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FOREWORD

An adequate system of national Hydrological and Hydrometeorological Services and of related institutions is
essential in each country for the successful development of its water resources and to assist in other ways in the
national economy.
With this in mind, the WMO Advisory Committee for Operational Hydrology (ACOH) recommended the
preparation of a casebook for the information and guidance of Members (particularly the developing countries) in
setting up their Hydrological Services. In doing so, ACOH emphasized that the publication should contain factual
information without recommendations or opinions on existing institutional arrangements which could in any way
be interpreted as interfering in matters which are within the sale competence of Members.
In accordance with this recommendation, which was subsequently approved by the WMO Executive Committee,
a number of countries in various parts of the world representing different organizational patterns of Hydrological
Services were selected and these countries were thereupon invited to provide information on the organization of
their respective Hydrological Services. The material collected in this way has been included in the present publication.
[ am pleased to take this opportunity of expressing to all who have contributed to this valuable publication
the sincere appreciation of the World Meteorological Organization for the time and effort they have devoted to its
preparation.

D. A. Davies
Secretary~General

SUMMARY

The present publication comprises contributions from twelve comiTies on solutions to institutional and
organizational problems encountered by them in setting up their Hydrological Services. The contributions from
the six different WMO Regions were sought from those countries which largely represent the different organizational
patterns of Hydrological Services operating under various climatic, physiographic and economic conditions. In order
to achieve a certain uniformity in the presentation of the examples and consistency in their preparation, the countries
were provided with a suggested outline to follow. Obviously, not all sections of this outline were relevant to all
countries, but in general the contributions contained in this casebook are presented in six sections as follows:

1.

Introduction

This briefly describes the country's physical, climatic, topographic and economic characteristics, and gives an
account of the available water resources in the country and their exploitation by the different sectors of the economy.
2.

Role and goals of water in the national economy

Here the main challenges Facing the country at present are examined and the developments envisaged for the
future are outlined.

3.

Water resources management

Tins section presents statements on government policy .as regards water resources development and management.
The different bodies and institutions dealing with water resources management, their functions and inter-relationships
are mentioned.

4.

The Hydrological Service

Section 4-the principal part of each contribution-informs the reader whether the service is federal, whether
regional services exist, and how regional problems are dealt with. It mentions the activities and responsibilities of
the service, and the handling of data, including their publication. Furthermore, the section makes reference to the
types of forecast prepared by the service and gives information on research activities and staff training facilities. It
also discusses possible contacts with international organizations.

5.

Effectiveness of the Service

In this part, the efficiency of the Service as seen by those working within it and by those using the results of
its work is examined. The question as to whether the Service meets the user's data requirements is also briefly covered.

6.

Future plans

This last section gives details of plans for re-organization or development of present institutional arrangements
concerning activities in hydrology and related fields.

La presente publication contient les renseignernents fournis par douze pays sur les solutions que ceux-ci
ant choisies pour resoudre les problemes institutionnels et organiques qu'ils ont rencontn3s lars de l'etablissement
de leurs services hydrologiques. Pour reunir cette documentation concernant les six Regions de l'OMM, Ie
Secretariat s'est adresse a des pays qui sont representatifs de l'eventail assez large des differentes formes d'organisation adoptees par des services hydrologiques fonctionnant dans des conditions climatiques, geophysiques et eCOilOmiques tn3s variees, Pour assurer une certaine unite dans la presentation des exemples et une preparation systematique
de la. documentation, les pays avaient ete invites asuivre un plan preetabli. Bien entendu, toutes les parties de ce
plan ne s'appliquaient pas toujours a to us les pays rnais, dans l'ensemble, la documentation contenue dans la
presente publication se subdivise en six parties:

L

Introduction

Celle-ci decrit brievement les caract€~ristiques physiques, climatiques, topographiques et economiques du
pays, ainsi que ses ressources en eau et leur exploitation par les differents secteurs de l'economie.
2.

ROle de l'eau dans l'economie nationale

Dans cette partie sont exposes les principaux problemes auxquels Ie pays doit actuellement faire face, ainsi que
l'evolution previsible de 1a situation.

3.

Gestion des ressources en eau

Dans cette partie est expo See la politique suivie par les gouvernements pour la mise en valeur et la gestion des
ressOurces en eau. les differents organismes et institutions charges de la gestion des ressources en eau, leurs fonctions
et leurs liens reciproques sont mentionnes.

4.

Le service hydrologique

La partie 4 - qui forme 1a partie principale de la documentation fournie par chaque pays - indique au lecteur
s'il s'agit d'un service federal, s'il existe des services regionaux et comment les problemes regionaux sont traites. Elle
contient des renseignements sur les activites et les responsabilites du service, ainsi que sur la presentation et Ie traite~
ment des donnees, notarnment sur leur publication. En outre, cette partie indique les types de previsions preparees
par Ie service et donne des precisions sur les tTavaux de recherche et les moyens de formation du personnel Elle
contient egalement des informations sur les relations eventuelles avec des organisations internationales.
5.

Effieaeite du service

Cette partie traite de l'efficacite du service, telle qu'elle est penrue par ceux qui y travaillent et par ceux qui
utilisent les resultats de ses activites. La question de savoir si Ie service repond aux besoins des usagers en matiere de
donnees est egalement traitee brievement.

6.

Perspectives

Cette derniere partie apporte des precisions sur les projets visant a reorganiser au a elargif les dispositions
institutionnelles existantes en ce qui concerne les activites deployees en hydrologie et dans des domaines connexes.
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RESUMEN

La presente publicacion comprende las contribuciones de doce palses, relativas a las solucionesadoptadas para
resolver los problemas de estructura y de organizacion que se han planteado con motiVQ de la implantaci6n de sus
Servicios Hidrologicos. Las contribuciones de las seis Regiones diferentes de la OMM han sido recabadas de varias
paises con el fin de abtener una gama 10 mas completa posible de los diferentes tipos de estructura de los Servicios
Hidro16gicos que existen en fundon de diversas condiciones c1imaticas, geofisicas y econ6micas. Con el fin de lograr
cierta uniformidad en Ia presentaci6n de los ejemplos y que las contribuciones fueran preparadas de manera coherente,
se invito a los paises a que siguieran un plan de presentacion preestablecido. Por supuesto, no todas las secciones de
ese plan se aplican siempre a todos los pafses, perc par 10 general las contribuciones que figuran en 1a presente
publicacion se dividen en las seis partes siguientes:

1.

Introduccion

En la misma se dcscriben sucintamente las caracteristicas fisicas, climaticas, topograficas y economicas del
pais. al igual que los recursos hidricos de que el mismo dispone y su explotacion par diferentes sectores economicos.

2.

Flincion y finalidad del agua en la economla nacfonal

En esta seccion se examinan los principales problemas a que ha de hacer frente el pais en 1a actualidad, al igual
que la evolucion prevista para el futuro.

3.

Gestion de los recursos hidricos

En esta seccion se expone la poHtica gubernamental en 10 que respecta al aprovechamiento y gestion de los
rccursos hidricos. Se indican los d"iferentes organismos e inst"itucianes encargados de la gestion de los recursas hidricos,
sus funciones y las reJaeiones entre los mismos.

4.

El Servicio Hidro16gico

En la Seccion 4, que constituye la parte esencial de cada una de las contribuciones de los paises, se indica al
lector si se trata de un servicio can cadcter federal, si existen servicios regionales y asimismo la forma en que se
resuelven los problemas de caracter regional. En dicha secdon se meneionan las actividades y responsabilidades del
Servicio, ast como la forma en que se presentan los datos, ademas de la informacion relativa a la publicacion de los
mismos. Por otra parte, en la seedon se hace referenda a los tipos de predicciones prcparadas por e1 Servicio y se
da informacion sabre las actividades de investigacion y los medias e instalaciones para Ia formacion profesional del
personal. Tambien se exponen los contactos que pueden existir con las organizaciones internacionales.

5.

Eficacia del Servicio

En esta seccian se examina la eficacia del Servicio) tal como 1a valoran los que trabajan en 61 y asimismo los
que utilizan los resultados de sus trabajos. Tambien se examina brevemente la cuestion de saber si e1 Servicio responde
a las necesidades de los usuarios en materia de datos.

6.

Proyectos futuros

En esta ultima seccion se faeilitan precisiones sabre los proyectos de reorganizacion 0 ampliacion de las dis·
posiciones institucianales eXistentes, dentro del marco de las actividades desplegadas en hidrologfa y en esferas
conexas.

INTRODUCTION'

Functions of Hydrological Services
The principal goal of national hydrological agencies, or Hydrological Services, is to meet the general requirements
of all interests in the country for hydrological information, including forecasts and warnings. Most requirements for
hydrological information are connected with the design and operation of water-management structures and measures.
like most national scientific agencies, the Hydrological Service usually conducts mission-oriented research and, in
some countries, it is responsible for basic and applied research in the entire field of hydrology.

Basic data functions
The establishment and operation of basic data networks and services are primary functions of Hydrological
Services, although the types of data involved vary from country to country. These functions, including the processing. storage, retrieval and publication of data, should be carried out with foresight, diligence and consistency if
water-resources programmes are to be conducted in an efficient manner. The networks for the various interrelated
elements should be designed to provide a maximum of information for the money invested.

Patterns of organization
The organizational pattern with respect to Hydrological Services varies from country to country. Existing
organizational patterns are basically of four types, namely when:
(a) The Hydrological and Meteorological Service is combined in a single national agency;
(b) The responsibility for most hydrological activities rests with a single water-resources agency;
(c) Hydrological Services are dispersed .among.several national agencies, sometimes including the -Meteorological Service;
(d) Hydrological Services are largely under the jurisdiction of state or provincial governments, in accordance
with water-resources development policies.
It should be stressed that the existing national structures in many countries are not entirely compatible with any of
these four types. Groundwater, water-quality and estuarine activities are frequently assigned to an agency other
than the one responsible for the bulk of hydrological services. In some areas, glacier and{orsnowpack studies and
related seasonal water-supply forecasts are assigned to agencies having little other hydrological responsibility. Thus
a simple classification is most difficult. It is rather common practice for the national Meteorological Service to meet
water·management needs with respect to weather forecasts and basic climatological data. On the other hand, it is
not unusual for national and state water agencies to operate precipitation and evaporation stations, particularly those
stations reporting for operational purposes. Unfortunately, the records from such stations are frequently n'?t readily
available outside the operating agency and do not become a part of the national basic data publications and archives.
In most countries, climatological data, including precipitation and evaporation, are filed by the national Meteorological Service, while hydrometric and other hydrological data reside with another agency. In countries where hydrological
forecasting and warnings are undertaken as a public service on a national scale, the activity is often assigned to the
same agency which is responsible for weather forecasts and warnings. It is not unusual under these arrangements,
however, for water agencies to assume responsibility for preparing those forecasts required for operating watercontrol structures under their management.

* This introduction is based on a report presented by Mr. Max A. Kohler, U.S.A., to the International Seminm on Organization and
Operation of Hydrological Services, held in Ottawa, Canada, in July 1976.

XIV

INTRODUCTION

General considerations regarding Olganizational structure

A ptincipal criterion in organizational planning is to develop a structure which will achieve desired goals with
minimum funds and manpower. Division of responsibility should reflect consideration of the interface functionsareas of possible overlap and conflict requiring co-ordination. Such criteria lead to the tendency for assembling similar
functions at the lowest feasible level. Carried to its extreme, this will result in an agency so large that second-level
administrators will find that co-ordination is no less difficult than between ministers. A sound legislative framework is
requisite to efficient management, and this is particularly true in the field of Hydrological Services. Responsibility
for differen t aspects of such services has gradually COme about on a chance basis in many countries; only rarely has
specific legislation been adopted to establish a Hydrological Service. While the legislative framework should be
sufficiently specific to minimize inter-agency problems, care must be taken not to restrict action and progress in the
event of new developments and requirements.
Technical and administrative consideration regarding organizational structure

From the scientific point of view, hydrology is a geophysical or earth science. It is one of the three which are
frequently grouped as the fluid-earth sciences, the other two being meteorology and oceanography. Physically, the
three are divided by the Earth's surface and the sea-coasts, but the interface problems are numerous. Because of the
nature of the boundaries separating these three domains, oceanography and hydrology are more exten"sively related
to meteorology than to each other, and of course oceanography is of little direct concern to land-locked countries.
Hydrometeorological, hydrometric and groundwater data are combined for many types of analysis, and economies
result from joint network planning and operation. Regular inspection and maintenance are requisite to reliable data
and these activities constitute a major element of cost. Separate field staffs for the different types of data are a
luxury few countries can afford. This also applies to water-quality networks which in some countries are not
administered by the same agency as the water quantity network, even though the two must be interpreted together.
The advantages of integra ted processing, storage and retrieval of hydrometeorological and water· quantity and waterquality data also merit consideration. However, it should be stressed that the grouping of all basic data functions
pertaining to water within a single agency or department may introduce boundary problems. Groundwater ob~
servations and studies are inseparable from other geological functions. While these might also be assigned to the
agency in question, some interests would likely oppose such a move. A similar problem arises concerning environmental
protection activities, although sound reasons have been advanced for separating enforcement of water~pollution
regulations from water-quality measurements. Although a strong case can be made for having weather and river
forecasting and warnings services within the same national agency, it must be recognized that river forecasts and
water-control operations are highly interdependent. Operations are partially determined by forecasts and, at the
same time, operations can have a decided effect on forecasts. Another factor which complicates consideration of
organizational structure in some countries is the relative role of state (or provincial) and local governments. Meteorological Services of the world are almost universally national organizations, whereas the states of some countries
have major responsibilities for water resources and thereby become involved in hydrological flU1ctions. Since state
boundaries are only occasionally coincident with river basin divides, such subdivisions are not particularly suitable
from a hydrological pain t of view. National standardization of instruments and methods of observation becomes
a problem and the costs of providing hydrological services may be expected to be higher than when organized
on a national scale.
In conclusion, the importance of an effective organizational structure must be stressed. Rational decisions
concerning organizational structure for providing national Hydrological Services are possible only after thorough
study in the country of many related questions across a broad field. A principal criterion in organizational planning
is to develop a structure which will best serve the purposes of water-resources development on a national level and
which will lead to maximum achievement with available resources. The national organizational structure should
contribute to the effective and efficient implementation of technical programmes and projects.
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Introduction

1.1

PHYSICAL DESCRIPTION

The territory of Argentina is situated in the extreme southern part of South America. Including the ~slands
of the South Atlantic Ocean and a sector of the Antarctic Continent, its total surface area 4 027 024 kill', subdivided as follows:

is

Continental area
Antarctic sector
Tierra del Fuego, Malvinas (Falkland Islands)
and islands of the South Atlantic

2791810 kill'
1231061 kill'
4153 kill'

The continental portion has the form of a triangle with its base situated approximately in the Tropic of Capricorn
and points southwards between the mountain range of the Andes and a river coastline (paraguay, Parana and Uruguay
rivers) and the Atlantic Ocean (4800 km of sea-coast). The Antarctic sector lies between 25° and 74° west.
The following features can be distinguished in the general layout of the relief:
ra) A mountainous area in the western and central part of the country having a cenozoic-Andean range-

longitudinal axis characterized in the north and centre by its barrenness and maximum heights and in the
southern part by lower heights which permit the passage of moist air from the Pacific Ocean. A region
east of the preceding area, consisting of rejuvenated paleozoic reliefs, also points in a general north-south
direction;
(b) Plains rising gradually from the Atlantic coast to the mountainous areas, with soil consisting of reddish
pedocals, red pedalfers and prairie;

(eJ Arid plateaux, farther south, consisting of gray desert land cut by fertile river valleys;
(d) Varying topographical features are found in the extreme north-eastern and southern parts. [n the north·
eastern sector, the vegetation consists of parks and prairies on the plains, hard grazing pastureland on
the plateaus, evergreen forests in the south-east, xerophilous mountains in the semi-arid areas and
frozen desert in the Antarctic sector.

