orientation, and
of sufficient duration to allow the remote station to recognize its signal and
transmit its data, is a random event. In the worst case, successful calling of a
particular site can be expected to occur several times an hour, assuming the remote

statian is probed continuously. When a path has been estoblished between the master
station and the remote station, the remote station replies in the VHF band. Response
time is about 100 ms. The remote station is controlled by a timer which activates
the station at a predetermined time following a call-up message transmission.

The antenna system is 0 YAGI array, horizontally polarized and vertically
mounted. The antenna has 0 wide horizontal ond vertical beam-width. Frequency
shift keying (FSK) modulation is employed and the data are transmitted in BeD
format at a clock rate of 2 000 bit/so
The number of times a day the remote station transmits a data message is

determined by how often a valid call-up message is received ond decoded by the
remote station. The remote stations can be powered by batteries charged by solar
panels. System design permits operation for up to a year without servicing depending an the type and variety of sensors employed.

5.3.3
The meteor-burst telemetry technique has many features which make it
uniquely responsive to remote environmental requirements. The long-range paths
which it creates will allow coverage of vast areas.
Also, the use of meteor trails
for signal reflection creates on unlimited number of potential paths for transmission.
This minimizes, and in most cases eliminates, blockage problems due to terrain

obstacles.

Meteor burst also affords greater flexibility from the standpoint of
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expanding the data site papulation. The oddition of a site requires only the
instollotion of the remote station equipment and the updating of computer tables in
the master palling station. No hardware changes of ony kind are required.
Another facet of the meteor-burst technique is that it allows complete
control over which stations ore probed at which times.
This control is effected
by governing the scheduling and content of the master station probes.
The overall reliability of the system can be enhanced by the use of two
master stations.

During an outage of either master

station, the system will

collect do to from all dato sites, although significontly less efficiently. The
second purpose of two master stations is to provide better-quality poths for
communications. In caseS where a data site location is disadvantageous relative to
one master statIon, the other master station, or a combination of both master

stations, will then yield the desired performance.
Data gathered show that meteor burst is suitable far hydrolagicol data
acquisitian from remote locations. It may provide significant economic benefits,
especially where conventional line-of-site radio links would require one or more
repeaters. Some refinements and modifications to the prototype hardware must be

accomplished before it may be considered a suitable

operational system.
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