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FOR E W0 R D
The establishment and maintenance of 0 national data bank for hydrological
observations, including derived statistical and analytical information, is the basic
duty of a national Hydrological Service or the equivalent agencies responsible for
operational hydrology.
Many countries are presently using "or may soon be using computers to process
and store their hydrological data. It is, therefore, useful to make known appropriate procedures and methodologies facilitating the establishment of computer-based
centralized or co-ordinated hydrological data banks, which permit easy access by
water-resource planners and other Users of hydrological data.

Recognizing that applications of computer technology are evolving at a fast
rate, the WMO Commission for Hydrology (CHy) recommended the preparation of guidance
material on the planning, development and organization of national hydrological data
banks in the form of a number of case studies of well-developed national banks.
In accordance with the information given in the Operational Hydrology
Report No. 10 - Statistical Information on Activities in Operational Hydrology
(WMO-No. 464, 1977) - and in consultation with the CHy Rapporteur on Standardization
of Primary Data Processing, Dr. V. A. Semyonov (U.S.S.R.), a number of countries were
invited to submit descriptive Case studies according to an annotated outline. The
case studies contributed by Members were reviewed by the above-named rapporteur,
assisted by the WMO Secretariat, and fourteen cases were selected for inclusion in
this publication.
I am pleased to express to all who have contributed to this casebook the
sincere appreciation of the World Meteorological Organization for the time and effort
they have devoted to it. It is hoped that the case studies will serve as practical
guidance for all concerned with the establishment, development and management of
national hydrological data banks and the efficient use of such data for water-resource
development and management purposes, as well os for other purposes, of which climate
studies ore not the least.

A.C. Wiin-Nielsen
Secretary-General

SUMMARY

The present publication comprises contributions from fourteen countries on the

planning, development and orgonization of national hydrological data banks.

These

case studies include information on developing specific data archives for specific

elements and on the broader concept of co-ordinated data banks. The contributions
usually follow an outline which was provided to the contributors. In general, each
case study is presented in eleven sections each containing the following material:
1.

Introduction
The type of the national hydrological data bank:

centralized, co-ordinated or

limited.
2.

General information

The country·s size, topography, climate, water resource development level and
institutional set-up in the country, i.e. the agencies operating hydrological data
collection systems, and inter-agency co-ordination.

3.

Status of hydrological dato-collection systems
Hydrological observing networks and their operation, field instrumentation,

level of automation and data-transmission systems.

4.

Development of the national hydrological data bank
The development of the national hydrological data bank, inter-agency co-

operation in operating the data bank, role and requirements of the userso

5.

Structure and organization of the hydrological data bank
The data bank's terms of reference and responsibilities, facilities (computer

operation, data reception and control, processing, storage and retrieval), administra~

tion and personnel, and relationship with national data-collecting agencies.
6.

Nature and composition of hydrological information received in the data bank
Type, form and quality of field data, data preparation and quality control.

7.

Data processing

Primary data (including real-time) processing and quality-control procedures
and secandary data pracessing.

VI
8.

Data starage and retrieval
The organization and composition of archives, retrieval system, catalogues and
data publication, and accessibility to users.

inven~oriesl

9.

Standardization

Level of standardization ochieved with respect to technicol media, data
formots, files, procedures, software (programs, languages etc.).
10.

User services

Number and types of requests per year from users; form and media in which
data are supplied to users and administrative matters such as charges to users ..
11.

Evaluation

Main problems faced in establishing and operating the national hydrological
data bank, economic benefits and advantages af such a bank.

RESUME
La presente publication rossemble les renseignements fournis par quatorze
pays sur la planification, la mise au point et I'organisation des bonques nationales

de donnees hydrologiques.

11 s'agit d'etudes de cas particuliers apportant des pre-

cisions sur l'etablissement d-'archives de donnees specifiques, pour certains elements

determines, et sur le concept plus large des banques de donnees coordonnees. Les renseignements se suivent generalement selon un plan qui avait ete communique cux differents pays. En principe, cheque etude de cas est presentee dans onze sections contenant les indications 5uivantes :

Introduction

1.

Type de banque nationale de donnees hydrologiques
DU

centralise~ coordonnee

restreinte.

2.
Superficie du paYSt relief, climet, niveau et organigramme de la mise en
valeur des res sources en eau dans le pays, a savoir : quelIes sont les institutions

qui exploitent des systames de rassemblement de donnees hydrologiques et comment se
presente la coordination interinstitutions ?

3.

[tat d'avancement des systames de rassemblement de donnees hydrologigues

Reseaux d1observation hydrologiques et leur mode de fonctionnement, instruments utilises sur le terrain, degre d'automatisation et systemes de transmission des
donnees.

4.

Mise en place de la bangue nationale de donnees hydrologiques

Mise en place de la banque nationale de donnees hydrologiques, cooperation
interinstitutions a l'exploitation de la banque de donnees, role et besoins des
usagers.

5.

Structure et organisation de la ·bangue

Attributions et responsabilites de la banque, moyens et installations
utilises (exploitation sur ordinateur, reception et controle des donnees, traitement,
archivage et restitution), administration et personnel, relations avec les institutions nationales chargees du rassemblement des donnees.

6.

Nature et composition des informations hydrologigues introduites dans la
bangue

Type, forme et qualite des donnees recueillies sur le terrain, preparation
et contIole de la qualite des donnees.

VIII

7.

Traitement des donnees

Methodes utilisees pour le traitement primaire des donnees (y compris le
traitement immediat) et le controle de la qualite des donnees et traitement secondaire des donnees.

8.

Archivage et restitution des donnees
Organisation et composition des archives, systeme de restitution, catalogues

et repertoires, publication des donnees et mesure dans laquelle les donnees sont
accessibles oux usagers.

9.

Normalisation

Degre de normalisotion atteint en ce qui concerne les supports techniques,
les formes de presentation des donnees, les fichiers, les procedures, le logiciel
(programmes, langages, etc.).

10.

Services lIusagersll
Nombre et types de demandes emanant chaque annee des usagers;

forme de

presentation et supports utilises pour la fourniture des donnees cux usagers;
tions administratives, par exemple taxes pergues Qupres des usagers.

11.

ques-

Evaluation
Principaux problemes que posent la mise en place et l'exploitation de la

banque hationale .de donnees hydrologiques, avantages economiques et Qutres que presente

une banque de ce type.
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RESUMEN
La presente publicaci6n camprende las cantribuciones aportadas por 14 poIses en materia de planificacion, desarrollo y organizaci6n de boncos de datos hidro~
16gicos nacionales. Los estudios tipo facilitados comprenden informaci6n sabre la
constituci6n de archivos de datos especlficos para determinados elementos, asI coma
informaci6n acerca del concepto mas amplio de bancos de datos coordinados. Para la
presentaci6n de esos contribuciones se ha seguido en general un esquema que se facilit6 a 105 poIses que han contribuido a la presente obra. Por 10 general, code estudio tipo se present a en 11 secciones, code una de las cuales contiene las siguientes
rubricas:

1.

Intraducci6n

Tipa de banco de datos hidro16gicos nacianales:
o limitada.

2.

centralizado, coardinado

Informaci6n general

Superficie del paIs, topografla, clima, el grado de desarrollo e institu105 recursos hidricos del pais es decir l indicacion de 105 organismos encargados del funcianamiento de los sistemas de concentraci6n de datos hidra16gicos y

cional de

coordinaci6n entre esos organismos.

3.

Estada de desarrollo de los sistemas de concentraci6n de datas hidro169icos

Redes de observaci6n hidrologica y funcionamiento de las mismos, instrumentos utilizados sobre el terreno, nivel de automotizaci6n y sistemas de transmisi6n

de datos.

4.

Desarrallo del. banco de datos hidro16gicas nacionales

Grada de desarrallo del banco de datos hidra16gicas nacianales, colaboraci6n interinstituclonal en materia de funcionamiento del banco de datos, funci6n y
necesidades de

5.

105

usuarios.

Estructura y arganizaci6n del banco
Funciones y responsabilidades que incumben 01 banco, instalaciones y medias

(computedoras, recepci6n y control de datos, procesamiento, almacenamiento y recuperecion de datos), administraci6n y personal y relaciones con 105 organismos naciona-

les de cancentraci6n de datos.

6.

Naturaleza y composici6n de la informaci6n hidro16gica recibida en el banco

Tipa, forma y calidad de los datos recogidos sobre el terreno, preparaci6n
de esos datos y control de la calidad de los mismos.

XII
7.

- 2Procesamiento de datas

Procesamiento de datos primarios (incluidos 105 datos en tiempo real), procedimientos de control de la calidad y procesamiento secundario de datos.

8.

Almacenamiento V recuperaci6n de datas

OrganizQci6n y composici6n de 105 archivos, sistemas de recuperaci6n, cat610gos e inventarios, publicaci6n de datas y accesibilidad de 105 mismos en 10 que
respecta

9.

Cl 105

usuarios.

Normalizacion

Grado de normalizaci6n logrado en 10 que respecta a medios tecnicos, formates de dates, a:rchivos~ procedimientos, programaciones "software" (programos,idiomas, etc.).
10.

Servicios

Cl 105

usuaries

Numero y tipo de peticiones anuales procedentes de 105 usuarios; forma y
media en que se suministran 105 datas Cl 105 usuarios y cuestiones administrativas tales coma gastos cargados Cl 105 usuarios.

11.

Evaluaci6n

Principales problemas que se plantean en el establecimiento y funcionamiento de 105 bancos·nacionales de datas hidro16gicos, beneficios y ventajas economicas
de tales bancos.

INTRODUCTION
A national hydrological data* bank
A complete national hydrological data bank would contain data and statistics
covering all hydrological variables for all parts of a country and would permit any
potential user to easily extract and use these data without extensive manipulation.
It is not necessarily a single physical data bank controlled by one agency at one site.
If hydrological data in different banks can easily be accessed, transferred, used by
standard computer programs and formats, it could be considered that a national bank
exists at a certain level of development.
Basic functions

The main elements of a data bank are the computer software (programs) and
hardware required to handle these hydrological data. The operatian of a data bank
consists in the organization, description, processing, storage, management and updating of data. It normally also includes access to the data series by users and

data exchange. Data banks differ in many details, for example as regards the way in
which a data bse is organized, the ways in which the data series are addressed, and
utilization procedures.
Organizational patterns

Depending on the way in which data are collected and processed, the data banks
may be centralized, distributed (co-ordinated) or limited.
A fully centralized hydrological data bank is physically located at one site
and comprises data covering all hydrological variables for all parts of the country.
Such an arrangement may not, however, be the most practical, especially in very large
countries with many agencies and varied requirements of users.
A distributed (co-ordinated) national hydrological data bank consists of
several data banks covering all or most hydrological parameters, with some type of
co-ordinating and/or co-operating arrangement between the different banks or agencies
operating them.
A limited hydrological data bank is a centralized or co-ordinated data bank
which covers only a few of the many hydrological variables.

*

The term "hydrological data" implies data related to surface water and groundwater
which include water levels, flows, suspended sediment, ice cover, physical and
chemical quality of water, as well as precipitation, evaporation and snow cover.

- 2 Status of development
Computers ~ave been used for ~ydrological data collection and processing for
same years now. T~e WMO survey (1973-1976) of national ~ydrological data banks indicated t~at many countries ~ad eit~er started to use or intended to use camputers.
Of 103 replies, 64 countries employed computers and 13 foresaw t~eir-early-use (1).
T~ere are many problems associated wit~ ensuring t~at all ~ydrological data
are made available ta patential users 50 t~at t~ey mig~t acquire complete information
relative to a project. T~ese problems are not new. T~e collection of data by different agencies in t~e water field, t~e lack of contact wit~ agencies collecting ot~er
types of data applicable to ~ydrological problems, and t~e collection of data on a
regional basis ~ave always made it difficult to develop central national arc~ives.
T~is problem is relevant also if computers are used.
But efforts to co-ordinate data
banks, to improve existing banks, and to develop more efficient procedures for coaperation in distribution- of data are en~anced by computers. Standard formats are
being developed, numbering and identificatian of stations is being standardized.

Of t~ose countries w~ic~ participated in t~e above-mentianed WMO survey,
twelve countries ~ad centralized, sixteen ~ad co-ordinated, and nineteen ~ad limited
data banks. Very few countries collect data using instruments ~aving an output in
digital form ready for automatic treatment. Alt~oug~ t~is is not a necessity, t~e use
of computers to treat data will probably lead to an increase in t~e development and
use of suc~ equipment. It s~ould also be noted t~at data on water levels, flows and
precipitation ~ave been given priority by most countries in establis~ing computerbased arc~ives.
General considerations regarding structure

A common feature of a data bank is t~e joint and s~ared use by various users
of stored information. In a centralized system all data processing takes place at one
computer centre. This approach has several advantages such as substantial economies,
t~e organization of software at lower cost and easier use of t~e subsequent data base.
However, suc~ systems may be complex and unable to react rapidly to t~e present swift
changes in computer technology or to user requirements - also evolving at a fast pace.
On t~e ot~er ~and, a distributed system of banks is being adopted on a steadily
increasing scale and is typically used in real-time applications w~ic~ emp~asize t~e
need to locate banks nearer the end user to give him easier access to the computer
facilities for interactive use and control. A distributed system tends to be more
reliable than a centralized one and involves reduced communication costs. It can
react rapidly to c~anges in tec~nology or t~e users' requirements.
T~e collection, processing, storage and retrieval of ~ydrological data being
a major activity of national Hydrological Services, t~e need for ~aving a national
~ydrol09ical data bank cannot be overstressed.
Rational organizational structure of
suc~ a bank is dependent on many related questions across a broad field, in particular
t~e organization and operation of national Hydrological and Hydrometeorological
Services and of related institutions and t~eir level of development (2). T~e international framework for exc~ange of ~ydrological tec~nology provided by t~e Hydrological

- 3 Operational Multipurpose Sub-programme (HOMS) of WMO will no doubt make it eosier for
countries to establish or to improve such banks using the best technology internationally available. It i~ howeve~ not possible to recommend one single solution
for ail countries. The case studies of selected countries given in this publication
form a repository of information which should assist countriel selection 'of the
appropriate alternatives best suited to meet their requirements by demonstrating the
range of technological possibilies.
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AUSTRALIA*
L

Introduction

Australia has a co-ordinated national hydrological data bank consisting of
various separate data banks covering hydrological data for a region or State. This
structure' has evolved in response to circumstances and needs.

Within Australia,

responsibility for hydrological data collection is vested in the States and Territories with one authority in each State having prime responsibility. Co-ordination
and consultation between the States and the Federal Government are carried out through
the Australian Water Resources Council. In view of the federal system in Australia
sections 2, 3 and 4 Cover national aspects, and the remaining sections are devoted to
a detailed description of the hydrological data bank of one State, that of Western
Australia.

2.

General information

0
Australia lies between latitudes 100 and 44 south, and approximately 40
per cent of ~he continent lies within the tropics. Of the total area of 7.7 x 106 km 2 ,
about 5 x 10 km2 are arid or semi-arid and only coastal fringes in the east, southeast, far south-west and the island of Tasmania have a climate which provides a perennial water surplus.

The Australian continent has a mostly mature land surface of low relief.
The major relief feature is the Great Dividing Range of eastern Australia. Mean
annual rainfall is 460 mm and it varies widely with area and throughout the year,
with variability generally increasing towards the dry centre. Seasonal influences
are strong in the monsoonal north

and'.the_:d'rie:r south-western and southern areas.

The effectiveness of rainfall is limited by seasonal distribution, unreliability and
high evaporation, which exceeds rainfall over most of the continent. 'Mean runoff is
only about 10 per cent of rainfall.
Australia's highly urbanized population is concentrated a16ng the coastal
margins, mainly in the east,· g·outh-east and south-west'. Most urban centres are serviced
by comprehensive water supply systems and extensive waterborne waste-disposal systems.
Major irrigation areas have also been developed on a large scale and account for some
74 per cent of the total water use in Australia. Groundwater is a significant source

of water in the drier parts of the continent.

Prepared by Water Division, Department of National Development, Canberra, and
Water Resources Section - Planning, Design and Investigation Branch, Public Works
Department, Western Australia.

- 5 Australia is a federation of six States, one territory with semi-autonomous
government and one territory which is administered by the Federal Government. Constitutionally, responsibility for water resources rests with the State governments.
The mo"in water-management agencies comprise one or two large boards or departments in
each State providing metropolitan water supply, sewerage and drainage services together
with state-wide commissions providing, or co-ordinating, the provision of irrigation
and rural water supply and performing broad water-management functions, including

data callection, throughout the State. Two exceptions are the River Murray Commissian
and the Snowy Mountains Hydro-Electric Authority each of which was formed to deal
with matters related to the use of a water resource by more than one State. In this
situation the federal government has undertaken the role of co-ordinator where benefits are available from an integrated national approach.
The Australian Water Resources Council (AWRC) was formed in 1963 with
membership consisting of ministerial representation of the Federal and State
Governments. Its objectives relate to assessment, development and management of water
resources and it functions as a co-ordinating, consultative body between the governments~ with liaison and information dissemination roles in the national and international arenas.

3.

Status of hydrological data-collection systems
A national approach to surface-water measurement and groundwater investiga-

tions was adopted in 1963 following the formation of the AWRC.
extended to water-quality assessment in 1974.

This approach was

Although there is one authority in each State with primary responsibility
for the collection of surface-water data, there are a number of other organizations

which also collect such data. Altogether there are at least 26 organizations collecting records from 2800 stream-gauging stations. In additio~there are over 800
stations at which other surface data are collected, primarily water level'data for
flood warning or in lakes and reservoirs (AWRC, 1978).
The vast,majority of stream-gauging stations are equipped with either conventional float-well installations or pressure-sensing devices attached to continuous

analogue-type recorders providing a record in chart form. Digital recorders that provide data for direct input into computers have been developed but are currently only
used at relatively few stations. Less than 10 per cent of stream-gauging stations
only provide manually read daily records. A limited number of stations are provided
with telemetering equipment for use with flood-forecasting systems.
In some States the organization collecting surface-water data is also
primarily responsible for the collection of groundwater data; in others it is not.
The number of observation bores is about 11 800. The frequency of observation ranges
from continuous recording to observations at intervals of 18 months. Records are
also kept af other groundwater bores, the total number throughout the country being
in excess of 276 000. A national catalogue on the availability of groundwater data
has not yet been established.

-6 There is no single outhority in any State which has prime responsibility
for the collection and storage of water-quality data. There are perhaps up to 200
organizations which collect water-quality data. The AWRC has recommended a programme
for the collection of background water-quality data by the State woter authorities.
The sampling points are not necessarily located at hydrornetric stations, and because
of the divergent interests of the collecting agencies there tends to-be a wide
variety of parameters measured and some duplication of effort. An attempt is being
made at present to incorporate information on the availability of water-quality data
in a national catalogue.

4.

Development of the national hydrological data bank

Most of the data-processing and data-archival systems have been developed
independently, even within the States, tailored to suit the requirements of the-individual authority and the particular typ_e of computer system available. This has
necessitated the development of procedures to enable data to be transferred between
data bases and users in a universally acceptable format. In 1976, AWRC established
standards for the interchange of water resources data on computer media (AWR~1976).
Although only limited use has been made of the system to date, it has great potential
and forms an essential component of the national hydrological data-handling system.
As with the data-processing system there is a wide diversity in the systems
used for the storage of data although magnetic tape is the favoured medium. There is
an increasing u~e of microfiche for the storage and transfer of records. A majority
of organizations do not publish their records although in terms of volume, more data
ore published than are not. Publication is generally confined to intervals of 5 years
and only monthly data are normally published. Relatively, a much larger proportion
of the water-level data is stored and transferred in manuscript form than is the case
with stream-discharge data.

Some very comprehensive computer-based systems have been

developed for the storage and retrieval of groundwater data. The availability of
these systems has greatly increased the use that is made of the data and large numbers
of requests for information are processed. For water-quality data, the standard of
data storage varies widely but the majority of organizations still store their data
in manuscript form. A very comprehensive computer-based system is being developed in
Victoria for water-quality data but it will also be able to accommodate other hydrological and meteorological data.
To satisfy the needs of the many users, the co-ordinated national data bank
structure must be supported by catalogues of information held within each data bank.
Catalogues of information are not adequate at present and discussions are taking place

with the aim of improving the information provided and the availability of catalogues.

5.

Structure and organization of the hydrological data bank

The hydrological data bank discusseu in the following sections was developed
to handle all types of hydrological data collected in the State of Western Australia.
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In Western Australia a State computer-based hydrological data bank has been
established to ensure that the records are safely stored in a well-organized manner,
and are readily available. All hydrological data of long-term value are now held in
this data bank with the exception of groundwater data for the densely monitored capital
city metropolitan area, which is held in an associated data bank •. There is excellent
co-operation between the various data-collection agencies ensuring minimal duplication

of data-collection effort and only minor problems with the centralized data bank.
The agency responsible for the hydrological data bank operates within a State
government department with much wider responsibilities, including measurement and
assessment of water resources, water supply, sewerage, drainage and general public

works. The agency is convinced of the value of a State data bank and hence there is
a self-imposed responsibility to ensure that the system is cost effective, and satisfies the requirements of contributing agencies and users.

The hydrological data bank is seen as one component in a fully integrated
data-collection, -processing,-storage,-retrieval and-analysis system.

This total

system starts with the identification of data requirements and finishes with the final
use of the information. There are feedback loops throughout the system to ensure the
appropriateness and reliability of data collected.
The setting of high standards for the design of systems for data collection,
processing and analysis is exceedingly important and difficult to attain. In the
design of the system a conscious effort has been made to involve representatives from
all interested groups from those engaged in data collection, to the final users of the
data.
As the data· bank design and operation is carried out by the principal datacollection and -analysis agency there is a very rapid response to changing needs.
The development of the data bank took cognizance of the inter-relationship
between the various hydrological parameters such as rainfall, flow and water quality.
All data are tagged for quality, and qualifying comments are retained with the data
at all stages. Only data of lasting value are stored within the data bank.

The data bank is held On a Control Data Carporation (CDC) Cyber 1972,
operating under the NOS/BE operating system. The installation is utilized by several
State government departments and is located a few kilometres from the agency operating
the hydrological data bank.
The machine has 131 000 (decimal) 60-bit words of central memory, two central
processor units and 13 peripheral processors. The installation has four nine-track
magnetic tape drives, one seven-track tape drive, and eleven disk. drives. Other
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facilities include an off-line Xynetics flat-bed plotter, and a CMC key-to-disk
system.
The agency has at the central site two 216-megabyte disk packs, one of which
is permanently mounted, providing adequate disk storage for much of the data discussed later. Some 300 nine-track magentic tapes form the archive for the hydrological data bank.
The agency has ready access to a card reader and line-printer terminal. A
Digital Equipment Corporation mini-computer (POp 11/34) acting as a concentrator for
eight visual display units provides the main access to the computer. The eight VDUs
are used to control the flow of jobs and correct the data, and in addition are used
for system development and hydrological studies. The mini-computer also provides
the paper-tape reading facility, which forms an essential part of the data-processing
system. A graphics display unit (TEKTRONIX 4014) is used for data verification and
analysis.

Data collection within the agency is based on seven regional field offices,
some at great distance from the process~ng centre. In addition, data are forwarded
from a number of centres operated by other agencies.
These·data are received at the processing centre as recorder chart records,

punched paper tapes, forms designed for data entry and manuscript records.
Staff in the central data-processing office total 23. Of these, 12 ore
hydrological officers, trained in field data-collection techniques, and the remaining
are

6.

data~processing

officers.

Nature and composition of hydrological data received in the bank
Hydrological data are described as either continuous or non-continuous.

Continuously recorded data sufficiently define all significant changes. Noncontinuous data are collected only intermittently, and mayor may not be sufficient
to define the movements of a voriable through time. This distinction between continuous and non-continuous is apparent throughout- the processing and storage of the
data, each having their special requirements for efficient processing.

Rainfall data collection and storage form a significant part of the work
of the agency, there being some 360 pluviographs in operation in comparison to 300
river gauging stations, and these data are handled within the same hydrological
data bank. The rainfall data, however, are not discussed further in this publication.
Each point at which hydrological data of lasting significance are collected
is allocated 0 unique identifying number. Only data from registered stations are
processed and stored within the data bank. Catalogues of registered stations containing locations and descriptive details form an essential component of the data
bank.

- 9 6.1

Continuously recorded information

By far the largest bulk of continuously recorded data are stream levels.

A

small percentage of the data are reservoir levels! groundwater rest levels and continuously recorded water conductivity.

The agency has standardized two main instrument types for collecting continuously recorded information. These are the Leupold and StevensA-type chart
recorders and the RIMCO digital event recorders.
Chart recorders form the bulk of the recorders currently in use. Recorder
scales used vory from 1:1 to 1:10 for stream level, with typical time-scoles of 60
and 120 mm per day. The digital event recorder, which records directly onto computercompatible punched paper tape is used for the measurement of water conductivity,
rainfall and other meteorological parameters.

Although the agency has standardized on two main recording instrument types,
close attention is being paid to the development of solid-state recorders. They offer
advantages in reliability and ease of data processing, that the traditional chart
recorders cannot match. They do still, however, have some limitations in usefulness
and substantial numbers of chart recorders will still be in use many years from now.

persannel.

The preparation of chart records for processing is carried aut by the field
When the chart is removed the hydrologist inspects it and enters the visit

information of check levels and times.

He also gives his interpretation as to the
This information is entered using an

quality af different sections of the trace.
array of two-letter codes,

For digi tal event recorders visit information is wri tten--:directly onto forms,

at the time of the visit. These forms are then forwarded to the processing office
together with the punched paper tape.
The quality of data collected is generally high.

An effort is made to

record stream levels to an accuracy of +
- 1 mm. Data from both graphical and digital
recorders are processed by exactly the same checking programs.
~.2

tions.

Non-continuously recorded information
The greatest bulk of non-continuous water data are water-quality observaUsually, samples are analysed in regional laboratories for pH and

chloride ion concentration, temperature, conductivity, turbidity ando

colour~

.~n

order to develop relationships between these parameters and other more complete waterquality analyses, some samples are sent for testing to the State Government Chemical
Labaratories which normally carry out major ion
analyses and, less frequently,
metal and nutrient analyses. Groundwater rest levels from observation bores also form
a substantial part of this data set. In addition, data obtained from discharge
measurements, sediment concentration measurements and water-quality profiling of bores
and reservoirs are held within the data bank.
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All
directly onto
registered on
disk into the

these non-continuous data are entered in the field (or laboratories)
coding forms convenient for computer entry. The coding forms are
arrival at the processing office and are then punched directly key-tocomputer for processing.

The quality of these data is ensured by the following means: procedures,
from the method of collection through to the analysis are well documented, with a
high priority given to staff training. Field laboratories are tested against each
other and against·the State Government Chemical Laboratories to· ensure highly uniform
"eslJlt.s·.
7.

DATA PROCESSING

7.1

Processing. continuous data and quality control

Since the major recorder type used by the data-collection agency is the
long-term strip-chart·recorder, the digitization process has been geared to the
rapid handling of these charts. In preference to a digitizing table, an instrument
that feeds the charts at a controlled speed over a panel is used. The operator
manually follows the trace given on the chart. The digitizer incorporates an automatic baseline follower. Information can be entered manually via a keyboard, and
output from the digitizer is on punched paper tape. Two digitizing instruments are
maintained. Currentl~ 60 traces are digitized weekly with an average six-monthly
chart (22 m long) taking approximately 50 'Ilin to digitize.
Punched paper-tape data from the digital event recorder are read directly
into the computer and converted to the same file structure as.that for ·chart record.
The quality of the data is maintained by a program designed to check the
data thoroughly. The analogue-to-digital conversion process is checked by occasional
computer plotting of the data onto overlays, which are then placed oxer the original
chart.
Rati~g

curves are developed

from current metering for each gauging station

and checked at least annually for stability. Only occasionally would purely theoretical curves be used even for standard structures. These rating curves are stored as
a set of X and Y co-ordinates in a disk resident data base for ready aCCess by ather
pro§lrams.

Daily flow volumes and peak flow rates are calculated from the level data
and the "ating curve routinely. Shorter time-interval flow data are calculated on
request.

Daily information is stored for later retrieval on magnetic tape, in·con-

trast to monthly and annual information which remains in a disk resident file. Annual
and averoge flow duration curves are also calculated. Real-time data for flood forecasting or day-to-day operational decisions are not collected or processed.
7'.2

Processing non-continuous do.ta

The results of water-quality analyses and groundwater-level monitoring form
a majority of the non-continuous data set. These data are entered into the machine
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by a key-to-disk operation directly from the field forms.