1.2

CLIMATE

Due to the country's broad latitudinal expanse and the diversity of geographical factors influencing its
climate, there is a wide variety of climatic characteristics, with their corresponding subdivisions. The foHowing kinds
are found:
fa) Subtropical climate without a dry season found in a north-eastern sector of the country bordered by an

isohyet of 1000 mm annually, with an annual average temperature higher than 20° and small, annual
thermal amplitudes;
(b) Subtropical climate with a dry season in the north east with precipitation of between 500 and 1000 mm

annually, with dry winters, prevailing northerly and north-easterly winds, and pronounced thermal amplitudes during the day and annually;

2
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(c) Temperature climate on the pampas with precipitation between 600 and 1000 mm, lower in winter
with average temperatures of 15° and small annual amplitudes. 111ere are invasions of cold continental
and dry winds (pamperos) and polar ocean air (slldestadas) which lower the temperature below QO,
while in winter the prevailing winds are from the north;

(el) Arid mountain climate: confined to the puna and the cordillera of the central Andes, with annual precipitationlcss than 200 mm which occurs in the form of brief showers in the summer, and high thermal
amplitudes;

(e) Cold, damp climate in the Andes in Patagonia and Tierra del Fuego, influenced by anticyclonic winds
from the south Pacific, abundant rains, more than 1000 mm annually frosts and heavy snowfalls.
Average annual temperature less than 10°;
J

(f) Dry, cold climate on the Patagonian plateaux, annual precipitation less than 200 mm, mostly in winter,

and frequent invasions of polar air;
(g) Cold, snowy climate in the Antarctic sector and southern islands, with annual averages of less than 0°
and the soH permanently covered with ice.

1.3

POPULATION

In 1975, the population of the country had reached 24 000 000, with a density of 8.4 inhabitants per km 2
(not counting the surface of the Antarctic sector). The official language is Spanish and 94 per cent of the population
are Roman Catholics. The greater part of the population is centred on the humid plains above the banks of the rivers
in the Rio de la Plata basin and the rest in isolated settlements located in the river oases and along the sea-coasts.
Seventy·nine per cent of the population live in communities of more than 2000 inhabitants. The annual growth rate
of the population is, for the country as a whole, 1.5 per cent, but is negative in some of its twenty-two provinces
because of migration to the urban centres.

1.4

ECONOMIC STRUCTURE

For years, agriculture and cattle-raising have been the basis of the Argentinian economy, much of the pro~
duction being intended for export. In recent years, there has been a deliberate process of industrialization, which
began with light industries and is now entering the heavy industry stage. The internal Gross National Product for
1973 was 1494 dollars annually per capita, with a growth rate of 4 per cent. 111e trade and services sector contributes
49 per cent. Of the rest, three-fifths are accounted for by the industrial sector and two·fifths by the extractive sector.
These percentages correspond to the occupational distribution of the active population. Within the extractive sector,
agriculture and cattle-raising contribute 11 per cent and mining 2 per cent. Within the industrial sector, the manufacturing industries account for 31.5 per cent and building for 3.9 per cent. As a striking illustration of the national
economy, the following annual per capita consumption figures can be cited:
Steel
Cement
Electricity
Newsprint

1.5

190 kg
225 kg
895 kWh
10 kg

GENERAL DESCRIPTION OF WATER RESOURCES (QUANTITY AND QUALITY)

The availability of surface water for the Republic of Argentina is approximately 914 000 hm 3 per year,
which would be equivalent to an annual average discharge of 29 150 m 3 s -1 The availability of groundwater has not
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yet been calculated for the entire country, as satisfactory figures are available for only a few groups of basins, but
it is estimated that it may amount to 400 000 hm'-

The Argentinian hydrographic system is so arranged that most of its riverways are found in the middlewestern region of the country and make up the Rio de la Plata basin through its major collectors-the Parana and
Uruguay rivers. In the rest of the territory there are mostly allocthonous rivers and, to a lesser degree, endorheic
basins. This distribution is due to the great disparity in precipitation in its territory and in the contiguous areas.
Of the 515 mm of average annual precipitation, only 10 per cent of the territory receives an annual precipitation of
more than 1000 mm, 50 per cent less than 500 mm and 30 per cent less than 200 mm. The Rio de la Plata basin, with
an annual runoff of approximately 800 000 hm' (90 percent of the total) drains 950 000 km 2 of the national
territory where the greatest annual precipitation is recorded. Throughout the entire extent of the basin, it is supplied
by rainfall. Its main effluents, the Paraguay, Parana and Uruguay rivers, are international rivers, and that part of the
active basin which contributes most to the discharge of these rivers is located in Paraguayan and Brazilian territory.
The other basins of the Atlantic watershed, with an annual runoff of approximately 74 000 hm' (7 per cent of the
total) over an area of I 000000 km 2 , are made up of allocthonous rivers fed by rain and snow which cross the arld
Patagonian plateaus and occasional watercourses that drain extensive semi-arid areas in the eastern and central parts of
the country. The basins of the Pacific Ocean watershed (30 000 km 2 ), with an annual runoff of approximately 34 000
hrn 3 (more than 2 per cent of the total), are the headwaters of active basins in the cordillera of the Andes, where rain
and snow are abundant.
The endorheic basins (800 000 km 2 ), with an annual runoff of approximately 6000 hm' (less than 1 per cent
of the total), comprise groups of what are mostly intermittent rivers which drain extensive arid and semi-arid valleys
in the central and northern parts of the country.
The availability of groundwater is being determined by means of more than 300 000 boreholes, which are
designed both for purposes of research and for practical operation. The quality of running water is generally good,
but in some cases its use for special purposes has brought about the first signs of deterioration, although this is still
controllable. One case of this is to be found in the urban settlements, located above the major branches of the Rio
de la Plata. such as the "Gran Buenos Aires" and the "Gran Rosario", where, especially in the former, uncontrolled
urban development. the indiscriminate use of minor waterways for collecting effluents without processing, and the
ineffectiveness of the necessary control measures have created a situation which, although not yet alarming, will have
to be brought under control. The quality of the groundwater, the main source of consumption in the extensive arid
and semi-arid areas, is being affected by the presence of toxic elements, the most frequent of which include arsenic,
boron and sulphur. which are responsible for water·induced diseases.

1.6

ANNUAL AVAILABLE WATER RESOURCES AND PER-CAPITA WATER CONSUMPTlON

Allowing for surface-water resources, it can be said that the average annual availability, for the continental
and insular part of the national territory, is 10 l/s km 2 . This availability does not reflect the actual distribution, since,
while the basins of the Pacific Ocean watershed have 36 lis km 2 and the Rio de la Plata basin 20, the other basins of
the Atlantic watershed amount to 2.3 and the endorheic basins barely 0.2 l/s km 2 . The per-capita consumption,
counting public drinking water supplies, industrial consumption, thermal-electric power generation and irrigation,
can be estimated at 800 m 3 annually per inhabitant, with approximately 19000 hm 3 annually, of which groundwater
accounts for 25 per cent (4750 hm 3 ). This volume of groundwater is used as follows:
Domestic uses
Ind us trial uses
Agricultural uses
Cattle-raising

10 per cent

20 per cent
50 per cent
20 per cent

At the present time. 20 per cent of the water intended for human consumption is groundwater, while 25 per cent of
all communities with drinking water services obtain it from boreholes.
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1.7

WATER DISTRIBUTION BY SECTORS

1. 7.1

Agricultural uses

There are approximately 30 000 000 hectares of cultivated land in the national territory; 95 per cent of it
receives water directly in the form of rainwater (without the construction of ditches) in adequate quantities and distribution, so that generally there are no water shortages, and the remaining 5 per cent is under irrigation (1 500 000
hectares). The latter part accounts for 20 per cent of the value of the national agricultural production. Accordingly.
the volume of water used is 10 000 to 12 000 m 3 annually per hectare, giving a total of about 15 000 to 18 000 hm 3
annually.

1.7.2

Industrial uses

There are no statistics for the country as a whole concerning water consumption by industry. However. this
kind of study has been carried out for a few important basins used for national production. For example, for the
Argentinian part of the Parana basin, annual consumption is 900 hm 3 , being used mainly for the production of iron
and steel (312 hm 3 ), thermo-electric power (270 hm 3 ) and paper and cardboard (180 hm 3 ). For the country as a
whole, it is estimated that the annual consumption for industrial activity amounts to 1200 hm 3 .

1.7.3
2080

Domestic uses
Approximately 61 per cent of the population is supplied at the present time, with consumption being about
hm 3 annually.

2

Function and goals of water in the national economy

2.1

NATIONALOBlECTIVES

The increase of water requirements in recent years as a result of demographic growth, the development of
agriculture under irrigation, the growing needs for electric power production and the demands of industry, as well as
the deterioration in the quality of the water itself because of the use of minor watercourses for disposing of industrial
waste and sewage (which also collect fertilizers and pesticides from the soil) have all helped to bring about a situation
which is creating public health problems,limiting supplies of drinking, industrial and irrigation water and increasing
the costs of preserving the quality of the water which has to be controlled in order to ensure the well-being of the
population, increase its productivity and encourage its settlement throughout the national territory. The objectives
of the hydraulic sector are therefore the following:
(a) To increase the large amount of existing scientific knowledge about water resources as an integral part

of the hydrological cycle and to implement an effective system for disseminating this knowledge;
(b) To carry out applied research and train people in the knowledge, conservation, multiple use and management of water by developing techniques adapted to national interests;
(c) To preserve soil and water by introducing techniques and adopting the measures necessary to control

torrential phenomena, prolong the useful life of dams, prevent problems of alluvial deposits, restore
productivity to arid, semi-arid and flood areas, reduce water pollution and protect coasts and harbours
on navigable rivers;
(d) To carry out studies of multipurpose hydraulic works in connexion with the maintenance of maximum

depths in channels and ditches;
(e) To enlarge systems for the supply of drinking water and sewers;
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(f) To improve their efficiency by making a more rational use of those activities which are still below standard;
(g) To formulate and promote an institutional and juridical system which shall regulate the internal action
of the State at all levels and its external relations with neighbouring States and international organizations.

2.2

THE FUNCTiON OF WATER IN ATTAINING NATIONAL GOALS

2. 2.1

Water as a limiting factor in national development

Due to the unequal distribution of water resources in the national territory, more than 80 per cent of its
continental surface is subject to arid conditions. On the other hand, there is one region, generally called the "Wet
Pampa" (Pampas Humeda), which sometimes has a surplus of water, inasmuch as the population's acquisition ofland
or agricultural and industrial activities are not limited by the amount of water available. This is the centre of 73 per
cent of the country's productive capacity, although the limitation introduced by variations in quality is becoming
increasingly important.
2.2.2

Water in agriculture

The 1 300000 hectares which are now under irrigation are for the most part (97 per cent) in add and semiarid regions situated to the west of the 500-600 mm isohyets. Only 3 per cent of this area receives additional irrigation
to ensure production against lack of rain. In both regions, water plays a certain part in agriculture, together with other
elements such as the suitability of the soil, water- and soil-management techniques, the social aspects of colonization,
the efficiency of cheap, mass transport networks, the existence of specific irrigation programmes for certain crops and
regions, municipal water reservoirs and supply systems. Prosperous settlements based on irrigation operate in the
provinces of Rio Negro, Mendoza, San Juan and Santiago del Estero. The existence of limitations and/or diffIculties
in one or more of these elements can prevent or delay the achievement of concrete results. Most water uses for
agriculture have been traditionally based on surface water conveyed through artificial conduits. The lack of finances to
complete civil engineering works has prevented the establishment of various projected settlements and has delayed
construction of drainage networks. The gradual salinization of the soil is another problem connected with a number
of the causes mentioned above: inefficient use of water by the farmer, absence of drainage networks, the lack of technical assistance and specific advice for the farmers because there are no educational agencies (experimental farms) where
farmers can be taught suitable techniques and methods for water, soil and crop management.

2.2.3

Water in b'ldustly and power production

Up to a few years ago, the industrial use of water in Argentina was not subject to strict control. As a result,
discharges from industries are already a problem in industrially developed areas (urban settlements on major rivers in
the Rio de la Plata basin) and may yet become serious in areas where little water is available, although such areas are
relatively well developed industrially (urban settlements in the interior of the country). There are two factors which
influence the industrial use of water: the improvement in the application of measures to control aftluents and the
improvement in the dissemination of recycling techniques. The hydro-electric potential is estimated to be approximately 37 000 MW, which are capable of generating 187 000 GWh annually. Of this potential, the capacity of the
hydro-electric stations now in operation represents four per cent of the total generable energy and their actual
production 3.6 per cent. DUling the 1980s, it is planned to install 18600 MW to generate 77 000 GWh, which
will increase the installed capacity to 65.6 per cent of the total installable capacity and the energy actually produced
to 68.2 per cent. The greatest limitations on these plans are the large investments needed for machinery and civil
engineering, as well as the international agreements which will be necessary in order to make the necessary international
hydraulic improvements.

2.2.4

Water supply

Water for domestic use is supplied by national organizations (National Sanitary Works, which serves 175
localities of more than 2000 inhabitants through 1 800 000 connexions and 189 smaller localities); by the National
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Drinking Water Service (intended to supply towns with less than 3000 inhabitants and provincial bodies); by the
provincial drinking water services and, lastly. by household wells or public fountains.

2.2.5

Water-control machinelY

Since the forills taken by water in Argentina and water requirements for different uses are so varied, many
specialized structures have been developed to fit each case. In general, all systems have ad hoc machinery, depending
on local conditions, such as, for example, the following:
(aJ In the arable lands of the lower Parana, where the water level of a branch of a river rises periodically as
the result of the joint action of tides and south-easterly winds (sudestadas), and where at the same time
it is necessary to drain off heavy rainfalls, the problem of control has been solved by means of dikes and
automatic sluice-gates. Experiments are being carried out in designing enclosed areas (polders).
(b) On the other hand, in the flat lands of the province of Buenos Aires, water is controlled by means of
small reservoir dams in the low sierras of the area, together with a system of canals with automatic
sluice-gates which increase the drainage capacity of the existing rivers to the Sea. This control system
also takes account of the retention of water on the surface and in the phreatic layers, with a view to
drought cycles.
(c) In the alluvial cones of the mountainous areas, there are large cities which have to control the sudden

floods caused by heavy rains by laying out canals and small dams and catchments.
(d)

[0 one large city (Cordoba) the same kind of problem is solved by means of a big dam and spillway
which work in such a way as not to exceed a maximum volume; downstream of course, and passing
through the city, the Primero river has been adjusted to this volume; and upstream the reservoir has a
large empty space to accommodate peak rises.

(e) Another common type of structure is the buffer dam which is adjusted to irrigation requirements;
upstream there are catchment dams and levelling-off steps adapted to hydro-electric and safety needs.
Almost all the rivers of the cordillera are so equipped.

The National Constitution provides for a distribution of authority which permits the National Government to
establish a water policy and have it accepted by the provinces through a procedure of accession. There is no national
water code but rather numerous national and provincial laws which regulate special aspects of certain water uses.
Argentinian constitutional law grants jurisdiction to the Federal Government with respect to trade and navigation
on inter-provincial rivers. Other water courses are under the jurisdiction of the provinces, except for their hydroelectric aspects, which have been placed under Federal jurisdiction by the National Energy Act. This division of
jurisdictions has led to disputes between the provinces, some of which have been settled by means of inter~provincial
agreements, while others have given rise to prolonged litigation (especially those concerning water consumption in
inter~provincial rivers in the arid and semi-arid regions).

2.2.6

Navigation

Argentina occupies a special geographic position in a predominantly maritime hemisphere and has a coastline
of 4800 km. It also has a network of navigable rivers in the Rio de la Plata basin which is 27S3 kIn long, as well as
in other rivers which are less important because of their remoteness from the country's principal production centres
(Negro and Santa Cruz rivers). This makes it possible for 92 per cent of its foreign trade to be carried by water, of
whJeh 61 per cent is by ocean transport and 39 per cent by river transport, amounting to SS 000 000 tons annually.
There are five principal seaports: Quenqnen (40'), Bahia Blanca (40'), Mar del Plata (30'),Comodoro
Rivadavia and Puerto Madryn-their main limitations being the draught of their channels (in the ease of the first
three) and the heavy tides (in the case of the last two, in Patagonia). The ports of La Plata, Ensenada, Buenos Aires,
Zarate, San Nicolas, Villa Constituci6n, Rosario, Diamante, Santa Fe, Gualeguay, Concordia and others in between
are river ports which are properly equipped to accommodate direct ocean shipping. There are many other ports in
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the rest of the river network. The river network is open for navigation for the following draughts: in Rio de la Plata,
1
30'; in the Parana as far as Rosario, 25 ; as far as Corrientes, 15'; and as far as Puerto Iguazu, 10'; in the Paraguay
rivers as far as Clorinda, 10'; in the Uruguay river as far as Concordia, 15',
Their principal limitations are the falls and rapids (Salta Grande on the Uruguay river, Apipe on the Paramt)
and sedimentation on the river beds in the reaches near the mouths (MartIn Garcia Island passage). The existing
channels are dredged regularly and new ones have been opened up which permit the passage of vessels drawing up
to 30' as far as the port of Rosario. Moreover, the planned improvements on these waterways have, on the whole,
been designed with locks and all the necessary equipment for navigation, especially barge trains (works between
the middle Parana, Yacireta, Corpus and Salta Grande).