All water-quality infor-

mation passes through the same series of checking and updating programs~ This suite
of programs is used to ensure consistency and documentation of the criteria under

which data are accepted for the data base.
The correctness of the station number is first checked to ·see that it exists
and has been registered into the system. To further verify the statian number, a
check digit is also entered alongside it. The check digit is calculated on the
Modulus-il system.
The checking of the data for correctness and internal consistency is

thorough. Calculatians carried out as part af the labaratary analyses are checked
again by the computer on data entry. Where parameters are correlated, such as
electrical conductivity and chloride ion concentration, general relationships ore
use_d to ensure that the data values are wi thin en acceptable tolerance~,- Range tests
are applied ta all parameters to ensure results are at least in the right order of
magnitude.
F~rther processing of water-quality information is principally confined
to research and investigation, and could not yet be considered as routine. Work is
being carried out to develop relationships between such variables as conductivity
and chlaride ian cancentration and totally saluble salts, in order ta estimate salt
loads, .which could then be routinely calculated wherever continuous measurements of
condu~tivity .ar~ taken.

8.

Data storage and retrieval

8.1
8.1.1
The primary data source, the graphical charts and the punched paper tapes,
are stored in a fireproof room.
The data are copied as they are produced: one copy is held in a magnetic
tape-based archive af continuaus data and another copy is held on disk file as a
warking copy. The file contins time, value and quality information far a· particular
. variable at a station. Principally rainfall and river-level data are held but some
conductivity, bore and reservoir levels, temperatures l radiation and wind-run data
are alsa held. Nat all the continuously recorded data could possibly fit on the disk
resident file at once, so only thase data that are currently in use, or likely to be
needed in the near future, are kept on the file. Older and little-aceessed data are
pruned and maintained in the magnetic tape-based archive.
Requests for data that have been pruned fram the file are lagged so that
the required data can then be retrieved from the magnetic tape archive automatically,
and entered back into the database.

- 12 The data base can be interrogated interactively, and output can be in the
form of different reports or a catalogued disk resident file. Information retrieved
as a sequential file on disk is of a standard file structure, making it suitable for
many different types of analysis.

Non-continuous data such as water-quality data 'are currently held totally
on disk. Back-up copies of the large random-access file are taken onto: another disk
and magnetic tapes. Retrieval of data is by a series of interactive programs that
either submit. batch jobs or execute programs forimmediate~ retrieval. Once again,
output can be in the form of different reports or as a catalogued disk resident sequential file. The file structure for retrieved data is the same as that for continuous data. This makes for efficiency and simplicity for those requiring to carry
out further analysis of the data.

Currently, the major publication is a five-yearly publication of monthly
flow volumes r monthly maximum and minimum flows, including a description of the
catchment, for all stations where a significant amount af data have been collected.
Catalogues of stations that give details such as the station number, station
name, catchment· area, period of records, instrumentation details and the location, are
produced at irregular intervals.
The results of hydrological investigations are released as 'Technical
Reports' and placed in libraries and distributed to those people to whom they would
be of ,interest.
It is proposed that all woter-quality, daily flow and roinfall records with
comments be available in microfiche form every three years. -In the intervening years
the dato processed since the last complete run to microfiche will also be produced in
microfiche form. This is currently happening with water-quality data.
8'.:>

Accessibili ty to users

All data currently collected are freely available to all. Good access to
data is provided, within the data-collection agency and the State government department within which it operates. Externally, access depends on the type of information
request and the volume of data required. Most requests can be provided by supplying
a copy of the relevant computer report. Requests for large volumes of data are
usually satisfied by an interchange of data in a computer-compatible form. Several
standard formats have been used in the past, but the Australian Water Resources
Council standard interchange, format is preferred. It is not currently possible for
external users to read the data bases directly.

- 13 9.

Standardization

9.1

Technical media

The technical equipment used throughout the data-processing office is as
standard and well-supported as possible.
The storage media used are removable disk packs and

nine~track

magnetic

tapes. The agency uses a removable 216-megabyte disk pack, (which is, in fact,
removed only occasionally), for all the data which are accessed frequently or data
that are currently being processed. All the magnetic tape storage of information in
archive is done on 9-track tape recorded at 1 600 cpi. The traditional grandfatherfather-san method af updating is employed for most of the archive"work. The visual
tape serial numbers are incorporated into the updating software to minimize any
errors narmally associated with the mounting of magnetic tapes. This has been found
to be most beneficial.
The eight terminals used throughout the data-processing office are cheap,
non-intelligent, visual display units which cause few prablems. The eight VDUs are
concentrated through a mini-computer to the mainframe. The mini-computer also
provides the paper-tape reading facility.
The software under which the mini-computer operates is non-standard and

was especially written for the task. Since it is large, complex and in the assembly
language MACRO, it is planned to reconfigure the hardware so that anly standard
software Is required.

9.2

Data formats

Currently, each data type held in the data bank is organized into a file
structure, which has been designed specically for the task. There are, therefore, a
series of large files each containing tne relevant data for all "the stations registered. There are files, for example, that contain:
(a)

All the continuous data;

(b)

Most of the non-continuous data;

(c)

All the flow-metering information;

(d)

All the stage-discharge curves that have been developed;

(e)

All the gauging-station cross-sections;

(f)

All details of registered stations.

Most of these files have general-purpose interface sub-routines for data retrieval.
Many of these file structures have been developed by different people over a period
of years, usually with little thought of integrating the different data types. As
far as data organization is concerned, therefore, there is little standardization.

- 14 For data analysis and processing, however! a stai1dard~ file structure has ":been

been used. It is called the 'working file' structure and as its name implies, it is
used for data manipulation rather than for starage. Programs have been developed to
retrieve data from most of these files into this standard file structure. Many
analysis programs and all the plotting programs have been built around this file
s:tructure.

One aspect of archival that has been standardized is the storage and
retrieval of daily data. Daily rainfall information for the State represented a
large mass of data (approximately 40 000 000 000 days) and its proper organization
was essential if it was not to become a burden. A storage and retrieval system was
therefore developed to handle daily data for any variable. This is the shortest time
interval to which data is processed rautinely for storage, and forms an important
part of the data readily available ta users.
9.3

Software

In recent years, the software and documentation of systems have become
increasingly standardized, as a result of the agency developing a set of appropriate
standards. FORTRAN IV is the standard language used. In the past, assembly language
has been used "to carry out certain h.rnctions to satisfy a need for a certain sophi-

sticatian. This software has proved difficult to maintain not simply because it is
in assembly but because the assembly language is particularly sensitive to operating
system upgrades: An effort is now being made to remove all· assembly code from the
data-processing software, except for some very minor and well-supported "exceptions.
It has been the experience that the software development is ane of the most
critical features in the processing of hydrological data. Not only must the programs
be robustand reliable, when they become operational, but if maintenance is not to
become an intolerable burden then the code must be simple and all software libraries,
source codes and control card files must be meticuluously maintained, so as to enable
the ready location and modification of all programs.
10.

User services

No register of requests for information is maintained though experience
suggests that there are between 300·and 400 requests annually for hydrological data.

Generally, requests can be satisfied by reference to material already
published or by the reproduction of standard computer output reports. Occasionally,
and particularly where there is a request for data at short time intervals (i.e. less
than a day), special programs have to be executed to retrieve the information in the
fOTID re:qcrireet.
Requests for large volumes of data are usually satisfied by a transfer of
data on a computer-compatible media such as magnetic tape. This is normally carried
out in the new Australian interchange format (AWRC(1976).
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There is little administration associated with satisfying requests far
information. Normally, requests for information are made in writing. Within the
department, however, many requests are satisfied for which no written request is
made. Data are provided free of charge except where special processing is required.
Where applicable, a charge is made based on the extra computer costs involved. All
publications produced by the agency are available free-of-charge.·
11.

Evaluation

11.1

Establishment

The State hydrological data bank forms one component of an integrated datacollection, -processing, -storage and -analysis system. Establishment of an effective
data bank has therefore required the simultaneous development of reliable and accurate
data-collection and -processing systems. The present systems are the result of an
evolution that commenced about twelve years ago.
Establishment of the data bank required several tens of man-years of dedicated work but there were no insurmountable problems. The most demanding aspect of
this development was evolving the approach best suited to the particular circumstances
and requirements of the State.
A number of essential guidelines for the development of a successful hydrological data bank were learned through bitter experience. In retrospect, most of these
guidelines were self-evident but they are worth discussing briefly:
(a)

The hydrological data bank must be the servant of the people involved
in collecting, processing and using the data, and not their master~
This is best achieved by having representatives of the data users and
data collectors intimately involved in the preparation of the system
definition for each major component of the data bank;

(b)

The computer systems must be designed and programmed in a very professional manner with emphasis placed on ease of- testing, documentation f
operation and mointenance. Computer efficiency is of only secondary
importance. Clear, concise user manuals aTe essential and meaningful
programmers' manuals must be produced and maintained to ensure
efficient maintenance of the data-bank software;

(c)

The system must be designed in such a way that all data entered into
the data bank are carefully checked. Also, the data must be tagged
with quality descriptors and concise but relatively complete comments
qualifying the data should also be stored. The system should provide
appropriate details on the quality of the respective data with each
presentation of data values;

(d)

It is also important to develop flexible systems that can handle the
full range of hydrological and meteorological parameters.

- 16 11.2
Once the data bank has been established the following tasks are seen to be
of primary importance:

11.3

(a)

Continual vigilance in theverfication of new data. ~For the data base
to be of real value users must be able to rely on the fact that the
data with which they are dealing are of the type and accuracy
sped fied;

(b)

Continual review of the ability of the data bank to meet Users requirements. If these requirements are not met the concept of an
integrated data bank will soon fall into disrepute:

(c)

Rearrangement and classification of old data preparatory to their
entry into the data bank sa that they can be used with the same confidence as new data. (This task can pose many problems.);

(d)

Persuading all collectors of data to standardize their data-collection
procedures sa that their data can be added to the data bank efficientl~
Because of the natual predisposition of people to use their awn methods,
this con be a time-consuming activity.

Benefi ts

Hydrological data only acquire real value when they are used in studies that
result in better design, management or development decisions. The State hydrological
data bank makes feasible the utilization of collected data in a greater number of
studies. It is not passible to ploce on economic value on this benefit of having
ready access to all available data. However, it is clear that the benefits greatly
exceed the cost of providing this facility. The co-ordinated data bank has two other
significant benefits. It acts as a catalyst in the development of improved hydrological data-collection standards and for standardization of techniques where appropriate. It also encourages greater co-operation between data-collection agencies and
assists greatly in overcoming any duplication of data-collection activities.
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BELGIUM

1.

Introduction

The Belgian national hydrological data bank consists ofa group of five
data banks,.i.e. one central data bank managed by the Hydrology Section of the Royal
Meteorological Institute, and four specialized data banks set up by various public
administrations. Co-ordination between the various components of the national data
bank is confined to factual needs, namely the exchange of limited amounts of information, generally in the form of tabular print-outs, access to the data files being
reserved for those responsible for the management of each bank.
Abbreviated names will be used to describe each of the components of the
national data bank, as follows,

2.

(a)

IRM central bank (the hydrological data bank managed by the Royal
Meteorological Institute), hydrometeorological data, surface water
and groundwater, reference stations; Table I shows the bodies which
are at present contributing data to this central data bank, and also
gives a description of the nature and amount of data provided by each
of these bodies. Although covering most aspects of operational hydrology, this central data bank has a somewhat limited scope due,
particularly, to the absence of any information relating to water
quality and sedimentology;

(b)

SETHY bank (the data bank managed by the Hydrological Studies Service
(Ministry of Public Works)): surface water of navigable waterways;

(c)

AM bank (the data bank managed by the Belgian Geological Service
(Ministry of Economic Affairs»), groundwater;

(d)

IHE·bank (the data bank managed by the Institute for. Hygiene and
Epidemiology (Ministry of Public Health and the Environment)): water
quality;

(e)

NAE bank (the data bank managed by the Administrative Unit for Water
(Ministry of Public Health and the Environment»' localized hydrogeological problems.

General information

2

Belgium has an area of 30 ·507 km and a population of about 10000 000 and
0
0
0
is situated between latitudes 49 30' and 51 30'N, and longitudes 2 30' and 6°24'E.
There is a low plain whose altitude does not exceed 50 m, an intermediate undulating
region where the elevation varies between 50 and 200 m, and plateaux having a smooth
relief with an altitude ranging between 200 and 600 m. Two major rivers flow through
the country: the Scheldt (mean annual discharge' 105 m3 s-l),which drains the lower
regions of the ~ountry and the Meuse (mean annual discharge: 274 m3 s- ) whose basin
extends over the higher regions.

Central hydrological data bank of the Royal Meteorolog~cal Institute of Belgium (IRM)
Source and volume. of stored data