2.2.7

Recreation

Up to a few years ago, no plans had been drawn up for developing and exploiting water as a part of the
landscape. Nevertheless, organizations, such as the Directorate of Tourism and the Directorate of National Parks,
have been formed and are doing excellent work in planning and developing tourist areas. These include natural and
artificial lakes (lakes created by dams) for which the tourist organizations are responsible.
2.2.8

Problems atwater quality

No systematic studies have been carried out concerning the quality of water in all the rivers and aquifers.
However, observations have been made of physical, chemical and biological parameters in watercourses which revealed
signs of pollution. These were carried out in small rivers in the interior of the country (northern and western central
region), in the Sali-Dulce river in the cities of Santiago del Estero and Tucuman, and the Primero river in the city
of Cordoba. During the seventies, systematic analyses of water quality were carried out in the upper Parana, with
the result that it was found to be unpolluted, either chemically or thermically, as also proved to be the case with the
affluents and the same major outlets of the Rio de la Plata basin in the vicinity of large urban settlements such as
Rosario and Buenos Aires.
The main sources of pollution are industrial discharges and, to a lesser extent, untreated sewage. Analyses of
groundwater quality have shown that there are two reasons for its pollution. The first is the natural presence of high
proportions of such elements as arsenic, vanadium and fluorine (central and north-eastern regions) and the high saline
content of aquifers in the provinces of Buenos Aires, Chaco and Formosa. The second, which is found mainly in
large urban centres, is the faulty construction of waste disposal systems, which leads to biological pollution by
communication through different groundwater layers.

2.2.9

Anti-pollution methods

Pollution control is carried out by agencies of the national and provincial governments. At the institutional
level, there is the Ageucy Law respecting National Public Health Works (the main agency responsible for drinking
water, sewage and rainwater disposal throughout the country), which authorizes it to take appropriate action in cases
where the health of the populations served by it is affected. There is likewise one single case of a provincia! law for
the protection of water resources (for the Province of Buenos Aires). Because of budgetary and legal difficulties,
some bodies are unable to carry out this control effectively, so that in many cases the limit values established for the
various parameters regarding the water quality of certain river tributaries may be exceeded.
3

Administration of water resources

3.1
In recent times, there has been a substantial change in the management of water resources in Argentina, a
change which is still going on and which consists in a transition from an administrative structure, which used to deal
with certain water uses separately, to a procedure aimed at studying, exploiting and preserving our water resources.
Up to the middle of this century, navigation, hydro-electric power production, the supply of drinking water,
3.2
and water for agricultural purposes were controlled independently by bodies which were often responsible to different
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ministries, so that usually disputes between them were not settled quickly and properly. Since then, changes have
been taking place in the national administrative structure. For example, the two bodies responsible for irrigation and
electric power production (National Directorate of Irrigation and State Electric Power Stations) have been merged
into a single enterprise known as the Water and Electric Energy Board. Committees or working groups have been
established and are composed of representatives of various national and provincial bodies connected with water.
Their purpose is to deal with water resources as a whole, as, for example, the Committee on Hydraulic Resources
of the Inter-Provincial Council of Ministers of Public Works, the Governmental Working Group on Hydraulic Information and the National Water Board. This solution took shape in 1969 with the creation of the State Water Resources
Secretariat, which in 1973, together with the sectors of Mining, Renewable Natural Resources and Human Environment, became part of the State Natural Resources and Human Environment Secretariat and is known as the Sub~
Secretariat for Water Resources.
3.3

At the present time, the administration of water resources is carried out by the following bodies:
ra) The Sub-Secretariat for Water Resources, whose main functions, under Decree No. 953/70, are:

(i)

To exercise authority over water under national jurisdiction, as well as pollee power over State
enterprises concerned with water resources, to prescribe safety standards for hydro-electric works
and services and to enforce their observation;

(ii)

To encourage a knowledge of water resources by stimulating research, training personnel and
providing advice;

(iii) To implement the planning of water-resources exploitation and policy with respect to international
and inter-provincial water;

(iv) To co-ordinate the activities of national and provincial bodies for the study, utilization and conservation of water resources;
(v)

To draft legislation on this subject;

(b) State bodies which also carry out hydrological tasks:

(i)

National Meteorological Service, which is responsible for the basic aspects of the Operational
Hydrology Programme and has a hydrological network which carries out pluviometric and
evaporimetric observations as well as, on a smaller scale, phreatometric and hydrometric observations. It also processes these data and conducts hydrological studies, in addition to the normal
functions of the Hydrological Service;

(ii)

Water and Electric Power, a State enterprise established in 1947, concerns itself with planning
hydro-electric and irrigation works, administers 18 per cent of the country's irrigated area and
generates and sells 44 per cent of hydro-electric power throughout the country. It has eight
regional offices in the interior;

(iii)

Nationai Public Health Works, a State enterprise concerned with supplying drinking water (for
domestic use) and industrial water and supervising the drainage of sewage and rainwater;

(iv)

National Service of Drinking Water and Rnral Drainage, created in 1964, which is responsible for
supervising and administering drinking water supplies and drainage works for small rural communities (up to 3000 inhabitants). It operates as a decentralized body within the jnrisdiction of the
Sub-Secretariat for Water Resources. It has five regional offices in the interior of the country;

(v)

National Institute of Water Sciences and Technology, a decentralized body within the Sub-Secretariat
for Water Resources, created in 1973, is responsible for studying surface and groundwater resourceS
and investigating techniques for their optimum exploitation and conservation. It has four regional
centres in the interior of the country;
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(vi)

National Directorate of Harbour Construction and Navigable Waterways, Established at the beginning of the century, its tasks are to facilitate and safeguard navigation on the country's navigable
waterways by dredging, supervising the harbour infrastructure and operating all the hydrometric
and gauging stations on these waterways, as well as bathymetric surveys. It was traditionally
responsible to the Ministry of Public Works, but following the recent ministerial reorganization
in 1973, it has come under the Ministry of Economic Affairs, State Secretariat for the Merchant
Navy;

(vii)

Naval Hydrographic Service. This Service is under the High Command of the Armed Forces. Its
purpose is to carry out work for the assistance of navigation (soundings, nautical and cartographical publications) along the entire maritime coastline of Argentina. It carries out physical,
chemical and biological research concerning the waters of the Sea of Argentina;

(cj State or provincial organizations concerned with specialized or geographically limited hydrographic

studies. These are enterprises, commissions, corporations or committees set up for the purpose of
studying and exploiting specific rivers or basins.
3.4
There are also research bodies doing work closely connected with hydrology, such as the National Institute
of Agricultural and Cattle-raising Technology, the Bariloche Foundation and the National Commission of Geoheliophysical Studies.

4

Organizations which provide hydrological services

Argentina still does not have a unified Hydrological Service for the purpose of determining the state and
variation of hydrological parameters and investigating measurement, processing and calculating techniques so that this
information can be fully relied on for drawing up plans for the exploitation of water resources. The outline given in
paragraph 3 above for the administration of water resources also applies to hydrological activities.
4.1

LEVEL OF RESPONSIBILITY

There are no national bodies completely devoted to hydrological work; there is only one regional organization
and also only one among the provincial bodies. For the most part, these activities are carried out in offices (areas or
departments) of organizations such as those mentioned in paragraph 3. Their staffs are involved in hydraulic projects,
studies and works, and, to a lesser extent, in branch offices concerned with meteorological, oceanographic, agronom·
ical and navigational research and services. Levels of responsibility are often superimposed on each other. It is common
to find stations for the measurement of hydrological parameters in the same territory or along the same watercourse,
operated by different agencies which send their recorded observations to different processing and filing offices, which
remain separated from each other in the absence of agreements for the exchange of information between agencies. For
this reason, if a hydrological study is to be carried out on a particular basin or region, it is necessary to locate and
consult each of the divisions operating in that area. Consequently J the Working Group on Hydraulic Information has
prepared an atlas and inventory of all the stations for the measurement of hydrological parameters, obtained from all
agencies, for the whole country. This group has also drawn up standards for all kinds of measurements, measuring
devices and data processing. Although it is already in operation, the group will be assigned levels of responsibility
and given tasks of co~ordination with regard to all the other structures whose particular activities include the study
of the hydraulic process. Its objective is to combine all these efforts together in order to obtain descriptions of the
hydraulic parameters as a whole, in different degrees of concentration.
4.2

FIELDS COVERED BY THE HYDROLOGlCAL SERVICES

The fields covered by the hydrological services of the different agencies of the country are the following:
(aj Precipitation-liquid and solid;
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(b) Evaporation-evapotranspiration;

(c) Lake levels-river levels and discharges;
(d) Sea-levels;
(e) Glaciers;
(f) Water temperature and quality (physical, chemical, biological);
(g) Transport of coastal, river and ocean sediment;

(h) Infiltration;
(i) Soil humidity;
(j) Phreatic measurement-solar radiation-surface wind.

None of the national, regional or provincial agencies covers all the hydrological parameters in its activity
unless, as a rule, it touches on fields connected with its own institutional objectives Of, in the case of the regional
and provincial agencies, on fields in their own geographical area. In view of the excessively subdivided way in which
hydrological activities are carried out the relations between hydrology and its connected fields (meteorology,
geology, agronomy and oceanography) are extremely fluid. The exceptions to this general rule are those agencies
devoted exclusively to hydrology and the training of the men engaged in the profession (for the most part civil
engineers specializing in hydraulics, geologists, meteorologists and agronomists). The links between hydrology and
the related scientific fields mentioned above are not so much a matter of relations between different agencies as of
relations within the agencies themselves where the work is done. In some cases, this situation leads to a certain
blurring of their lines of demarcation.
4.3

ACTIVITIES AND RESPONSIBILITIES OF THE HYDROLOGICAL SERVICES

Altogether, the agencies which provide hydrological services carry out the following activities:
(a) Measuring hydrological parameters (network design and operation);
(h) Processing (consistency checks, statistical analysis);

(e) Files (non-standardized data banks);
(d) Publications (yearbooks, hydrological studies, forecasts, cartography);
(e) Hydrological studies (balances, correlations, formation of freshets in river beds, design floods, heavy
rains, droughts) hail, hurricanes, erosion control, water-crap-soil relationships);

([) Forecasts (discharges of snow-fed rivers, river heights: Parana, Uruguay and Paraguay, heights of marks
for the Rio de la Plata and sea coast, rainfalls in the Limay basin, frosts and hail in the Valle del Negro);
(g) Operation of experimental stations and basins (comparison of instruments) methods and formulae);

(h) Designing and testing new measuring instruments;
(i) Maintenance and calibration of hydrological instruments.
4.4

ORGANIZATION OF HYDROLOGICAL SERVICES

This varies from one agency to another in the service, in some cases being directly dependent on the Directorate and in others only indirectly dependent. Although no personnel survey has been made among all the divisions
working on hydrology, it is estimated that the national agencies have 130 professional workers on the subject and the
regional and provincial agencies approximately 100, there being about 300 auxiliary technicians who have completed
studies or acquired practical experience in carrying out their work.
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NETWORKS

In view of the organization of the hydrological services in Argentina, it is difficult in every case to use the
idea of a network of stations for the measurement of hydrological parameters with a view to ascertaining their
variations in time and space. The national Meteorological Service has an observational network which has adapted
its work to the international standards established by the World Meteorological Organization. In general terms, our
hydrological observations have been greatly influenced by logistical factors, such as the availability of personnel
(at the observation posts) capable of carrying out the measurements, as well as the accessibility of these posts. Thus,
for example, in the highland or mountainous regions we have pluviometric observation posts in the valleys, but
observations in the higher parts of the mountains are few and far between. For this reason, in present-day Argentina,
it is more correct to speak of an overall group of measuring stations rather than of a network, taking into account
all the variables used to define hydraulic phenomena throughout the national territory. Obviously, the elements of
these overall groups have been used to draw up adequate networks, when adopting and maintaining complete programmes in operation concerning subdivisions of parameters of the hydraulic phenomena, such as, for example, the
stations belonging to the networks of the World Weather Watch. In accordance with the list of observed hydrological
parameters (paragraph 4.2), it can be said that the country has approximately the following numbers of different
types of station:

2644 stations for the systematic measurement of (possible) liquid and solid precipitation, of which 115 are
paper-tape recorders;
50 stations for the systematic measurement of solid precipitation (snow gauges, snow ranges);
267 stations for the systematic measurement of.evaporation in pans;
20 evapotranspiration stations;
300 stations for the systematic measurement of river levels (and lakes), of which 100 are paper-tape
recorders and 10 are digital ribbon punches;
320 stations for the systematic measurement of river discharges, mainly current meters and float gauges;
11 stations for measuring the levels of the sea and the Rio de la Plata (tides);
25 stations for the -systematic sampling of the physical ,chemical and biological parameters of wa-terqua-lity;
70 stations for the systematic measurement of river sediment carriage;
70 stations for the systematic measurement of infiltration-;
70 stations for the -systematic measurement of soil humidity;
130 stations for the systematic measurement of the depth of the phreatic layer;
100 stations for the systematic measurement of (total direct) solar radiation.
4.6

CIRCULATION OF INFORMATION

In the interior of the country three of the six national agencies which operate stations for the measurement
of hydraulic parameters have regional delegations which, among other things, attend to the collection of information
from their stations. In most of the non-automatic stations, this work is done by sending in monthly tables. At the
same time, one third of the pluviometric stations and one fifth of the altitude-recording stations (those located on the
Parana, Uruguay, Paraguay and Rio de la Plata) send in daily messages by telegraph and radio (their frequency increasing at times of floods) to their central offices. There are already two digital tide gauges in operation (on Rio de la
Plata) which produce information whenever questioned by the central office. Moreover, flood discharges of such
rivers as the Limay, Neuquen, Negro and Colorado are transmitted instantaneously by radio. Since there are no
agreements about the exchange of information, that obtained by the stations of regional or provincial agencies is
transmitted to their offices and is processed and filed there for their exclusive use or for anyone requesting it.
Initial processing of the information (data-consistency analysis) is carried out in the regional delegations of the national
agencies by conventional methods (isohyets, double mass curves, etc.), the processed information being sent to their
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central offices. In the national agencies which do not have delegations in the interior, all the processing is done in
their own offices (consistency control, statistical analysis). In general, the initial processing (checking and analysing
recording bands) is done by technicians with training in tracing isohyet8 and handling synoptic maps. Mechanical
data processing by computers is still in an experimental stage (in view of the scarcity of stations in some regions)
and is being used for only a few parameters (precipitation and discharges). There are four national agencies which
participate in this activity, but the provincial and regional agencies afe not yet included. In recent years, a beginning
has been made in selecting and transferring the processed information contained in tables from the files of national
agencies to cards and/or tapes. This is done with parameters of precipitation and discharges, as well as with ocean
temperature and salinity levels. Outside of this, the general basis for all information is the table, and in some cases
graphs (height-discharge curves), altitude and discharge-frequency diagrams. These are stored in the files of the
agencies which have obtained this information. As yet there is no national hydrological data bank. Each of the
above-mentioned agencies (national, regional and provincial) publishes yearbooks containing the processed and
analysed information which relates statistically to each parameter. In some cases there have been delays in publishing
them due to budgetary difficulties, lack of personnel, etc. These publications are the Hydrological Yearbook, the
Pluviometnc Yearbook and Hydrological Statistics.
4.7

PUBLICATIONS

In addition to the above·mentioned yearbooks, five of the six national agencies engaged in hydrological
work have series of technical publications for use in their special fields. There are works of a descriptive nature,
calculations of the hydrological characteristics of basins (balances, flood calculations, projects, heavy precipitations)
and works of applied research. The Governmental Working Group on Hydraulic Information has undertaken the
publication of the Summa Hidro16gica Argentina, the first two volumes of which constitute an inventory of the
country's hydrological stations and the standards for measuring hydraulic parameters. It has also published a1J1ap
of Basins and Swjace Water Areas of the Argentine Republic, while the Hydrological Atlas and the Oceanographic
Atlas of the Sea of Argentina and the South Atlantic are still in preparation.
4.8

HYDROLOGICAL FORECASTS

Long term: (a) annual forecast of tides for the RIo de la Plata and the Atlantic coast (by computer); and
(b) forecasts of summer discharges for snow-fed Andean rivers.
Short-term: (a) forecasts of tidal heights for the RIo de la Plata (three times daily);(b) forecasts of maximum
heights for the Parana and Uruguay rivers (daily); (c) forecasts of rains and floods In the upper basin of the Iimay
river (for the El Chocon dam project); and (d) forecasts of frosts in the Alto Valle of the Negro river.
4.9

RESEARCH

Preference is given to applied research for solving national problems in this field, which, due to the extension
and abundance of the geographic environments, are many and varied. Research is now being developed along the
following lines:
ra)

Obtaining measuring instruments which will work to a large extent automatically, with digital record·
ing and long-range transmission for one or mOre hydrological variables, at low cost and of Argentinean
manufacture;

(b)

Correlation between hydrological and meteorological parameters (evaporation, radiation);

(c)

Adjusting formulae for calculating hydrological parameters;

(d) Improving forecasts;
(e)

Evaporation in arid zones;

(fl Torrential runoffs;
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Ig)
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Increase in precipitation;

Ih) Automatic data processing (with computers);

Ii)

Use and improvement of hydrological models;

(j)

Designing (scientific, planning and operational) networks for measuring hydraulic parameters~

Ik) Replenishing aquifers;

II)

Synthetic generation o(hydrological series;

1m) Calculating extreme values for hydrological series (application according to basins);
(n) Heavy rains and convectors;
(0) Identification of solid matter carried in suspension and by entrainment in major rivers.
4.10

TRAINING

The levels of specialized training in agencies devoted to hydrology can be outlined as follows:

la) Technicallevel:

(0

The National University of Buenos Aires gives three-year courses for technicians in hydrometeorology which qualify the students for every kind of auxiliary calculating work in hydrological
technical offices;

(li)

National Coastal University, Hydraulic Resources Department, course in hydraulic engineering.