Source

Type of data

Points of me~s~rements

Kinistry of National Education
.

-

~~~~~-~:!:~=~!~g!~~!_!~~!~!~!:
Climatology Section

Daily rainfall

Approx. 359 rainfoll
stationsJl)

Hydrology Section

Daily rainfall and rainfall at 10-min intervals
Air and soil temperature;
air humidity; run-of-thewind at 2 m; evaporation
and: temperature of evapo_
ration panAreal averages of precipitation over hydrographic
basins
Potential evapotranspiration from hydrographic
basins

.
(2)
37 stah.ons

19 stations (3)

Global solar radiation
Duration of sunshine

7 stations
14 stations

Groundwaferlevels

171 wells

Radiometry Section

62 basins
43 basins

Ministry of Economic Affairs
Mines Administration
Ministry of Agriculture

-

~g=~~~!!~~~!_~~~=~~!~:~-~:=~~:=

-

-

Daily stages ond discharges of rivers
Hourly stages and discharges of rivers
Comments on the streamchannel conditions

175 stations

86 stations
261 stations

Ministry of Public Health and
Envir.onment
-

Administrative Unit for Wafer

Groundwater levels

(Being developed)

Daily stages and discharges of rivers
Comments on the streamchannel condi tions

75 stations

Ministry of Public Works

Monthly discharges of
rivers
Brussels Inter-borough COmpany
for Water

(1)

(2)
(3)

Daily discharges of rivers and tappings
Groundwater- levels

5 stations

6 stations
50 wells

Including about 150- stati_ons of tne Ministry of Public Works
Including six Airlines Administration stations and three Air Force stations
Including three Airlines Administration stations and two Air Force stations

NOTES:

The Airlines Administration and the Air Force come under the Ministry of
Communications and the Ministry of National Defence, respectively; tne Brussels
Inter-borough Company for Water is a private company for water supply.

- 19 The climate is of the cool, temperate, maritime type.

Precipitation is

evenly distributed over the yeor (precipitation 200-225 days per year). The average
annual precipitation is 780 mm over the basin of the Scheldt and 980 mm over the basin
of the Meuse. Potential evapotranspiration is on average between 450 and 550 mm
per year.

The various aspects of operational hydrology and -scientific research are

divided between a very large number of public services (12), co-ordination of activities being the prerogative of the Interministerial Commission for Water.

3.

Data-collection systems

Some hydrometeorolagical and hydrometric data

~precipitation

and wind;

direct staff gauge readings; stream-gauging measurements; most piezometric data)
and all information relating to water quality as well as comments and characteristics
of stations are entered on forms and coded manually.

Some other data are either directly recorded in digital form on magnetic
media or telemetered to a central processing centre:

The hydrometeorological network of the IRM is provided with equipment
for automatic interrogation of the various sensors and rec-arding the
data on magnetic tape cassette at the observing station;

In the LGR Telemetering System, developed by the Department of Rural
Engineering of the University of Louvain {loll a central station interrogates the variou-s measuring stations aT given intervals and collects the

data, in the form of frequencies, via the switched telephone network.
Micro-networks of this type have been set up in two hydrographic basins
by .the Administrative Unit for Water for specific hydrogeological studies.
A third network is being developed in the Hydrological Studies Service to
monitor river levels and precipitation.

The Administration for Electricity and Electromechanics has developed a
multi-purpose telecommunication system (AEE) which uses ~ network of
private telephone lines, installed along waterways and main roads, ond
computers, which collect and process the data and make decisions in
real-time.

A very large amount of information relating to surface water

is collected by this system.
Finally, analogue charts from recording rain gauges, thermographs, recording
psychrometers and stage recorders are analysed by automati~ or semi-automatic readers
which read off the co-ordinates of successive points and transcribe them onto magnetic
.tape cassette. Scale adjustment is either by chart reader or the.computer.

4.

Historical background of the national hydrological datu bank

In 1965 the Hydrology Section of IRM undertook, under the auspices of the
Royal Commission of the Water Problem*, the collection of all available data relating
* Now replaced by the Inter-ministerial Commission for Water.
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to the vorious elements of the hydrologicol cycle. The immediote purpose wos to publish, in the form of annual reports (6), a set of hydrometric and hydrometeorological
data for the various catchments.
This undertaking was in fact the dawn of the IRM Hydrological Data Bank.
By virtue of its special position this data bank was endowed, right ·from the start,
with a large collection of climatological and hydrometeorological documents, accumulated by the Climatology, Radiometry and Hydrology Sections of the IRM. This bank
also comprised data on the stage and discharge of rivers, provided by the Ministry of
Public Works and the Ministry of Agriculture. The first series of observations of
groundwater levels, sent by the Administration for Mines,·were included in the data
bank from 1974 onwards. Being by that time the only data bank to be fully computerized, it was regarded as a national, or central, hydrological data bank. Not only
most of the long series of observations relating to surface water and groundwater,
but also the hydrometeorological information (precipitation and evapotranspiration)
which are essential for solving many hydrological problems became thus easily accesible to any user.
Later on, however, several governmental services decided to set up their

own data banks, each especially designed and managed to meet specific needs. The IRM
central ban~ together with the more recent data bank~ thus constitute the national
hydrological data bank. There is consequently considerable specialization in the
responsibilities and achievements of the various constituents of the national data
bank and also s?me complexity in the administrative relations as well as a great
diversity in the installations and facilities used.

5.

Structure and organization of the national hydrological data bank
The responsibilities and facilities of the various data banks are summarized

below:
(a)

IRM Central Data Bank
The Hydrology Section, the basicresponsibili ty of which is the study
of all aspects of the hydrological cycle, operates this bank. Work
directly related to its data bank comprises:
Acquisition, processing and storage of current hydrometeorological
data;

Extending the series of observations back into the past by simulation, using the long series of observations at Uccle;

Filing hydrological data provided by other services or bodies
Table 1);

(see

Providing read-outs of all these data in various forms;
~roviaing

primary and secondary processing, storage and retrieval

of hydrological data collected by the Agricultural Hydraulics Service
on non-navigable rivers.

- 21 The bank is located ot the Joint Computing Laboratory of the Royal
Meteorological Institute, the Royal Observatory, and the Institute
for Space Aeronomy. It uses a UNIVAC 1100/40 computer with fourdisk units (60000000 characters) and four magnetic tape units. The
input-output facilities include various punched cards and magnetic
tapes, high-speed printer, and graph plotter;
(b)

Sethy data bank
Responsibility for the acquisition, processing and storage of hydrological dota is divided between several administrations within the
Ministry of Public Works. Studies relating to navigable river conditions and water supply to canals come under the responsibility of
the Administration of Waterways, and essentially its Hydrological
Studies Servic~whilst tidal rivers fall within the competence of the
Maritime Services for Antwerp, and sediments within that of the
Hydraulic Research Laboratory. The Administration for Electrictiy
and Electromechanics is in charge of the contro~, in real-time} of the
main structures on canals l rivers and reservoirs.

Integration of data

from these administrations is being undertaken at present. The processed data from the reference stations (mean daily stage and discharge)
are also sent to the IRM central data bank. The SETHY data bank is
located at the Computing Centre of the Ministry of Public Works, and
uses SIEMENS, Series 7000. The input-output facilities include punched
cards and magnetic tapes obtained through the AEE telecommunication
system, high-speed printers and a plotting table,
(c)

IHE data bank
The Institute of Hygiene and Epidemiology is responsible for the
analysis and collection of information relating to water quality. This
bank is located at the computing centre of the Ministry of Public Works,
and uses SIEMENS 7738. For input-output it has a TRANSDATA 8418 heavy
terminal with punched card reader and high-speed printer and two
terminals with screen display units (TO 8161),

(d)

NAE data bank
The Administrative Unit for Water is more porticularly responsible for
relations with water supply companies and for the study of practical
problems concerning the drinking-water supply and purification of
waste water. This bank is equipped with a mini-computer with disk
unit (10 000 000 characters) and a magnetic tape unit. It has a
terminal with display and a small printer,

~e)

AM data bonk
The Belgian Geological Service is responsible for theoretical ond
proctical questions relating to hydrogeology. Part of the piezometric
readings are sent to the IRM central data bank.

6.

Nature and form of primary data, input quality control

Toble I;

Data stored in the banks of the various agencies are of the types listed in
there are also data on water quality, Preliminary quality control is

exercised as follows:

Recording instruments, the charts of which do not have perforations to
guide the paper, have a fixed pen which draws a continuous line showing
the true origin (zero) of the chart;
The observer has to time-mark the charts each day, enabling any defect
in the clockwork mechanism to be corrected, and to note the level read
on the reference staff gauge;
Reception of each chart is recorded in a register corresponding to the
station of origin and the type of data. In this way, errors in the
identification or date are detected. This type of permanent record is
also carried out by computer in-the case of more sophisticated acquisition systems;

At the time of computer data input (results of analysis, corrections,
magnetic-tape cassettes), the operator identifies the input fully
(station number, period covered, type of data), irrelevant data are
thus rejected before processing;
For all telemetered data, provision is made for validation of input
signals and identification indices.

7.

Data processing

Primary processing comprises the following conventional phases:

data

collection, decoding, identification and composition of the data in conventional units,

validation of both the identification and the data themselves (plausibility tests)
and addressing and storing in appropriate files. The procedure followed for these
operations is highly specialized and depends on the type of data, the technical media
used for input and the arrangement of the files (8, 9 and 11).
Besides the many manual checks, quality control by machine methods is undertaken usually as secondary processing of the data. It comprises:
Intercomparison of recorded values and direct readings;

Plotting hydrographs for manual comparison with the original charts;
Regional comparisons based on the ratio of reduced values of stages (2);
For stream gaugings, plotting a graph· of the points at which measurements
are made and comparison with the original cross-section;

- 23 Plotting the groph of the onnual regime of specific discharges and
regional comparisons;
Regional comparisons of monthly and annual streamflow deficits.
A working document is prepared by the computer which, in elaborate applications, draws attention to doubtful data.
Specific tasks in secondary data processing include:
~alculation

of the average areal precipitation over river basins (7);

Calculation of daily mean values of evapotranspiration from river
basins (3);

Calculation of mean velocity and discharge bosed on stream gaugings;
Analytical fitting of stage-discharge relations;
Conversion of stages to di scharges (8);
Drawing groundwater level maps (I);
Evaluation of the indices of water quality;
Preparation of regular time series containing monthly tables of hourly
(three-hourly) values with means and extremes, annual tables of daily
values with means and extremes, and miscellaneous graphs showing variations with time.
Other tasks include:
Preparation of chronological tables with elementary statistical parameters; daily data tables for spatial comparison; multi-annual summary
tables of monthly and annual values (means, totals, extremes or frequencies of occurrence) with elementary statistical parameters; discharges classified into ranges and probability envelope curves (tables
and graphs); and characteristic discharges and probability envelope
curves;

Determining and analysing periods of flood and low-water;
Fitting to the usual laws of distribution;

and

Simulation of pas t data (4), (5).

8.

Data storage

The IRM central data bank is sub-divided into sub-systems consolidating
similarly.processed data sets (see Figure I). The sub-systems are inter-linked.

- 24 Routeing of doto is reguloted by tobles which provide 0 generolized code of data types,
station indicator codes, pointers to data files and to files of station particulars.
There is direct access to the working files and addressing is controled by
tables arranged in such a way as to limit the. space taken up on the disk. These files
comprise the data in the process of acquisition and data being processed or used. At
any time, all or part of the contents of a working file (on disk) can be copied onto
tapes for permanent storage by means of a standard routine that enables the correct
insertion of the data in the prescribed sequence.

It is also an easy matter to return

the data from an archive tape to a disk for prolonged use.
For each important sub-system there is a working unit, consisting of one to
three persons, which undertakes data acquisition, processing, storage and retrieval.

The computer programs made available to these persons are designed in such a way that
they can be used by non-specialized staff. Only the maintenance of the programs, files
and libraries of tapes, is entrusted 'to a data-processing expert.

A cotalogue of data recorded on technical media which can be used by automatic processing machines is currently available. The description of the files,
instructions for use and detailed inventories are contained in notes which have a

limited distribution. Most of the data stored in this bank are published in the
Belgian Hydrological Yeor-book (6). Advance print-outs are also available to users
as, the work progresses or upon request.

In the other Belgian hydrological data banks the final data are always
stored on magnetic tape. The arrangements for the archives and methods for providing
access to the data closely depend on the needs of the body responsible for managing
the specific data bank and on what data-processing system is available. Also, certain
data collected by the government services may be of a confidential nature (preliminary studies for projects] surveillance) and hence, their dissemination limited.

9.

Standardization

Standardization of technical media and of methods of work has not been the
subject of strict agreements when the various specialized data banks were designed.
Rather, the fundamental factors considered in each case were the efficiency and re-

liability of the programmes for processing, compatible with optimum utilization of the
facilities offered by the available data-processing equipment. Nevertheless, compatible procedures are used for some purposes, and as necessary, by the various
organ-iz,ations.

So, for example, considering the IRM central data bank, close dependence
of the programs and files on its operating system (EXEC 8) creates difficult problems
for the use of files and tapes outside this system. This is why, for outside
communication, provision is made for outputs on punched cards (80- columns) and seven-

or nine- track magnetic tapes conforming to AN51 standards.

Methods

for

secondary processing and the layout of printed tabulations are in accordance with

agreements between the various bodies collaborating in this data bank.
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User services

Since there is selective storage of data in various special~zed data banks,
the principal users of any particular data bank are the staff responsible for that
data bank. As concerns the IRM central data bank, an important group of about 300
users are those who consult the Belgian Hydrological Year-book such as public services,
universities, research centres and private study bureaux. About 100 other requests
for information are received each year, many of these being on a "regular basis. In
this connexion it should be noted that each agency participating in the IRM central
data bank remains responsible for its own data and replies to requests which concern
it.

The replies are usually given in the form of original or photocopied printDocuments readily available are the regular time series mentioned in paragraph 7 above. When the amount of information requested jusitifies, the information
is supplied on punched cards or magnetic tapes.
outs~

11.

Evaluation

Due to the fact that the IRM central data bank and the specialized data
banks forming the Belgian national hydrological data bank have been set up at different times ~y different administrations with diverse facilities, communication between the constituents of the national data bank may prove difficult, though this
difficulty is not insuperable. Furthermore, it is in general difficult to design, in
a rational fashion, coding systems which are completely consistent and compatible
and at the same time sufficiently flexible in relation to the evolution of networks
of observing stations and- measuring instruments.
The economic advantages of the national data bank are evident. Users
can have rapid access indeed to a vast amount of information, while also all measurements, even those made at very short intervals for monitoring purposes, can be easily
stored.
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CANADA

1.

Introduction

The Inland Waters Directorate, Environment Conada, maintains two hydrological data bonks: one, operated by the Water Survey of Canada (WSC) , contains data
on water levels, discharges and sediment; and the other, operated by the Water
Quality Branch, contains data on water quality. These two banks are described
separately below.
There is no national data bank for groundwater data. However, large
amounts of data (about half a million wells) that are now found in the files of most
Canadian provincial and territorial groundwater agencies require a systematic approach

to their storage and retrieval. At present, most of these agencies, with the exception of those for Newfoundland, and the Yukon and Northwest Territories, have computerized data-management systems at various stages of operational use. Automated
filing and retrieval systems are receiving unqualified acceptance by government
agencies because such systems use less storage space, they retrieve data quickly, and

offer a variable output format. In general, the information stored in the various
provincial files is available upon request. When large amounts of data are requested,
it may be possible to obtain copies of the original data tapes, in which case the user
must write his own retrieval program to suit his individual requirements.

2.

Water Survey of Canada data bank

The Water Survey of Canada (WSC) has been collecting and publishing streamflow and water-level data on a regular basis since 1908 and sediment data since 1961.
The present hydrometric network consists of approximately 2 450 gauging
stations (2 060 streamflow and 390 water level only) and about 2 650 discontinued
stations. In addition, data for about 500 active and discontinueu stations have been
contributed by provincial and private agencies and are included in the WSC data bank.
However, about 500 stations operated by the Province of Quebec are not included since
they conduct their own hydrometric and sediment survey and maintain their own data
bank. The Water Survey of Canada now operates 104 sediment stations - another 194
stations were discontinued prior to 1979. Of the 2 450 active hydrometric stations
operated by the WSC, 2 050 are equipped with automatic graphical water-level recorders.
In addition, data-collection platforms have been installed at 28 locations for waterlevel data retransmission by satellite and telemarks have been installed at 155 locations to obtain real-time water-level data.
Basic data are collected and computed by regional personnel at seven offices
across Canada at Vancouver, Calgary, Regina, Winnipeg, Guelph, Montreal and Halifax
in accordance with national standards established by headquarters at Ottawa; these
standards are detailed in over 30 instruction manuals. The computed data are forwarded annually to Ottawa where they are stored on magnetic tape and made available
to users in publications and in computer-compatible form. In 1979, the total staff
engaged in these surveys in the Regions and Ottawa was approximately 350.

- 30 Automotion was introduced in the WSC in 1966 along two fronts: (a) computation of streamflow data using a digitizer, and (b) storage of hydrometric data on
magnetic tape. After a thorough study of alternatives, it was decided to continue
collecting graphical water-level charts and to introduce automation after the field
data-collection stage; the strip charts are.digitized manually to give digital output of X-V co-ordinates of straight-line segments of the water-level trace on computer cards which, along with cards containing gauge and shift corrections and the
stage-discharge relation, are entered into a large-scale computer to give daily
discharges and water levels either on print-outs or card images on tape suitable
directly for storage on the data files. Computer programs for digitizer applications
and related computations are written at headquarters and implemented at regional
computer centres.

The keypunching from original documents of historical daily discharges and
water levels prior to 1970 was a major undertaking and was completed by contract at
Ottawa in about six months. Preparation of these documents for keypunching was done
mostly by regional offices. Over one million punched cards were produced and were
destroyed in 1970 after the data had been converted to magnetic tape and print-outs
verified by the regions. All systems for both digitizer applications and storage and
retrieval of data were fully operational less than five years after introduction.
A general description of the data-processing system follows. Data are forwarded annually to Ottawa by the regions either on punched cards or magnetic tape,
processed on a CDC CYBER 74 computer, and print-outs returned to the regions for verification of data. These data are then processed at Ottawa to give various types of
publication using computer programs; manuscripts are produced automatically by
photocomposition (the exposure of character images from magnetic tape onto photosensitive paper using a digital computer and cathode ray tube printer) which gives
high-quality output suitable for direct printing.
Publications are printed in accordance with a pre-arranged contract to
ensure minimum delay. Data are available to users in publications or computer-

compatible form about three months after being submitted to Ottawa; for hydrometric
data, this is generally about seven or eight months after the year for which data were
collected - sediment data are available about one year after this.
The system introduced over 60 years ogo for identifying gouging stations
has been retained and is also being used in the storage and retrieval of data. Each
gauging station is assigned a unique seven-character identification. The station
numbering system begins with the division of Canada into eleven major groups of river
basins. Thus stotion 05BD007 is the seventh station established in sub-subdivision
5BD.
Data are stored by station number order within each region.

The current

year's data are merged with the historical data so that data for the period of record
for anyone station are available on one tape.
The Computer Science Centre at the federal Department of Energy, Mines and
Resources in Ottawa has been used for data processing since 1966 when a CDC 3100
computer was in operation.

Data were stored on magnetic tape on seven-track BeD

- 31 (even parity) at a density of 556 bytes per inch (b.p.i.). When the CDC 3100 was
replaced by the CDC 6400 in October 1971, data were still stored on magnetic tape
on seven-track BCD (even parity) but at a density af 800 b.p.i. When the CDC 6400
was replaced by the CYBER 74 in July 1974, and with the installation of nine-track
tape drives eorly in 1975, data were stored on magnetic tape on nine track EBCDIC at
o density of 1 600 b.p.i. Mognetic disks are used for most retrievals and during
production runs for dota publications and for updating master files. The next proposed change is to store dato at a density of 6 250 b.p.i.
Records on anyone reel are fixed length. Record Slzes of 80, 132 and 300
characters are used with blocking factors of 5, 10 and 15. For example, the FLOW file
of daily discharges has 300-character records with a blocking factor of 15. Thus at
1 600 b.p.i., one station-year of data is stored on about three inches (7.62 cm) of
magnetic tape, including a half-inch (1.27 cm) inter-record gap. Some 300 magnetic
tapes (including at least three generations of back-up tapes) are now used to handle
the various data files.

The type and size of files for stream flow and water-level data are:
(a)

HYDEX file - cansists af one tape (11.6 million characters) for some
5 600 active and discontinued hydrometric stations and contains
descriptive information such as station name, drainage area l latitude

and longitude, period of record, type of gauge - natural or regulated
flow-.gauge datum, remarks for publications, etc.;

(b)

FLOW file - consists of 8 tapes (171 million characters) which contain
about 59 000 station-years of daily discharge data to 1978;

(c)

LEVELS file - consists of 3 tapes (37.5 million characters) which contain about 13 000 station-years of daily water level data to 1978 for
selected stations only; and

(d)

PEAKS file - consists of one tape (1.2 million characters) which contains annual maximum instantaneous discharges and water levels for the

period of record for all stations, where available.
The type and size of the five sediment data files, each on one tape, are as follows:
(a) SEDEX file - contains descriptive information (0.24 million characters) similar
to that in the HYDEX file, for over 400 active and discontinued sediment stations;
(b) SUSCON file - contains some 1 400 station-years (3.7 million characters) of
historical daily suspended sediment concentrations to 1977; (c) TEMPERATURE file contains some 1 000 station-years (2.0 million characters) of historical daily water
temperatures to 1977, collected at sediment stations only, (d) BEDLOAD file - contains some 70 station-years (0.16 million characters) of historical monthly sediment
totals to 1977; and (e) PARTSIZE file - contains some 1.1 million characters
representing the particle-size distribution of various types of sediment samples.
The following data publications are distributed regularly:
(a)

Surface Water Data Reference Index: This inventory is published
annually and contains descriptive information for all gauging stations

- 32 operated during the history af the Water Survey of Canada in one
publication. The stations are listed by province or territory, in an
upstream-to-downstream order for each basin; they are also listed in
a station number index and an alphabetical index. This publication is
usually distributed in January of the year following the one for which
data were collected, e.g. the 1978 publication was distributed in
January 1979. Each edition supersedes all previous editions since it
includes any corrections or additions to the network.
Coloured maps showing
streamflow and "water
metric Map Supplement
maps will probably be
(b)

the location of both active and discontinued
level only" stations were included as a Hydroto the 1977 edition. Another up-dated series of
produced in about five years;

Surface Water Data: Daily streamflow and water-level data have been
published annually or biennially on a regular basis since about 1908
in a variety of formats in over 230 publications. Daily discharge and
daily water-level data for rivers and lakes are now published annually
in eight volumes by pravince or territory. Daily water levels are not
published for stations where streamflow data are collected but are
available upon application to the appropriate regional office. The
stations are listed alphabetically on a calendar-year basis with data
for two stations on one page.

Surface Water Data publications are printed and distributed to users
within six to eight months of the end of the year to which the data
apply;
(c)

Historical Stream flow Summary: This publication contains a summary of
monthly and annual mean discharges, and annual extremes and total discharges for the period of record for all stations where streamflow
data have been collected. These summaries are published every three
years in eight volumes as for the Surface Water Data publications.
The latest series, containing data to 1976, was distributed between
March and June 1978. Each edition supersedes all previous editions
since it includes any corrections or additions made since the previous
publication;

(d)

Historical Water Levels Summary: This publication contains a summary
of monthly and annual mean water levels and annual extremes for the
period of record for all stations on lakes or reservoirs where waterlevel data have been collected; it also contains summaries of waterlevel data for stations on rivers wher~ water levels only were

collected but the historical water-level information is considered
to be of sufficient demand to warrant inclusion in this publication.
These summaries were published for the first time in 1978 and included
data to 1976 in eight volumes as for the annual Surface Water Data
publications and will be published every three years. Each edition
supersedes all previous editions since it includes any corrections or
additions since the previous publication;
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(e)

Sediment Data Reference Index:

This inventory is published every two

years and contains descriptive information for sediment stations

operated during the history of the Water Survey of Canada in one publication. The stations are listed alphabetically, by province or
territory (a station number index is also included). The 1976 Index
was distributed in June 1978. Each edition supersedes all previous
editions since it includes any corrections or additions to the network;
(f)

Sediment Data for Canadian Rivers: Sediment data, which include daily
suspended-sediment concentration and load, particle-size distribution,
and bedload, have been published annually or biennially since 1961 by
the Water Survey of Canada for data from 1947 to date. These data
are now published annually in one volume for Canada, with stations
listed alphabetically by province or territory on a calendar-year
basis. The 1976 publication was distributed in June 1978;

(g)

Historical Sediment Data Summary: This publicatian cantains a summary
of monthly and annual mean suspended-sediment load, annual extremes of
suspended-sediment concentration and load and annual total load for the
period of record for all stations for which data have been collected
during the history of the Water Survey of Canada. These summaries are
published every two years in one volume for Canada with stations listed
alphabetically by province or territory and data presented on a
calendar-year basis. The 1976 publication was distributed in June 1978.
Each edition supersedes all previous editions since it includes any
corrections or additions since the previous publication.

Data publications and/or data on magnetic tape are supplied free-of-charge
to about 18 foreign countries, and in Canada to engineering consultants, universities
(libraries, professors and students), provincial agencies (water resources, power,

highways and fisheries), federal departments, municipal agencies (waterworks), power
companies, railway companies and private individuals.
Although .all field installations and equipment have not been fully converted to metric (SI) standards, all data files at headquarters will be converted to
metric units in January 1980. Data will thereafter be supplied in publications and
computer-compatible form only in metric units. Historical daily data prior to 1979
will not be published in metric units but will be available on microfiche.
3,

NAQUADAT - The Canadian water-guality storage and retrieval system

The Water Quality Branch, Inland Waters Directorate, Environment Canada,is
responsible for monitoring the conditions of surface water in Canada, a programme
begun in 1947. Originally, this information was classified and stored using manual
or punch-card methods, but with increases in sampling and new surveillance programmes,
these manual methods became overburdened. The need for flexibility and speed in
retrieving information led to the establishment in 1969 of NAQUADAT, a computerized
national water-quality data system. Since then, the system, while fully operational,
has been modified to utilize advances in computer technology and to better respond to
user needs.

- 34 NAQUADAT was designed to store the results of water-quality analyses
(chemical, physical or biological) carried out in departmental laboratories and
elsewhere. It was intended to provide the information required for planning water
use, for setting water-quality objectives, and for monitoring and identifying trends
and anomalies in water quality.

The chief users (identified by a water-quality users' survey) are Environment Canada, other federal and provincial departments, universities, consultants and

private individuals. It was hoped that by accommodating data from specific projects,
information from a variety of studies could be available for national synoptic
purposes.

4.

Data collection and entry

The Water Quality Branch operates water-quality networks through five
regional offices iocatedacross Canada. Each of these offices has a complement of
field and laboratory personnel responsible for collecting and analysing water quality
samples. For the majority of measurements grab samples are taken, frequently in
replicate. At other sites, automatic samplers including automatic water-quality monitors are employed for intensive studies. At some of these stations, telecommunications and satellite transmissions are used to transfer data to the regional offices.

Data are input to NAQUADAT on laboratory cards or magnetic tapes which have been prepared in computer-automated laboratories. All data are passed through elaborate
checking procedures to ensure that only valid data are entered into NAQUADAT.

5.

Organization and operation
NAQUADAT is operated at the Water Quality Branch·headquarters in Ottawa.

The personnel involved

~nclude

the dato-base manager, two computer programmers, a

retrieval clerk and a data clerk.

These staff are responsible for all aspects of the

system operation from data input to report presentation.

freely where published reports have been prepared.

Data are provided to Users

Users are responsible, however,

for computer costs which are incurred during special searches on their behalf.

6.

Data bases
Water-quality information is stored for many locations across Canada, and

encompasses sampling dates from 1960 to the present. The information is maintained
on three inter-related files: the Station File, the Dictionary File, and the Data
File. The Station File contains descriptions of sampling locations and includes
geographical co-ordinates. Each station is assigned a code number which reflects the
type of water and its location in the Canadian hydrometric basin sub-basin scheme.
The Dictionary File contains descriptions of all the analytical procedures. Each
method is assigned a parameter code based on atomic number as well as other sub-

divisions including a place of analysis code. The actual analytical results are
stored on the Data File. Here, the entry for a sample consists of the station number,
the date and time of sampling and a sequence of the appropriate parameter codes with
the re~arted values.
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7.

Computing hardware

NAQUADAT is run at a commercial time-sharing vendor, Datacrown, Inc. where
there are IBM 360/85, 370/168 and 3033 computers. Normal access is via a high-speed
reader-printer terminal in Place Vincent Massey, Hull. Secondary access is possible
via portable telephone-coupled terminals. large data outputs can be routed to line
printers in major Canadian cities.

8.

Software

The programs are written in COBOl, MARK IV, and FORTRAN. Browsing and
interactive reporting are facilitated by the time-sharing utilities STS:WYLBUR and
STS:INFO. limited Statistics are generated in the reporting programs, elaborate
statistical analysis is achieved via intergrated statistical packages such as SPSS
or BMDP.

9.

Retrievol of data

The various programs used in NAQUADAT operate on the three basic files to
update, search and retrieve information. Considerable flexibility is possible in
specifying information to be retrieved. The geographical location can be expressed
in terms of individual or ranges of stations, river basins or provinces. Alternatively, it is possible to designate a geographical polygon. Analytical data can be
requested in terms of a particular test, or grouped by a combination of analytical
methods. limits can be set so as to report values only within a particular range.
Unit conversions are performed automatically where required and numerous calculations
based on the data (e.g. hardness, percent saturation, etc.) can be requested. The
detailed reports list individual measurements together with the sampling dates. The
summary reports combine the individual measurements and report the number of samples,
the high, low and mean values, the standard deviation and percentiles when the amount
of data is sufficient. The violation or compliance report indicates parameters which
exceed specified guidelines. Many other types of reports (approximately 40 different
outputs) can be requested on computer print-outs or on microfiche. Results are also
available in the form of plots showing loadings or concentration trends. In addition,
standard magnetic tape output of retrieval results is provided for those users wishing
to perform additional mathematical analysis at their own installations. Pages suitable
for printed reports are available by photocomposition methods from.retrieved data
tapes.
10.

Standardization

There is considerable compatibility between NAQUADAT and other water-quality
data systems. Several provinces and other countries use the basic system supplied by
the Water Quality Branch. The NAQUADAT dictionary serves to co-ordinate analytical
parameter codes across Canada. Computer programs are available to extract data from
the Water Survey of Canada hydrometric files and from the Great lakes STAR and U.S.
STORET data bases. The WHO/GEMS data system GlOWDAT is based largely on NAQUADAT
conventions.
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Evaluatian

The NAQUADAT system is performing well the tasks for which it was designed.
It has proved sufficiently flexible to incorporate mony newly perceived changes and
innovations. Current development is in the areo of interactive graphical presentations and increased efficiency of operation. The realization of automated laboratories in which instruments are sampled by computer promises improvements in data
accuracy and speed of entry together with the elimination of clerical error. The
system has brought order to the unmanageable files existing before by making possible
speedy and selective data presentation. The analytical capabilities have enabled
scientists to document changing conditions and plan subsequent monitoring activities.
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COLOMBIA

1.

Introduction

The hydrological information system in its present state may be classified
as a limited data bank, which when developed could eventually become a central data
bank, and would consist of statistics relating to all hydrometeorological parameters,
for all regions of the country, enabling any user to extract readily and process these
data.

2.

General informatioR

The territory of the Republic of Colombia lies in the north-west corner of
the continent of South America, on the Equator. It has coastlines on the Caribbean
Sea and the Pacific Ocean and has an area of 1 138 914 km 2 • Colombia may be roughly
divided into the mountainous region in the west farmed by the ranges of the Andes,
and the plains ta the east formed by the Orinaco basin and Amazonia.
Colombia has a tropical climate subject to variations caused by differences
in altitude, which is the main factor determining the climate of any particular
place. Other factors determining the climate are the trade winds and local winds and
the position with respect to the Caribbean Sea and the Pacific Ocean.
Colombia possesses abundant surface water resources with a_considerable
potential for hydroelectric power and groundwater resources in ~he main plains.
However, the degree of development of these resources has hardly changed due to the
fact that, only very recently, have controlling bodies been created to co-ordinate
and supervise supplies.

The policy for water-resources management is laid down by the government
through the National Planning Department, which through the Instituto Colombiano de
Hidrolog{a, Meteorolog{a y Adecuacion de Tierras (HIMAT), Instutute for Natural
Resources (INDERENA) and certain regional bodies, supervises the various projects for
supplying the public or private sectors.

3.

Status of the hydrological data collection system

The hydrometeorological network in the country comprises the following
approximate numbers of stations. (The order in which these are given shows the
priority given in recording them in the magnetic files of the system. Generally
speaking, instruments with a recording pen mechanism are used and are compatible
with the computer only ofter a manual digitizing process.):
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Hydrological

Rainfall

Climatological

Stations operated by HIMAT

599

921

447

Stations operated by other
bodies

584

400

327

Stations suspended

265

642

61

--

---

--

1 448

1 963

835

---

--

--

Total

At present the regional offices send to the central office coded data
sheets, on which the cUrves traced by the pen have been digitized. These data are
then recorded on technical carriers, processed and stored.

4.

Development of the national hydrological data bank
The basis of the information system is the preparation of basic processing

programs during the last six years for:

stream gaugings, stage and discharge, sedi-

ment concentration and transport, air temperature and humidity and wind frequency and
direction.

The work so far undertaken in building up the information system may be
summarized

as follows:
(a)· Introducing a coding system for the stations based on dividing the
country into hydrographic zones;
(b)

Storing on magnetic technical carriers the original and derived information which is at present being transferred to the final files;

(c)

Studying other data banks; for this purpose, certain centres in the
United States, and the Meteorological and Hydrological Services in
England, were visited;

(d)

Estimating the potential input of the system;

(e)

Enquiring into the actual needs for information in order to determine
priorities for parameters and for particular analyses of these para-

meters, according to frequency (hourly data, daily data, etc.).
5.

Structure and organization of the data bank

Data for the system are supplied from 13 regional offices in coded form for
PROCESO BASICO (basic processing). They are then recorded and processed in Bogota and
the data returned to the regional offices.
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HIMAT has acquired a TEXAS 990-10 (64K) computer which is equipped with two
diskette units, a printer and a plotter, and which will be linked to the large, wellequipped IBM 370-145 (lOOOK) belanging to another government agency. At present, the
IBM computer is used for the hydrological data bank.

6.

Nature and composition of the hydrological data and related information
received at the data bank
The basic hydrological data received by the Institute are:

state (two

readings daily), stage recorder charts, stream gaugings, solid-matter measurements!

daily sediment samples, raingauge readings (three daily), and recording raingauge
charts. In additio~ all the standard meteorological information for the stations
operated by the Institute is collected.
Until 1978, the entire process of checking and quality control was carried
out at the central offices. From 1979 the regional offices have been responsible
for this work, so reducing the

7.

~ork

in Bogota to supervision ana co-ordination.

Data processing

In general terms, data processing and quality control far the hydrological
parameters consist of the following:
- Stage: Staff gauge readings are compared graphically with the recorder
charts, resulting in adjustments to the scales of instruments or in the
methods of observation. The pairs of values of time/stage for significant
points of slope variation are coded and subsequently checked. Once the
data have been recorded the NIVCAU pragram for basic processing is run,
which detects inconsistencies and an annual series of mean daily values
of stage is obtained;
- Calibration tables: Using the conventional methods for interpolation and
extrapolation the relationships stage/discharge are defined or.re-defined;
- Discharges: The aforementioned NIVCAU program· enables mean daily discharges and extreme values to be obtained from the·original values of
stage, using the appropriate calibration table. The resulting series are
compared by another computer program which effects a comparative balance
for various stations.
Applying
a computer program
program calculates
corresponding mean

the relationship for the concentration of sediment in the vertical,
calculates the mean daily concentration of sediment. The same
the daily transport, multiplying the concentrations by the
daily discharges.

Air temperature and humidity data are processed by computer to obtain daily
values of humidity, vapour pressure and dew point. A new program has been completed
for processing anemograms, enabling frequencies to be calculated and stored. A
program is being written which will process other meteorological parameters such as
pressure, precipitation, and sunshine.
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8.

Data starage and retrieval

The diagram in page 41 explains the structure af the system, according to
which two main types af data may be identified: (a) reference information consisting
of data which show little variation; and (b) the time series consisting of most of
the parameters which are known to vary with time.
The system which has been designed calls for the establishment of files for
these data, the elaboration of selection programs to update them and consult them
separately with various output methods and various alternatives for selection, linking

these files in such a way that the programs for basic processing (NIVCAU, METEORI,
etc.) or for analysis (mathematical models, etc.) can automatically "consult" the
reference information (e.g. number and type of station,- co-ordinates, -units, etc.)
before producing or using a time series.

The bank has the following files:
(a)

Reference files
Three separate files contain catalogues,of all rainfall, climatological,
and hydrometric stations, both in operation and closed. The files are
of the "random" type with a length of 128 bytes per register. The
calibration tables filed on disk contain stage/discharge values for
each station. A separate file gives the equivalence between the
principal and optional units;

(b)

Time series files
In order to discover the nature of the demand for information, an
enquiry was carried out in which an endeavour was made to lay down

priorities for forming files, and which at the same time would establish
the type of information most requested (hourly, daily, monthly, etc.)
for each parameter. Even though the results of this enquiry have not
been completely tabulated, it can be said that in hydrology the
priorities were identified for: hourly stages, daily discharges and
daily precipitation.
As regards meteorology, the situation is less clear, but it can defi-

nitely be said that, in addition to daily precipitation, i t is important
to build up files with information on winds, humidity and sunshine.
According to the priorities indicated, the following files were established:
(i)

Hourly values of stage: This file contains information from the
Institute from 1970 until the present time. Data prior to 1970 and
data of other agencies are being added. The data for the last two
years, 1978 and 1979, are on magnetic disk and the remaining data
are on magnetic tape, using the same format;
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(ii)

Daily and monthly discharges: These two files are being built up
simultaneously by the NIVCAU program which processes the stage file
and by other direct discharge data, either actual past data or
estimates;

(iii)

Daily precipitation: This file was started with daily rainfall data
for the stations operated by the Institute and data from other bodies
will be considered later. like the file for discharges, it is of
the "random ll type;

(iv)

(v)

Temperature: This file consists of daily extreme'" data and three
reodings daily of the psychrometer (wet- and dry-bulb thermometer)
for 1977 onwards. Due to being fairly extensive and having lesser
priority, the final file will contain only daily means and extremes,
and data prior to 1977 will be similarly coded;
Humidity: The METEOROI program processes the temperature file and
obtains the sdme number of values of humidity (three. times daily)
. and a daily mean. The extreme values are generally obtained from
hygrograph charts. This file is for the same period as that for.
temperature and is actually a part of the temperature file which
. also in.eludes vapour-pressu're alia dew-point data.-

Access to the information is undoubtedly the aspect which now requires
most attention and work on this is in progress. At present most of" ·the files describep above are published.

9.

Stcmdardization

The main obstacle in designing the data bank was undoubtedly the lack of a
system for dividing the country into iones. Standard hydrographic codes have been
fully"introduced. Nine standard categbries of format were laid down, with which it
is possible to obtain any type of data, process them and use them as input to the
system. Together with ~he formats, various tables were designed to identify the
information completely.- These aTe mainly:

type of information or paremeter;

origin

of th~ data, differentiating between actual past data; estimated data; derived data;
type of data (means, maxima, minima, etc.); time-scale (hourly, daily, monthly and
annual); and standard formats for the dates.

FORTRAN is used for the basic processing of information from the field and
for all applied programs making use of the files as input (e.g. mathematical models,
statistical analysis, etc.). COBOl is used for file updating and management.
10.

Services for users

The information is supplied basically through photocopies of hand-written
summaries or computer print-outs.

On a smaller scale, data are provided by computer

cards or by magnetic devices. The number of pages of data supplied last ·year was
41 000 of which about 70 per cent were sold at a price of U.S. $5.00 per photocopy.
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11.

Evaluation
The problems encountered in setting up and operating a data bank are very

diverse.

The main problems are as follows:

(a)

Lack of standards for coding and processing the information;

(b)

Even though the country has sufficient experience in the various areas
for systematizing the processes involved, there was no significant plan

for the development of the processing and management of hydrometeorological information;
(c)

Limitations in access to the computer: Although the computer used by
the Institute is one of the most up-to-date types, there is insufficient access to it, so that in general the waiting time required is
not less than one day. In these circumstances any work is subject to

delay;
(d)

The fact that in addition the Division for Systematization has to perform administrative tasks under certain circumstances, limits resources
as regards staff and equipment, temporarily affecting the priorities;

(e) The initial volume of input information to the system is very large,
which also results in inconsistencies and problems of coding, checking
and processing.
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FINLAND
1.

Introduction

The Water Research Institute of the National Board of Waters keeps the
following registers of hydrological data: water quality, toxic substances, water
levels and discharges. All these registers are separate and stored on magnetic tapes.
The data on these tapes may be combined by using special programs.
The registers for water quality and toxic substances are kept by the Water
Research Office and the registers for water levels and discharges by the Hydrological
Office, with the co-operation of the National Computer Centre (VTKK). Besides the
Water Research Institute, other institutions obtaining hydrological data keep their
own registers open to third parties. The system thus should be seen as a co-ordinated
hydrological data-bank system.
2.

General information

Finland is situated between the 60th and 70th parallels and is bounded in
the west by the Scandinavian peninsula and in the east by the European continent.
2
The area of the country is 337 000 km of which 9.4 per cent is covered by
lakes, S per cent is cultivated land and 30 per cent is peat-land •. Almost the entire
country lies in the sub-arctic, i.e~ in the snow and forest climate group. The climate
is humid and the annual precipitation is 500-750 mm, the mean value being 630 mm.
Mean annual runoff is 300 mm. The mean temperature in February in southern Finland
0
is _6°C and in northern Finland _13 C. In July the mean temperature in southern
0
Finland is +lSoC and in northern Finland +15 C.
In 1970 the National Board of Waters began the regional water-resources
development planning in order to achieve optimum use of the country's water. Hydrological data are collected by the following institutions under separate ministries:
The Meteorological Institute (Ministry of Transport);
The Water Research Institute (Ministry of Agriculture and Forestry);
The Institute of Marine Research (Ministry of Trade and Industry).
Only the Water Research Institute will be considered here.
The Water Research Institute comprises four offices:
The Hydrological Office;
The Water Research Office;

- 45 The Technical Research Office;
The Research Laboratory.
Finland is divided into 13 water districts under the National Board of
Waters. Each district has an investigations branch and a laboratory. The water
districts perform mast af the field work and processes the data required for the programmes of the Water Research Institute.

3.

Status of hydrological dota-collection systems

More than 1 000 observers serve the Hydrological Office.
network covers the whole of Finland (Toble I).

The observation

TABLE I
Monitoring networks of the hydrological office in 1980
Parameter

Water level
Discharge
Precipitation

Water content of snow cover
Soil frost
Groundwoter
Ice thickness
Surface-water temperature
Pane evaporation

Soil moisture
Deep water temperature
Lake evaporation

Air temperature

Solar radiation

Started
1847
1862
1911
1936
1911
1962
1911
1911
1958
1973
1951
1971
1958
1958

Number of
stations

660
390*
750
150
137
103
67
50
19
54
6
4
10
10

Observations
per year

365
365
365
4-8
18-26
24-52
9-12
150-210
130-150·
4
24-36
120-150
365
365

* Of these, 140 are electric power stations of regulation dams: elsewhere, the
discharge is determined with the aid of natural control or rating curves.
The Water Research Office is responsible for most of the notional waterquality monitoring programmes (Table 11), but in practice these are carried out by the
water district offices. The samples are also analysed in the research laboratory of
the Institute in Helsinki.
In 1978 the water district offices were responsible for the areal networks
consisting of about 1 000 stations under systematic water-quality monitoring. The
parameters most frequently analysed were dissolved oxygen, organic matter and.plant
nutrients. All industries and municipalities allowed to discharge into water courses
are required to maintain certain monitoring programmes. In 1978 data from 2 800
stations were analysed.
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The nationol water-quality monitoring programmes in 1980

Project

Started

Number of

Sampling

stations

per

Notes

ye~r

Rivers

1962

187

4

Lakes

1965

165

1-2

n

3.

Sea and coastal areas

1965

111

1-4

n

4.

Matter discharged by
rivers to the Bal tic
Sea

1966

21

4-12

n

5.

Small drainage basins

1962

21

5-12

n

6.

Rain water

1971

38

12

n

7.

Groundwater

1973

54

4-12

n

1.
. 2.

continuous

An automated water quality monitoring system (Kymijoki) comprises at
present five river stations, and a central computing unit consisting of a POP 1 1/35
computer located at the Helsinki offices of the National Board of Waters. The system
became operational in September 1977 (Figure 1).
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Figure 1 - Block diagram of the Kymijoki River automatic waterquality monitoring system
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computer.

Twice a day, data from these stations are transmitted by telephone to the
Whenever required, data transfer may also be manually initiated from a

control terminal. The computer produces a daily report, which contains information
on alarm limits and malfunctions from each station, average and extreme values, and

other data such as half-hourly averages.
register.

Data are not stored in the water-quality

The stations (Philips) measure temperature, hydrogen ion concentration,

conductivity, dissolved oxygen, turbidity, as well as chloride at two stations. Two
mobile stations (Philips) operate along the same principles and measure the same
parameters as the Kymijoki monitoring system.

The measurements are continuously

recorded on two-channel recorders, and the half-hourly averages are either punched on
paper tape (mobile station I) or recorded on a C-cassette (mobile station 11). The
data-processing program reads the data from the tape or cassette,transforms the
values into physical units, calculates and outputs the daily averages, minima and
maxima as well as the 10 per cent, 25 per cent, 50 per cent, 75 per cent and 90 per
cent fractiles.

4.

Development of a national hydrological data bank

Daily values of water levels and discharges are stored at the Hydrological
Office on yearly data sheets. The oldest observation series stem from the middle of
the nineteenth century. At the end of 1972 all data were punched on cards and transferred to magnetic tapes.
The monthly transfer of the water-level and discharge data to magnetic tape
began in 1970. The monthly routine comprises the computation of discharges from
water-level data with the aid of rating curves and the print-out of the monthly
statistical tables. A statistical year sheet for each station is also printed.
In the spring of 1971 the National Board of Waters and the VTKK made an
agreement by which the VTKK developed a computer system for storing data on the
properties of the water in water· courses. The register became ready in the spring
of 1972 and thereafter updating takes place about once a month. At each updating the
results contributed by the water authorities and the institutes carrying out obligatory checks are added to the register.
While the oldest results on the water quali ty stored in the register are
from about 1940, a large amount of data exists from 1962 and onwards. At the end of
1980 the register contained data on 445 000 water samples from 28 500 di fferent
observation sites. Each year, data on about 45 000 samples are added to the register.
A register for toxic substances was established in the autumn of 1978. At
the end of 1980 the register contained data on 8 000 samples and 35 000 determinations
of toxic substances, particularly on heavy metals and chlorinated hydrocarbons.

5.

Structure and organization of the data bank

The material to be fed to the registers" is on magnetic tapes at the National
Board of Waters. The runs for updating or using the registers take place at the VTKK,
usually with an IBM 370/168 computer system. Runs may also be made with the UNIVAC
1108 computer of the Ministry of Education. Copies of the registers may be run in the
PDP-ll/35 mini-computer of the Board of Waters.
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The computer programs for water-quality and toxic-substances registers have
been written in FAS language developed by the VTKK, to be independent of the make of
computer. The programs for the registers for water levels and discharges were first
written in PL-l and ASSEMBLER languages and later in FAS.
The tasks within the Water Research Institute for which the registers ore
used are separate projects, each with its own person in charge. -The use and upkeep
of the registers requires a staff of some 30 to 40 persons, working part-time. The
registers are open to outside users of data after consent of the Water Research Office
or the Hydrological Office.

6.

Nature and composition of hydrological and related information received in
the bank

For stations equipped with staff gauges the water level is read once"a day.
These readings are entered on special forms which ore sent to the Hydrological Office
by post once a month. For water level recorders the charts are usually changed once
a week and are sent to the Hydrological Office, where they are read for daily values
either at a certain hour or for mean. values. All observations are checked by comparison with old observations and other means.
The observation stations are checked at regular intervals and the position
of the staff scales are levelled against station bench marks to eliminate errors. The
observers mark the readings not only on the" monthly form but als6 in a pocket-size
diary, which at the end of each year is sent to the Hydrological Office for checking.
The discharge data are mainly derived from the stage/discharge rating curves.
Part of the discharge data are obtained directly from power stations. These data are
computed from the amount of energy produced, turbine ratings and water-level differences. The turbine ratings are obtained through vane measurements, theoretical
computations or model experiments.
The registers for water quality and toxic substances contain data-on sampling
sites and on sample contents. The water-quality sampling sites ore registered by
their geographical position (co-ordinates, water district, water course, community),

the investigator and the investigation in question. In addition, the name of the
sampling site, literature references, the maximum depth and the weather situation

at

the time the ·sample was taken (air temperature, cloudiness, wind direction and velocity, ice and snow cover thickness) may be registered. The sample content information

consists of the sampling depth and the measured values of the variables. For toxic
substances it contains specification of the sample (such~as perch, phytoplankton) and
the part studied (heart), reference matter (dry weight), how the sample was stored,
sex, and the measured values.

7-.

Data processing

When the observation forms arrive at the Hydrological Office, the necessary
code numbers are entered on the reserved space and at the same time any data correc-
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tions are made. Thereupo~ the monthly data are transferred onto magnetic tapes and
then to the registers. At the same time as the updating, the water stages are converted to discharges with the aid of the rating register which is stored on a
separate tape. The updating is done in such a manner, that the data set of the current year is updated each month and the data set of the whole years is added to the
register at the end of the year. The updating program provides for a print-out of
the monthly statistics. Each year the annual statistics sheet is printed out for
each station. The data flow of these registers is presented in Figure 2.
Errors are detected by controlling the difference between two subsequent
daily readings. If the predetermined limit is passed, the observations are printed
out on the error list for special checking.

Moreover, the annual statistics sheets

are checked visually.
Winter discharges obtained from rating curves are checked and corrected if
necessary for possible ice damming. This is done manually and the corrected values
are entered into the discharge register.

The data flow of these registers is presented in Figure 3.
8.

Data storage and retrieval

The original observation forms and the

sheets are stored in the Hydrological Office.
on magnetic tapes.

computer-~rinted annual

statistics

There are four hydrological registers

Daily water levels and discharges are stored on two separate

·tapes which form the observation registers proper.

A record of data is a series of

observations for one year from one observation station. Besides the daily values the
record contains monthly means and the annual maximum and minimum. The water level
register now contains some ten million observations; the discharge register nearly
four million. These registers contain numerical data only. There are two auxi~iary

registers, each on a separate tape. One contains the rating tables, the other the
observation station register. The latter contains station data such as the number
and name of the water courses concerned, number and name of the station, its coordinates, drainage area, lake percentage, elevation of the z~ro-point, etc. The

data in the observation station register are primarily used for printing out table
headings and for general information. The rating table register contains rating
curves in tabular form to convert water stages into discharges.

The tapes are stored

in the VTKK, where the runs are also performed.
Any desired data may be retrieved for handling with three identifications:
the number of the water course,the number of the observation station and the year.
The Hydrological Office also possesses a set of computer-printed tables, listing years
for which the observations from each station have been entered into the registers.
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- 52 The data are published in condensed form in the year books where one finds
the monthly means and the annual maxima and minima. In addition, computer-calculated
systematical analyses for different stations have been published. These analyses
(mean values and extremes, duration and return periods) are printed in reduced scale
by the computer line printer output, complemented with diagrams. All use of the
registers is through the Hydrological Office and under its supervision.

The original observation forms are stored in the Water Research Office,
according to districts, and in chronological order. Copies of the forms are also
stored in the offices of the water districts along with' the original work books. The
identification data for these registers are the water district, date, hour, coordinates, sampling depth; for toxic sUbstances, also the kind of sample and which
part of it and the number of the parallel sample.
Retrieval programs of many kinds are available.

The retrieved data may be

listed on magnetic tape, microfiches or paper sheets. There is no restriction in
using the registers except in special case-s, such as when a water authority has to.
have immediate access to the register for legal proceedings.

Lists of sites sampled for water quality and toxic substances are published
annually, giving divers information on the sites. In addition, there are special.
reports which contain for each observation site the mean values and variation of the
parameters, their minima and maxima, three-year moving averages and the number of
observations. The lists and reports are available at the Water Research Office.

9.

Standardization

The National Board of Waters has an agreement with the Finnish Standards
Association which gives a basis for collecting a library of the physical and chemical
methods of analysis needed in water investigations and for promoting national Finnish
requirements in standardiiation work at the international level. This takes place
primarily within the INSTA C12 committee (Nordisk standardiseringskomite for
vannundersokelser) and the Technical Committee on Water quality of the International
Organization for Standardization (ISO/TC.147).
On the national level, the laboratory of the Institute for Water Research
organizes intercalibration studies once a year between the water district laboratories
and the laboratories under official supervision.

The standardization connected with the registers will be developed along
lines to be set forth by the Water Resources Committee for the National Board of
Waters.
10,...

User services

Programs have been prepared to compute all kinds of mean and extreme values,

durations and the mean water levels and discharges for dry spells of varying lengths.

- 53 One may also make use of the program library of the VTKK
Kinds of statistical entities.

for the computation of all

These registers are mostly used by the Hydrological Office itself. The
other units of the Board of Waters use the registers directly a few times a year for
such purposes as computing flows and determining inflow or water-course regulation
norms. Outside use is limited and is usually confined to statistical analysis ·with
the library programs. The principle has been not to supply data in the digital form
to outside interests, and to have the Hydrological Office supervise the use of the
register. To universities, parts of the register may be given Qut on magnetic tapes
for teaching or examination purposes. The computer costs are paid directly to the
VTKK, ~t a fixed rate.

10.2

~=~~~!=~_!~~_~~!=~:9~~~~!r_~~~_!~~~~_~~~~!~~~=~
The main user of the register of the water quality register has up to the

present been the water authorities, reviewing the state of the waters and its changes.
Lately, the increase of stored data has made the register even more useful for various
kinds of analysis. On average, four retrieval requests per month are received for

data.

About a quarter of those reports include processed data.

For processing, the retrieved data programs are available in the VTKK library
for various purposes, such as for special site reports, tabulations, and statistical
and other computations.
11.

£v~luatian

With respect to stage and discharge data the main difficulty at the start
was faulty card punching. Large parts of the register were punched without control
punching, and correcting the errors was a long process. Another difficulty proved
to be the original choice of Pl-l as programming language. The VTKK does not use
this language any more and rewriting the old programs was troublesome. The magnetic
tape registers have made it possible to perform any kind of statistical analysis on
the water-level and discharge data.
The main difficulty when starting the registers for water quality and toxic
substances was establishing the sampling site for the oldest data with sufficient
accuracy. Limited monetary and personnel resources also hampered the transfer of old
data into the registers. The present method requiring coding of the analytical
results into the data form is the main problem in the upkeep of the registers and a
source of errors. This difficulty is being overcome with the new method of
registration_
One significant advantage of these registers is that they form a central
store for all reloted data collected by the water authorities and a significant part
of the data collected by other institutions. The water-quality register has proved
to be a useful and indispensable aid in producing knowledge of the state of the
waters and its changes. It has been used in connexion with studies, supervision and
planning and also offers an easy and advantageous possibility to make overall reviews

- 54 from the observotion networks covering Finlond. When the water quality data are combined with data on discharges from point or non-point sources, and weather, it has
been possible to forecast changes in the water courses e.g. when the waste-water load
has changed.
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FRANCE
1.

Introduction

The hydrologicol doto bonk in Fronce is not a data bonk established by ane
single centrolized bady. However, the data which are available in the voriaus banks
con lorgely be obtained, transferred and used by means of camputer programs and
standardized formats and, in this context, it may be considered that there is, in
France, to a certain extent, a national data bank.
There is a certain degree of co-ordination between those responsible for
the management of these data banks; such co-ordination is exercised at the central

level by the Ministry for the Enviranment and the Sphere of Life (ministere de
l'Environnement et du Cadre de Vie).

2.

General information
0

Metropoliton France is situoted between latitudes 42.5 ond 51 N, ond
0
longitudes 5 W to 8°E. The area is 551 000 km 2 and the length of the coast is
2 700 km. The inland frontier is 2 800 km long of which 1 000 km are mountoin chains
(Pyrenees, Alps), and 195 km are formed by 0 river (Rhine).
The climate of France moy be generally described os temperote oceanic. There
are no great extremes, but there is considerable variety in detail according to the
distance from the seo and the direction of local winds. There is a fundamental
difference between the oceanic climate and the Mediterranean climate which is hot and
dry in summer; but these two types of climate only occur in narrow coastal belts.
For the country as a whole, the following main types may be distinguished:
The western climate with mild winters;
The eastern climate which is continental with severe winters;

The mountain climates, where the altitude and the exposure play a
dominant role.
Three main hydrological regimes may be distinguished:
The Atlantic reglme covers the mojority of rivers, which are rain-fed
-and the maximum -flow occurs in win-ter;
The Alpine regime, where the influence of snow and glaciers predominates
and where the flow is low in winter and high in spring and summer;
The Mediterranean reglme, where the rainfall is of a torrential nature,
and runoff ceases during the dry summer.

- 56 The following State and other bodies are responsible for collecting the
hydrological data.
(a)

The "Meteorologie national,," which may be regarded as a national rainfall dota bank;

(b)

The Ministry of Industry, the Directorate of the Technical Service for
Electric Energy and Major Dams, which has seven operational units
measuring discharges on certain rivers mainly for hydroelectric power;

(c)

The Central Service for Hydrology and the Environment which measures
discharges on the major rivers in order to evaluate the resource, and

for land development, navigation, prevention of flooding and constructional works;

(d)

The Ministry of Agriculture whose 22 regional services of "Amenagement
des Eaux" measure stage and calculate the discharges of non-national
water courses. These services are co-ordinated by the Hydraulic
Service;

(e)

Besides the aforementioned State bodies, several contractors or national
corporations manage hydrometric networks for their own needs. The most

important of these are the Electricity Board, the National Company of
the Rhone, and the regional basin-development agencies. However, a
description of the data banks of these bodies is not included in this
study;
(f)

Th" "service des Problemes de l'Eau" of the Ministry for the Environment
and the Sphere of Life which manages water-quality networks according
to six major hydrographic basins in France and collects data centrally.

The co-ordination of all these various services is provided centrally by the
Ministry for the Environment and the Sphere of Life ond, at the level of the six major
hydrographic basins, by the "secretariat des Missions deleguees de Bassin".

3.

Status of hydrological data-collection systems
The systems for hydrological data collection are outlined'below for each of

the major managing services.

(a)

The hydrometric network of the Ministry of Agriculture
The network extends over·the entire national territory so the diversity

of hydrological regimes linked to the topography, geology, vegetation
cover and climate, is well represented.

The network is the aggregate

of 22 regional networks managed by the Regional Services of Water
Planning (service regionaux de l'Amenagement des Eaux (SRAE)). There
are at present I 085 stations in operation. These stations are equipped
with analogue stage recorders. This system does not involve real-time
management of the water resources or flood warnings. The choice of the

- 57 equipment and af the system far the acquisitian and processing af data
is therefore oriented towards non-real-time transmission of information,
in order to minimize the cost of data collection;

(b)

The hydrometric network of the Central Service for Hydrolagy and the
Environment
The hydrometric network has been set up over time, depending on the
occurring phenomena and on needs:

a few hydrometric stations have

been in existence for 100-300 years, particularly far flood warnings.
The network does not extend.over the entire territorYj and meets spe-

cific needs. The equipment varies somewhat,
various models and 690 staff gauges.

241 stage recorders af

For most observing stations, the data are collected in a log book and
transmitted monthly to the Central Service. In the case of floadwarning stations, transmission is by telegraph or telephone.· The
data obtained by means of recent radio networks may be in, or will be
put into, a form suitable for computer input. Studies are at present
being undertaken to develop instrumentation which by means of a small
computer would enable raw data to be recorded on a magnetic carrier
for computer input;

(c)

The hydrometric network of the Ministry of Industry
The seven operational units hove their headquarters in Paris, Nantes,
Limoges-, Toulouse; Aix-en-Provence, Dijon and Grenoble. The network
consists at present of 548 operational stations. These stations are
equipped with stage recorders. The system for the acquisition and
processing of data is oriented towards non-real-time data collection;

(d)

Water guality networks
There is considerable information available on the quality of the water
courses and its evolution.

Therefore, water quality is continuously

monitored at about 200 sampling points.

For detailed studies general

years~

when information is collected

surveys are conducted every five

for a period of one year, at about 1 200 points in France. Such· general
surveys were conducted in 1971 and 1976. At the continuously monitored
points the sampling frequency is normally one month, but. during the
survey it is tnree-monthly or yearly.
Information is collected on the organic matter transported by water
courses, the quality and quantity of dissolved mineral substances,
toxic or undesirable elements, suitability for the development of
aquatic life, the level of radioactivity and of bacteriological contamination. Parameters such as pH, 02, and conductivity are determined
on the spot at the time of sampling and in specialized laboratories in
the other ~ases;
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(e)

Rainfall measuring network
The rainfall observing network is operated by a large number of agencies. Altogether, there are some 4 800 raingauges and 1 100
recording raingauges.
Of these the "Meteorologie naHonale" operates
approximately 3 200 stations. Dato are mainly collected manually.

4.

Setting up a national hydrological data bank

The diversity of the hydrologicol data banks allows a description of only
two of these banks. In 1970 the Hydraulic Service of the Ministry of Agriculture set
up the computerized hydrometric data bank, starting a computing centre and creating,