Ib) Professional level:

(0
(ii)

National Coastal University, Santa Fe, Department afWater Resources, specialized five-year
course in hydraulic engineering;

Engineering Department of the National University of Buenos Aires, specialized six-year course

in civil engineering as related to hydraulics;
(iii)

Department of Exact and Natural Sciences. in the same University, specialized courses in geology,
meteorology ..n d oceanography;

(iv)

Department of Agronomy, in the same University, specialized course in Agronomical Engineering~

(v)

National University of La Plata, Department of Engineering, specialized five-year course in
Hydraulic Engineering;

(vi)

National Southern University, in Bahia Blanca, specialized course in oceanography;

(vii)

National University of Santiago del Estero, specialized five-year course in Hydraulic Engineering;

(viii) Technological Institute of Buenos Aires, four·year course leading to a special degree in Hydrology.

(c) Postgraduate courses: Fifty per cent of the country's professional hydrologists have taken postgraduate
courses abroad. Those most commonly attended are in Porto Alegre (Brazil), Merida (Venezuela),
Madrid (Spain), Delft (Holland) and in the United States of America.
4.11

RELATIONS WITH INTERNATIONAL ORGANIZATIONS

Through its National Committee, Argentina has participated in the International Hydrological Decade (IHD)
and is now participating in Unesco's International Hydrology Programme (IHP). It also has connexions with the
International Union of Geodesy and Geophysics, the Organization of American States, the United Nations Development Programme, the International Hydrographic Bureau, the Scientific Committee on Antarctic Research and the
International Association of Hydrological Sciences.
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Efficiency of the service

The efficiency of the service is revealed by the extent to which our objectives are attained. Both for those who
work in the hydrological offices and those who make usc of their data, it is easier to apply the opposite notion-the
extent to which our objectiyes are not attained, Le. the inefficiency of the service. In Argentina, because of the peculiar
charactcIistics of the administration of its water resources as well as of its various hydrological offices, any estimate
of their relative efficiency or inefficiency is somewhat more complicated than it would be if we had a unified service.

Historically, our hydrological work began at a very early date, when the exploitation of the country's water resources
was still in its infancy. To a certain extent, its rapid development meant that the knowledge gained about OUf water
resources would inevitably be out of proportion to the extent to which they were actually exploited. Starting in the
carly years of the present century, the demand for hydraulic improvements (to meet the growing needs of our
population) has considerably outstripped the development of our hydrological activities. The response of Our hydrolo·
gists to these increasingly-insistent requirements was not immediately evident. As a result, and particularly in recent
years, there have been deficiencies in the degree of perfOlmance of our hydrological offices. Numerous studies have
been delayed by the scarcity of stations in relatively unpopulated areas and requirements with respect to data quality
have become constantly greater. The number of observation posts has grown rapidly and with it the task of inspecting
them and the work of collecting, processing, filing and publishing data-problems which the agencies have had to solve
if the appearance of their publications was not to be delayed. At present, the follOWing problems are being tackled
with reference to the inefficiency of our hydrological offices:
fa) Coverage-supplying the country with measurement networks whose coverage will depend on the

variability of the observed phenomena;
fb) Recording-expediting and establishing procedures for collecting, processing and publishing data, as well
as ensuring increased reliability by using automatic instruments;
(cj Consultation-establishing a Natlonal Hydroiogicai Data Bank which will distribute ali the hydrological
information produced by the various hydrological offices (until a unified service is available)~
fd) Research-following up the lines of hydrological research which have been indicated above and incorporat-

ing the results of foreign research in order to save costs and improve quality.
6

Future plans

If the trend noted in recent years continues, the prospects for the near future point to closer contacts and
co-ordination between our hydrological offices (with more a-ssistance being given to the provincial agencies), the
large-scale use of automatic instruments in the networks, the speedy publication and circulation of station recordings throughout the country, more thorough training for professional workers and technicians in hydrology, and the
study and utilization of technical advances.
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I

Introduction

1.1

PHYSICAL DESCRIPTION OF THE COUNTRY

Belgium covers an area of 30507 km 2 and lies between latitudes 49°30' and 51 °30'N and longitudes 2°30'
and 6°24'E. It is bordered on the west by the North Sea, on the north by the Netherlands, on the south by France
and on the east by Germany and Luxembourg. It is virtually flat and only a few hills break up its generally uniform
relief. The lowlands of Belgium are only 0 to 50 m above sea-level, and form a plain made up of polders and a sandy
zone. The mid-portion of the country, rising 50 to 200 m above sea-level, is hillier and has an overlay of silt. Most

of the highlands lie 200 to 600 m above sea·level and are characterized by rounded crests (under 400 m) and fairly
uniform high plateaus (above 400 m) through which rivers have carved deep channels. The area includes a limestone
zone, a shaly or shaly quartz zone and a smaller marly zone. The major river basins are: the coastal basin, comprising

the Yser river (2230 km 2 ), the Escaut basin (12 240 km 2 ) which drains a large portion of the lowlands and mid portion
of Belgium, and the Meuse basin (14 630 km 2) whlch flows through the highland area. The Yser, Escaut and Meuse
rivers originate in France; the estuaries of the Escaut and Meuse rivers are in the Netherlands.

1.2

CLIMATE

Belgium has a cold temperate maritime climate. The mean annual rainfall over the Escaut basin is 780 mm
and over the Meuse basin, 980 mm. Throughout the year, there is little month-to-month variation in the water yield.
The mean rainfall regime fails} however, to reflect the situation accurately since annual as well as seasonal or monthly

rainfall amounts may fall withln a very broad range. In 95 cases out of 100, the annual rainfall fluctuates from 65
to 135 per cent of the mean value and monthly rainfall amounts range from 10 to 90 per cent of the mean. Precipitation is essentially of frontal origin and occurs frequently (on an average, some 200 days of rain per year in the Escaut

basin and 225 rain days in the Meuse basin). Rainfall, howevex, is relatively slight since it exceeds 10 mm in only 20
to 35 days of the year. As a rule, the first snow falls in November and December, and the last in March and April. in
the Escaut basin there is an average of 20 to 30 snow days per year, whereas in the Meuse basin the average is 25 to
35 days. Snowfall is almost always fairly slight. The annual mean values for potential soil evapotranspiration in the
Escaut basin ranges from 450 to 500 mm, and in the Meuse basin from 475 to 550 mm. Monthly and annual figures
for potential evapotranspiration may alsJ vary considerably from year to year.

1.3

POPULATION

Belgium has a population of close to ten million inhabitants, Le. approximately 315 inhabitants per square
kilometre, which represents a particularly high density. Five per cent of the labour force is employed in agriculture,
slightly over 44 per cent in industry and 51 per cent in the tertiary sector.

1.4

GENERAL ECONOMIC STRUCTURE

While farming is extremely intensive and highly productive, it supplies only three-fourths of national needs.
Industry holds the key position in the country's economy and it alone supports half of the population; 40 per cent
of industrial production is sent to foreign markets. Coal constitutes the only natural deposit and approximately ten
million tons are mined each year; reserves are dwindling, however.
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GENERAL DESCRIPTION OF WATER RESOURCES

The main water-bearing bodies are found in the dunes, the pleistocene, diestian and eocene sands of the
lowlands and mid portion of Belgium and the cretaceous and carboniferous limestone of the middle and highland
regions of the country. It is not known for sure how big these bodies are, but they are already being intensively
tapped by public utilities for the supply of water and by Industrial and private concerns engaged in drilling and
harnessing operations. These bodies provide 70 per cent of the public water supply. most of the good-quality water
required by industry and a portion of that needed by agriculture. Surface water flows in a developed hydrographic
network which is evenly distributed throughout the country. At the place where the Escaut leaves Belgium, it has
a discharge of approximately 105 m' s -1 and the Meuse of approximately 274 m's -1 The discharge of the coastal
basin is approximately 17m 3 s-\ but in summer it is virtually non-existent. In winter, on the other hand, there
are problems in evacuating excess water. The Escaut and its tributaries are very polluted and are good for virtually
nothing other than navigation and some industrial purposes. The water of the Meuse upstream from Namur as well
as some of its tributaries which flow into the right bank are of good quality. At present, the hydrographic network
supplies 30 per cent of drinking water needs, the water required by riparian industries and canals and most of the
water needed for farm irrigation.

1.6

WATER RESOURCES AVAILABLE ON A YEARLY BASIS AND CONSUMPTION PER INHABITANT

The yearly available water resources are still not known with any degree of accuracy. They may vary considerably from year to year due to the great variability in climate which in turn causes considerable irregularity in river
discharge. At present, a total of 21 0 litres of good-quality water is consumed per day per inhabitant.

1.7

WATER CONSUMED iN VARIOUS SECTORS

In 1974, public utilities concerned with supplying water produced 163litres per day per inhabitant. In the
same year, industry harnessed 180.10 6 m 3 of underground water which is approximately equal to 50 litres per day
per inhabitant. It also used approximately 400.10 6 m' of surface water. It should be noted that industry's consumption of water supplied by public utilities equals approximately 100.10 6 m'/year.
2

The role of water in the nation's economy

2.1

NATIONAL OBJECTIVES

If Beigium is to raise its standard of living and improve the quality of life of its partIcularly dense population,
it must promote industrialization to ensure full employment and increase exports, direct farm practices to high-yield
crops (a sine-qua-non condition if Belgium is to survive in the Common Market), develop its communications network
so that imported raw materials and manufactured goods may be more efficiently moved, install nuclear power plants
to diversify its sources of energy, build housing and protect the environment.

2.2

THE ROLE or WATER IN ACHIEVING NATiONAL OBJECTIVES

2.2.1

Water as a restrictive factor in national development

If the above objectives are to be achieved, the amount of water used and consumed will have to be considerably increased. By the year 2000, water requirements could well be three to four times what they are now. Some
water-bearing bodies, however, are already being exploited to capacity and others cannot be expected to supply
much more than at present. Ways of recharging groundwater supplies by artificial means are now under study. An
increasingly intensive use of surface water will have to be made. This obviously means that strict and costly controls
will be required to prevent pollution. Some thought is also being given to desalting sea water. It should be noted that
major controls are being discussed at the international level (the Escaut-Rhine-Meuse Treaty, under negotiation).
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2.2.2
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Water in agriculture

It is estimated that crop and animal raising needs which were 100.10 6 m 3 jyear (35.10 6 m 3 in summer) in
1967 could jump to 165.106 m 3 /year in 1980 if plans for sprinkling are put into effect. The usefulness of this
approach has not yet been fully demonstrated. The increasing needs of agriculture in water will have to be met by
surface sources which consequently must be of good quality. This means anti-pollution measures and an adequate
supply in summer which in turn requires the construction of catchment basins.

2.2.3

Water in industry and in energy production

By extrapolating, using curves for the period from 1965 to 1971, it may be seen that industry (not counting
hydro-electric power plants) will use 32.10 9 m '/year in the year 1980, which means a 50-per-cent increase over 1971.
It will consume 900.10 6 m 3 /year in 1980, i.e., approximately 50 per cent more than in 1971. As with agriculture,
the increased needs of industry will have to be met chiefly by surface water. The low water flow, in particular,
will have to be maintained. There afe few hydro-electric power stations and their number is not expected to increase
to any extent.
2.2.4

Water supply

In 1974, the total production of water for the public systems rose to 558.10 6 m 3 , of which 391.10' m 3 , or
70 per cent, were taken from underground sources. At present, fairly large quantities of surface water are being treated
for drinking purposes. Approximately 20 per cent of the water supply is consumed by industry and the remaining
80 per cent by home users. It is estimated that in 1980, the production of the water supply will have to reach 700.10 6
m 3 of which 600.10 6 m 3 will be for domestic use, This increase in drinking water needs is the result of an expansion in
the population as well as progress in the areas of hygiene and comfmt.
2.2.5

Water-control structures

The age-old problems of flood prevention and flow control of certain rivers (dams, dredging) to allow navigation are still real today. As time goes on, they are assuming new proportions. As a consequence, new means (larger
collectors, storm basins) must be found to handle runoff of water .during heavy storms -in cities where water-tight
surfaces have increased in size. In addition, as the tonnage of ships increases, more perfected means will be needed
to supervise ship traffic (telemetering) and to control the necessary operations (remote-controlled dams).
2.2.6

Navigation

The navigable waterways in Belgium cover close to 1500 km, which is one of the densest networks in the
world. In 1966, they required a water supply of 700.10 6 m 3 . As a result of operations to modernize the largest waterways, it is expected that it will be possible to supply approximately 50 per cent more water in 1980. The additional
amount is needed to provide for the greater volumes released during sluicing operations or to prevent salt water
from backing up, as the case may be.
2.2.7

Sports and recreation

It is difficult to assess the water requirements of sports and recreational activities. It is especially important
to make sure that there is adequate flow during periods when levels are low and to prevent water pollution.
2.2.8

Problems related to the quality of the water

Most of the streams of the Escaut basin and some of the tributaries of the Meuse are polluted by urban
sewage, industrial waste and some agricultural runoff. With the increase in the population and expansion of industry.
the problem has rapidly become more acute over the past twenty years. Hydrocarbons, detergents, fertilizers, insecticides, pesticides, etc., have all been contributing factors. Even the clean waterways in the highland district have not

18

BELGIUM

been spared accidental pollution which has been occurring with increasing regularity during periods of low water
levels and during vacation time in tourist areas. With the installation of nuclear power stations, there is also the threat
of thermal pollution,

2.2.9

Anti-pollution measures

If pollution is to be combated, sewage will have to be treated, industrial dumping and the use of detergents,
fertilizers and pesticides controlled, zones where the water is tapped will have to be protected from surface pollutants
and the low water flow will have to be maintained to promote natural purification of the water. There have been
campaigns to inform the public and make it aware of the problem. A law passed in 1950 regulates the dumping of
waste into streams depending on how they are classified. A commission was formed to study what steps should be
taken to prevent hydrocarbon pollution of the water-bearing bodies. It is responsible for drawing up a good·practices
code for the construction, transportation and installation of reservoirs and for developing an alarm system leading to
the Civil Protection Services should hydrocarbon seepage occur. In 1967, a royal order made provision for certain
safety measures to apply to pipelines conveying liquid hydrocarbons. As a rule, these pipelines may not be laid in
zones where drinking water is tapped or mineral sources are located. More recently, a law was passed in 1971 creating
purification firms whose job it is to purify urban sewage and exert an effective control on dumping of industrial
waste.
3