progressively six inter-regionol centres equipped with chart reading devices, Mark 0
MAC, which were replaced in 1978 by Tektronix.
The data bank on water quality dates from 1971. The "Bureau de l'Eau" of
"Meteorologie nationale" set up the rainfall data bank some ten years ago.
The various bodies which manage and operate the networks co-operate in specific working groups, which deal both with the problems of data collection and with
those concerning the validation of the results or their use. The working groups collaborate both at the central level, i.e. at the level of the Ministries concerned,
and at the level of the major hydrological basins. The users are, first of all, the
State services, which are directly linked to the operation of the· data banks. The
other users, particularly specialized

agencie~

concerned are able to receive all pub-

lished documents.
The data from certain stations are critically checked and processed, in
general, manually. They are then published at the regional or national level. The
data of the other stations ore at present simply stored and there is a progrom
for
equipping them with mognetic tope recorders.
In the Ministry of Industry the hydrometric networks are manoged by operationol units which validate and use the results for the stations with which they are
concerned.

The information is stored on punched cards, -and these latter, which con-

form to a stondard model, constitute the basic documents of the Directorate of the
Technical Service for Electric Power and Major Dams, which is responsible for disseminating the information.

5.

Structure and organizotion of the bank

The Hydraulic Service of the Ministry of Agriculture processes all dato
with a staff of four. The SRAE which produce the data evoluate the data quality ond
decide upon the updating. The actual data are recorded on magnetic disk on one of
the IRIS-SO computers of the Ministry. The Central Service for Hydrology and the
Environment has seven decentralized hydrological data banks according to river basins.
They are situated at Lille, Nancy, Paris, Orleans, Lyon, Perigueux and Toulouse and
are directly linked with other basins or regional bodies.

- 59 The water-quality data on standardized forms are stored at the level of the
six major hydrographic basins in the respective basin development agencies at Douai,
Metz, Paris, Orleans, Lyon and Toulouse.
The Ministry for the Environment and the Sphere of Life undertakes computer
processing of the data for the whole of France.
6.

Nature and composition of hydrological and related information received in

the bank
In general the stage recorder charts are digitized by the data producers
who also control the quality of both the observed and recorded data. There are some
telemetering stations which transmit direct input to computers on a real-time basis.

In such cases direct quality control is effected by correlation between two neighbauring stations, and later on with the charts. When an anomaly is detected the
instrument is checked immediately. The water-quality data are checked before input
to the computer.

7.

Data processing

A brief description of the data-processing activities of one typical hydrological data bank, that of the Ministry of Agriculture, is given below to illustrate
the development trends in France.
At the time of digitizing the linograph, certain checks for consistency are
carried out by the 4051 Tektronix computer and the linograph is re-drawn on the
screen enabling a visual check. The digitized data in the form of pairs of coordinates in tenths of a millimetre on punched chards for 0 MAC equipment or magnetic
tape for the Tektronix equipment are sent by post to the computing centre of the
Hydraulic Service. (The Tektronix equipment will subsequently be connected by telephone channel to IRIS-80 on which the data bank is stored.)
Retrieval of the pairs of data (water level - time) in units which can be
used (centimetres, millimetres, thousandths of a day) and also correction of mistakes
in recording (reversals, displacement, data missing) is carried Qutby a program and
the results sent back to the data.producer for critical checking. At the same time,
this program provides the stage/time file. It rejects data that do not agree with
the preceding recordings.
A chain of two programs, with intermediate critical checking by the data
producer makes it possible to build up subsequently the file of processed data. The
bank comprises three basic files and a file of data which have already been processed
for immediate use:
- Stage time file: This file consists of 22 regional sub-files. Each item
of this file represents a stage record (of variable time length). The
items are sorted according to the hydrological code number of each station and in chronological order. As at 17 July 1979, this file comprises
220 000 records, i.e. 51.5 million 8-bit bytes. The file is updated
several times per day. The reports of updating are turned to the data

- 60 producers for checking. This file is at present grawing at a rate of
8 million 8-bit bytes per year;
Stations file: This file comprises one item for each hydrametric station
consisting of the coded information of the descriptive files of the stations and of the inter-annual averages of discharges and of the average
rainfall over the river basin (information provided by the data producer).
The items are sorted according to hydrological code number;
- Stage/discharge tables file: This file, which is used with the stations
file, is not distinct from the latter from the data-processing point of
view. The calibration tables of a station follow the correspanding station. Each calibration table comprises the digitized points of the calibration curve, and the periods of validity and the limits of doubtful or
extrapolated ranges. The station and calibration tables files at present
comprise 1 277 stations and 4 180 calibration tables. These files are
updated at the request of the producer who also carries out a check;
- Processed data file: This file contains the conventional·data usually
published in year-books, i.e. daily and monthly instantaneous maximum
levels. The file contains one item per station~year and is sorted according to hydrological code number and in chronological order (but not
according to region). The file at present contains 7763 items for 1 056
stations, i.e. 16 million 8-bit bytes. Updating is undertaken at the
request of the data producer, who carries out a check. This file is now
growing at a rate of 3 million 8-bit bytes per year.·
8.

Data sTorage and retrieval

In the Ministry of Agriculture the original data (limnographs, results of
meosurements of discharge, station files) are kept by the prdducer. Data retrieval
from the bank can be effected in a standard way by programs capable of providing
listings and/or recordings on compatible technical carriers in a standard format
(punched cards or magnetic tapes). Retrieval can also be effected for an individual
user by incorporating sub-programs for direct or sequential access and identifying the
necessary files. The data are given in an individual "COMMON with label" for each
basic file. Access to, and use of these files can take place on a shared-time basis,
thanks to consoles connected by telephone to IRIS-80. Little use has so far been
made of this focility, which should be developed when the IRIS-80 is connected to the
Post Office TRANSPAC network. In the Central Service for Hydrology and the Environment there are two types of archiving: archiving of all raw data, most of which has
not been processed and sometimes not even subjected to a primary check; and archiving
of critically checked and processed values. Archiving is both manual and on the technical carriers.
Data retrieval from the Ministry of Industry bank can be effected on a
standard way by programs providing listings and/or recordings on compatible technical
carriers in a standard format. An inter-ministerial year-book of the discharges of
water courses is published by the Ministry of Industry. This year-book comprises, on
the one hand, the stations operated by the Inter-departmental Directorates for
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hydrametric network.
Water-quality data are available in the farm af year-books at departmental
basin and national levels, and by retrieval in the form of listings or pre-printed
forms, in the Ministry for the Environment and the Sphere of life, for the whole of
France. The data for the six major hydrological basins are retrievable from the
basin-development agencies concerned.
Rainfall measurements are archived on magnetic tapes, there being four copies
of each tape: three copies are regularly updated, while the fourth is kept in different premises and is updated at intervals of about two years.

Data retrieval may be in the form of listings by means of various editing
programs or on magnetic tapes or punched cards. There are also FORTRAN sub-programs
for direct reading of the file and these can be made available for the user.

9.

Standardization

In the Ministry of Agriculture rainfall and stage data are in centimetres
or millimetres with a maximum of four figures~ Discharge data are recorded to three
significant figures with standard rounding-off and a figure giving the exponential
la in 1 s-l, e.g. 855.2
85.5 m3 s-l or 85 500 1 s-l. The programs for acquisition
and calculation are written in FORTAN (in BASIC for the digitizing program on
Tektronix). The programs for the management of the data bank are in CaBal. On the
other hand, in the Ministry for the Sphere of life, the programs for acquisition and for
management of water-quality data are in CaBal, while the computation programs are in
Pl-l.

=

10.

User services

Very few users within the Ministry of Agriculture are equipped with terminals
or consoles for use on a shared-time basis. The principal users at present are thus
the Hydraulic Service, the Technical Centre for Rural Engineering, Water and Forests
(having equipment similar to that at the Calculating Centre of the Hydraulic Service
and connected to the IRIS-80 where the bank is set up).
For the other users, who are usually interested in the "annuol" file (file
of processed dota), the Hydroulic Service provides partial copies of the file on
punched cards or on magnetic tape following the format laid down inter-ministerially
(in the case of basin-development agencies for example). Requests coming from outside
the Ministry of Agriculture pass through the SRAE concerned which continues to manage
the data from its region.
As regards water quality, the results are widely distributed free-of-charge
to all the administrative services. Documents are always provided to users free-ofcharge.
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Evaluation

In the Ministry of Agriculture the data-processing problems which have been
encountered are conventional ones (various changes of central computer since 1970 and
in the systems of operation). The most important problems have been of a psychological
nature on the part of the producers of data:
Need for standardization in the layout of data;

Critical check of the records necessary when preparing it;
Changing practices and more rigourous methods

necessary~

The acquisition of data in a compatible form (digitization of the limnographs), data processing and management of the data bank account for approximately
10 per cent of the total cost of managing the hydrometric network of the ministry
(including the cost of personnel).
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GERMANY, FEDERAL REPUBLIC OF

1.

Introduction

This co se study describes the woter-resource dato bank of Bavaria, Federal
Republic of Germany.
The data bank has been built up since 1976 and hydralogical data are a main
part of it. In its final form the data bank will cover all relevant hydrological
parameters for Bavaria. Similar data banks are being built up in other States of
the Federal Republic of Germony and in the Federal Institute of Hydrology. Guidelines
were estoblished jointly by the Federation ond the States and thus a common framework
is given to ensure that data ore comparable, easily available and exchangeable. At
the federal level, therefore, there exists the foundation of a co-ordinated nationol
data bank.

2.

General information

2
Bavaria extends over 70 550 km with a population of about 10.8 million
people. The population density is therefore of about 150 inhabitants per square
kilometre. The topographic character is determined by the Alps, low mountain chains,
rolling hills and plains. All geological formations from Paleozoic to Quaternary are
represented. The average annual precipitatian is about 880 mm, ranging from 600 mm
in the northern part to 2 500 mm in the Alps or the southern rim of Bavaria. Abaut
32 per cent of the area drains to the North Sea through the Rhine and Elbe rivers,
while 68 per cent of the area drains to the Black Sea through the Danube river.
According to the Constitution of the Federal Republic of Germany, the competences in the field of water resources are distributed between the Federation and
the States.

Thus, water-resources development and management and execution of water

law are a task of the States, whereas the weather service, inland navigation and
inland waterways are the responsibility of the Federation.
Water resources are managed in Bavaria through a three-level hierachy:

{a)

The Bavarian Ministry of Interior;

(b)

~SeYen

(c)

23 local water resources offices.

district government offices;

and

The State Water Resources Office (Landesamt fuer Wasserwirtschaft (LfW)) under the
Bavarian Ministry of Interior corries out the tasks of a central technical authority.
The hydrological network is operated under the the supervision of the LfW by the
local water resources offices. This does not include the rain gauges of the Federal
Weather Service. There are relatively few hydrological stations belonging to the
private sector, and most of these are integrated in the State network.

- 64 The hydrologicol services of the different Stotes are co-ordinated through
a working group an water (Landerabeitsgemeinschaft Wasser, LAWA) and according to
guinelines prepared by the German Association for Water Resources and Reclamation
(Deutscher Verband fuer Wasserwirtschaft und Kulturbdu;'DVWK).

3.

Status of hydrological data-collection systems
The status of the Bavarian hydrological network is shown in t~e following

table,
TABLE I
Observed parameter

Number of

Instrument, equipment

measuring

stations

Surface water

-

-

Water level/
discharge
Water quality

642
44
29

Water~level

recorder

Staff gauge
Telemetering gauge

3000

Discontinuous measuring
stations
Water-quality monitoring

250

stations

15

Telemetering quality
monitoring stations

-

-

30

Quality monitoring stations
with cassette recording

(in addi tion to quality
monitoring stations)

63

Manual

Suspended load

43

Manual

Temperature

Groundwater levels

457
3 ,160

Water level recorder
Observation wells
,

P:re.cip.i tetion

(special networks)

17
, 20
20

Recording raingauges
Telemetering -rain -gauges
Measuring stations with
telephone responder

Automatic telemetering stations have been installed at points of particular
importance far water-resource management and provide real-time data required for flood
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and water-quality warning. The measured data are transmitted to the LfW through the
public telephone network (1).

4.

Development of a State hydrological data bank

The State of Bavaria began in 1976, through the LfW, the phased establishment of a water-resource data bank. The raw data, (except telemetered dato) are provided by the local water resource offices after a primary quality check. All
necessary steps to introduce these data in the data bank are taken by the LfW. At
present only the divisions concerned of the LfW have direct access to the stored
data. Requests for data emanating from other governmental agencies, corporations
or individuals are supplied in the form of drawings, plots, lists or technical media.

Moreover, the most significant data are published in the German Hydrological Year-book.
Co-operation with the services responsible for similar data banks in other

States or the Federation itself exists through exchange of technical data media
(magnetic tapes, lists). Direct mutual access to data banks is not foreseen in the
immediate future.
5.

Structure and organization

~f

the bank

The fundamentals for the data bank are given by the DVWK through its
"Recommendations for the establishment of water resource data banks" (2). These
guidelines foresee in particular that:
The tasks are assessed and faced on a step-by-step basis;
Unifi-ed form she-ets, instructions and code.s are developed;

Redundant data collecti'On and storage are avoided;
The system is organized according to the subject and further linked
according to lines (rivers', areas and administrative divisions;
Data are processed, stored and maintained according to unified methods.

The key for each subject is the identification set, which includes designation of the site cAd administrative

div~sion.

The wdter-resource data bank operates at the computer of the Bavarian
Statistical Service. Hardware consists of an IBM/3033 computer with a 4.0 MB CPU.
The operating system is MVS. The programming language is PL-l. The IBM Information
Management System (IMS) serves as the data bank system. Peripherals include disk
drivers and magnetic tape units. A scheme of the data bank is given in Figure 1.
The LfW division responsible for work at the data bank is "Central Services".
The group is composed of one engineer, one mathematician, three programmers and five
staff members dealing with preparation and digitization of data. The obligatory
II pr inciples
for organization of water-resource data as appropriate for data banks"
ensure the necessary co-ordination within the administration. This task is entrusted
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to on officer responsible for the data bank. Data are taken into the data bank by the
responsible officer on the proposal of the competent division after consultatian with
the other divisions having a vested interest in the data.

6.

Nature and composition of hydrological and related information received in
the data bank

The data received in the bank at the time of writing this report are described in Table 11.

7.

Data processing

Data can be entered into the bank in three ways:
Most data are available first in analogue form (chronological graphs,
rating curves).

These are digitized, recorded on a magnetic tape, con-

trolled by a mini-computer and transferred to the data bank on the main
computer;
Data of river cross-sections, of discrete groundwater observations and

of grain-size distributions are typed and read into the data bank;
Data from automatic monitoring stations are stored directly.

Currentl»

the following parameters are recorded and processed: water level, precipitation, air, temperature, air .humidity, global radiation, oxygen
content, water temperature, pH, conductivity and turbidity.
The data bank should contain only data that are free of error. Quality
control of data is therefore considered very important. All incoming data are automatically tested on plausibility. As only crude errors and mistakes can be detected
by this method, manual checks by well-trained staff are necessary. Further controls
aTe planned by means of automatic regression computations or similar methods.
The operational sequences for surface-water and groundwater data processing

have been established at the Federal level by a DVWK-working group (3,4).
sequences are basically also valid for the data bank.

8.

These

Data storage and retrieval

The IMS data bank system, introduced in 1975, is based on formatted and
hierarchically related data elements. The link between the bank and the user is
supported by the data bank sub-systems DB (data base) and DC (data communication).
The DB part provides the means for definition and handling a complex data structure.
This is achieved through hierarchical structurization of the data elements following
the logical dependencies. Of significant importance is the possibility of influencing
the physical form of the data bank. The formats are given through the data base description (DBD), a facility that allows the physical structure of the data mass to be
adapted to applications and requirements. As part of the DB it is also worth mentioning a package of service programmes for back-up and retrieval of data.
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- 69 The DC part of the IMS provides the possibility of direct access to data
banks by means of appropriate terminals. In a way similar to the DB "part, the control
of the terminal is made by means of a control block independent of the application
program. The control blocks are generated through the Message Format Service (MFS).
The MFS supports a large variety of terminals and thus for each application an appropriate peripheral can be made available.

9.

Standardization

Owing to the complex nature of the data bank,
ties calls for a degree of standardization. The access
bank requires that these segments be well defined. The
achieved through the IMS. As the physical organization

rational use of its capabilito different segments of the
fundamental part of this is
of the data bank is not trans-

parent, the user is forced to keep to the given conventions and the access to a seg-

ment is always made according to the prescribed formalities. For each type of segment,
the structure, which is based on individual fields, is stored in a library. The
application program takes the definition of the data from this library.
An effort was also made to adjust all standard operations with individual
data to the structure of the data bank. This has yielded a module library containing
the relevant computation methods that will allow new application programs to be
assumed efficiently. The systematic use of sub-routines is a part of efforts for
~fficient pragramming.
It was considered that an advanced programming language was an important

means of achieving fast elaboration of software. The language used by the LfW is the
PL-l, which has the advantage of allowing for rational formulation of large-scale
technical computations and also includes all facilities required for complex datahandling.
10.

User services

The water-resource data bank has been designed as a central data-collection
facility. Currently, it is mainly used to satisfy the requirements of the specialized
divisions within the LfW. In the field of surface hydrology, all the steps related
to discharge computation, computation of characteristic hydrological values and
production of the hydrological year-book are covered. For hydrological forecasting
using mathematical models, the data bank is accessible on-line. It is foreseen"that
this will also be implemented in the future for water-quality models within the framework of the water-quality warning service. River morphology survey and evaluation of
the groundwater observation network are also supported by the data bank. As a longterm objective it is expected to include all fields of technical supervision of inland
waters.

The tasks are usually executed in the batch mode. Depending on the size of
the task, the tur~round time may take from several hours to several days. This
operating mode is usually routed over a terminal with punch card reader and printer.
Parallel to this the data bank allows also for direct access, and a network of terminals is being implemented. A terminal is usually formed by a screen, keyboard and
printer, installed in the different divisions of the LfW.
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Examples of user services currently availoble are:
(a)

Surface-water hydrology:
Display and correction of primary data, discharge measurements and
main characteristic figures:

Print-out of list of gauging stations, rating curves, annual list
of water levels and discharges and page of year-book;
Plotting of chronological series of water levels, and discharges
(plotter);
Computation of discharge measurements;

(b)

Groundwater hydrology:
Print-out of list of observing stations, measured values, averages
and main characteristic figures, and page of year-book;

(c)

Fluvial morphology:
Plotting of river cross-sections.

The requirements of governmental agencies and other institutions are not yet processed

by direct access to the data bank. In each case the competent division of the LfW
intervenes ta call the data, check them and forward them to the user.

11.

Evaluation

The water-resource data bank of the LfW is mainly applied to water monitoring and obtaining basic data for planning.
The following are considered to be the basic advantages of the data bank:
Better Use of available information through simplified operation, fast
availability, additional possibilities for evaluation;
Expansion of the immediately available data;
Easier continuation of records;

Security and no redundancy;

Flexibility for expansion.
Besides the work directly related to the bank, building up a data bank
requires significant changes in the field of electronic data processing which raises
certain problems. One of them is the need for extensive reprogramming in order to

take into account the structure of the data bank.

Also to be considered is the

- 71 requirement for training: for design and maintenance of programs a sound knowledge
of details is required, such as is usually only provided in manufacturers' courses.
For this, two to four months may be necessary. For preparation of application program~ howeve~much less training, usually one week, may be sufficient.

After three years of experience it can be stated that the concept of a
water-resource dota bank has proved successful. The continued build-up of the data
bank is envisaged within the framework of available manpower and financial resources.
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MOROCCO
Introduction

1.

The Moroccon national hydrological data bank is of the centralized type.
The files were built up and are managed by the Water Resource Division of the
Direction of Hydraulics (Ministry of Equipment and National Development) in close
collaboration with the Computer Service of the Direction of Hydraulics. Most of the
data contained in the files come from the archives of the Water Resource Division,
except for the daily rainfall data, which come from the archives of the National
Meteorological Service and the Air Department of the Ministry of Transport.

2.

General information

2
Morocco coVers an area of about 650 00 km and lies between latitudes 36°N
and 21 N and between longitudes 2°W and 17°W. The territory of Morocco is divided
more or less equally into plainland, mountains and plateaux. The climate of Morocco
varies from the semi-arid or humid type of the Tangier area, the Rif and the Atlas
(rainfall of over 800 mm per year) to the arid Saharan type in the whole southern
part of the country beyond the Anti-Atlas (rainfall less than 150 mm per year). The
difference is most clearly marked by the duration of the rainy seoson: about six
months in the north and west of the country, and less than two months south of the
Atlas.
0

The principal users of hydrological data are:
(a)

Ministry of Agriculture and Land Reform for agricultural development and
the installation of hydraulic structures for irrigation;

(b)

Ministry of Equipment and National Development for the planning of
water engineering works and the construction and management of large
dams;

stations.

(c)

Ministry of Transport and Public Works for the design of hydraulic
structures for the protection of roads and highways;

(d)

Ministry of the Interior for flood protection;

(e)

National Electrictiy Office, the National Drinking Water Office,
the Agricultural Development Offices ond other bodies.

Several organizations operate a network of meteorological and rainfall
However, the Water Resource Division is the only national body responsible

for the operation of the network of hydrological stations. It consists of 20 regional
offices responsible for the collection of data and their primary checking.
The Dam Operation Division and the National Electricity Office manage some
20 artificial reservoirs which may be regarded as hydrological stations of a special
type.
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3.

Status of hydrological dota-collection systems

Morocco has approximately 30 synoptic stations, 850 rainfall stations,
230 climatological stations and 65 rainfall recorders. The stations ore essentially
equipped with direct-reading or graphic recording instruments. With a few exceptions,
the networks are not automated.
The Water Resource Division (WRD) operates a network of 226 permanent
hydrometric stations, including 142 principal stations, 65 secondary stations,
9 stations on water springs, 8 stations on irrigation canals and 2 stations on
natural lakes. Stations where measurements are made from time to time are not
included in the above figures. The secondary stations are not equipped to measure

water levels during flood events. Of the 226 existing stations, 87 are equipped with
water-level recorders. There are also about 90 SSB-type radio stations for the provision of flood forecasts and warnings.

In

additio~WRD

of groundwater levels ot about 3 000 points.

makes regular measurements

Neither hydrometric nor groundwater

stations are automated.

The average frequency of taking samples for water-quality monitoring is once
a year at the WRD stations.

4.

Development of the national hydrologicol data bank
The establishment of the national hydrological data bank started in 1971

when computer engineers were recruited by WRD.

The first files prepared were those for:

rainfall stations, daily rain foIl,

water points and hydrometric stations, hydrometric equipment, stream gauging, rating
curves, water levels, mean daily, monthly and annual discharges, and periodical

piezooletric measurements. By 1974, most of the programs for those files had been
written, tested and rendered operational by the Computer Service. Punching of data
was started even earlier.

A shuttle service was organized between Rabot and

Casablanca for acquiring daily rainfall data from the National Meteorological Services
(NMS). In exchange, NMS has free access to the rainfall data in the bank at the
Computer Centre.
Between 1974 and 1977, other data files started were:

sediment transport,

chemical analyses, rainfall intensities and maximum, minimum and mean daily tempera-

tures. Users will soon have access to the data they contain by means of retrieval
programs. By 197B, experience proved that it was necessary to make modifications to
facilitate the management of the large files and render their use more flexible. These
modifications are now being carried out with the use of the data-base management
system.

5.

Structure and organization of the bank

The computerized handling of data is under the responsibility of the Computer
Service of the Water Engineering Department. The collection, checking and preparation
of hydrological data is performed by WRD.

- 74 The computer service is equipped with on IBM-370/125 computer (256K real
memory), to which are connected six 3 340 disk drives, two 3 344 disk drives, two
magnetic tape drives, ane card reader, one mini-disk reader, one printer, one IBM-3776
terminal and one BENSON 2222 graphic system. Data are put at present on mini-disks
through twelve IBM 3740 stations. The data files are at present on magnetic tape and
will saOn be an disks. There are duplicates of all the files and one copy is kept in
a fireproof cabinet.
Abaut 15 persons under the superv~s~on of different hydralogical engineers
are engaged in the coding and checking of rainfall, hydrometric, groundwater and
water_quality data.
The Water and Farests Administration regularly sends to the WRD the monthly
rainfall bulletins collected fram its entire network. The data from these bulletins
are included in the rainfall files. In exchange, the Water and Forests Administration
has free access to the rainfall files.

6.

Nature and compositian of the hydrolagical data and related informatian
received in the bank

With rare exceptions, the rainfalllmeteorologica~hydrometric, peizometric
or chemical data are recorded on forms which are used directly for the punching of
data prior ta camputer pracessing. Before being punched, data are recalculated and
the printed forms coded either at the regional centres or at WRD at Rabat.

7.

Processing of data

Daily rainfall totals are checked befare putting on technical media, but
it is not yet possible to make sure of the day to which the 0700-h rainfall readings
should be assigned. A method involving the use of data from recording raingauges and
lists of stations classified into catchment areas and sub~areas is being worked out.
Homogeneity checks and data completion were undertaken in conjunction with numerous
studies carried out in different parts of Morocco, but no reclassification of the
data has yet been made.
Stream-gauging and water-level measurements are checked against the original

values after punching. Water levels are compared with the level recordings at random
for the preparation of the hydrological year-book and systematically for hydrological
studies. If necessary, the stage records are completed. The graphical and computer
analyses of stream gaugings are compared, permitting the detection of coding, punching
·or analysis errors.

When the rating curves have been fed into the computer and stages checked,
the computer separates the periods which can be processed with the rating curves from
the periods which must be treated using logarithmic interpalation between gaugings
(during depletion).
After computer output of mean daily, monthly and annual discharges, the
conformity of the low-water and instantaneous high-water discharges is. checked against
the gaugings.

- 75 Comparison of sediment-concentration measurements with the water-levels
provides a correction of the measured values. Accordingly, a file is prepared of
corrected and fictitious concentration measurements so as to calculate the daily,

monthly and annual suspended-sediment transport at successive flood periods.
ment volumes aTe then computed using the instantaneous discharge file.

Sedi-

The water-quality analysis outputs are checked against the original bulletins and corrected as necessary. A number of checks are also carried out on the
computer (ion balance, theoretical and measured conductivity, total of dissolved ions

against the dry residue). These checks indicate the quality of the analyses. A
number of secondary processings, such as the determination of hardness, quality,
salinity, and suitability for drinking, as requested by u5ers~ aTe also carried Qut
on the computer.
The piezometric measurement outputs are checked against the original values

by the input programme itself. The piezometric measurements file is used for adjusting
analogue or mathematical models of water circulation in simulation studies for the
exploi tation of groundwater.
8.

Ar~hiving

and retrieval of data

Rainfall dato are archived on. magnetic tapes. The key to the recordings
consists of the station number, the year and the month. Each year, 15 recordings are
made, the thirteenth, fourteenth and fifteenth recordings being reserved for archiving
the monthly, annual and seasonal totals and the coded comments.
Two output modes are used; (a) annual files, consisting of one year per
file per station with all the information indicated above and the comments; and (b)
recapitulative tables of the monthly and annual totals.

The hydrological library is a file containing all the relatively permanent
information used in hydrology. It consists of the following lists:
Observers (not revised since 1973);
Makes of current meters;
Types of current-meter mountings;

The methods used for stream gauging;
Raingauge and rain-recording stations in alphabetical order, with their
serial numbers, numbers of catchment areas, names, co-ordinates, altitudes, managing bodies and the year and month in which they were entered
in the daily rainfall file;

- 76 Rainfall stations classified by catchment area, by region and by managing
body in the desired order;
Water points - springs, wells, hydrometric stations, gauging points,
piezometers, etc. with their serial numbers, names, nature, co-ordinates,

altitutdes, lower and upper limits of staff-gauge sets related to datum;
Inclined staff-gauge sets with dates of installation or loss (or cessation of use) and the item-by-item correspondence tables of the read-off
values and the vertical values;

and

Current meters used by the WRDwith their numbers, dates of bringing into
service and cessation of use and their calibration formulae.

The stage data are archived on magnetic tapes. The key to the recordings
consists of theWRD number of the station and the year, month and number of the staffgauge set. The recording contains the indication of the monthly rank, the total
number of observations during the month and the 93 moment-stage couples in vertical
values. The moment is the number of 5-minute intervals elapsed since the beginning
of the month till the day and time of the reading.
An extraction program by print-aut makes it possible to draw up monthly
stage tables in the orderde5ir~d per. year and per month for a series of stations or
per station ,for a series of months.

The stream-gauging- measurements are archived on magnetic tapes.

The key to

a recording includes the WRD number, the year, month, day and mean time when the
gauging was carried out.

results,

The rest of the recording consists ·of the measurement

the number of the current meter and propeller used,

the coded name of the

opera.tor, the origin of the measurement, the method of -analysis and- the operational

method.

An extraction program makes it possible to print out by station a list of

tn~ strea~

8.5

gauging during

a given period.

~~!:_~i_~~~!~~!~~:~~~_~~~=~~~g:~_~~~_~:~~_~~~!~_~~~=~~
~g:~

The structure of the instantaneous discharge file is the same as that of
the stage file, and the possibilities of extraction are also the same. It is
archived on magnetic tape.

Each recording includes a key consisting of the station's

WRD number, the year and month followed by the 28-31 mean daily discharges and the
maximum instantaneous discharge during the month with

i~s

moment.

A table per station and per year of mean daily and mean monthly discharges,
the mean annual discharge and the maximum instantaneous discharge during the year
can be printed out by means of an extraction program.
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Other files

The suspended-sediment transport measurement file is archived on magnetic
tape. The structure of the file of daily volumes of suspended sediment transported
is the same as that of the mean daily discharge file. Similarly there are waterquality and piezometric measurement files.

9.

Standardization

Since the start of the hydrological data bank there has inevitably been some
standardization of the codes, the files and of management methods. Rainfall stations
have been coded in alphabetical order including a code to indicate the major hydrological catchment area to which the station belongs. The code of hydrological stations and water points consists of: the index corresponding to the number of the
1:200 000 survey map on which the water point or the station is situated; and the
serial number in the list for the corresponding index.
It has become a standard practice to check the print-out of the data
entered into the computer against the original bulletins and forms. All the files
are archived on IBM 2400 nine-track tapes, usually 730 m long. IBM 3740 mini-disks
are increasingly used as intermediate processing media instead of punched cards.
Programs are mainly in COBOl. Some application programs are in FORTRAN IV.
The introduction of computerization has made i~ necessary to<standardize
methods of measurement, observation, processing and analysis. For example, a minimum
of seven verticals per channel and a minimum of five points per vertical aTe required.
The -s-tendard- stage- forms re-quire observers to Carry out measurements at regular invervals (one hour, 30 min or 15 min) for flood observations. A note on a standard method
of calculating mean daily discharges has been prepared for the use of the engineers
and technical assistants. Standards have been laid down for the analysis of rain
recordings, sediment-transport measurements, etc.
10.

User _services

In view of the uniqueness of the files available and the fact that information is supplied free of charge, the requests are very numerous. The requests
received by the WRD can be for raw data, for processed data, for studies or their
evaluation.
The requests for processed data (mean daily or instantaneous discharges,
checked and quality-controlled rainfall data, etc.) can only be partially met because
data for the entire duration of record and for all stations have not yet been
processed.
There are numerous and varied requests far studies and evaluations. They
mainly come from other Divisions of the Water Engineering Department or from other
ministries and concern essentially the calculation and analysis of discharges for
land-improvement schemes, the management of groundwater or the installation of bore
holes and wells.
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11.

Evaluation

The problems encountered in the establishment ond operation of the national
hydrological data bank relate mainly to the programming ond analysis of files, the
entering of data and the checking and processing of data.
Analysis ond programming have required several years of effort and the mobilization of a large staff of analysts, hydrologists and progrommers and some eight to
ten highly qualified engineers for three years.

In most cases, analysis is carried

out by a hydrologist or a hydro-geologist. For this purpose, it hos been necessary
to secure the collaboration of experienced hydrological or hydro-geological engineers
accustomed to the computer processing of data.
The entering of data and its checking is one of the most difficult, but also
one of the most necessary tasks in building up raw data files. The quality of
punching has proved to be very uneven. It hos not been possible to check all the
data fed in against the original values and a considerable amount of collating work
remains to be done to obtain files of raw data that are identical with the original
data, particularly with regard to rainfall data from 1973.
The difficulties encountered in the pracessing of hydrological data result,
firstly, from the chronic shortage of qualified engineers and technicians, and
secondly, from the quality of the data collected in the field.
The econamic advantages of the national hydralogical data bank are difficult
to quantify. In certain cases, it would doubtless be easier to use a photacopying
machine than to extract the data from a file. It would, however, have been impossible
to meet most of the requests for hydrological data within a reasonable period without
the setting up of the data bank which makes it possible to supply a large volume of
varied information in a limited time.

Furthermore, the computer processing of the

data enables a large number of operations and calculations to be made accurately and
quickly which would be quite impossible by manual methods. Lastly, it has been made
easy to duplicate a very large volume af information, thus facilitating its dissemination to the regions for their specific applicatians or to all the departments,
bodies or individuals interested in obtaining this information.
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NEW ZEALAND

1.

Introduction

In New Zealand,hydrological data are stored in two national data banks. The
main bank is controlled by the Ministry of Works and Development (MWD) and contains
data (e.g. river, lake and groundwoter levels, flows, rainfall and some water-quality
information) collected by the MWD and the various regional catchment authorities.
The second bank is controlled by the Meteorological Service and contains rainfall and
climatological information collected by the Service and its agents. There is an interchange of rainfall data between the two banks, but because the banks' storage systems
are not compatible, conversion is necessary when data are transferred from one to the

other. The present hydrological data-storage system in New Zealand could be described
as a type af centralized national hydrological dato bank which is closely co-ordinated
with the national meteorological data bank.

2.

General information

New Zealand consists of three main islands and is located in the south-west
0
0
section of the Pacific Ocean. It extends from 33 to 47 south latitude and from
0
0
166 to 179 east longitude. Australia, the nearest continent, is 1 600 km to the 2
west and Antarctica some 2 500 km to the south. The country, which spans 269 057 km
in creCt is characterized by numerous high mountain ranges.
Because of the generally abundant rainfall and the relative steepness of
the river channels, the rivers typically have a dependable volume of water and are
swift flowing. They are therefore used extensively by the Electricity Division of
the Ministry of Energy, and local power boords for hydroelectric power generation,
providing over 70 per cent of the national electricty supply.
The use of the water resource is governed by a water rights system. Except
for domestic and livestock water supplies and for fire-fighting purposes, a water
right is required in every case for the taking, damming, diverting and use of natural
water and for any discharge into natural water. Crown water rights are granted by
a statutory body, the National Water and Soil Conservation Authority (NWASCO), which
aims to improve soil conservation and protection against flooding, and to promote the
wise use of the water resource.
The principal collectors of data on the water resource are the Water ond
Soil Division of MWD, the 20 regional catchment authorities and the Meteorological
Service. The catchment authorities have statutory responsibility for the management
of soil conservation, river control and water use within their boundaries and,
accordingly, collect hydrological data for these purposes. They are assisted in this
work by the Water and Soil Division, which collects hydrological data at strategic
points for the national interest.
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and the Meteorological Service are stored in the MWD national bank. The bank has
only been fully operational for seven years, and now virtually all the
water-level data have been stored. Most of the catchment authorities also contribute
data to the bank, so that the majority of hydrological data now being recorded in
New Zealand are stored in the bank. For example, data for 532 of the 775 flow stations currently in operation are stored in the bank. With two exceptions, the data
are from the flow stations operated by the Water and Soil Division (which operates
49 per cent of all stations) and catchment authorities. The Meteorological Service
archives all rainfall but none of the other hydrological elements.

3.

Status of hydrological data-collecting systems

Data have been accumulated in the past from a variety of instruments.
However, 80 per cent of the recorders now measure water levels by float and record
on 16-track, digital, punched paper tape (mainly Fischer and Porter, but also Leupold
and Stevens). Recordings are normally punched at fixed intervals (usually 15
minutes) but event water-level recorders are also used, which punch a series of timevalue pairs when either the change of time or value exceeds present·limit.s. The
remainder of the water and soil recorders are now largely circular-chart Foxboros,

which are also used as back-ups for approximately a quarter of the digital recorders.
The Water and Soil Division has recorded rainfall on charts using recorders
such as Lambrecht, Casella, and Dines.

However, many of these makes are also being

replaced by the digital recorders which, for rainfall, punch values representing time
at equal increments of the data value. The Meteorological Service operates a large
network of daily manual, Dines recording, and various storage raingauges.

The most

popular recorder among the catchment authorities for water levels is the Foxboro,
which accounts for 40 per cent of the recorders. Digital recorders make up only
27 per cent with the remainder using rectangular charts.
Some catchment authorities do have telemetry equipment (hard-wired or VHF)
for monitoring water levels and rainfall and/or for flood warning systems. In some
cases the telemetering is controlled through a micro-computer (e.g. HP9825), which
issues

~arning5

on floods according to a programmed set of rules on water levels.

As yet, the telemetry equipment has not been used for the automatic storing of realtime data.

4.

Development of a national hydrological data bank
There are several continuous records of daily rainfall and other climato-

logical observations, dating from the 1850s.
manual raingauges

The Meteorological Service network of

has increased steadily and currently consists of over 1 400 sta-

tions. A basic network of Dines recording gauges was established in the 1930s and
now consists of 180 stations. Annual maxima for a variety of durations along with
the manual gauge data are stored in the Government ICL 2980 computer in Wellington.
From 1953 to 1969 the hydrological data recorded each year by the Water and
Sail Division and the catchment authorities were summarized in a Hydrology Annual.
With an expanding recorder network and a greater demand for data in non-standard
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The system is known as TIDEDA and is now used extensively throughout New Zealand for
storing, editing ond retrieving TIme DEpendent DAta. The data are stored in TIDEDA
in a non-interpretative form, sa that data values can be retrieved in a variety of

woys without any loss of accuracy.
TIDEDA is also used by some universities on their own computers; it is
available on computer bureaux for use by consulting engineers and others, and is now

employed by the Malaysian Government for managing its own national data bank.
5.

Structure and organization of the· bank

There are two parts to the MWD hydrological bank (see section 8).

One part

is managed by the Investigations Section, Power Division, MWD, while the second, which

contains the bulk of the data, is managed by the Computer Liaison Section of Water and
Soil Division, located in MWD's Head Office in Wellington. Catchment authorities are
under no obligation to supply data to the hydrological bank, but most do so. Out of a
total of twenty authorities, three send no data to the bank and approximately five do
not send all suitable data. Because the catchment autharities do not have direct
access to the data bank, the district office staff of the Water and Soil Division act
on their behalf in relaying field documents far translation to and from Head Office,
submitting jobs coded by the catchment authorities for the editing and retrieval of
data in the bank, and supplying them with the data output they requested. The Water
and 5.oil. Divisi-on also provides the ea-tehmen-t au-t-horitie-s with- technic-al assistance

in the use and analysis of data in the bank.
The computer operatians are performed by the Vogel Computer Centre (VCC) ,
the New Zealand Government computing centre for government departments involved in
engineering. The VCC, run by the MWD Computer Services, cansists of an IBM 3033 computer with a network of interactive and batch terminals, and an HP 1000 micro-computer
for canverting data from other machines into IBM-compatible form.
There are 75 interactive terminals, including visual display units (VDUs)
and teletypewriter types, situated mainly in the Wellington offices of the MWD and
other user departments. Eleven batch terminals consisting of card readers and printers
give access to district offices. A major extension of interactive terminals to
districts is planned. Peripheral equipment at the VCC includes a Tektronix storage
tube graphic terminal, a Calcomp off-line drum plotter, and facilities for chart
digitizing and for reading 8- and 16-track paper tapes and HP9825 floppy disks.
The meteorological data-archive system on magnetic media is managed by the
Meteorological Service's data processing section, which is responsible for the planning, control and maintenance of the system. Computer operations are performed using
the Government ICL 2980 computer at Trentham Computer Centre and the PDP 11/70 computer at the Meteorological Service's Head Office, Wellington. All rainfall data are
punched onto cards using IBM 029 and 026 key punches. The cards are then input to the
ICL2980 via the PDP 11/70 where after being edited and corrected they are re formatted

- 82 to storage on magnetic tape on the 2980. All processing of the data is performed on
the 2980 computer via remote job entry facilities of the local PDP 11/70 computer.

5.2
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In addition to the main part of the hydrological data bank, the CLS also
manages a separate, ancillary bank, known as the Water Rights System (WRS), for the
storage and retrieval of water rights information. Although not all water rights are
yet included in WRS, it still contains information on approximately 40 000 water
rights. Data for the WRS bank are coded in standard form by the catchment authorities.
Four FORTRAN programs enable the CLS to update, change and delete data, while one
program allows users to retrieve selected information using user-orientated commands.

WRS differs from the main hydrological data bank in that it is not based on the
TIDEDA system, it does not allow for data manipulation, nor is it interactive. In
other respects, however, its operation and management are similar to the main bank's.

6.

Hydrological information received in the bank

6.1

Forms

The hydrological field documents are of two main types - charts and l6-track
punched paper tapes - and are sent through the MWD district offices to the Computer
Liai~on Section.
This secti9n arranges for their translation into computer-compatible
form, and stores the translated data in the hydrological bank after removing errors
resulting from faulty translation.
The charts are assembled into batches by the CLS and sent to a private firm
in Auckland which digitizes the recorded data into x-y form on 8-track paper tape.
These paper tapes are subsequently translated using a Mohawk encoder in the VCC. The
translated information, still in x-y form but now on a magnetic tape, is then con-

verted into numeric form on magnetic disk in TIDEDA input format.
The l6-track punched paper tapes are read by an optical translator in the
VCC. The translated information is captured on magnetic tape in numeric form and
later copied onto magnetic disk.
TIDEDA processes are applied to the data on magnetic disk to transfer them
into binary form on a TIDEDA disk file. The data are then regularly merged in with
the existing TIDEDA data on magnetic tapes. These tapes form the master copy of the
bank.
Recently, charts and the l6-track punched paper tapes have also been translated in a district office onto 8-track paper tape using digitizing equipment and a
tape reader linked to a HP9825 micro-computer in that district office. In this case
the district offices remove both the translation and the field errors from the translated data, so that the task of the CLS in storing data in the bank is then reasonably
straightforward.

- 83 A new development is the forwarding af translated data to the CLS via floppy
disk.

Each recording agency annotates its own field documents.

This involves spe-

cifying characteristics of the recorder site and corrections to be applied to the
recorded data values. Correct data values can be coded manually in free format and
sent to the CLS on coded sheets, 8-track punched paper tapes, floppy disks, or via
magnetic disk files.
Recording agencies are responsible for the quality of. their own data as
stored in the bank. During the various stages of the data handling and processing,
suggestions can be made to a recording agency as to how it might improve its data

<Juali ty.
Most Meteorological Service original records are forwarded direct to the
climatological section in Wellington where data preparation and quality control are
exercised.

Corrections

t~

the records are entered manually prior to punching and

also after the data have been punched and edited on the computer. These rainfall
records are often adjusted by means of comparisons with neighbouring stations.

7-.

Data processing

Once the field documents and coded data have been transloted into a suitable
form on magnetic disk, the respective data-processing sections check the data for
translation errors. With water-level data, the Tektronix terminal and the Calcomp
plotter are used to display the data and expase spikes and other anomalies that may
have arisen from improper translation. Diagnostic programs are run in both TIDEDA
and Meteoralogical Service Systems to list aut obvious errors. All apparent errors
are compared with the corresponding values on the field document and, if different,
are corrected on the card image disk file using VDU. A new plot of the data is
obtained and the process of correcting translation errors is repeated.

With rainfall and event water-level digital paper tapes, the translated data
are entered directly into a TIDEDA disk file using TIDEDA processes. These give a
diagnostic listing of possible translation errors. Again, the errors are compared
with the corresponding values on the field document and, if different, are corrected.
Within approximately one week the data appear on a Water and Soil Division "user
tape" which may be accessed through any terminal linked to the MWO's computer. In
addition, a magnetic disk copy of the user tape is made weekly, providing easier
access to the bank.
The field documents, together with a time plot of the water-level data as
stored in the hydrological bank or a paper print-out of daily means for rainfall data
in the bank, are sent to the district office. The recording agency then scrutinizes
the plot or print-out for any errors, which at this point should only be due to

- 84 mistakes in the field operations. The recording ogency edits the portions requ1r1ng
correction by occessing the do to vio the Water and Soil Division staff using the
district office terminol. The CLS is notified of the corrected portions of the dato
and copies them onto the appropriote user tape.
7.2

Data verification

The woter-level data are verified at two levels. The first is called certification. It occurs after the recording agency has received its field documents back
from the CLS and performed the necessary editing work to remove any errors in the
data now stored on the user tape. Certification involves a close scrutiny of the
time plot of the edited data, checking for anomalies and attempting to fill in gaps.
When the recording agency is satisfied that the quality of the water-level series
cannot be reasonably improved, the CL5 is notified that the data can be certified.
Certified data are identified in a Water and Soil Division publication that summarizes
the contents of the user tapes.
The second level of verification is the preparation of a flow report.
Whereas cetification deals only with water levels, the flow report is concerned with
the corresponding flows, i.e. the water-levels after they have been transformed to
discharges using stage-discharge rating curves. In checking the discharges, the
report is concerned with rainfall! the corresponding

discharge~

at nearby recording

stations and the accuracy of the rating curves, and it comments on the quality of the
data. Despite these checks, the responsibility lies with the user to check that the
data are satisfactory for his purposes.
8.

Data storage and retrieval

8.1

Data stored

tapes.

The hydrological data bank consists of two sets of TIDEDA data on magnetic
The main set is the Water and Soil Division set, which contains the following:
(a)

River and lake water levels (stages), and generally the stage-discharge
rating curves as well;

(b)

Groundwater levels and associated water-quality information;

(c)

Rainfall data for 880 rainfall stations;

(d)

Stream-gauging data, i.e. information collected at the time of a discharge measurement;

(e)

River and coastal cross-section data;

(f)

Miscellaneous data, e.g. flows, climate and water-temperature information;
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(g)

Meteorological Service data, namely; daily rainfall for 1 959 stations; daily pan-evaporation data for 74 stations; climatological
data records which contain hourly rainfall for some climatological
stations in New Zealand and the neighbouring islands; and monthly and
annual rainfall data for 2 606 stations.

In March 1980 there were 7 300 station years of water-level data on a set
of 12 TIDEDA tapes. There is also at least one tape for each of the other types of
data referred to in (b)-( f) above and for each type of Meteorological Service data.
Altogether there are 29 tapes, with the data occupying 257 Mbytes.
The second set of tapes in the bank is a Power Division set, containing data
for rivers and sites of current interest to Power Division, MWD. The data have
usually been derived from the Water and Soil set of tapes, but refined and converted
to a form most suited to Power Division needs: the data are primarily for use in the
simulation and investigation ·of hydroelectric schemes and operating policies. There
are four tapes to the set: one contains river discharges, hydroelectric records
(e.g. lake inflows and outflows, spillway and machine discharges) and gauging data;
one contains lake levels; and two contain water-level data.

Hydrological data are stored in the TIDEDA system as elements, consisting
of a time value and a number of items up to a maximum of 15. Each item is a data
value representing any quantity other than time and corresponds to the time of its
element~ Typically, an element comprises only a time and one item, e.g. a water-level
ve-lue-. However, with gauging- data, for eXdlliple, d number of items of an element may
be used, representing such quantities as mean stage height, discharge] cross-sectional
area, mean velocity, water~surface slope and water temperature. Similarly, with
groundwater data, a number of items are used to represent water-quality variables.
Data are stored either as instantaneous values 1 average values or increments~
All the elements are identified with a particular station (usually where
the data were recorded) and, within TIDEDA, they are ordered first according to
station and then, within a station, according to time.
A feature of TIDEDA is its ability to remove redundant data. Redundancy
results from field instruments (especially the fixed-interval digital punch recorder)
over-recording a hydrological phenomenon, and it occurs when the middle of three
values in sequence lies within a prescribed tolerance range of a value obtained by
linear interpolation. These middle values convey no more useful information than that
which can be satisfactorily obtained by linear interpolation and they may be removed
without affecting the information content of the recorded data. This is referred to
as compression. In compressing data represented as averages, the data values retained
are adjusted to preserve the average of the uncompressed data over the relevant time
interval; the situation is similar with data represented as increments. As a result
of compression there is a twofold to twelvefold reduction. in the storage of recorded
data.

- 86 For storing each type of water and soil and catchment authority data, the
CLS uses four tapes in a cyclic manner. Approximately weekly the most up-ta-dote tape
in the set is copied onto a fifth tape. This tape is the user tape and can be accessed
by users outside the CLS to edit and retrieve data. A further back-up system is used
to deal with late corrections. Copies of the Meteorological Service data are obtained
at six-or twelve-monthly intervals, depending on the demand for the type of data involved, and a back-up tape is kept for each data type.
Data in the meteorological bank are stored as fixed-time depths for their
respective stations, mostly on a daily or monthly basis. Annual maximum depths for
ten durations varying from ten minutes to 72 hours at the recording raingauge station

have also been filed for the length of record.

Meteorological Service statians are

named and are assigned an alpha-numeric identification which indicates their general

climatic region and their position with respect to geographical co-ordinates.

TIDEDA

rainfall stations have similar numbers.

8.3

Retrieval
Data from the hydrological bank may be retrieved in TIDEDA output format on

VDUs, cards, magnetic tape or disk, as print-out,or as a time-plot using the Tektronix

display terminal or Calcomp plotter. The data are accessed through the terminals
linked to the VCC computer and usually routed through the nearest output computer
peripheral equipment. Data output is obtained by user-oriented, free-format TIDEDA
commands and may be in the form of: a list of the entire data content for a site(s);
a summary of the data from each site; tables of means at standard time intervals;
tables of instantaneous values at any specified, equally-spaced time interval; tables
and print-plots of rating and gauging information;

of the basic and transformed data;

cumulative frequency distributions

tables and print-plots of the autocorrelation

function, the power spectrum and cross-correlations.
In addition to the standard commands, there is a simulation proce,ss incor-

porated in the TIDEDA system which enables the user to perform his own computations
on data retrieved from one or more TIDEDA files, to write the results onto another

TIDEDA file and/or to display them by way of a print-out. As well, several FORTRAN
programs have been written which provide a direct link between -the IBM simulation program CSMP (Continuous System Modelling Program) and the TIDEDA data files, combining
the advantages of the TIDEDA data storage and retrieval system with those of programming capabilities of CSMP.
Meteorological Service

rainfall data can be issued on magnetic tape or

print-out. All data are issued from Wellington.

Approximately every six months the CLS publishes and circulates widely a
summary list of the data stored on the Water and Soil Division user tapes.

A similar

list is produced less frequently by Power Division which summarizes its set of data
on TIDEDA tapes.
The Water and Soil Division also publishes an annual list of all the current
and closed river flow and groundwater stations equipped with automatic recorders, and

of the water-level recorders for lakes and tidal areas.
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the DP section but owing to the range and variety of meteorological information
available in this and other forms, no data catalogues are published. A publication
outlining the scope of available climatological information in its various forms is
in preparation. Climatological elements of interest to hydrologists will be considered in this publication.

Information from the bonk is made generally available to users, except at
times when it relates to catchments on which the MWD is currently carrying out
research. The Meteorological Service rainfall ond climate data stored in theMWD bank
are only available to MWD users. Users outside the MWD wishing to use such data must
contact the Meteorological Service.

A reciprocal arrangement applies to those users

wishing to occess the MWD rainfall data stored in the Meteorological Servicedato
bank.
9.

Standardization

9.. 1

Da ta forma1: s

Standard procedures must be followed by all recording agencies in the preparation and annotation of the fiel~ documents, the manner of free-formatting coded
data, the editing of data and the preparation of flow reports. These· procedures are
detailed in a Water and Soil Manual that is available to all suppliers of data to the
bydrologi~al bank.
The data stored in TIDEDA must be in integer format, i.e. whole numbers.
Therefore, to avoid loss of accuracy, the data values are stored in reasonably small
units. Stage is stored in mm, rainfall inm (Le. 10- 6 m), the rating discharges
usually in l/s, temperature in --1--°c, water surface slope in mm/l 000 m, and ion
concentrations in mg/l.
1 000
The date and time of day are stored in the form yymmddhhmmss, where yy is
the years since 1900, mm is the month number, dd is the day number in the month, hh
is the hour, mm is the minute of the hour and ss is the second of the minute. The
date is presently limited to the period 1872 to 2008, and dates prior to 1900 are
indi~ated by a negative sign.
TIDEDA output, like the input, is expressed in whole numbers. For ease of
printing, a multiplication factor is often given which must be applied to the output
. data values to convert them to the true values.
All Meteorological Service data are recorded on standard forms with rainfall
data to 0.1 mm. Daily data where available are filed to 0.1 mm but monthly data are in
whole millimetres. Times are represented down to hours as whole numbers. Output in
tenths or whole millimetres is· specified by data type or program specification.
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Computer progroms to do standard computations (e.g. the calculation of
catchment mean rainfall for standard durations using storage and automatic raingauge

data) on data in the bank have been written in such languages as FORTRAN, CSMP and
ICES-STATS. The programs are kept in libraries maintained by the CLS and Meteorological Service. Programs for the operation and maintenance of the data bank itself
have been written in PL-l, FORTRAN and FILETAB, with the former now being the main
language.
IQ'.

User service 5

Numerous requests are received each year for data from the hydrological
bank, though no statistical information is available on these requests. Users should
be aWare of the quality of the doto concerned and, hence, as a matter of policy each
user is advised first to contact the Water and Soil district office staff in whose district the site of int~rest is located. When the site is not operated by the MWD,
.the user is then referred to the recording agency concerned . . A -~$~r~with terminal·
access to the VCC computer may access the data directly. Other users may only obt"in
data through the service provided by the Water and Soil Division-.staffin'the
relevan.t district office..

-

Direct access to the Meteorological Service data bank is limited to the
Manager of the data processing section and his staff. All requests for data are
channelled through the climotologicol section which often recommends output in specific form for the user_r~quirement. Control is exercised over all climatological
data and MWD has undertaken not to disseminate Meteorologicol 5ervicedato in its files
to third parties without obtaining expres~ permission from the Meteorological Service.
11.

Evoluation

Although theMWD dato bonk based on the -TIDEDA system has only been fully
operational for seven years, it has gained general acceptance in New Zealand as a
very satisfactory means of storing and retrieving hydrological data. This has come
from recognition of several advantages of the dato bank which may be summarized as
fellows:

- 89 Any data that are time-dependent can be stored in the bank;
No interpretation is placed on the stored data and data values can be
retrieved in a variety of ways.

Thus 1 the use of the data is not con-

strained by the manner in which the data are stored;
Because the data are compressed and are stored in binary form, there is
a considerable saving in storage space and the computations on the data

are perfarmed efficiently;
The TIDEDA command language is styled to suit the requirements of the
user and is suffciently comprehensive and flexible to enable users to
perform most standard computations on the data. If complex computations
are necessary, the TIDEDA data can be linked to the simulation program
CSMP or they can be placed on a computer disk file, magnetic tape or
cards and used as input to another program;

The processing of data onto the user tapes is thorough and several levels
of checking, verifying and safeguarding the data are built into the
operation uf the bank;
The data bank means that there is a large base of hydrological data for
the country which is available to all users.

The bank will also benefit considerably from the trend towards the use of
micro-computer facilities by recording agencies for hydrological data processing.

Nat only will this trend improve the operational efficiency of the bank, but it will
also lessen the problem of data aCcess by catchment authorities. In particular, the
facilities will permit the field documents to be translated at the recording agencies
and this, coupled with the use in the near future of the VCC digitizer, will negate
the need for the CLS to send the hydrological charts to Auckland for translation.
Further, the facilities will help to disperse the present concentration of the dataprocessing work in the CLS over all the agencies with such facilities. These agencies
will edit their own data to remove 011 errors before forwarding the data via floppy
disk to the CLS. The net result will be a significant reduction in the time it takes
to store data in the bank and an improvement of data when first stored.
Retrieval of data from the bank will be easier through the use of floppy
disks to transfer data to the recording agencies; the data may then be analysed by
micro-computer for whatever purpose .is desired. However, immediate access to the
bank is likely to be of less concern since, in processing their own data, recording
agencies will be able to use them for urgent operational requirements and forward them
later for storage in the bank.
As well as improving the national hydrological data processing, storage and
retrieval situation, the same micro-computer facilities can he used for a variety of

other functions such as: interchange of data and programs between agencies; automatic telemetering of hydrological data from the field to the base office; flood
warning systems; and for engineering design and administrative purposes.

- 90 The catchment authorities have acknowledged ·the need for the MWD bank and
have indicated their willingness to continue (or commence) supplying all their useful
data to it. It is therefore expected that the bank will continue to expand and will
contain hydrological data that would satisfy the needs of most users.
As with the TIDEDA system, the Meteorological Service's computer archive is
rapidly becoming widely known throughout the country. Not only is there a regular
clientele but the lists of those supplied with data grow monthly. Computer listings
supplied as print-out, magnetic tape or punched cards have increased fourfold in the
last ten years though the latter medium is losing popularity.
commence
has been
computer
stations

Very often it is not realised that routine entry of daily data did not
until 1967 for rainfall or until 1972 for climatological observations. As
mentioned elsewhere, back-punching of rainfall data is taking place and the
archive of daily rainfall back to 1940 should soon be almost complete for
with this length of record.

As opposed to the TIDEDA system all Meteorological Service data are recorded
in fixed time periods, usually days, months or years. The tradition for this is wellestablished in Meteorological Services throughout the world and has been found a
satisfactory system for the transmission and publication of data.
The changes in the recording, archive and dissemination systems due to

rapidly changing technology which are occurring elsewhere are also affecting the
Service. It is expected that within five years the current description of our system
will have been rendered out of date by the use of environmental data recorders, chart
digitizers, micro-processors, micro-fiche 'cards and satellite interrogation of remote
st-ations-,. etc.

These should be capable of dealing adequately with real-time data. The
Meteorological Service has many hundreds of thousands of data dating from 1854 which
will probably remain unpunched for most of the hundred years to 1954. Photocopying
of manuscripts is a laborious and expensive business but it is possible that a viable

means of dissemination may be found through the Use of micro-fiche, though experience
in this field is too limited at present to allow worthwhile evaluation.
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NORWAY

1.

Introduction

The hydrological data bcink at the Norwegian Water Resources and Electricity
Board (NVE1 located in Oslo, is a centralized bank for surface-water and groundwater
quality. It covers hydrological data from all parts of the country. A standardized
retrieval system permits any- user to extract and treat these data without extensive
manipulation. Co-ordination- exists with other institutions handling precipitation,
evaporation and water-quality daTa.

2.

General information
2

The total area of Norway is 386 000 km. In spite of a long coastline the
mean altitude of the country is high. The central south consists of mountain areas,
continuing into a chain of mountains northwards along the Swedish border, causing a
relatively high orographic precipitation from humid westerly winds from the sea.
Mean annual precipitation for the country as a whole is about 1 400 mm varying from
260 mm in the inland to 3 200 mm near the coast. Evaporation is estimated at 200 mm,
giving 1 200 mm annual runoff.
Most of the important rivers are developed for production of hydroelectric
energy, and more than 99 per cent of Norway's total electric energy is produced in
hydropower plants. The consumption of water for domestic use and especially for
agricultural purposes is increasing rapidly. The pollution of rivers caused by
industry and farming makes control measures quite necessary.
The collection of hydrological data is carried out both by the river authorities and the Hydrological Department within NVE. A few river authorities are now
organizing their own regional data-collection systems.
Precipitation, evaporation and water-quality data are taken care of by
separate governmental agencies, such as the Norwegian Meteorological Institute and
the Norwegian Water Research Institute.

3.

Stotus of hydrological data-collection systems

Close to 1 300 hydrological observing stations are being operated of which
about 800 provide data for computing discharge. The others give water stage of
reservoirs. Additionall~a large number of stations exists for the observation of
other elements (see Figure 1).
About 500 stations are equipped with automatic water-level recorders. Most
of these stations are constructed to operate under extreme weather conditions.
Usually, the recorder stations are visited every week or month. In remote areas,
long-term recorders (usually 6 months) are operated.
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- 93 The dominating type of water-level recorder used in Norway is the Ott type.
However, during the last four years 0 number of Leupold and Stevens recorders have
been installed. Some digital recorders were tested a few years ago. Due to the odvent
of telemetering systems, it was decided to continue with analogue recorders. A few
recorders are equipped for answering telephone calls.

A more advanced data-collection system is now being planned and will probably
Consequently,
the stations must be connected to the national tele-system.

be based on daily reports from observing stations to a central computer.

4.

Development of a national hydrological data bonk

Prior to 1960, hydrological data were processed manually. Observations were
published annually and statistics of runoff appeared every tenth year. Increosing
national activity within hydropower development especially during the 1950s created
a great demond for runoff data from a constantly expanding network of stations,
amounting to about 25 000 observation years of records from 1 200 statians. When
computers were introduced in the early 1960s, water levels were converted into daily
mean discharge and stored on magnetic tape.

-

By the installation of disk facilities in 1970, fast storage and retrieval
of data were made possible. A master file was established, comprising station identifications, periods, co-ordinates, rating curves, etc.

By storing water levels on

magnetic tape one could easily produce discharge statistics after having filled in
gaps, corrected for ice damming 1 etc.
Neve-rthele-s-s, updating on- megnetie tapes is fairly time con-suming.

Especially when various users called for data for mathematical modelling of catchments
and river systems, the tape-oriented system proved slow. Today, therefor~ the hydrological data processing system mainly consists of programs operating on disk archives,

though tape is still used for back-up and intermediate storage during the primary
stages.

Apart from the volume, the type of surface-water file information has not
changed very much during the last 10 years. Gradually other sections have been added,
such as records of groundwater, stream temperature, ice conditions, silt transport,