Management of water resources

There are several ministerial departments concerned with water resource management (see Table I). The
Ministry of Public Works is in charge of developing and maintaining navigable waterways as well as studying and
carrying out hydraulic operations (dikes, dams, etc.). The Ministry of Public Health exercises authority over all
areas dealing with the production of drinking and drinkable water. It creates or subsidizes infrastructures involved in
the treatment of drinking or drinkable water and its transport. This does not include major hydraulic undertakings. It
has a say in studies and projects involved in recharging water-bearing tables and desalting sea water. All issues involving water quality (purification and control) come under its jurisdiction. The Ministry of Agriculture sees to
the maintenance of non-navigable waterways as well as to the study and implementation of draining and irrigation
projects. It has jurisdiction over operations to drain and reclaim land and polders. The Ministry of Economic Affairs
TABLE I
Managemen t of Water Resources-Organization

Duties

Ministry Responsible
01
State Secretariat

Hydrological SenJice
(Operational hydrology
and research)

Navigable waterways
Hydraulic operations

Public Works

Drinking water
Purification

Hydrological Studies
Service
Hydraulic Research
Laboratory

Public Health

Institute of Hygiene
and Epidemiology

Irrigation
Drainage

Agriculture

Agrohydrological Service

Economic Affairs

Geology Service

Underground waters
International affairs

Foreign Affairs

Regional water policy

Regional Mfairs
National Education

Co-ordination

Interministerial Water
Commission

Meteorological Institute
(Hydrology Section)
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is responsible for everything connected with underground water (inventory of resources, controls, authorization to
harness, recharging water tables, etc. The Ministry of Foreign Affairs intervenes in affairs of international interest.
Since 1975, the Ministry or State Secretariat responsible for regional* water policies has been authorized to handle
all matters in which a distinct regional policy can be justified in whole or in part.
In 1965, a Royal Commissioner on Water Problems was appointed to propose to the government suitable
measures to provide for adequate water resources for present and future needs, suggest amendments and additions
to existing laws and regulations on water problems, co-ordinate the activities of the services and organizations
involved and promote essential hydrological studies. His mandate ended in 1969. Since various public services under
different ministries are responsible for studying and implementing projects dealing with water problems and for
making their views on the subject known. it was felt that it was important to continue co·ordinating at the interministerial level the input of information and pursue the tasks previously carried out by the Royal Commissioner. As
a result, the Interministerial Water Commission was created in 1969. It was entrusted with the task of dealing with
opinions and studies on the following:
(a) Keeping a permanent water-resources inventory and the Belgian hydrology yearbook np to date;

(b) Keeping an inventory of requirements of different classes of water;
(c) Removing inconsistencies from legislation on water problems;
(d) Co-ordinating the technical activities of the various administrations, public organizations and operations

designed to meet regional, national or international

obj~ctives.

In the past, research centres were concerned mainly with the problems of navigation and the supply of drinking
water. For this reason, the studies carried out up to now in the universities and state-run laboratories and water-supply
companies have come under the heading of hydraulics and water chemistry (quality of the water, pollution, corrosion).
It is only in the past twenty years or so that Belgium has become aware of the urgent need to take careful stock of its
water resources and exploit its water potential in a rational manner. Amongst the problems requiring urgent attention
are the following:
(a) Assessment of the natural replenishment of underground tables and storage lakes;
(b) Assessment ofseverc and prolonged dry weather spells during which water pollution may exceed critical

levels and the use of surface water may be compromised;
(c) Hydrological forecasting (quantity and quality).
These issues, along with many other problems which are difficult to evaluate due to the considerable
variability in the weather, have brought home the fact that hydrological research must not only take on a wider
dimension but must also be speeded up. To achieve these ends, the hydrometric and hydrometeorological observa~
tion networks, which in 1965 were already inadequate, must be built up so that vital basic data can be obtained. This
was one of the first concerns of the Royal Commission on Water Problems.
4

I1ydrological services

4.1

HYDROLOGICAL SERVICES AND CO-ORDINATING AGENCIES

Belgium does not have a single hydrological service. There are several public services involved in operational
hydrology and scientific research into related domains such as: hydrometeorology and the water cycle, surface water,
underground water, and water quality. Amongst the activities of the Hydrology Section of the Royal Meteorological
Institute, which comes under the Ministry of National Education. is research on the water cycle (hydrometeorology
and relationships between the various phases of the water cycle as they occur naturally). The Hydrological Studies

* Belgium has three regions:

Flanders, Wallonia and Brussels.
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Sef\~ce of the MinistlY of Public Works is more specifically concerned with studies O.ll river conditions (free and
disturbed How, rural and urban flooding, water supply to the canals and reservoirs, etc.). The Hydraulic Research
Laboratory, also under the jurisdiction of the Ministry of Public Works, is in charge of methodological studies on
the measurement of flow under difficult conditions (urban flooding, solid discharge, rivers with tides, etc.) as well
as related problems dealing with data processing and simulation. The Agrohydrological Service of the Ministry of
Agriculture is responsible for organizing and directing the hydrometric network on non-navigable waterways. The
Geology Service of the Ministry of Economic Affairs 1s primarily concerned with hydrogeology (prospecting for water
resources, table systems, the effects of harnessing, etc.). The Institute of Hygiene and Epidemiology, under the
Ministry a f Public Heal th, has jurisdiction over all matters concerning the quality of the water.
The various hydrometric networks are run by the Hydrological Studies Service, the Farm Hydraulics Service
and the Hydraulic Research Laboratory; the piezometric network comes under the Geology Service and the hydrometeorological network is operated by the Hydrology Section of the Royal Meteorological Institute. As a result of
financial support from the Royal Commission on Water Problems, it was possible to reinforce these various observa·
tion networks to a considerable degree as early as 1966. In addition, the Institute of Hygiene and Epidemiology, in
conjunction with the Electricity and Electromechanics Administration of the Ministry of Public Works, has recently
installed stations for the automatic measurement of water quality. These stations are now being tested. The Hydrology Section of the Royal Meteorological Institute also makes use of observations from raingauge stations run by
the" Hydrological Studies Services as well as weather stations belonging to networks operated by the meteorological
services of the Airways Board and the Air Force. Ukewise, the tele-transmission network, installed a short while ago
by the Ministry of Public Works, will link river gauging stations and water-quality observation stations to a central,
computer-equipped station. This tele-transmission system was created by the Electricity and Electromechanics
Administration. University groups are also participating actively in hydrology research. The Interministerial Commission on Scientific Policy subsidises and co-ordinates certain large-scale projects, such as the construction of
mathematical models for pollution in the North Sea and in rivers. The large water-supply companies also have research
services. In some areas, they co-operate closely under the direction of the Ministry of Public Health. As mentioned
earlier, the hydrology services belong to various ministries and consequently, as a rule, act independently. They are
national services.
A Hydrology Working Group, created by the Interministerial Co-ordinating Commission for Meteorological
Problems of Common Interest, brings administrators from various observation networks into contact with one
another so as to ensure proper co-ordination. In addition, the National Belgian Committee for the International
Hydrology Programme brings together hydrologists from hydrology services, universities and water-supply companies.
It holds meetings on a regular basis to enable hydrologists to maintain contact with other hydrologists, keep up to
date as to research under way and its state of progress, and keep informed about international programmes and
projects. The chairman of the Interministerial Water Commission also chairs the National Belgian Committee for
the International Hydrology Programme.

4.2

RELATIONSHIP WITH PERIPHERAL SERVIl;:ES

The hydrological services existing within the framework of larger organizations have every opportunity of
co-operating, if necessary, with services involved in related domains or of making use of their infrastructures. By way
of example, the Hydrology Section of the Royal Meteorological Institute is in direct contact with the weather forecasting centre and can avail itself of the data and means of transmission employed by the other services (climatology,
radiometry . etc.). The Hydrological Studies Service of the Ministry of Public Works can USe the telemetering network
of that department. The Geology Service is in a key position to work with teams involved in the observation of under·
ground tables, which come under the jurisdiction of the Administration of Mines of the same ministry.
4.3

ACTIVITIES AND DUTIES OF THE HYDROLOGICAL SERVICES

111e hydrological services mentioned above have a definite role to serve the public. ll1ey are required to
provide the authorities and organizations involved in water problems with all basic documentation (data collection,
statistical treatment, distribution). Their research programme is established on the basis of specific needs of the
administrations to which they belong or current needs at the national level.
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4.4

ORGANIZATION OF HYDROLOGICAL SERVICES (see Table II)

4.4.1

Hydrology Section of the Royal Meteorological1nstitute

The staff of the Hydrology Section includes two university-trained members (one section head and one head
of operations) in charge of planning and management and twelve or so employees (with secondary or post-secondary
training) to carry out the various tasks (maintenance of the hydrometeorological network, data analysing and processing, preparation of routine publications) etc.). Data-processing techniques are systematically employed in organizing
all service activities. While this makes it possible to cut down on the number of employees, staff members must have
a fairly high degree of training.

4.4.2

Hydrological studies service

There are seven engineers in charge of management and planning. They supervise about thirty technicians
who measure flow, maintain the hydrometric system, process data and test and adjust the instruments.

4.4.3

Hydraulics research laboratory

At present there are eight staff members who carry out hydrological studies.

Agrohydrological Service

4.4.4

This service is made up of a staff of ten engineers, fifty controllers and supervisors, six draughtsmen and eleven
administrators. Only a small part is involved in the operational aspect of hydrology. The service is essentially concerned
with the management activities outlined in paragraph 3.

4.4.5

Geology Service

This service is divided into three sections, each of which is concerned with studying the geological and hydrogeological aspects ~nd problems of a particular region of the country. Most of the hydrological problems of a general
nature are dealt with by one of the three sections. Staff numbers are very limited.

TABLE II
Operational Hydrology and Research-Organization

1

/y,_e_tw_o_r_k
Hydrometeorology
Hydrometry
(navigable waterways)
Hydrometry

'--I~

H_Y_d_rO_I_Og_'_·ca_1_s_e_I"_'i_ce
Hydrology Section of the
Meteorological Institute
Hydrological Studies Service

IL

R_e_'_ea_r_c_h
1

Water cycle
Surface waters

Hydraulic Research Laboratory
Agrohydrological Service

Surface waters

(non~navigable waterways)

Piezometry
Water quality
Co-ordination

Geology Service
Institute of Hygiene and
Epidemiology
Hydrology Working Group of the
Co-ordinating Commission for
Meteorological Problems of
Common Interest
National Belgian Committee
for the International
Hydro logy Programme

Underground waters
Water quality

Co-ordination
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Institute of Hygiene and Epidemiology

The "water" section of this institute has expanded considerably and now includes sixteen university-trained
specialists, eight engineer.technicians and fourteen technical assistants. The head of the section co-ordinates the work
that has been requested and research activities in well-defined areas (micro-pollutants, hydro biology and toxicology,
treatment of sewage, surface water, drinking water, automatic metering and system of continuous supervision, solid
wastes). To carry out this work, he has a staff of university graduates with very different training backgrounds
(chemists, biologists, one doctor, one engineer, one geologist) and a well-eqUipped laboratory. For some of its control
operations, the Institute already has a certain number of regional structures (a few provincial institutes).
4.5

NETWORKS

4.5.1

Hydrology Section of the Royal1l'leteorological Institute

The first hydrometeorological stations were installed in 1966. They are equipped with instruments to record,
on a continuous basis, precipitation, air temperature and humidity, ground temperature at three different depths, wind
at two metres above the ground and evaporation from a free-water surface tank. They also measure the thickness and
density of the snow cover. Some of the stations are also equipped to measure overall solar radiation and the duration
of sunlight. It was decided to employ recording instnunents so that data needed to construct hydrological models
could be quickly obtained without overburdening the observers. At present, for hydrological purposes, the section
makes use of data from some thirty stations, some of which belong to networks that are run by the meteorological
services of the Airways Board and the Air Force. In addition, it also has access to data from the climatology, radiometry and synoptic networks run by the Royal Meteorological Institute as well as rainfall data from certain stations
of the hydrometric network of the Hydrological Studies Service of the Ministry of Public Works. The section is
currently putting the final touches to an automatic station of its own design with recording on tape. In the near
future, all the observations of the hydrometeorological network will be recorded directly on tape.
4.5.2

Hydrological Studies Service

The hydrometric network has 200 stage recorders and a large number of gauges. The service uses fixed or
mobile overflow dams, lift gates, hydro-electric installations, weir-type flow meters, gauging stations, etc. A recently
installed telernetering device links up seventy-odd stations to a central computer-equipped station. The service also
has a network of approximately thirty raingauges, some of which will be shortly linked up to a telemeter for alarm
purposes.

4.5.3

Hydraulics Research Laboratory

The service makes use of data from systems run by the Royal Meteorological Institute and the Ministry of
Public Works. When required by special studies, the service also equips additional metering stations which operate
for short periods only.
4.5.4

Farm Hydraulics Service

The network consists of 159 water-gauge stations, 52 of which are equipped with water-stage recorders.
A number of current-meter measurements are carried out each year (822 in 1974). A limniphone network with 16
stations has recently been installed in the Dyle Basin in the centre of the country. Calis and data recordings are
computer-regulated.
4.5.5

Geology Service

The Geology Service and Administration of Mines monitor water levels in a large number of observation
wells in some of the major water-bearing tables. Some of these wells are equipped with water~stage recorders. A
large-scale expansion of the system is under consideration.
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Institute of Hygiene and Epidemiology

The Institute of Hygiene and Epidemiology works in very close collaboration with the Ministry of Public
Works (Electricity and Electromechanics Administration and Hydraulic Research Laboratory) for the installation
of an experimental network comprising twelve automatic metering stations for the telemeter control of surface-

water pollution (standard parameters: dissolved oxygen, temperature, conductivity, pH, turbidity, chlorides and
fluorides, chemical requirements in oxygen). The system, which is to be installed towards mid 1976, will also include
facilities for discontinuous measurements (mud collector, composite water sampling, alert sampling). Two stations

have already been in operation for approximately two years. Provision has been made for data to be processed by an
existing central computer via an already established teletransmission system also used by the water-gauge system of
the Ministry of Public Works. A more extensive system of measuring water quality, comprising approximately 50

stations and known as the SACQUE-MAKWAK system, is expected to be in operation iu 1977.

4.6

DATA-PROCESSING

4.6.1

Hydrology Section of the Royal Meteorological Institute

In order to process recordings on a regular basis, check, keep and distribute data, equipment has been designed
that is especially adapted for semi-automatic diagram readings and key-punch methods have been developed, thereby
making it possible to process large quantities of data with only a very limited staff. The equipment in question has

been described in technical memorandum No. 100 put out by the World Health Organization. The methods have
been described in technical memorandum No. 115 by the same organization.

The Hydrology Section of the Royal Meteorological Iustitute is also in charge of analysing and processing
observations from the hydrometric system operated by the Ministry of Agriculture (and, until recently, from the
hydrometric system run by the Ministry of Public Works). At present approximately one hundred limnigrams are
analysed per day and the daily observations of some 120 river gauges are monitored and analysed. In addition, the
section collects river-gauge readings (close to 7500 readings to date) and analytically adjusts the height-flow curves

(about 950 calibration equations have been established to date), calculates the flow for all the stations and determines
their statistical characteristics (mean, maximal and minimal flow, given rates of flow, curve of classified rates of flow,

etc.). Automatic data-control tests have been developed. As a result of the concerted effort by the hydrological
services in the area of data-collection and distribution, it has been possible to create a Belgian bank of hydrological
data. The role of the bank is to .provide interested parties with integrated data on the condition of the waters in the
hydrographic basins, navigable and other waterways as well as on the meteorological conditions that influence them.

4.6.2

Hydrological Studies Service

Current meter-flow measurements are automatically computer processed. Calibration curves are also established by computer. The possibility of analysing limnigrams by semi-automatic means is presently under study. Data
control is essentially done by graphic methods. Plans are under way to store the characteristics of the hyurographic
basins and the hydrometric stations as well as hydrological data on data-processing media. Gradually, teletransmitted

data will be included in this bank.

4.6.3

Hydraulic Research Laboratory
Data gathered for special research projects will be processed by methods developed by laboratory specialists.

4.6.4

Farm Hydraulics Service
The University of Louvain is in charge of decoding information from the limniphone network. The data

obtained are then processed along with data from the regular stations by the Hydrology Section of the Royal
Meteorological Institute.

24

4.6.5

BELGIUM

Geology Service

Isolated observations (groundwater levels, well flow, water composition) are stored in the archives of the
Geology Service; systematic measurements and recordings are subjected to detailed study. Automatic data processing is under consideration.