various meteorological observations in connexion with glacier projects, urban data,

and physical conditions in selected fjords.

5.

Structure and organization of the bank

The responsibility of system design and operation of the bank lies with the
data-processing section within the Hydrological Department. The section consists of
five hydrologists, one data-processing engineer and one technical assistant.
Data are processed on a CONTROL DATA CYBER 171, l32K 64 bits word computer,
with disk, magnetic tape, card reader and printer equipment. The installation is
based on a typical time-sharing operating system and has facilities for up to 64
terminal connexions.
The ownership is shared between all departments within the
institution. The daily administration of the machine as well as primary punching of

-94 incoming data is taken care of by a separate electronic data-processing department.
The bulk of programs operating the data bank will be run in remote botch mode. Retrieval and analysis will be mostly interactive.

The bank is managed by the engineer and the assistant. The responsibility
of maintaining the various sections of the bank is shared between the five hydrologists. As the data bank has been operating for quite some time, the hydrologists
have been able to direct themselves towards the second task, namely design and application of new methods of hydrological analysis, especially mathematical models.
The Department is in the process of establishing district offices. These
will be equipped with mini-configurations able to analyse and produce print-outs
based on the retrieval of records from the centralized data bank.
6.

Nature and composition of hydrological and related information received in
the bank

6 ..1

Field data
The. bank receives data concerning:
Water stages and runoff in rivers and lakes;
Ice conditions at most of the gauging stations and the water temperature
selected stations;

.a~

Groundwater stages in wells at selected" stations;
Moss balance and some meteorological data in the melting season observed
at selected glaciers;
Suspended sediment transport in selected glacier streams.

Addi tional data are collected concerning:
Urban runoff and precipitation;
Water temperature, salinity, ice conditions and tidal movements in

selected fjords.
The greater part of these data are the water stages and runoff data. The bulk of
incoming data are received as monthly observation sheets, from where they are punched
onto magnetic tapes. Analogue information is mainly converted by hand, though there
is a curve tracer available.
Toda~ 15 runoff stations in urban areas are equipped with digital recorders.
The observotions are punched on paper tapes which are directly readable by the

computer.

- 95 Other stations measuring various meteorological parameters, i.e. water
temperature and seawater salinity recorded on magnetic tape cassettes. These tapes,

however, hove to be converted to poper tape or magnetic tape to be readable by the
computer.

Most of the data are stored in the bank as daily mean values.

The data

preparation consists of obtaining these means from diagrams and identifying and
correcting obvious errors prior to the punching of the data.

The data are stored as water stages rather than runoff for all stations for
which stage-discharge relationships are established. The mean water stage is the
value which corresponds to the mean daily discharge according to the rating curve.
Normall~

the mean water stages are estimated manually by the engineer

responsible for the station.

Automatic digitizing has been used to a certain extent

for precipitation data and will probably be used for all types of charts in the
future.
The manually observed water stages are usually read once a day.
is considered as the mean water stage.

This value

The data are checked for obvious errors before

they are put on magnetic tape. The data from digital recorders are on paper tapes
or magnetic tapes. The control data taken during visits to the station are punched,
and the magnetic tapes are corrected, if necessary, before the primary processing
starts. The controls are usually limited to ensuring that identification of each
tape is in order.
.
7.

Data processing

Data are generally grouped as monthly records and punched twice to avoid
punching errors. When the data are read into a work file the raw data are listed and
plotted as water stages or converted to daily mean discharge.
The data are corrected for ice damming in the winter season.

This correc-

tion is today made manually and utilizes data from adjacent ice-free gauging stations
and meteorological data as well as discharge measurements during the ice period. The
daily mean discharges are estimated during the ice season ond afterwards reconverted
into equivalent water stages according to the rating curve valid under ice-free
condi~ions.

When the data from one year are corrected, the extremes and monthly means
are compared with values from previous years. If these statistics and plots or
listings of daily values seem reasonable, the series are accepted and may be merged
into the historical archives of annual records.

~
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The other types of data are processed by similar procedures. During the
processing several controls are made depending on the data type. These controls,
however, are simple and fail to discover many errors.

Apart from comparing various statistics, double mass analysis is today the
most common tool in the quality control. At some stations the control in the river
section may prove to be unstable. The double mass analysis helps to identify shifts
in the con trol.
Most of the Norwegian rating curves are not always based on stoge-discharge
measurements over the full range of water stages. The estimates of extreme discharges
are therefore based on extrapolation of the rating curve. To judge the reliability of
the rating curve the frequency of stages falling outside the measurements are listed
for each, year in the series under consideration.
In 1977 a Nordic working group on methods for quality control was created
wit_h participants from the main nydrometric data-collection agencies in Denmark,
Finland, Norway and Sweden. It has so far considered 14 methods for quality control.
To evaluate the usefulness of some of these methods l several computer programs were

wri.tten or modified.

Some of the methods are:

Testing the stage or discharge of a given day within a year against the
highest and lowest value of the same date in all the previous years
observed at the station;
Applying the same test on the difference between the value on the day
and the day before;
Comparing observed data with estimates based on data .from. adjacent stations.

The estimates may be based on regression equations.

By trans-

'forming the data i t is possible to increase the weight on high or low
values. By plotting the estimates possible errors are easily identified;
Comparing the observed data with estimates based on a precipitationrunoff model;
Checking for negative values during the computation of inflow to a
reservoir when the stage-storage relationship and the outflow are known;

Comparing the runoff at a station with runoff at upstream stations.
Unless some water is artificially diverted or stored. in a reservoir between the stations, the runoff normally increases downstream in this part
of the world;
Applying time-series analysis to detect changes in the ·homogenei ty in time
series. ·This is a valuable supplement to double mass analysis.

- 97 No methods so far considered are positively able to pin down errors. They
can, however, identify observations that may be faulty. It is required that the
suspicious data afterwards be examined by a qualified hydrologist to decide whether
they should be accepted or not.
The various procedures for quality control will be integrated in the system
for primary data processing as interactive programs.

As the amount of data· is

large, most of the output will be in the form of graphs or comprehensive tables.

When the data are available in the archive, several presentations and
analyses may be made. Some are mandatory while others are for special purposes.

The data may be analysed as daily, five-day, seven-day, ten-day,
The following presentations or analyses are normally

monthly or annual means.

performed:
Tabulation and plotting of the data;
Computation of characteristic values which are presented as tables and

plots;
Computation of flow-duIotion curves;
Computation of summation and regulation curves;
Computation of natural runoff from a regulated reservoir;

Computation of the inflow to a reservoir;
-Routeing of flood through reservoirs or rivers;

Flood forecasting;
flood-fre.quency analysis;
Analysis of flood or low-woter volumes;
MulTiple regression analysis;
Time-series

,analy~is.

8.

Data storaqeand retrieval

B.I

Data archives
The following data archives are continuously updated:

- 98 (a)

Gauging stations librory
It includes vitol information on existing and discontinued gauging stations, concerning number, name, river, district, geographical coordinates, drainage area, elevation, general ice characteristics,
observation characteristics, observation period, year of hydropower

regulation, if any, rating curve(s).
The library contains data on 2 500 gauging stations and is organized
as an index sequential file on hard disk. It is mainly accessed in
connexion with the water-level archives, giving rating curves for discharge conversion and information on headingsretco;
(b)

Water-level archives
There are two water-level archives, both with water-level resolution
of one centimetre:

(i)

Primary archive:

Consists of observed water levels at gauging

stations and reservoirs, and daily mean levels from recording

gauges.

Data from 1 800 locations covering a total of 40 000

observation years are stored chronologically f?r each station;

(ii)

Secondary archive:

Consists of data from primary archive

corrected for ice damming and with missing observations interpolated or otherwise estimated. Some discharge data are inclu-

ded, mainly from hydropower plants. This archive is the main
source for discharge .data. It contains data from 1 100 locations
with ci total of 22 000 observation years. The archive is
organized
(c)

a~

a

r~ndom-~ccess dis~

file;

Ice information
This archive consists of daily observations of ice conditions at river
gauging stations. It is organized as a' sequ~ntial maghetic tape file

and contains data from 1 200 stations (total of 13 000 observation
years) and is mainly used as a source of" information for ice-damming
corrections and for printing ice-condition information in data publications, as well as statistical analysis of ice-cover formation and

break-up dates;
(d)

Water-temperature archives
This is a group of archives containing a station library, thermometer-

correction tables and water-temperature data from approximately 200
stations. The data are presented in tables and plots similar to those
for runoff data. In oddi tion, there is an archive- c"ontai"ning lake
temperature profiles. The observation data are organized as tape files,

the other data as disk files;
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Ground-water level
Weekly or twice-weekly groundwater-Ievel observatians from approximately
I 300 groundwater wells are stored as a tape file. This archive forms
the basis for publications of groundwater level hydrographs;

(f)

Glaciological data
Mass balance data are mainly kept in manual archives as tables and
maps. Meteorological observations from glaciers are stored as tape
files, while sediment transport data are stored on cards;

(g)

Urban hydrological data
Water level with one-centimetre resolution and five-minute time
resolution from approximately 20 gauging stations in urban areas are

stored as tape files;
(h)

Retrieval system
As the computer handling the archives has facilities for interactive
terminal communicatioh, processing is done through batch and interactive programs. External users, including remote district officers
may request data and analyses from terminal connexions via the
ordinary telecommunication system. Still, access permission depends
on certain security procedures;

(i)

Inventories and publications
For internal use there are a number of archive-content listings that
are frequently updated. The main data publications are:
IIKontoret for overflatehydrologi, data-arkiv".
inventory. Published once a year.

Water level- archive

IIVannstandsobservasjoner i Norge ll • Daily water levels from a large
number of gauging stations, with ice cover information~ Yearly.

"Vassfpringsgrbok for Norge". Daily discharges together with discharge
statistics for selected stations. Yearbook.
"Oversikt over variasjonen i grunnvannstanden". Groundwater-level
hydrographs for the previous year together with mean and enveloping
curves. Comments on groundwater conditions. Monthly.
IlGlaciological investigations". Data and reports on mass balance
studies. Yearly. English summary.

"MaterialtransportundersPkelser i norske breelver". Sediment transport
investigations in glacier rivers. Data and reports. Yearly. English
summary.

- 100 A wealth of glaciological data is also contained in the two. volumes:
"Atlas of glaciers in south Norway" (~strem and Ziegler, 1969) and
"Glacier atlas of northern Scandinavia" (~strem, Haakensen and
Melonder, 1973).

9.

Standardization

NVE is responsible for most of the processing of hydrological data. Standardization with respect to other institutions which do some collection and processing
of hydrological data has so far been considered of minor importance. Non-compatibility
can be handled by a set of converting programs.
Most programs are written in FORTRAN. Software is standardized by extensive
use of standard subroutines and program modules for storage and retrieval of records,
the production of various statistic.s, plots, etc.
10~

User services
The main types of requests from users are:

Records of observed daily mean discharges or water levels supplied on
magnetic tapes or as printer outputs;

Characteristic meon values of discharges or water levels, duration
curves or summation curves;

Flood-flow hydrographs and routeingthrough reservoirs;
Low-flow data and statistics on low flow.
The number of requests per year is approximately 400-500.

Charges to users

are based on costs concerning both computer time necessary to provide the ordered
data or analysis, and compensation for cost of maintaining the bank data.

11.

Evaluation

The main problem in operating a national hydrological data bank is caused
by the fact that most data are not collected for a specific purpose. It is not
possible to select the correct sites and parameters to be able to cope with all
future data demands. Even if the Norwegian hydrological data have been mainly used
for hydropower scheme planning, construction and operation - and the data demand has
therefore been relatively predictable - it has been difficult to make an optimal selection

of gauge sites.

With more complex wc-ter resource utilizations this is becoming

increasingly difficult. Network designs of this general kind make cost-benefit
analysis difficult. An answer to some of the problems of meeting future data demands
maybe to divide the network into primary and secondary stations, the former giving

long data records at stable sites and the latter to be constructed and discontinued
according to demand. If this concept is combined with advanced methods to extrapolate
data series in time and area (for example hydrological models), it should provide a
flexible tool to meet most data demands.

- 101 Another problem stemming from the same source is that there is often a large

delay from the time the data are collected until they are used.

As most errors are

discovered while using the data, this gives the user no chance to correct the data at

source. Therefore, data collection for general use has to be backed by thorough
quolity control, which will be possible by the implementation of the interactive part
of the new data-processing system.

A national data bank is the hub of most work in hydrological analysis, and
saves enormous amounts of work compared to the task of collecting data series from
different institutions and agencies. The advantages of -0 central data bank are evident

to all users who have tried the other approach.
The economic benefits of national data banks cannot be estimated, partly
due to multipurpose data utilization" and partly because the economic consequences of
01ternative approac'hes are not known.
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POLAND
Introduction
Within the government progrommeon development ond utilizotion of water
res.ources and under the guiding principle of "organization of a national system of
information on quantitative and qualitative wqter management ll , the National Bank of

Hydrological Data (NBHD) is being set up.
.dining 1980 to 1985.

The work ,is expected to,be completed"

The Data Bank of Cadastral Survey of National Water Management (Figure 1)
is a centralized unit whose basic task is to process data for the needs of water and
economic planning for the wnole country.

It receive·s information

from

1nformation

systemsof other agencies including that of 'the Institute for Meteorology and Water
Monagement. The Institute's historical hydrology data base (HHDB) is a bank restricted
to; surface waters and- groundwater of Poland.

General remarks

Poland is situated on great European Lowland between the ranges of the,
Carpathians and Sudeten in the south, and the Baltic Sea in the north., The main
rivers (the Vistula and Oder) originate from the mountains and generally flow to the
north. Of the total area of 311 729km 2 , the Vistula basin covers 55.7 per cent and
the Oder basin covers 33.9 per cent.
Poland is influenced by both marine and continental climates. The normal
annual precipitation ranges from 450 mm in the Central Lowland to 1 500 mm in the
Carpathians. Annual runoff from Poland amounts to 171.2 mm.
The hydrological dato are obtained from the network of stations of the
Institute for Meteorology and Water Management. Water-quality dota are collected by
the Provincial Offices and the Institute for Environment Development.

3.

The state of hydrological data collecting system

The standard
I 932 for groundwater,
equipped with analogue
paper-tape recorders.

hydrological network includes 1 219 stations for surface water,
and 32 posts for source observations. 230 stations are
recorders which are systematically being replaced with punching
A few stations send data outomatically. Annually about 8 000

hydrometric (current-meter) measurements are made.

Measurements of suspended sediment

are conducted at 96 stations.
All observed data are sent once a month to the seven departments of the
institute where they are verified. Verificationel processing by computer is adopted
in only one department. Furthermore, daily observations from 201 surface-water stations, 58 groundwater stations and 12 reservoirs are transmitted by radio-telephone
or teleprinter to the Office for Hydrological Forecasts. In the department of
Cracow, on-line transmission of information from the stations to the computer has
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figure 1 - General diagram of information system of water management

been introduced (Operational Hydrology System, Figure 2).

Information from two river

basins above water reservoirs has been transmitted experimentally for seven years with

a telex channel to Warsaw.

4.

Development of hydrological data bank in Poland

The first automation of hydrological data processing was introduced in the
Institute mainly on the basis of statistical calculations of extreme flows. This was
followed by transfer of flow dota from 700 stations to punched tapes to simplify preparing publications and generating sets for users. Since 1978 the Department in
Cracow has been engaged in the development of the historical hydrology system (HHS) ,
which is used to prepare sets for the hydrological data bank of Poland.
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5.

The structure and organization of the bank

The verified observed data and the data processed and transferred on
technical media constitute the input to the historical hydrology data base. About
100 persons in the various departments are occupied with providing this input.

HHDB is being implemented with the assistance of the specialized base
exploitation group in the Electronic Calculation Technique Centre (ECT) of the
Institute. The structure of the base is shown in Figure 3. The HHDB uses the ODRA
1305 (ICl 1905) computer which has printer and plotter output. A micro-film plate
output and a reader are planned for long duration data sets. Data handling and servicing need

two persons, and three persons experienced in programming and processing

are needed for data exploitation.

6.

The other tasks are done by the calculation centre.

Nature and composition of hydrological information received in the bank

All hydrological data received from the various departments aTe considered
to have been checked, verified and to have undergone quality control. Dqta aTe received in the HHDB on apprDpriate technical media.

7.

Data processing

The data-processing system is shown in Figure 4.
of dota consists of:
{a)

The primary processing

Verification of the record on technical media in accordance with the
observer's book;

(b)

Plotting the three-montn observations of inter-related stations, visual
evaluation of the observations correcting gross errors, completing
missing data~ eliminating incredible observations;

(c)

Calculating the sums of average and extreme values and verifications
according to many years' observations;

(d)

Correcting the stage-discharge relation with regard to ice phenomena
and vegetation growth;

{e)

Calculating daily flows and plotting one-year observations of interrelated stations;

(f)

Controlling chronology of extreme values and trends, and the next
correction of the stage-discharge relation;

(g)

Calculating daily suspended-sediment and bed-load transportation
(average and extreme values) and verification according to many years'
Yalues~

The procedures {a) - (c) are performed also for groundwater levels and
temperatures and for source' productiveness.
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The data are not primary-processed for the needs of operational services.
The automatic processing of the hydrological data is mainly aimed at preparing four
annual publications which contain verified results of observations and calculations
of flows and sediment transportation during one water year (November - October) and
their average characteristics.

- lOa -

8.

Standardization

While developing the inpots to the HHDB, standard tables and data formats
have been developed as well as a code system for record identification and indexing
oJ· stations.

9.

Evaluation of organizational problems

The advantages of having a national hydrological bank are obvious. The
time needed for obtaining processed information has been shortened and so has the
labour-consumin~repetitiousdata preparation to meet various needs.
Laborious calculations for verification of observed data are eliminated with the adoption of new
sophisticated methods to control, correct> and complete results.
Automation of hydrological data processing creates new difficulties in
connexion with preparing technical media, their storage and management. To put all
available hydrological data on technical media for computer processing is a major
task. This work is therefore being undertaken in instalments within the respective
departments. A more difficult problem is the increase in hydrological data sets
stored on magnetic tapes and the additional load on the computer facilties.
Training staff to generate and operate the bank is another difficulty.
There are those who are not prepared for using computer technology and find it difficult to overcome psychological opposition resulting from the feeling that what they
naVe been doing until present was useless. Too much centralization of data may cause
difficulties when these data are used for solving smal~ local problems.
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SWITZERLAND
1.

Introduction

The hydrologicol data bonk of the national Hydrological Service of
Switerland is somewhat limited in nature and is at present still in the process of
being developed. Besides this bank there are other data banks in Switzerland, either
already in existence or being built up, in which hydrological data are also stored.
These are:
The data bank of the Swiss Meteorological Institute, which stores data
from meteorolDgi~al and synoptic stations;
Cantonal data banks with both

quantita~ive

and qualitative hydrological

-parameters;

Data banks of universities and institute3 of the federal polytechnic
schools.
-General in-formation

2
Switzerland is a mountainous country with an area of 41 288 km • The
country is bounded to the north-west by the Jura mountain range and to the south-east
by the Alps (highest peak in Switzerland: Pointe Dufour, 4634 m). The Jura cover
10 per cent of the area, and the Alps 59 per cent, while the remaining 31 per cent
form the Swiss plateau or ITMoyen-pays". The climate lies somewhere between the continental climote of Central Europe and an Oceanic climate. The mean annual rainfall,
averaged over the whole countr» is approximately 1 470 mm.
The hydrolagical cycle and principal water uses for Switzerland are shown
diagramatically in Figure 1.
The Rhine and the Rhone both rise in Switzerland, as also do the Inn, a
tributary of the Danub~and the Ticino, a tributary of the Po. The percentages of
the area of Switzerland draining to these four rivers are 68 per cent, 18 per cent,
4 per cent and 9 per cent respectively.
2
There are some 70 lakes in the country with ~urface areas of more than
0.1 km , including five with areas greater than 100 km. In addition, ther are 95
compensating basins and impoundments with su face areas greater than 0.1 km 2, three
of these having areas of approximately 10 km •

2

The main sources of groundwater, which provides 83 per cent of the drinking
water in the country, are to be found in alluvial deposits in the main river valleys.
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Status of data-acquisition systems

The network of stations mointained by the national Hydrologicol Service for
measuring stage and for gaugings is shown in Figure 2. The network comprises 320
stations, 235 of which measure discharge.
Water temperature is measured at 64 locations, of which 55 record continuously, and suspended matter is measured at 11 locations. In addition, various
parameters (pH, dissolved oxygen and conductivity) are continuously recorded at
13 stations, where samples are token automatically for laboratory analysis (chloride,
nitrate, phosphate, calcium, etc.).

The data from 351 other stations, where measurements of "ater quality ore
made by cantonal services, are also stored by the nationol Hydrological Service.
Stage is measured by staff gouges or, most frequently, by means of limnigraphsD Gaugings for determining discharges are carried out by current meter or by
dilution. Four stations are equipped with ultrasonic instruments for the continuous
measurement of velocity.

A total of 58 stations use telephone telemetry to transmit stage measurements or incorporate automatic flood warning systems.

4.

pevelopment of a notional hydrological data bank

Until 1964, the data contained in the Swiss Year-book (mainly tables of
river discharges and lake levels) and alsa the origitlOl recordings of levels were
deposited in the archives.
From 1964 onwards, daily mean water levels, rating tables (stage/discharge)
and daily, monthly and annual mean discharges, as published in the Year-book, have
been stored on magnetic tape in the form of "records". These tapes contain the values
for one particular year, the stations being classified according to numbers, in

ascending order.

They also contain the results of the continuously recorded para-

meters, such as stage and temperature.

A start to setting up a hydrological data bank was made in 1978, with the
aim of recording the greatest possible volume of useful data, providing the widest
range of means for making them available to users.

5.

Structure and organization of the bank
The data bank is designed in the following way:
Data acquisition;
Data storage;

Management of the bank;
Interrogation system.

Network of federal hydrometric stations
Measurement of stage and discharge
(States cs on
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.....
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Figure 2

- 113 Data acquisition is described in section 6.

The data are sent into varlOUS

files:
(a)

Identification file:

The purpose of the identification file is to

provide the user with the most important information relating to the

measuring netwark and to enable him to identify the hydrometric stations. The characteristics chosen are the following: station number,
station name! name of the river basin in which it is situated, geographical co-ordinates, height, parameters measured and the period of
measurements;

(b)

File No. 1:

This tile contains the non-variable characteristics of the

stations or those which vary very little, such as: characteristics of
the river basin, characteristics of the station, technical equipment of
the station, etc.;

(c)

File No. 2:

The variable data (stage/discharge rating, acquatic vege-

tation, etc.) aTe stored in this file;

(d)

File No. 3: This file contains the results of measurements cansisting
of mean daily stage, recordings of stage (limnagra§hs)i perio~ic
measurements of stage, mean daily discharges (in m s- 1 1 5 - 1

1 5- 1 , km 2 , mm,) monthly means of water temperature, continuous recording of temperature, weekly values of pH, continuous recording of pH,
0

weekly means of conductivity (at 20 C), continuous recording of con0
ductivity (at 20 C) , monthly sediment discharge, annual sediment discharge, periodic measurements of sediment discharge, weekly means of

21 chemical parameters, and water quality data, collected by cantonal
services.

The data-bose software, ADABAS, is used for handling and organ1z1ng data.
This allows immediate control of both the data containing the results of measurements
and the data related to the measuring network equipped with an on-line-system.
Questions using various search criteria enable the user to access step-by-step the

data needed for a given hydrological problem. In addition there are several programs
allowing the selection and, if needed, the transfarmation of larger amounts af data.
One or two persons are responsible for managing the bank, for updating the
data, for external relations and for the protection and safety of the infarmation.

6.

Data processing

The processing af data is illustrated by Figure 3.
fram stations are processed in the following manner:
(a)

At present, the data

Stage and discharge (quantitative data)
Checking in the office. and, if necessary correcting the recordings
of water-level (limnograph) using direct measurements made with
staff gauges;

Data processing

I

Automa::i:
pl.'fl-';III:lU

i.npu~_~~_~~~o
... ~~_ ... ~-l
'"'''':;I''''' '-:- ...

~"'I-'l;;:,
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......
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values onto a coding slip
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in the field book
computer

Data recording on
magnetic tape
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- 115 Digitization of the limnograph by graph reader;
Tests for data errors by computer;

Drawing curves on the plotter; graphical check;
Storing in memory data which do not vary with time, such as the
area of the river basin, and mean height;
Determining the hydrograph from gaugings;
Tests for doto

err~ri

Calculation of daily.means, maximum and minimum values and 10n9period averages of stage and discharge;

{b)

Temperature, conductivity, dissolved oxygen, pH (guall tative data)
Digitization of the

r~w recordi~gs;

Introduction of a corrected graph (differences between the raw data
and~the true values determined by calibration and~direct measurement);
.-

Determining the correct graph by computer;
Tests

f~r

dato errors;

Recording the "re.cords-tl on magnetic tape;

Drawing on the plotter; graphical check;
Calculation of the percentage of saturation of oxygen and of vorious
means,
Preparing a condensed tape of c·orrect data (daily means, daily
maxima and minima, for each station).

7.

Data storage and retrieval

The input (e.g. measurements) and the output ~.g. table of daily mean values)
are at present stored on magnetic tape, there being one tape for each year. Publication of the data is in the form of a hydrological year-book. The present possibilities
for users to have access to the computerized archives are very limited.
Apart from this, there are hydrological archives in which plan~original
recordings, tables, stages, gaugings and also any related correspondence are arranged
by station. It is thus possible to reconstruct all original data and information from
1974 onwards. The documents in these archives and the data stored on magnetic tape
are available for users.
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8.

User services

Scme 500 users, interested in more than 200 stations, receive each year
more than 10 000 documents, mainly numericol tables and periodical reports (weekly,
monthly, quarterly, annual, etc.).
The users comprise federal, cantonal and communal administrations, research
or educational institutes, offices for hydrological studies, companies, individuals,
etc. In addition to this, occasional requests relating to such elements as stage
ond discharge amount to some 300 per year. The information is provided free of
charge to institutes and administrations. For other users, charges are made in
accordance with a tariff published by the national Hydrologicol Service.
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UNITED KINGDOM OF GREAT BRITAIN AND NORTHERN IRELAND
1.

Introduction

The United Kingdom dota bank can be classed as 0 co-ordinated national hydrological data bank. The Meteorological Office holds the rainfall and evapotranspiration data and the surface~water, groundwater and certain water"quality data are held
by the Department af the Enviranment (Water Data Unit). These two data banks are coordinated with individual data banks operated by water authorities (England and
Wales), river purification boards (Scatland), and the Department of the Environment
(Northern Ireland).

2.

General information

2
The
The total land area of the United Kingdom is approximately 244 000 km
north and west consists mainly of mountains and moorland in contrast to the flatter,
undulating countryside of the south and east. The climate may be described as mild
and maritime or damp and temperate but extremes do occur which are significant hydrologically. In 1978 the total population of the United Kingdom was in the region of
56 million.
The long-term annual rainfall is about 1 000 mm with a maximum of about
4500 mm and a minimum of about 500 mm. In 1977 the average daily per capita consumption of water was about 320 litres, the annual increase being about 2 per cent;
about one-third of this supply comes from groundwater sources.
Of the total water used in 1977 about 40 per cent went into domestic supply,
about 33 per cent to electrictiy generation (largely cooling water for thermal power
stations) and most of the remaining 27 per cent was used by industry.
Prior to 1973, the management of the water resources in the United Kingdom
had been based on a large number of separate bodies each responsible for a particular
facet of the water cycle within its area of jurisdiction. The Water Act (1973)
established ten large multi-purpose regional water authorities in England and Wales.
The responsibilities of these bodies extend beyond river management to all aspects of
water use, including fisheries, land drainage and recreation and amenities. In
Scotland, reorganization stemmed from the Local Government (Scotland) Act (1973) which
created 12 regional councils and island authorities responsible for water supply,
sewerage and sewage disposal and seven river-purification boards concerned with prevention of pollution. In Northern Ireland, the Department of the Environment itself
assumed the duties of a regional water authority, other than those of land drainage
and fisheries. Responsibility for arterial land drainage in Northern Ireland rests
with the Department of Agriculture. In the reorganization in England and Wales five
new bodies were established with national responsibilities, namely: the National
Water Council (NWC) and the Water Space Amenity Commission (WSAC), the Central Water
Planning Unit (CWPU), the Water Data Unit (WDU) and the Water Research Centre (WRC).
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3.

Status of hydrological data-collection systems

There is no single body within the U.K. that is responsible for all hydrological services. However, of the national bodies, the tasks of the Water Data Unit
may be considered to correspond with those of a national hydrological data bank for
the purpose of this paper. The Meteorological Office is the central body for collecting and processing rainfall and other climatological data.
The surface-water archive of the Water Data Unit contains some 13 000 station years of record from some 1 200 gauging stations. Most of these stations have
16-channel paper-tape digital water-level recorders as well as autographic chart
recorders, the latter being used only as a back-up. The tapes are r~ceived by post
but a pilot study is in progress using five data-collection platforms for the transmission of data by METEOSAT. Flood warning schemes using radio links are operated
by water authorities and some hydrometric telemetry schemes are in operation.
At present, rainfall records are collected and archived for approximately
5 000 daily read raingauges and 1 000 monthly read gauges. In addition, some 900
Qutographic raingauges are in operation.

Some 68 of these have magnetic tape event

recorders and their data are archived by the Meteorological Office. Data (including
those on magnetic tape) are mainly received by post but a limited quantity is
received by fast data links.

4.

Development of a national hydrological data bank

In 1919 the Meteorological Office took over the functions of the British
Rainfall Organization (a private venture established in the mid-1800s). A progressive transfer of historic rainfall data to computer media is taking place. All
data are made available to other agencies as required. Data (including derived data)
are used in agriculture, water management and water engineering and for a variety of

other purposes.
Although streamflow records were kept by some water undertakings and private
individuals for many years previously, the routine collection and publication of flow
data did not begin until the establishment of the Surface Water Survey in 1935. The
Water Resources Act of 1963 provided a major impetus to extend the hydrometric network in England and Wales by requiring the river authorities to plan hydrometric
schemes for data collection and empowering central government to contribute towards

the capital costs of installations.

Following this Act the newly created Water

Resources Board assumed responsibility for national archives of river flow and bore-

hole levels. In 1965 the Board introduced computer processing, storage and retrieval
facilities to improve the handling of hydrometric data. As a result of further major
re-organization of the water industry between 1973 and 1976 the management of these
archives passed to the Water Data Unit.
Since 1974 the Water Data Unit has also maintained a water-quality archive
as part of the harmonized monitoring program. This archive is complemented by local
water-quality data bases maintained by the water authorities, river purification boards
and other organizations. Data exchange commonly makes use of the water archive
facilties. The water archive is a computer-based system for storing and retrieving
technical data and provides for a similarly structured archive in all user organizations.
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5.

Structure and organization of the data bank

The Meteorological Office receives, archives and publishes all rainfall data
of acceptable quality supplied to it. The family of powerful and versatile computers
includes an IBM 360/195 and an IBM 370/158. Quality control of the rainfall data,
after manual punching f is achieved by a mix of computer and manual methods. A comprehensive suite of computer programs allows rapid retrieval of the rainfall informa-