4.6.6

Institute of Hygiene and Epidemiology
Since 1973, the results of all control analyses of surface water or industrial waste carried out by the Institute

have been placed in a speciai data bank (in all, approximately 3200 samples per year, to which 10 to 154 parameters
can be applied, depending on whether routine or special analyses are required). The Institute of Hygiene and Epidemiology and the Service for Sewage Purification (the two Public Health services concerned) have access to this bank.
Basic data-processing software will be developed for the experimental telemetric network and the future SACQUE-

MAKWAK system in 1976.
4.7

PUBLICATiONS

4.7.1

Interministerial Water Commission
The Belgian Hydrology Yearbook is published under the aegis of the Commission. The publication gives a

synopsis of hydrometeorological and hydrometric data gathered by the various hydrological services. It includes
meteorological data, heights and capacity, yield and flow, and potential evapotranspiration in representative basins

as well as piezometric data (since 1973). The first edition provides information for 1966 and the latest edition,
covering the year 1973, comprises two volumes of over 300 pages each. The Commission publishes an annual
activity report.

4.7.2

Hydrology Section of the Royal Meteorological Institute

In an effort to provide all those interested in Belgium's water problems with basic documentation that is as
complete as possible on meteoric water yields, the section has published synoptic tables on monthly, seasonal and
anllual rainfall amounts (mean values for specific areas) over the major Belgian hydrographic basins for the period

from 1951 to 1970 (I.R.lvL. * Miscellanea, Series B, No. 23, 1972); it has aiso published tables describing hydrometeorological and hydrometric equipment used in the 60 river basins considered, and charts showing mean rainfall
and rainfall for ten-year periods over certain areas. More recently, an additional volume on rainfall over areas upstream

from the sub-basins of the Lys, Escaut, Sambre and Meuse rivers (located in France) has been published (I.R.M,
Miscellanea, Series B, No. 28, 1974). Additional sections appear regularly covering the years following 1970. Research
findings are generally published in international reviews when it is felt that they will interest foreign specialists. When
they are more specifically aimed at the Belgian seien tific community, they are published in papers or miscellanea put

out by the Royal Meteorologicai Institute.

4.7.3

Hydraulic Studies Service

Data from the hydrometric network are published in the Belgian Hydrology Yearbook (ef. paragraph 4.7.1).
There are also plans to publish data from the hydrographic basins (physiographic, pedologicai and geo10gicai characteristics, hydrological findings) as well as data from hydrometric stations (maps, photos, background, findings) in a
collection called Acta Hydrologica Belgica to be published by the Hydrological Studies Service. The collection will
also include studies and monographs. The reports and studies prepared by the service have been published by the
Ministry of Public Works or other agencies (ef. bibliography).

4. 7.4

Hydraulic Research LaboratOlY
The findings are published in reports issued by the Laboratory and are distributed on a limited basis.

* Royal Meteorological Institute.
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Agrohydrological Sendee
The data from the hydrometric network are published in the Belgian Hydrology Yearbook (cf. paragraph 4.7.1).

4.7.6

Geology Service

Research results are published in Professional papers and publications issued by the Geology Service or in
specialized reviews.

4.7.7

Institute ofHygiene and Epidemiology

Research results are reported in publications by the Interministerial Scientific Programming Committee or
in specialized reviews.
4.8

HYDROLOGICAL FORECASTING

In Belgium, short-term changes in flow are closely linked to precipitation activity. Consequently, if hydrological forecasts are to be made) it must be possible to forecast precipitation on a quantitative basis (an exception to
this would be very short-term forecasts for urban areas where rainfall data can be handled by real-Hme processing).
Obviously qualitative forecasts for surface water hinge on quantitative forecasts; surface-water flow must therefore
be forecast with suitable accuracy.
4.9

RESEARCH

4.9.1

Hydrology Section of the RoyallvIeteorological Institute
The appended bibliography gives an idea of the research carried out during the ten-year period from 1966

to 1975. Research was conducted in the following areas:

(a) Data-processing equipment and methods;
(b) Statistical analysis of precipitation over hydrographic basins (mean values for specific areas) and model
simulation ~
(e) Assessment of potential evapotranspiration from a hydrographic basin and rain interception by vegetation;

(d) Construction of a conceptual hydrological model on a daily scale that can be applied to a medium-size
catchment basin.
Future research will be concerned with:

(a) Establishing a detailed water budget of Belgian hydrographic basins;
(b) Determining the effect of human activities on the water cycle;
(c) Hydrological forecasting.

4.9.2

Hydrological Studies Service
Current research involves:

(a) Data-processing equipment and methods;
(b) Water budgets and availability of surface water;
(e) Analysis of river regimes and factors disturbing flow (navigation, industrial tapping and dumping, etc.);

(d) Water supply to canals and reservoirs;
(e) Construction of models for forecasting purposes, especially for flooding in rural and urban areas.
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Hydraulic Research Laboratoly
Current research is involved with:

(a) Measurement techniques in the laboratory and in the field;
(b) Mechanisms for the transport of solids;

Ie) Construction of hydrological models.
Future research will deal with:
(a) Influence of urbanization on runoff and pollution;

(b) Construction ofa model to forecast urban runoff and operate storm basins automatically;

(c) Development of techniq lLes to measure water pollution.

4.9.4

Agrohydrological Service

The Service is essentially an administrative body and is not actually involved in research. It generally entrusts
planning of hydraulic development projects for rivers and streams to consulting firms.

4.9.5

Geology Service
Its achievements over the past ten years include (cf. bibliography):

(a) Preparation of hydrogeological maps;
Ib) HYdrogeological reconnaissance through drilling;

(c) Interpretation of peizometric measurements and pumping

tests~

(d) Special studies related to technical or administrative problems (requests for permission to tap water

supplies, etc.).

4.9.6

Institute of Hygiene and Epidemiology

The appended bibliography will give some idea of the areas that have interested the "water" section of the
Institute in recent years. The problems of determining the various pollutants still hold an important position. In the
future, more attention will be paid to the problems of biodegradation, toxicology, sewage treatment and the development of Jl10re effective and sensitive analytical chemical methods than in the past so that the behaviour of organic
and inorganic micropollutants considered particularly harmful to man or the ecosystem may be detected and
followed.
4.10

TRAINING

Until now, Belgian universities have offered neither training in hydrological engineering nor postgraduate
degrees in hydrology. The hydrologists who work in the hydrological services are extremely diversified in their
educational backgrounds and had to train themselves in the field of hydrology. Recently, the National Belgian
Committee for the International Hydrology Programme has approached university officials to discuss the possibility
of having hydrology taught at the postgraduate level. Ad-hoc programmes have been prepared by the Committee.
A certain number of Belgian universities already include specialized courses of study (special Master's Degree in
environmental studies) which partially cover the field of water pollution. Non-scientific staff-members are trained
on the job. In the field of water chemistry, however, technicians may receive satisfactory training in a number of
technical institutes that exist in Belgium.
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Contacts with international organizations other than WMO

The hydrological services take part in the activities of the United Nations Educational, Scientific and Cultural
Organization (Unesco), World Health Organization (WHO), International Association of Hydrological Sciences
(IAHS), Food and Agriculture Organization (FAO) and the Organization for Economic Co-operation and
Development (OECD). As they have only very few researchers on their staff, they are seldom able to send
delegates to participate actively in developing programmes and preparing reports on international projects. Aid to
developing countries takes two forms: (1) joint scientific projects (mainly with Zaire), and (2) training courses
for hydrologists from developing countries.
5

Effectiveness of the Hydrological Services

Due to the speed with which technological advances have been made and increased responsibility vis~a-vis
the national community, the hydrological services are required to devote an ever-increasing amount of time and effort
to public and technical services, to the detriment of scientific research. The studies and surveys conducted to meet
the needs of a growing body of hydrological data users as well as the enormous increase in the volume of data to be
processed are beginning to tax these services which are already heavily burdened. The scientific staff are largely
occupied in carrying out the new tasks. Unfortunately, their numbers have not increased to compensate for the
greater workload. The scientific staff of the hydrological services should be increased so that more rapid progress
can be made in the various studies and research projects and a solid body of hydrological data can be obtained. This
is essential if there is ever to be an end to the many futile controversies that rage over so many hydraulic develop~
ment projects. Until now co-operation amongst the various hydrological services has not posed any major problems
despite the fact that these services belong to different ministerial departments. The Interministerial Water Commission and the National Belgian Committee for the International Hydrology Programme are responsible for coordinating activities. Belgium's representative to WHO and the chairman of the National Belgian Committee for the
lnternational Hydrology Programme make sure that the services and specialists interested in the activities of WHO
and Unesco in the area of hydrology are kept informed.
When an administration requires new hydrological data, it can consult the hydrological service under its
jurisdiction. If this service is not capable of supplying the information, another hydrological service may be con tacted
through the Interministerial-Water Commission.
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CANADA

Setting
Canada, with an area of almost 10000000 km 2 (3 850 000 m 2 ), Is the largest country in the western hemisphere, and along with Alaska and Greenland occupies the northern half of North America. AJ, expected for a country
of this size, climatic, topographic and hydrologic conditions are extremely diverse. From the hydrogeological point
of view, Canada consists of five major regions:
(a) The Canadian Shield-comprising approximately one half of the area of Canada and is characterized by

variabie precipitation-250 to 1000 mm (iO to 40 in) per year and rapid runoff from a generally impervious surface;
(b) The Appalachian Region-south east of the Canadian Shield and comprising the Maritime Provinces and

south-eastern Quebec_ The precipitation is higher than in the Shieid area-1000 to 1400 mm (40 to 55
in) annually. The terrain is relatively impervious and runoff tends to be fairly rapid;
(c) The St. Lawrence Lowiands-drained by the Great Lakes and the St. Lawrence River. Annual precipitation varies from 750 to 1000 mm (30 to 40 in);
(d) The Great Plains-bounded on the east by the Canadian Shield and on the west by the Cordilleran Region.

The annual precipitation ranges from about 500 mm (20 in) in the east to about 380 mm (15 in) in the
south and west. As the terrain is pervious, a relatively small amount of the precipitation appears as

runoff.
(e) The Cordilleran Region-forms the western part of the continent and consists of three generally parallel
lTIOlmtain ranges. With the complex topographic conditions precipitation is variable with funoff ranging from 180 to 680 mm (7 to 27 in) on the eastern siopes of the Rocky Mountains to a high of some
1300 mm (50 in) inso.me basins in the western _coastal and insular mountain -range.
The mean annual flow of Canadian rivers is estimated at approximately 100000 m'lsec (3500000 ft'/sec) or about
9 per cent of the total flow of all the world's rivers. The mean flow figure, however, indicates only the supply available over the long term and does not indicate the seasonal fluctuations within a year, the variation from year to year
or distribution of the water resources throughout the country. The collection of streamflow data is therefore essential
to facilitate planning for water use and gave rise to the establishment of an agency to carny out this activity,

2

Introduction

The management of water resources in Canada is somewhat unique in that the responsibility is divided
between the federal government on one hand and the provincial governments, on the other, as provided for in the

British North America Act (BNA Act) of 1867. Under the BNA Act, the provincial governments have major legislative responsibilities with respect to natural resources within their jurisdictional boundaries, including water, As a
result, they have extensive laws relating to the fields of water supply, irrigation, power development, land development and reclamation, and water-oriented recreational activities. Provinces also affect water when they manage the
use of other natural resources such as forests and land. The federal government, constitutionally, has legislative
power over navigation and shipping, sea coast and inland fisheries, migratory birds, and over the Northwest and
Yukon Territories and other federal lands such as National Parks. It also has legislative responsibilities with regard
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to interprovincial and international undertakings. Other powers o['the federal government can influence waterresources development within the country through arrangements or agreements with the Provinces. The spheres of
responsibility outlined are, obviously, not independent and a number Qfjntergovernmental arrangements and agreements have resulted. The federal government, for its part, was reluctant to see the proliferation of arrangements on
an ad-hoc basis and as a result passed enabling legislation, in the form of the Canada Water Act, 1970, to standardize
and formalize relations with the Provinces. Among the items in the Act is the provision that:
"6. The Ivlinister may conduct research, collect data and establish inventories respecting any aspect of waterresources management Or the management of any specific water resources or provide for the conduct of any
such research, data collection or inventory establishment by or in co-operation with any government, institution or person."
2.1

HYDROLOGICAL SERVICES-GENERAL

A possible danger inherent in the divided responsibilities is the fragmentation of service in the development
of a number of separate and unco-ordinated data-collection agencies. This situation has been avoided in Canada by
the Provinces recognizing the federal requirement fo r an overall inventory of wa tel' resources and its responsibilities
in connexion with international activities, navigation and fisheries and with federal provincial agreements. As a
result, the federal and provincial governments have adopted formal agreements on the surface water data-collection
programme whereby the majority of the national network of collection stations is operated by a federal agencythe Water Survey of Canada. These agreements are described subsequently in more detail. TIle field programme of
the Water Survey of Canada is supported by a headquarters unit, the Applied Hydrology Division which, under the
national programme, provides for publication of data, computer programming, data control, instrument development
and testing, special (non-routine) surveys, network planning, and modelling. Within the Water Resources Branch the
hydrological service conducts research and possesses expertise in various aspects of hydrological research relative to
groundwater, surface-water hydrology, snow, ice and glaciers. In addition, further research facilities are available
with the Directorate at the Canada Centre for Inland Waters at Burlington. It provides a national current meter
calibration service and other hydraulic facilities for testing various hydrometric and sediment-transport measurement
equipment. It also contains the country's major environmental hydraulics laboratory and conducts hydrological
research programmes related to lakes. Close liaison is maintained with the Atmospheric Environment Service which
is responsible for the meteorological network in Canada and makes its data available as reqUired and co-operates in
various studies.
2.2

ORGANIZATION OF THE DEPARTMENT OF THE ENVIRONMENT

An outline of the Department of the Environment (Environment Canada) is shown in Figures 1 and 2. These
are by no means complete but illustrate the position of the hydrological service within the Department. The main
surface water data-collection strength is located in the Water Resources Branch which in turn is part of the Inland
Waters Directorate. As indicated previously, very close liaison is maintained with the Atmospheric Environment
Service.
3

Water survey of Canada

The Water Survey of Canada, a Division of the Water Resources Branch of the federal Department of the
Environment, is the major surface water, or hydrometric, data-collection agency in Canada, with responsibilities in
the Yukon and Northwest Territories and all Provinces. In the Province of Quebec, the Provincial Department of
Natural Resources is responsible for the greater part of the surface water data-collection programme, except in
areas where the Water Survey of Canada carries out activities relative to federal responsibilities.
3.1

BIRTH AND GROWTH

The federal government's interest in the recording of streamflow dates back to 1894, when flow recordings
were carried out by the Irrigation and Forestry Branch of the Department of the Interior. In its formative years, the
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,WATER RESOURCES BRANCH
I------Water Survey of Canada

Co-ordinates activities of regional components in
collection of surface water and sediment of transport
data

I------Applied Hydrology Division

Supports activities of the Water Survey of Canada:
Ca) Sediment survey and laboratory co-ordinatian;
(b) Special surveys;
(c) Instrument development and testing;
(d) Data computations and control procedures;
(e) Publication;
(J) Network planning.

I------Hydrology Research Division

Research activities relative to:
(a) Hydrogeology-ground water quantity and quality;
(b) SUbsurface waste disposal;
(e) Interface hydrology.

' - - - - - - - Glaciology Division

Research activities relative to:
(a) Snow and ice;
(h) Glaciers;
(c) Arctic hydrology;

Cd) Avalanches.

Figure 2-0rganization of the Water Resources Branch of the Department of the Environment

hydrometric service was incidental to the investigation of irrigation projects. As the variety of water problems increased,
the need became apparent for a separate service for the inventory of surface water throughout Canada. As a result
of this recognition, the Parliament of Canada, in 1908, appropriated $10 000 "for gauging streams and determining
the water supply in South Alberta and Saskatchewan" and a new organization known as the Hydrographic Survey
was set up under the Department of the Interior. More or less paralleling the beginning of stream gauging in Alberta
and Saskatchewan, similar work was carried out in British Columbia by the Railway Lands Division of the Department
of the Interior. Here, however, much of the concern focused on the development of hydro-electlic power for, among
other things, the possible electrification of the railway through the mountains. The Water Power Branch of the
Department of the Interior was established in 1911 to administer water powers on Federal lands, water-rights matters
within the railway beit of British Columbia, foreshore matters and reciamation. In 1920 this Branch took over the
hydrometric functions of the Irrigation and Forestry Branch and in 1923 the two Branches amalgamated to become
the Water Power and Reclamation Service. The streamflow·measuring service, under various names-the Hydrographic
Service, Dominion Water and Power Bureau, Water Resources Branch, Canadian Hydrometric Service and Water
Survey of Canada-has served in several government departments. Today, the Water Survey of Canada stands as one
of the older continuing functions of government, having served the people of Canada continuously since 1909. As
shown by Graph 2 In Figure 3 a total of 68 gauging stations were operated in 1909 in contrast to 2387 operated by
the Water Survey of Canada at the end of 1975.
3.2

RESPONS!BlLITIES AND AREA OF OPERATION

As indicated previously, under the terms of the BNA Act jurisdiction over inland waters, as a natural resource,
was delegated to the provincial governments. The federal government retained jurisdiction over navigable waters, in
so far as their diversion or use may affect navigation and over international activities. The Boundary Waters Treaty
which was designed to resolve problems arising out of the diversion and use of waters to which the United States and
Canada have common claim was signed in 1909. It is more than a coincidence that the Hydrographic Survey, parent
of the Water Survey of Canada, was formed in the same year. One of the first undertakings of the survey was to
investigate the water regimes of the St. Mary and Milk rivers in Canada to facilitate the administration of the Treaty.
The governments of Canada and the United States in drafting the terms of the Treaty disposed of the immediate
problems of the St. Mary, Milk and Niagara rivers in quite specific terms, dividing the availabie water equally between
the two countries; but more important was the establishment of the International Joint Commission, made up of

35

CANADA

I· TOTAL STREAMFLOW AND WATER LEVEL
STATIONS {INCLUDING CONTRIBUTED)
2- TOTAL

STATIONS

3. STREAhlFLOW

4- WATER

OPERATEO

STATIONS

LEVEL

BY ¥iSC

OPERATED BY

WSC

RECORDERS OPERATED BY WSC

2S00r--------------------------------t''-J

~ 2000

~
0

z

•
0
0
0

w

~
~

•
•"0"
"

'SOO

0

1000

15
YEARS

"

"

Figure 3-Gauging stations and recorders operated by the Water Survey of Canada

three members from each cauntly, to administer the Treaty and to investigate, report and make recommendations
to the governments for the resolution of disputes concerning the use and diversion of international waters. In carrying
out their investigations.• the Commission wasauthoIized to use the personnel-and -facil-i-tiesof thei-r -Fespec-tive -governmerIts. The Canadian section of the Commission relied upon the Water Survey of Canada for help in carrying out the
tasks of the Commission as a whole.
In the early years of hydrometric survey activities, some work was done for the provinces by the Federal
Service and some was performed co-operatively by Provincial and Federal forces. In 1913, by an arrangement with
the British Columbia Water Rights Branch, the Federal Water Power Branch became responsible for hydrometric
surveys in that province. This agreement was the forerunner, and by 1922 co-operative agreements had been made
with all of the provinces and the Federal service undertook responsibility for field surveys, compilation, analysis and
publication of streamflow data throughout the nation. The depression of the 1930s put a severe strain on the ability
of the federal government to continue many of its activities. Hence on 31 March 1932, the Minister of the Interior
for Canada advised the provinces that the agreements would be terminated effective 31 March 1933. The Federal
Government agreed to continue responsibility for streamflow measurements where necessary to satisfy arrangements
called for in the Boundary Waters Treaty. After 31 March 1933, limited hydrometric surveys for other purposes were
continued by the federal government under letter arrangements with the provinces. These ad-hoc arrangements,
whereby the federal government did most of the work and the provinces assisted financially, continued until 31
March 1975, with two exceptions: Prince Edward Island which has rather limited surface water resources disassociated itself from the federal hydrometric surveys in 1933. These were re-started in 1961 by agreement with the
province, particularly in connexion with fisheries interests. Quebec, in 1964, took over the water surveys in its area
of jurisdiction; however> the Water Survey of Canada has maintained an operation in that Province to carry out
federal responsibilities in connexion with international streams, navigation and fisheries, and to maintain close
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liaison with the province. Co-operative water resources investigations in Newfoundland commenced when it
became a province in the Confederation in 1949.
While the foregoing outline has concerned the relations between the federal government and the provinces,
water-quantity surveys in the Yukon and Northwest Territories must not be overlooked, Early surveys date back to
1921 in connexion with explorations for hydro-electric power potential and navigation. It was not however lmtil
1934, in the Northwest Territories, and 1946, in the Yukon Territory, that hydrometric surveys were pursued on a
continuing basis, and not until 1949 in the Yukon Territory and 1959 in the Northwest Tenitories that permanent
offices of the Water Survey of Canada were established to carry out these surveys more efficiently.
3.3

,
i

FEDERAL-PROVINCIAL WATER QUANTITY SURVEY AGREEMENTS

In 1972, negotiations were initiated by the Water Survey of Canada with each province for an agreement to
share the operation of water-quantity surveys and to replace the existing ad-hoc arrangements. These negotiations
culminated in 1975 with standard agreements, signed by the federal government with each province. Similar arrangements were made between the Minister of Environment and the Minister of Indian Affairs and Northern Development for hydrometric surveys in the Yukon and Northwest Territories. All of these agreements were implemented
on 1 April 1975. Basically, the agreements required each hydrometric station, or data-gathering point, to be designated in one of three categories: federal, federal-provincial or provincial. The category determines the degree of federal
and provincial interest in each station and determines the financial responsibility of each government towards the
cost of operation, The federal government pays the full operational cost of federal stations, the federal and provincial
governments share equally the costs of operation of federal-provincial stations and the province pays the full operating costs for provincial stations. The agreement provides for the operation of stations by either federal or provincial
agencies. Under the agreements, the federal government assumes the total cost of data compilation, data storage and
publication done in its offices. The operating agency is responsible for providing staff, the basic water-level recording
instrument and all administrative costs. The agreements are administered by appointed federal and provincial regional
representatives. A joint Co-ordinating Committee for each province and territory is responsible for seeing that the
details of the agreements are complied with and for planning the annual hydrometric programmes. The Co-ordinating
Committees are appointed by and report to the Administrators, as provided for in the agreements. Provision is made
for revising the agreement and for terminating the agreement by either party on 18 months written notice.
3.4

ORGANIZATION

Barring the depression period of 1932-1939, the growth of the survey in numbers of stations, improved
techniques and diversity of duties has been rapid and healthy. Expansion has been mainly on demand through agencies
of the provinces, federal government departments, or where development, control or diversion of streams of private
interests requires an accurate accounting of water supply. The Inland Waters Directorate, of which the Water Survey
of Canada is a part, is organized with an Ottawa headquarters and five regional components (Pacific, Western, Ontario,
Quebec, Atlantic). The national programme of the Water Survey of Canadais co-ordinated from Ottawa and administered
within the Regions from six District Offices at Vancouver, Calgary, Regina, Winnipeg, Gueiph and Haiifax and an
area office at Montreal. The Vancouver office serves British Columbia and the Yukon Territory; the Calgary office,
Alberta and the Mackenzie District of the Northwest Territories; the Regina office, Saskatchewan; the Winnipeg
office, Manitoba, the District of Keewatin in the Northwest Territories and some streams in western Ontario; the
Guelph office, Ontario; the Haiifax office, the four Atiantic provinces and the eastern Arctic Isiands. The area office
at Montreal is responsible for federal water quantity stations in Quebec. Figure 4 shows the location of these offices
as well as the location of 31 sub-offices across Canada which enable the Water Survey of Canada to respond more
effectively to the demands for surface-water information.
3.5

SURFACE WATER DATA COLLECTION AND PUBLICATION

Since its inauguration in 1909 as an independent agency operating 68 stations, the Water Survey of Canada
has grown both in size and capability. Figure 3 shows the growth of the survey in terms of numbers of stations
operated. It also shows (graph 4) the number ofwater-ieveI recorders and Hiustrates the change from manual to auto-
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Figure 4- Location of offices and district boundaries of the Water Survey of Canada

matic recording of water levels at hydrometric stations. This change has, as can be noted, accelerated in the past 20
years. By the end of 1975, active streamflow and water-level recording stations in Canada numbered about 3200, of
which 2387 were operated by the Water Survey of Canada, and 235 stations were contributed by other agencies.
The remaining stations, some 580, were operated by the Province of-Quebec.
4

Applied Hydrology Division

The Applied Hydrology Division is based at headquarters and provides technical support to the six District
Offices and one Area Office of the Water Survey of Canada to assist in collecting streamflow, water-level, sediment, and
other hydrometric data. The main purpose, or objective, of the Applied Hydrology Division is to devise and develop
new and improved procedures and equipment for both the field and office work and the network planning activities
conducted by the Water Survey of Canada. Under the formal cost-sharing agreements between Environment Canada
and the Provincial Governments and the Department of Indian Affairs and Northern Development, the Federal
Government is financially and technically responsible for publishing hydrometric data and, in consultation with
the provinces, for developing and maintaining national standards and guidelines for all aspects of water-quantity
surveys. The Applied Hydrology Division is the unit responsible for these publications and standards.
4.1

ORGANIZATION

The Applied Hydrology Division comprises the following four sections established at the various times shown
below:

(aj Sediment Survey, 1961;
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(b) Data Control, September 1960;
(cj Special Services and Surveys, November 1966;

(d) Network Planning and Flow Forecasting, July 1970.

These sections perform five major functions as outlined below.
4.2

SEDIMENT TRANSPORT

This specialized aspect of hydrometric work, providing data on suspended sediment concentration and discharge, bedload movement and reservoir siltation, is conducted primarily by regional offices with the research and
development aspect handled by the €ppropriate headquarters unit. The Sediment Survey Section also develops
laboratory procedures and evaluates equipment, and provides manuals and training courses to regional staff. Morphological surveys of river basins or river reaches are generally designed by headquarters and conducted jointly by regional
and headquarters staff. Environmental impact assessments are increasingly important activities requiring morphological studies such as those needed to determine the rapidity and manner of delta formations in proposed and existing
reservoirs. Standards for sediment data computations and publication requirements are also established by this
section.
4.3

DATA CONTROL

Hydrometric data arc collected and computed by the District Offices of !be Water Survey of Canada and
submitted to Ottawa for distribution to users in published or computer-compatible form, in accordance with the
JYfanual of Hydrometric Data Computation and Publication Procedures and 16 related manuals. These manuals are
prepared in Ottawa after discussion with engineers from District Offices either during annual meetings or visits to
Districts, or by correspondence, to ensure that national standards are understood and maintained. Computer programs
for the computation of hydrometric data are written by the staff in Ottawa and implemented in the Districts. Most
of the data for stations equipped with graphical or analogue recorders are computed using a digitizer which is a
manually-operated electronic device to convert data on maps, drawings or graphical charts into digital form for
computer processing. A systematic review of historical hydrometric data to expose and correct significant errors in
the original computations or interpretations is a continuing activity at Ottawa but is carried out in the Districts when
manpower resources are available. The three types of hydrometric data publication produced are as follows:

(aj Surface Water Data Reference Index for Canada-this is published annually and contains a reference to
available data and descriptive information about gauging stations. Coloured maps showing the locations
of both active and discontinued gauging stations are published about every five years;
(b j Surface Water Data (seven volumes, by province or region)-these are published annually and contain
daily discharges and water levels on a calendar-year basis. Data are submitted to Ottawa on punched
cards or magnetic tape; printouts are sent to Districts for verification before printing;
(c) Historical Streamflow Summary (seven volumes, by province or region)-these are published every three
years, the latest containing data up to 1973. Historical files are updated at least annually and are used
to produce these publications which contain monthly and annual mean discharges and annual extremes
for the period of record.
Automated techniques are used to produce high-quality camera-ready manuscript by the exposure of character images
from magnetic tape onto photosensitive paper using a digital computer and cathode ray tube printer. Several hundred
pages of manuscript can be produced overnight. Publications are printed according to a pre-arranged agreement to
ensure delivery within about six weeks and are distributed to various users such as federal and provincial agencies,
consultants and universities. Surface water and historical data can also be supplied to the various users on punched
cards or magnetic tape if this form is more suitable. In addition, the Data Control Section is responsible for preparing
manuscripts for Sediment Data publications. Here again, automated techniques have been developed. Plans are now
under way for the storage, retrieval and publication of historical daily water-level data and miscellaneous discharge
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measurement results. Metric conversion of computer programs and data files has also been started and will be operational this year. The goal in automating as many processes as possible in computation and publication is to have
hydrometric data available to users (in published form and on punched cards or magnetic tape) six months after the
end of the year in which the data were collected.
4.4

INSTRUMENTATION AND METHODOLOGY

The basic instrumentation used in hydrometric data collection, such as current meters and water stage
recorders, are standard throughout the Water Survey of Canada. As new instrumentation appears on the market
(for example, acoustic flow-meters or satellite data-collection platforms) the suitability of the item is evaluated
initially by headquarters personnel. If the new instrumentation appears to have potential, a small number of units
are installed in collaboration with the District Offices of the Water Survey of Canada and the data obtained through
use of new instrumentation are compared to those obtained by conventional means. Also, the problems encountered
in operating the instrumentation under Canadian conditions are evaluated and reported upon. If the experiments
prove successful, the potential impact of more widespread use of the technology on Canadian activities is assessed
and a decision made with respect to expanded use or adoption as standard equipment.
Standard field methods are lLsed throughout the country for operations carried out by the Water Survey of
Canada. These are set down in manuals prepared by headquarters staff with input from District Office personnel. In
addition, training courses are conducted on a national or regional basis. As with instrumentation, when new techniques become available (for example, the moving boat method for taking discharge measurements), the technique
is evaluated for Canadian conditions and a recommendation made for or against its use in District Offices. If accepted,
training courses may be conducted to introduce the technique.
The Applied Hydrology Division maintains a small Equipment Calibration and Development Unit for the
purpose of fabricating prototype equipment and stocking items that are available only through large quantity purchase
and which are otherwise hard to obtain. A major task of the unit, at present, is developing metric versions of existing
equipment.
Systematic glacier surveys are among the non-routine activities conducted by the Applied Hydrology Division
in the regions. As glaciers form part of Canada's water resources, some are surveyed on a continuing basis by
the Applied Hydrology Division and Water Survey of Canada Division in an effort to determine the extent and pattern
of a glacier's influence on surface water -runoff. Of the large number of glaciers in Canada only seven glaciers (five in
British Columbia and two in Alberta) are surveyed on a systema tic basis. This is done every two years using terrestrial
stereophotogrammetry techniques. Maps are prepared and from these the volumetric change and change in.surface
elevation of the glacier are determined. The results are reported to the International Association of Hydrologic
Sciences and meet the commitment to provide such data for its world-wide monitoring of glacier fluctuations.
4.5

NETWORK PLANNING

The idea behind network planning activities is to ensure that the required hydrometric data are obtained
from the most efficient network. Headquarters attempts to keep abreast of the newest techniques being developed
in mathematical modelling of hydrological systems and remote sensing by satellites of important parameters. It then
determines how these can be applied to network design to achieve the most efficient and effective mix of long-term
and short-term stations, the most appropriate locations and the balance between meteorologic and hydrometric
stations. As in other endeavours, projects to test concepts are joint efforts of headquarters and regional staff with
headquarters responsible for the initiative.
5

Miscellaneous surveys and activities

5.1

SNOW SURVEYS

Snow-depth and water-equivalent information is collected at some 1200 points (1976) across Canada by
many provincial, federal and private agencies. Snow surveys are made by the Water Survey of Canada in Alberta,
Saskatchewan, Manitoba, Ontario, Nova Scotia, New Brunswick, Prince Edward Island, Newfoundland and Labrador,
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and the Northwest Territories. Water Survey of Canada activities are generally restricted to the collection of snow
survey data at points where the information may be helpful in forecasting river flow. In the winter of 1975-1976,
175 snow courses were sampled by the Survey prior to the snowmelt and during the melt period. The following
table, for 1963-1964 and 1972-1973, gives the number, by Province and TerritOly, of snow courses operated in
Canada and the number operated by the Water Survey of Canada.
Snow-depth and water-equivalent information are supplied by all collecting agencies to the Atmospheric
Environment Service, in Toronto. This federal service, beginning with the winter of 1954-1955, summarized and
produced an annual summary of snow conditions for eastern Canada. Issues of the publication. Snow-cover Data,
beginning with thai for the winter of 1962-1963, include snow-cover data for all of Canada.
5.2