tion. Recall facilities include Visual Display Units and computer plotted maps. The
national rainfall archive is under the sole control of the Metearological Office.
The Water Data Unit undertakes processing and publication of all streamflaw
data. The present WDW's computer is an ICL 19045 with 256K words of main memory, 10
exchangeable disk drives each holding 60 million characters, 8 magnetic tape decks and
a high speed drum. Input facilities are available for 5- or 8-track paper tape and
punched cards, output is to line printers, magnetic tape[ punched paper tape and a
graph plotter. Interactive terminals are used extensively f.or data correction and
retrievels.

6.

Nature and -composi tic" of hydrological and related information received in

the data bank
Daily and monthly rainfall data are quality-controlled in collaboration wi th
the various water authorities. Quality-control of autographic rainfall data is at the
design stage. Some autographic data are digitized using a n flying spot scanner"
(Precision Encoding and Pattern Recognition).
The Water Data Unit's hydrological data bank comprises the surface-water and
groundwater archives together with the complementary data banks of a more specialized
nature.

In addition to hydrometric time-series data, certain reference information

is normally stored, particularly details of the monitoring sites and,where appropriate, selected catchment characteristics.

River-level data, generally on punched paper tape, are forwarded to the
Un~t

from the authorities who operate and maintain flow-measurement stations.

Punched

tapes from certain digital recorders are normally computer-compatible but field conditions commonly result in such tapes being unable to meet the close tolerances

necessary for data input to modern high-speed readers. In such circumstances the
tapes are copied prior to computer processing. The Unit operates o· translation service for 16-channel paper tapes of which some 400 are handled each month. Advantage
is taken of this translation stage to add the reference information required for the
conversion of stage to discharge and to edit out obviously erroneous river levels.

The computer daily mean discharges are transferred to magnetic tape together with
further flow data supplied by those authorities who undertake their own processing.
Mean monthly depth of rainfall for the basin above each flow-measurement station are
also incorporated into the archive.
Records of woter levels in wells and boreholes are collected from authorities
in chart and manuscript form and punched onto paper tape for transfer to the groundwater archive.
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of field personnel and the establishment of rigorous instrument maintenance procedures;
the aim being to minimize the errors in the raw field data. Computer checks are made
to ensure that the reference information is valid, the data fields are in the correct
format and the data conform to certoin arithmetic rules. Where 0 greater degree of
data quality control is warranted, for instance in experimental catchment studies,
recourse can be made to more sophisticated techniques. These techniques normally
capitalize on the persistence displayed by hydrometric time series. Blocks of dato
ore automatically checked for departures from expected sequences and queried values
are flagged for investigation and possible correction.

7.

Data processing

Quality control of rainfall data is based on comparison with "nearneighbour" data. Initial quality control, especiolly the elimination of obvious
errors in individual "records, is; to an increasing extent, effected regionally by
water authorities and similar bodies. Final quality control provides a best~estimate
data set, but original values subsequently replaced by estimates

are also preserved.

No reol-time quality control is attempted.
The general philosophy of quality control of surface water data is to ensure
good quality control of'the data in the field. The quality control at the computer
end is to test successive values of stage to check if differences exceed a chosen

value.
Primary data processing of streamflow data consists of the conversion of

stage to dischorge by means of

0

computer program.

This takes the form of either

0

rating equation in the case of velocity area stations or a river or flume laboratory
formula in the case of measuring structures. In the latter case the laboratory formula

is normally checked in the field by current meter or dilution methods. In the cose of
the stage-discharge curve, this is linearized by the ,program-to a logarithmic transformation with or without break point~ depending on the controls.
Secondary dato processing of stream flow

dato consists of anolysis of the

data to meet user requirements.

8.

Data storage and retrieval

A computerized listing (entitled ML.RAINMAST) is in an odvanced stote of
compilation. This contains ,details of rainfall stations (site, instrumentotion) and
the duration of records of stations now operating and also of those which hove been
closed. A series of annual computerized data sets (MP.DRAIN) of periodically ordered
daily and monthly information is held with effect from 1961. A climatologically
ordered series (MC. DRAIN) contains dato from 011 daily rainfoll stations with effect
from 1961 ond olso data from some 500 stotions with dates as early os 1910. Further
historicol dota are odded whenever possible. A series MC.MRAIN containing monthly
values only, is being designed. MC.FRAIN orchives daily data from rain recorder
charts from a selection of stations.

An archive of hourly values (amount and, where

possible, durotion also) is also being designed. Effective retrieval procedures
exist. Monthly totals are published annually. All data are reodily ovailable to

- 121 users. Derived data (i.e. potential evaporation, estimated actual evaporation, estimated soil-moisture deficit and estimated hydrologicolly effective rainfall) are also

archived.
In the case of streamflow data, a suite of programs is available to provide
a selection of retrieval options to meet user requirements. These are as follows:-

'.
d01·1 Y mean gauge d d·lSCnarges
In

m3-1
5
i

(0)

Ta bl e

(b)

3 -1
Hydrogroph of doily mean gouged or naturalized discharges in m s

(c)

Table nf daily mean naturalized discharges in m s

( d)

3 -1
Table of monthly mean gouged discharges in m s

(e)

3 -1
Table of monthly mean naturalized discharges in ms ;

0f

3 -1

(f)

Table of monthly instantaneous peak discharges and highest and lowest
daily mean gouged discharges in m3 s- 1 ;

(g)

Table of catchment monthly areal rainfall (mml';

(h)

Table of catchment monthly areal rainfall and naturalized runoff (mm);

(i)

Hydrographs of daily and monthly mean gouged or naturalized discharges
with corresponding extremes from the period of record;

(j)

{k)

Monthly table of 15-minute and hourly mean gauged discharges;
Flow frequency and duration curves.with tabulated duration data for one
or more years_;

(1)

Concise summary of station gauged discharge data for period of record;

(m)

Magnetic tape of monthly data for period of record;

(n)

As for (k) but for monthly, or combination of monthly flows;

(0)

Listing of gauging station directory with specified variables and for
groundwater are:

(i)

Table of annual maximum and minimum levels with dates of occurrence for specified years;

(ii)

Annual tables for specified years of water levels with date of
observation when read weekly or monthly, or with date of Sunday
midnight values when extracted from continuous chart records.
Annual maximum and minimum levels with dates a;e also given;

- 122 (iii)

Annual graphs of water-level fluctuations of up to 4 continuous years with superimposed annuol plots of monthly moximum
and minimum and mean values derived from the period of record
up to but not including the year of the first annual graph. A
table of the monthly values used in the superimposed plots is
also given. Station details with period of record maximum and
minimum levels with dates are given with each option.

Media for the output may be line printer listing paper, plain or grid graph
plots, punched paper tape (ICl 1900 series 8, track code) and magnetic tape (ICl 1900
series t" 9 track 1600 c, p. i. of t" 7 track 556 c. p. i.). A g!.Q forma is supplied to
assist the accurate-specification of r.equests! and charges are -given for each option.
Clients are advised to discuss with archive personnel requests for non-standard data

and for problems involving hydrology or interpretation of data.
Real-time data are normally transmitted directly from the gauging station
by radio or post-office links except in the case of satellite transmission where an
alert facility is in operation.

9.

Standardization

All technical policy in respect of the national archive rainfall (and evaporation) data is decided by the Meteorological Office and all. such aspects are standardized internally. The computer language generally used is IBM FORTRAN IV. liaison
with other users permits transfer of computerized information to other agencies.
The current systems for surface and groundwater and also for chemical water
quality have been in operation for some time. The data were received by the unit as
input documents or paper tape and there was no re-quirement for standardization. As
the authorities providing data have developed their own facilitie~ differences in
approach and formats have appeared and data exchange is now-a-problem in some areas.

A new system, the Water Archive System, has been developed by the Water
Data Unit in conjunction with the water authorities in England and Wales to provide a
standard approach to archiving information required- for water-management purposes.
This common system is currently being used by seven of the ten water authorities and
two government departments.

The initial version of the Water Archive System deals with data about
physical features (e.g. sampling points, gauging stations, sewage treatment works,

discharges) and freshwater chemical quality data. The features are located by both
the National Grid Reference and also the Hydrological Reference which describes the
relative position

of features on the river system.

Enhancements being developed

include quantity data, biological data and marine chemical quality data.

There are

plans to include recreation and amenity data at a later date.
The commonality of the computer system across two ranges of computers, with
a current co~version to a third, ensures the standardization of files, data formats
and software. There is further standardization in the construction of nationally

agreed reference files for use by the system (e.g. Chemical Determinand Dictionary).
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User services
"Rainfall ll enquiries to the Meteorological Office have increased from about

3 000 per year pre-1974 to 9 000 in 1978. Some 40 per cent are for computer print-out
of rainfall data and for maps of rainfall amounts in given periods. Enquiries cover
a wide range, including agriculture, building, drainage design! water supply, waste
disposal and evidence in courts of law. Major enquiries often require estimates of
areal. rainfall, evaporation, soil moisture deficit and effective rainfall.

An

operational, weekly service provides mapped estimates of the above and other quantities. Some data are supplied by photocopying, by microfiche and on magnetic tape.
Charges are made, except for some services .to other government departments and to cooperating agencies providing reciprocal services.

The Water Data Unit handles data requests from a spectrum of data users
ranging from private individuals to international agencies. Where the relevant information is not stored centrally, requests are referred to appropriate specialist

organizations. It is able to provide information for the following hydrological data:
Ca) surface water
streamflow, catchment area rainfall, river-water temperature,
independent fload peaks above a threshold and gauging stations; (b) groundwater
groundwater levels and observation wells. Computer programs have been developed to
provide data for them in formats corresponding to the general demand except for water
temperature, flood peaks and observation wells which are not yet computer-archived.
Information concerning the data - retrieval service is published in the triennial
publications "Surface Water - U.K." and ·"Groundwater _ U.K.".
The following table gives by numbers of gauging stations an analysis of
requests for the listed options by water authorities, government departments and
educational consultants. Requests for groundwater data are relatively few.
Number of stations for which surface water
option requests were supplied
Option

Daily mean flows
Hydrographs of daily main
mean flows

Water
authorities

50

87

61

148

142

14

15

8

230

145

6

58

71

14

77

72

73

31

91

31

1

78

25

80

32

185

24

1

56

217

1

6

7

18

47

208

130

18

Flow duration analyses

27

31

1

17

15-min. stage hydrographs
Totals

1978

31

6

15-min. stages and/or flows

1977

14

2

Total

1978

1978

Rainfall and/or runoff

Educational!
consultants

1977

1977

Tables of monthly mean flows
Extremes of flow

Government
departments
1977
1978

5

10

10
270

225

72

310

347

132

689

667
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Evaluation

The main problems in the U.K. in establishing and operoting the national
archives are the labour-intensive demands of a large network in respect of data punching, quality control and maintenance of records of site and instrument changes.
The variety and volume of the enquiries give evidence of user need.
It is now generally recognized in the water industry that information is
as much of a resource as the water itself. It follows that the investment in data
acquisition and processing will only be fully realized if all the users' needs are
satisfactorily accommodated. The creation of a comprehensive flow archive cannot be
an end in itself; provision must be made to relate this data to other relevant information and to form a data bank capable of interrogation by all bona fide users.
River flow processing can be seen as but a subset of hydrometric data processing
which itself nests into the technical information system of the water management
agencies.

The development of a dialogue between user and data bank is essential and
much can be learned from the relatively short history of electronic data processing.
Systems have tended to develop to adapt the requirements of the user to the capabilities of the chosen computer. Such compromises have, all too often, resulted in
management having to take decisions based on information ·up to the end of last
month'. Water problems arise, and require solution, in a real-time world where the

requirements for data can arise at random intervals. The development of data-bank
management systems now offers the opportunity to reap the full benefits from a volume
of assembled data and enable immediate and pertinent information to be provided to
the decision-maker.

A data-bank approach implies not simply the computer storage of all relevant, flow-related data but also the provision of standard methods of handling this
data, to update or amend, to retrieve information for formal reports or publication,
or ad hoc enquiry and, perhaps most importantly, to associate and compare the stored

data in ways which mayor may not be determinable at the stage of system design.
Advances in the technology of sensing and recording, allied to the use of
microprocessors to undertake remote processing of field data and control the onward
transmission of information, promise to extend the options open to the hydrometric

network designer at a time when, at least in the developed world, the cost of manual
monitoring is becoming prohibitive. At the other end of the processing system,
computers are being harnessed to assist in the assembly of data sets in a manner which

facilitates easy data manipulation and data dissemination. If the water industry is
to benefit fully from these developments, then great emphasis must still be placed on
vigilant field maintenance procedures, the standardization of processing techniques,
and the recognition and correction of spurious data, to ensure that data users can

make confident use of the information supplied to them.
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UNITED STATES OF AMERICA
1.

Introduction
The U.S. Geological Survey investigates the occurrence, quantity, quality,

distribution, and movement of the surface and underground waters that comprise

the

water resources of the United States.
The data collected during field activities are entered into the national
Water Data Storage and Retrieval system (WATSTORE).
The WATSTORE system consists of serveral files in which data are grouped
and stored by common characteristics and data-collection frequencies.

At present,

files are maintained for the storage of (a) daily values, composed of surface-water,
quality-of-water, and groundwater data measured on a daily or continuous basis; (b) peak
flow data, composed of annual maximum discharge and stage values for streamflow sta-

tions;

(c)

water-quality data, composed of chemical and biological analyses for

surface-water and groundwater sites;

and (d)

groundwater site-inventory data, com-

posed of hydrological, geological, and well-inventory data for groundwoter sites. In
addition, the Station Header File contains an index of sites for which data are stored
in the system. WATSTORE, maintained by the Water Resources Division of the Survey,
is the largest hydrological data bank in the United States; the Survey also coordinates water-data exchange among many federal, State, and local government agencies.

2.

General information

2
The area of the United States is 9 363 165 km (3 615 122 square miles).
Except for the northern part of Alaska (Frigid Zone) and Hawaii ·(Torrid Zone), the
United States lies in the Temperate Zone and thus has a moderate climate. The topography is varied and includes great mountain ranges, plateaux, hills, plains, valleys,
and deserts.
Hydrolgical data are used not only in determining the adequacy of water
supplies, but also in designing dams, bridges, and flood control projects; in allocating irrigation waters; in locating sources of pollution; in planning for energy
development; and in predicting the potential effects of radioactive waste disposal
on water supplies.
Representative users of the hydrological data bank are: U.S. Army Corps of
Engineers, Environmental Protection Agency, Bureau of Land Management, Federal Highway
Administration, U.S. Nuclear Regulatory Commission, Minnesota Pollution Control
Agency, Oklahoma State Department of Health, Los Angeles County Flood Control District,
and University of Iowa Institute of Hydraulic Research. Many of these and other
federal, State, and local agencies also collect hydrological data that are made generally available through the co-ordinating activities of the Office of Water Data Coordination (OWDC) and the National Water Data Exchange (NAWDEX) of the Survey's Water
Resources Division.
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3.

Status of hydrological data-collection systems

Streamflow data are gathered at about 9 000 sites. The National Stream
Quality Accounting Network (NASQAN) maintains 525 stations at which uniform sampling
techniques and analytical methods are used to ensure comparability and reliability of
data. Many districts USe small mobile laboratories built into trucks or vans to perform required field onalyses such as dissolved oxygen ond pH ond to prepare samples
for shipment to laboratories.
Two central laboratories that analyse more than 150 000 water samples per
year also contribute data to the system. The laboratories are highly automated and
perform chemical analyses that range from determinations of simple inorganic componds
such as chlorides to complex organic compounds such as pesticides. As each analysis
is completed, the results are verified by laboratory personnel and transmitted by remote
terminal to be stored in the WATSTORE files.
Digital recorders are used at many field locations to record values for parameters such as river stages, conductivity, water temperature, turbidity, wind direc-

tion, fluorides, and chlorides.

Data are recorded on l6-chonnel poper tape, which is

removed from the recorder and transmitted over telephone lines to the receiver at
Reston, Vc. The data are recorded on magnetic tape for use on the central computer.

Hydrological records collected at a network of surface-water bench-mark stations in areas unaffected by encroaching civilization establish baseline data on the
"natural" environment to compare with water-quality data in developing areas.

These

data are stored in WATSTORE and are published in the annual water-data reports by each
State.
Extensive testing at 150 sites indicates the feasibility of using satellite
data-collection platforms for collecting hydrological data on a nationol scale.
Battery-operated rodios are used as the communication link to the satellite.
Measurements of ground-water levels are mode in about 30 000 wells and
water samples are collected and analysed each year from about 12 000 groundwater sites.
The Columbia River Operational Hydromet Management System (CROHMS) is a comprehensive hydrometeorological data system that is operated co-operatively by the USGS
and seven other agencies.

Data are collected at central locations using land-line

methods, with plans eventually to establish a satellite relay system. The various
types of data collected and processed by individual agencies are made available to
others by way of teletype networks.

4.

Development of a national hydrological data bank
Surface-water data processing began in about 1956 with the development of

equipment which scanned a strip chart containing river stages, made corrections, com-

puted daily mean discharge, and printed tobles in a form suitable for annual watersupply papers. This equipment was unable to scan a strip chart reliably so it was
abandoned. Next, a punched paper-tape digital recorder was developed that was designed
to operate in remote areas where no power source was

available~

These recorders have
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paper-tape data to computer-compatible form evolved from: (a) 16-channel paper tape
to 7-channel paper tape; (b) 16-channel paper tape to magnetic tape; (c) the present
equipment, which reads the 16-channel paper tape photoelectrically, transmits the data
across voice-grade telephone lines} and records the data on magnetic tape at the
National Center for subsequent computer processing.

Automation of water-quality data was begun in 1959. Data were punched in
eight-channel paper tape for processing by an automatic typewriter (Flexowriter) to
produce tables of data for publicatian. In 1963, data cards in a fixed field format
were designed which could also be processed by the modified Flexawriter.
Automatic processing of groundwater data began in 1965. Data cards in a
fixed field format were designed for reporting well descriptions, water levels, and
groundwater-quality information.
The initial computer programs to process water-resource data were written
in machine language for a Burroughs computer. Principal output forms were machine

adaptations of manual computation forms.
The storage of all basic data on magnetic tape was originally considered
necessary because discharge values were not computed until the end of the year. The
system was revised to require a minimum of data storage and to compute daily discharge on the first pass through the computer. This change made the system more
economical by reducing storage by a 96:1 ratio, and more useful in meeting the need
for current reports.

When the initial system was implemented in 1962, all translation and processing was done in a central unit in Washington, D.e. Later, additional processing
units were established in Denver and St. Louis. Throughout the development of
WATSTORE, and on a continuing basis, users have had many opportunities to voice their
requirements, opinions, and reactions to changes, thereby affecting the overall development of the hydrological data system.
The IBM 360/65 computer system was ocquired by the Survey in late 1965.
This system, for the first time, offered the capacity of remote occess to the computer.
The WATSTORE system is now accessed by over 100 computer terminals.

3.

Structure and organization of the bank

The WATSTORE system consists af several files in which data are grouped and
stored by cammon characteristics and data-collection frequencies.
(a)

Station Header File: The Station Header File contains information pertinent to the identification, location, and physical description of over
210 000 sites for which data are stored in the WATSTORE files. The
file serves as an automated index from which a retrieval list af
stations may be obtained without searching massive data files. Typical
information items stored in this file are: (i) station identification
number; (ii) station locator (latitude-longitude); (iii) State cade;
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(vii) site-type code; and (viii) gauge or land-surface datum;
(b)

Daily Values File:

The Daily Values File contains water-data para-

meters measured or observed either on a daily or on a continuous basis
and numerically reduced to daily values. Instantaneous measurements
of fixed time intervals, daily mean values, and statistics, such as
daily maximum and minimum values, may also be stored. This file cur-

rently contains over 190 million daily values including data for streamflow values, river stages, reservoir contents, water temperatures,
specific conductance values, sediment concentrations, sediment dis-

charges, and groundwater levels.
A generalized retrieval program retrieves records from this file in
machine-readable form and passes the retrieved records to computer

application programs.

Examples of the application programs ore:

Publication tables;
Data inventory of selected portions of the file;
Preparation of X-V plots an digital plotters;
Preparation of monthly and annual statistics;
Preparation af duration tables, low- and high-value sequence
summaries, and log-Pearson frequency distributions;

(c)

Water-Quality File:

The Water-Quality File contains information per-

taining to the chemical, physical, biological, and radiochemical com-

position of both surface water and graundwater. The data stored in
this file ore obtained primarily through the analyses performed by the
two central water-quality laboratories operated by the Geological
Survey. At present, the Water-Quality File contains the results of
over 1.4 million analyses of water samples; each analysis may contain
data for. 0 maximum of l85different constitutents.

A generalized retrieval program retrieves records from this file in
machine-readable form and passes the retrieved records to computer
application programs.
Publication tables;
Frequency analyses;

Sti ff diagrams;
Piper diagrams;
Histograms;

Examples of the application programs ore:
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Map plots;
A generalized stotistical package;
Plotting and contouring on digital plotters;
(d)

Peak flow File' The Peak Flow File contains the annual maximum (peak)
streamflow (discharge) and the annual maximum gauge height (stage)
values obtained at surface-water sites.

It currently contains more

than 400 000 annual maximum observations. The primary use of this file
is to compute log-Pearson Type III frequency distributions, which are
used in determining flood flow frequency;
(e)

Groundwater Site-Inventory File:

The Groundwater Site-Inventory File

contains inventory data about wells, springs, and other sources of
groundwater. The data included are site location and identification,
geohydrological characteristics, well-construction history, and onetime field measurements, such as water temperature and water level.

The file is designed to accommodate 255 dato elements and currently
contains data for over 660 000 sites.
The Groundwater Site-Inventory File is managed and maintained through
a data-base management system called SYSTEM 2000. This system is
marketed by MRI Systems Carp., Austin, Texas. SYSTEM 2000 is oriented
to the collection, maintenance, and manipulation of data en masse, and

it provides a report generation capability, a data-base loading facility, a teleprocessing interface, and a query language. Using the
retrieval language which is available as a part of SYSTEM 2000, data
can he retrieved selectively in a variety of ways. A program to retrieve selected data and prepare publication tables has been written,
and programs to interface the file with plotter and statistical
routines are nearing completion.

The Computer Center Division of the USGS provides the data-processing facilities used by WATSTORE. The system consists of a large-scale multiprocessing computer connected via telecommunication lines to a variety of terminals located nationwide. Major elements are:
Two central processors, each with four megabytes of main memory;

Two fixed-head disk storage units, each with 11.2 megabytes of storage;
Numerous disk storage devices, each with 200 megabytes capacity;
Various nine-track and seven-track tape units;

Three 2 OOO-line-per-minute printers;
Card readers and card punch machines.
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State capitals. Printed output is received at the originating terminal Or may be
routed to another terminal. In addition to a terminal with card·reader and line
printer, basic equipment in district offices includes a cathode-ray tube (CRT), mitron
transmitter, and card punch machine. Support for WATSTORE programs is provided by
the Automatic Data Section of the Water Resources Division. Professional personnel
include computer programmers, plus specialists in the three major disciplines surface water, groundwater, and water quolity - and mathematicians, all of whom hove
computer programmer training.

The system is also accessed through 62 remote computer terminals located in
non-USGS offices.

6.

Nature and composition of hydrological and related information received in
the bank
Information is entered into the system from several different sources:

(a)

Data recorded on l6-channel paper tape at digital recorder (streamflow)
stations is carried to a district office to be transmitted over voicegrade telephone lines to a receiver at headquarters in Reston, Vc.

The data receiver writes the information onto a 7-track binary coded
decimal (BCD) magnetic tape. This tape is then placed in the Computer
Center Library so that it may be accessed through computer terminols
for further processing;

(b)

Water-quality data are entered into the system in one of two ways.
Those parameters that must be analysed immediately, such as temperature,
specific conductance; and pH, are processed in the mobile laboratory

and recorded on worksheets. These dota are then punched on cards at
the district or field office, ond reod into the Woter-Quolity File
through remote terminal. Somples thot are to be onalysed at one of the
Central Laboratories are prepared for shipment using appropriote procedures to protect them fram contamination. After they have been processed at the Laboratory, the results are automatically entered into
the Water-Quality File;
(c)

Groundwater

data are recorded on field record sheets at sites where

groundwater

has been, is, or can be withdrawn.

The data are then

punched on cards at the district office and submitted through remote
terminal to the Groundwater Site-Inventory File;
(d)

Data that have been obtained from satellite systems are also automatically entered into the files.

There are two basic aspects to quality control. The first involves training
the personnel who collect, analyse, and record the data in proper procedures and
techniques.

The Geological Survey;s National Training Center in Denver, Colorado, was

established to further this objective. The second aspect of quality control concerns
the validity of data being entered into the data bank. Many editing procedures have
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However, an automated system can only evaluate

the soundness of data submitted; only the data collector can verify the true validity
of the data. For instance, the computer system can check that the value entered far
altitude is within the range of altitudes passible for the State in which the site is
located. However, it cannot ensure that the altitude reported is correct. For
example, if the minimum and maximum altitudes for State X are specified as 3.04 ID
(10 ft) and 1 073.2 m (3 521 ft), respectively, and an altitude of 122.8 m (402.9 ft)
is reported, the computer system must accept the value as correct, even though the
true value may be 12.28 m (40.29 ft).

7.

Data processing

Each data collector is responsible for verifying the accuracy of data to
ensure that what was intended to be entered into the file was entered withaut error.
Data recorded on magnetic tape from digital recorder paper tapes are processed by programs from an auxiliary file. For example, gauge heights or diol readings
from this magnetic tape ore processed through rating tables obtained from an auxiliary
file to produce output values, such as discharge, temperature, dissolved-oxygen, and

canductivity. In addition, shift and datum corrections can be applied ta these values
to obtain an updated output value. These output values are then stored in the main
file as mean daily values or maximum and minimum values.
Edit checks are made on data being entered into many of the files, but these
checks only identify impossible volues, and are no substitute for accurate data entry
techniques and visual examinotion of data. Data thot hove been accepted and integrated
into the files are then dvailable for application programs. Secondary processing products such os tables, graphs, plots, and mops are output from these application
programs.

Real-time data processing hos been in operation os port of a sotellite datacollection platform testing program since 1972. Dota from about 150 stations equipped
with digital recorders are transmitted by an inexpensive battery-operated radio to a
satellite data-collection platform, which then relays it to a data-receiving station
for input into the central computer. This technology holds promise for increasing
real-time data processing capabilities.

8.

Data storage and retrieval

The WATSTORE system consists of several files in which data are grouped and
stored by common characteristics and data-collection frequencies.
The WATSTORE system is designed to use magnetic disk to store current data
and magnetic tape to store historical data. This technique is used because of the
high cost involved in maintaining on-line disk files. Approximately 20 per cent of
the data is stored on magnetic disk and the remainder on magnetic tape. "Current data"
are defined as data for the current year and the year immediately preceding. Data
failing to meet this criterion are removed periodically from disk and merged with data
in the historical file, which is maintained in a sequential manner on magnetic tape by
station identification number and date. The retrieval camputer programs permit data
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Most

retrievals are made in batch-processing mode.

Voried retrievol options for the system ore ovoiloble, such os:
Individual station;
Polygon of latitude-longitude;
State;
County;
Aqui fer code (.for groundwater sites);
Dates (period of record);
Values of individual parameters, such as streamflow, water temperature,
sediment discharge, etc.;
Greater than or less than specified parameter values.
Software programs exist for summarizing water-quality records and for pro-

ducing an inventory list of user-specified portions of the Daily Values File.
Water-resources data are published through a series of water-data annual
reports, by States. Computer-printed tables suitable for reports are available to
district offices through remote job entry terminals. Data from the hydrological data
bank can also be obtained through remote terminals in 62 other federal and non-federal
agencies, and through NAWDEX local Assistance Centers.
9.

Standardization

The technical media used are tapes and disks. Data are furnished to users
in standard data formats, which are card images on magnetic tape, 408-byte magnetic
tape records, and (or) 1 656-byte magnetic tape records. The magnetic tapes may be
either seven-track or nine-track tapes. The WATSTORE disk files are indexed sequentially; the magnetic tape files are sequential; one file uses the SYSTEM 2000 data
base management system.

FORTRAN and COBOl.

Computer programs are generally written in PL-I with some in

Users can access the data through standardized programs maintained

by the Water Resources Division, or they may write their own programs for special

applications.
10.

User Services
The National Water Data Exchange (NAWDEX) reported 64 000 information trans-

actions, which were processed by Local Assistance Centers, during the fiscal year

1978.
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(a)

Computer-printed tables: Users most often request data from WATSTORE
in the form of tables printed by the computer. These tables may contain lists of actual data or condensed indexes that indicate the
avoilability of data stored in the files. Various formats are available
to display the many types of data;

(b)

Computer-printed graphs: Another capability of WATSTORE is to produce
computer-printed graphs for the rapid analysis or display of data.
Computer programs are available to produce bar graphs (histograms),
line graphs, frequency-distribution curves, X-V point plots, sitelocation map plots, and other similar items by means of line printersi

(c)

Statistical anolysis: WATSTORE uses a generalized statistical package
to provide extensive analyses of data, such as regression analyses,
the analysis of variance, transformations, and correlations;

(d) . Digital plotting: WATSTORE also makes use of software systems that
prepare data for digital plotting on peripheral, off-line plotters
available at the central computer site. Plots that can be obtained
include hydrographs, frequency-distribution curves, X-V point plots,
contour plots, and three-dimensional plots;
(e)

Data in machine-readable form: Data stored in WATSTORE also can be
obtained in machine-readable form for use on other computers or for use
as input to us_er_writtencompu-ter programs.

The-se data are availttble

in the standard storage formats of the WATSTORE system or in the form
of punch cards or punch-card images on magnetic tape.

The data requester is billed the computer charges associated with the preparation of WATSTORE data in response to his request.
The costs are related to: (a) the amount of data requested; (b) the
output format selected; (c) the time frame required by the requester; and (d)
whether or not the requester provides the magnetic tape onto which the data are copied.
WATSTORE data may be requested through any NAWDEX Local Assistance Center, or contact:
U.S. Geolagical Survey
437 Natianal Center
RESTON, VA. 22092
U.S.A.
11.

Telephone:

(703) 860-6879
FTS
928-6879

Evaluation

Generally, the development of an automated hydrological data base must be
spread over several years due to the limited funds that are available.
Basic water data are essential not only for determining the adequacy of
water supplies, but also for designing bridges, dams, culverts, and other public works;
for planning to prevent or lessen the impact of floods and droughts; for predicting
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of water power and irrigation projects; and for developing water_pollution control
and recreation facilities. The economic benefits of having accurate data readily
available are hard to measure. However, if a bridge is built 3.04m (10 f~ higher than
necessary because accurate peak flow data are not available, the extra cost can be
appreciable. If a city avoids a water shortage through careful management of water
resources based on the accuracy of hydrologic data, the ecanomic advantages are
obvious, though perhaps difficult to measure.
Water resource development is such that it is a nucleus around which other
developments crystallize. Progress in industry, housing, energy-resource development!
and agriculture is largely governed by the availability af water supply and the capabilityof disposing of waste effluents. The availability of reliable water-resources
data will lead to more intelligent, broad-based decisions on optimum development.