DATA TRANSMISSION

The growing demand for real-time data during times of high river flow, whether as the result of snowmelt,
rainfall or a combination, is being met, in part, by the installation of automatic transmission equipment such as telemarks. Although many data are still sent by local observers to Water Survey offices using a telephone or telex service,
the use of automatic equipment is increasing. The Water Survey operates 89 telemarks which, when interrogated by
telephone, transmit a coded water-level message. Recent technological improvements in the receipt of real-time data
by retransmission via satellite has opened a completely new vista. The Water Survey of Canada, like lTIany other
agencies, is taking advantage of this new development and is operating 29 data-collection platforms primarily in remote
northern iocations in Canada (1976).
5.3

WATER QUALITY

The Water Survey of Canada is not directly responsible for water~quality surveys, this being the responsibility
of the Water Quality Branch of the Inland Waters Directorate. However, the Survey does co-operate by collecting
water-quality samples and sending them to Water Quality Branch laboratories for analysis. Water Survey field
officers arrange for local residents to take the samples or the officers take samples when visiting streamflow stations.
The latter sampling is generally carried out at the more remote locations.
5.4

[NLAND WATERS DIRECTORATE-ATMOSPHERIC ENVIRONMENT SERVICE CO-oPERATION

Of the several services making up the Department of the Environment, the two most concerned with
hydrology are the Atmospheric Environment Service and the Environmental Management Service. Joint planning
of hydrological activities is facilitated by annual, or more frequent, meetings at senior management level and by
close association at the working level at Headquarters and in the Regions. Joint planning is involved with activities
TABLE I
Number of snow courses operated in Canada and the number operated by the Water Survey of Canada

Nu.mber of snow courses operated:
By Water Survey of Canada
In Canada
Province/Territory
British Columbia
Alberta
Saskatchewan and Manitoba
Ontario
Quebec
New Brunswick
Nova Scotia
Prince Edward Island
Newfoundland and Labrador
Yukon and Northwest Territories
Total

1963-1964

1972-1973

139
22
149
125
104
38
30
3
42
0
652

219
64
258
201
192
52
42
8
81
40

-

1157

I

1963-1964

0
33
3
15
0
14
[9
3
25
-

10

122

1972-1973

0
26
14
14
0
26
33
3
31
10
157
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such as the study undertaken by WMO as regards the application of the World Weather Watch to hydrology, the
International Field Year for the Great Lakes, federal-provincial basin studies, forecasting of flood and streamflow
events, snow surveys, hydrometric surveys, data collection and publication, and information services. At the
working level, joint programmes are operated to enhance knowledge of hydrometeorological conditions across
Canada. Specifically, this co~operation includes bench-mark stations, representative basins, transect studies in
mountainous areas, forecasting and the transmission of real~time data.

6

Research activities

As indicated in paragraph 2.1, the activities of the Water Resources Branch are not restricted to collecting
hydrologic data and developing methodologies and techniques to carry out this task, Efficient data collection requires
an understanding of how various hydrological patterns develop. In other words, the streamflow data gathered at a
specific point represent an integration of all the parameters upstream, while the related research activities are aimed
at understanding what factors influence surface water runoff and how their effects manifest themselves in the hydrologic cycle.
6.1

GROUNDWATER

Canadian interest in groundwater resources dates back as far as 1875 but it was not until the mid-1930s that
planned systematic groundwater surveys were undertaken on a routine basis. These studies were initiated by the federal
government and were for many years the country's main source of groundwater information. Beginning in the mid1950s the provinces began to establish the groundwater agencies that now exist in all the provinces except Newfoundland. In addition, the federal Department of Indian Affairs and Northern Development (DlAND) has taken
some steps towards the initiation of groundwater services in the Yukon and Northwest Territories. The constitutional
division of responsibilities between federal and provincial governments with respect to groundwater resources is
clear-cut. Inventory, evaluation and development are regarded as provincial matters; they form the principal business
of the provincial agencies and of DIAi"'1D in its role for the territories. Conducting basic and applied research and
providing financial support for such research lie within the sphere of the federal government, through the Inland
Waters Directorate. In-house groundwater research has in turn been delegated to the Hydrology Research Division,
Water Resources Branch, whereas funding of groundwater research in universities and in the private sector is handled
by the Directorate's Water Resources Research Support Program. In-house groundwater research tends to be problem
or-iented. -Relevant problems -are ident-i-f-iedasa resulto-fcon-tinui-ng -liaison wi-th -provincial-agen-cies-and others -active
in the location, evaluation and exploitation of groundwater resources. Final decisions concerning new research and
changes in research thrust are made in the light of existing objectives and priorities, both at the directorate and at
higher levels within the Department of the Environment. Research decisions are also influenced by changing concepts
concerning the role played by groundwater in the Canadian scene. On a national scale, this division has had considerable
success with the development of a computerized groundwater data bank. This bank has been adopted in whole or in
part by several provincial groundwater agencies. The division has also conducted extensive studies on salt water intrusion
into coastal aquifers, and on the role of fractures in groundwater flow. Groundwater-quality investigations have included
a number of studies in which natural water-quality variations are used to help define natural flow systems and recharge
and discharge areas. There has been, as well, a growing commitment to sub-surface contamination studies, including
various aspects of deep-well disposal of industrial and other wastes and an intensive field study of possible sub-surface
contamination due to a brine-disposal pond. In many cases, groundwater quality studies have been reinforced by the
use of geo-electrical techniques (surface and borehole) to detcct, for example, the location and movement of a brine
front.
6.2

HYDROLOGY

The Hydrology Research Division is also involved in the development and assessment of hydrologic models.
In the main, the concern is with forecasting or data-transfer models to predict runoff on the basis of precipitation
data and other information. The division is undertaking a two-pronged attack on hydrologic modelling. Its first
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interest is to place existing hydrologic models on a firmer physical basis. Secondly, the division attempts to develop
techniques for assessing model accuracy and reliability. Through the combina tion of the two, it should be possible not
only to arrive at models of a known reliability but also to indicate the ways in which these models might be improved
A major modelling thrust has been to adapt the Sacramento model to the modelling of streamflow and water balance
for a number of Canadian watersheds. It is hoped eventually to extend this type of study to a number of selected
basins and, in the process, to compare the performance of a number of model types.
6.3

ARCTIC HYDROLOGY

One of the tasks of the Glaciology Division of the Water Resources Branch is to carry out research and studies
related to activities in Northern Canada where the hostile climate and presence of permafrost complicate the hydrologic
process. The division became involved in the Mackenzie Valley Pipeline Program at its inception in 1972 and carried
out extensive field surveys relative to the water balance of the basin. Ice jamming and scouring along the main reach
of the river, river-bank erosion and flow distribution among the channels of the Mackenzie Delta were the main items
examined. Simultaneously, studies were carried out in connexion with the construction of a highway in the region.
6.4

GLACIER RESEARCH

As the name Glaciology Division implies it is interested in glaciers as storage reservoirs of water which, as
they melt, sustain summer flows of many Canadian rivers. A major contribution under the programme of the Internalional Hydrological Decade (IHD), completed at the end of 1974, concerned the mass and energy balance of
glaciers in the Cordillera. Another major activity started under the IHD programme was the glacier inventory. While
this project has not been completed, significant progress was made in preparing the glacier maps on which each glacier
within a drainage basin has been identified and numbered. A total of 66 maps have now been printed or compiled,
but about another 65 maps have to be completed before all the glacier areas in the country have been covered. When
completed, this map collection will be published as a Glacier Atlas of Canada. Studies of iceberg calvIng have been
lUldertaken in several parts of the Arctic, I.e. on Letfert Glacier, d'Iberville Glacier on Ellesmere Island and also on the
Barnes Ice Cap near Generator Lake. This work has been extensively supported by the joint airphoto operation of the
Division and the Polar Continental Shelf Project of the Department of Energy, Mines and Resources and provides
information on the discharge of fresh water (in the form of ice) to the sea. RecoIUlaissance surveys were carried out
near the top of Mount Logan in 1974 and 1975 for the purpose of finding a location where one or more deep ice
cores through the ice cap can be obtained for studies of paleo-environmental conditions and provide some insight
relative to long-term climatic trends. This will be a new development since no deep core has been obtained from the
accumulation area of any ice cap lying within the circum-pacific area of the northern hemisphere. Snow and ice
samples have been collected to a depth of 16 metres and are presently in Denmark for oxygen isotope analysis. It
is expected that the deep drilling will take place in 1977. The Division has also conducted studies on the Tweedsmuir
Glacier following the discovery of its surge in late 1973. Areal as well as terrestrial photogrammetry has been
obtained and will be used to study the progress of the surge. A presurge map with ten~metre contours has been
published and several maps showing the development of the surge itself are being prepared.
6.5

AVALANCHE RESEARCH

The Division initiated avalanche research in July 1974 in Banff National Park and also at Roger's Pass in cooperation with the National Research Council. Current research projects include studies of avalanche slope~stability
criteria, the artificial release of avalanches and a study of avalanche impact pressures.
6.6

SNOW HYDROLOGY AND INSTRUMENTATION

The Division's major achievement in this area has been the development of expertise in natural gamma
radiation surveys as a means of obtaining water-equivalent data of the snow cover. Initial surveys were made over
southern Ontario in the winter of 1973 in a joint effort with the Geological Survey of Canada, the Ontario Water
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Resources Branch and groups within the Inland Waters Directorate. The experiment was successful and further surveys
were made in 1974 and in the winter of 1975 over the Souris river basin on the Canada-United States Boundary_
Further development of this technique is now under way and a demonstration project will hopefuHy be started in the
Prairie region and in the Cordillera. It still remains to interface this type of survey effectively with hydrologic fore·
cast models. LANDSAT and NOAA imagery is also used for snow pack assessments. The instrumentation group has
also been actively involved, with the Applied Hydrology Division and the Water Survey of Canada Division, in establishing remotely·located observation platforms for transmitting hydrometric data via satellites to centres in southern
Canada. Initial station networks llsed the LAi"lDSET satellite but some stations will be changed to the GOES satellitea geostationary satellite. More recently, the group has acquired equipment and expertise in using micro processors as
integral parts of sophisticated data systems. It is anticipated that these processors will find a number of uses in glaciological and hydrological research.
6.7

CANADA CENTRE FOR INLAND WATERS (CClW)

As mentioned previously, additional research facilities are available within the Directorate at the Canada
Centre for Inland Waters. While much of the research at the centre is in the water-quality field a very considerable
amount cOiTIplements the activities of the Water Resources and Water Planning and Management Branches. Specific
examples of these include studies of erosion, sedimentation and flooding in the Great Lakes system, the hydraulic
complications caused by the presence of ice in river and lakes system, and urban hydrology.

7

I)ata uses

Hydrological data forms the basis or starting point of almost all the activities of the Inland Waters Directorate, ranging from an inventory of the water resources of Canada to the study of socio-economic effects of specinc
water-development projects. In this way, the Inland Waters Directorate is its own best customer, There are, however,
many other major users, including departments and agencies (at all levels of government), universities, consultants
and private citizens.
7.1

RESOURCE lNVENTORIES

An inventory of water resources is an essential part of the basic assessment of a nation's water wealth. This
inventory is necessary to assess the total quantity of water available in the nation and to show its distribution not
only from the aerial point of view but also from season to season and year to year. These hydrological data, along with
topographical and geological information, assist the planner in determining potential water-development sites. While
an inventory of the quantity of water available from lakes, streams and groundwater is essential for planning water
resources development projects, the quality of water is also of paramount concern as it can have a serious impact on
subsequent utilization. Therefore water-quality surveys have been undertaken by the Water Quality Branch of the
Directorate and by provincial governments to complete the inventory not only from the point of view of availability
but also from that of usability.
7.2

BASIN PLANNING

In recent years it has become apparent that water use lUust be planned, taking into account all the uses for
water in particular areas. The most convenient unit for the study and implementation of planning and development is
the river basin. Any study must take into account not only the potential development sites but also the implications
which particular developments might have on other uses, for example, water used for domestic purposes will diminish
the amount available for other purposes. Also, the way in which water is utilized may effect other uses. Thus the object
of any basin study is to choose alternatives of development which will result in the least conflict. In Canada, this
process can be further complicated by the fact that two or more provinces might be involved in planning the utilization of the water resources of a single river basin. In these cases, and in others at the request of one or more provinces,
agreements between the federal and provincial governments have been worked out to cover the overall study, Over
the past few years, the Directorate, through its Water Planning and Management Branch, has participated in several
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studies throughout Canada, including the Okanagan. Qu'Appelle and Saint John river basin. In any event, whether
water-development studies are initiated by an individual province or by a province or provinces in concert with the
federal government, hydrologic data are a basic requirement.
7.3

FLOW FORECASTING

In addition to the collection of hydrologic data there is a general requirement for the prediction of what
flows and water levels may be expected in the future. At the present time, in Canada, flow forecasting is usually thought
of only in terms of flood forecasting and therefore applicable mainly to the freshet season. As floods are usually
sudden events and can cause widespread damage they are often widely publicized. Timely forecasting of such occurrences will allow residents of flood-prone areas to evacuate movable belongings and livestock and reduce risk of injury
or death. On the other hand, low flows or droughts tend to develop more slowly and are less spectacular at the time of
occurrence than are floods. The ultimate economic effect, however, may be equally, or more, devastating. The ability
to predict or forecast flows-either floods or droughts-does not ameliorate conditions but only allows for the undertaking of appropriate protective or preventative action. Forecasting ability, along with the operation of water-control
projects, can provide a large measure of protection, providing there is sufficient operational capacity. For example,
if sufficient reservoir capacity is available, the freshet can be stored, thus reducing peak flows and levels downstream;
these stored flows in turn can be released later in the year to increase minimum flows or to sustain flows for the
production of hydro-electric power or other purposes. At the present time, the Directorate participates in a number
of flood-forecasting activities by making timely data available to the provincial agencies, assisting in the interpretation
of these data, making studies of modelling techniques, and assisting in applying models to various river systems.
7.4

FLOOD DAMAGE REDUCTION PROGRAMME

Flooding and flood damage are a major concern at all levels of government and efforts are being made either
to reduce flood levels or to ensure that the vulnerability of buildings, installations and developments is reduced. The
federal government, in co-operation with the Provinces, has carried out a number of projects toward this end. These
include the construction of reservoirs to contain flood waters, construction of dykes to contain river flows, improvement of river channels, development of flow-forecasting procedures and supply of information to the public at large.
The Water Planning and Management Branch of the Directorate has been responsible for the development of a number
of agreements under the Canada Water Act whereby studies have been carried out and programmes implemented. One
of the most recent programmes covers the development of maps of flood-sensitive areas to illustrate the extent of
flooding that may have occurred in the past or might be expected to occur at various frequencies.
7.5

ENVIRONMENTALIMPACT

The development and operation of any project will have some impact on the environment. The degree of
impact and whether it will be bad or good is dependent on the care taken in planning and at best includes some
compromise between the environmental costs and the benefits derived. Intensive analysis of hydrological data will
assist in planning by allowing changes in river regime to be estimated or predicted in advance through modelling or
computational procedures. For example, the effects on wildlife in a reservoir area can be estimated based on predicted changes in the water level; or, based on operational patterns for a dam, changes in water temperature in the
river downsIream and Iheir effect on water quality may be predicted. The predicted effects can be utilized to alter
planned operational patterns or 10 change the design or configuration of the physical elemenIs in Ihe plan of development.
7.6

INTERNATIONAL ACTIVITIES

The use of waters common to two countries can be one of the more sensitive problems facing them. There
are many examples of water flowing along or across the international boundary between Canada and the United
States. In most cases, potential problems have been dealt with through the International Joint Commission under
the Boundary Waters TreaIy. Hydrological data have played a large parlin the achievement of soluIions to the
problems and in monitoring the operation of the various works or projects built.
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Future outlook
The hydrologic data-collection network in Canada has, until fairly recently, been developed largely on the

basis of demand or immediate requirements. Support activities and research have also tended to be mission oriented.
This will continue to be true in the future but, with increasing costs of data-collection and related activities, stress

must be placed on the development of methodologies and techniques for data analysis and the extension of knowledge
based on the information at hand. In Canada, increased efforts are required to co-ordinate studies on all aspects of

the hydrologic cycle_ Greater emphasis is being placed on hydrometeorology in an effort to define those existing
interrelationships which may not be clearly understood. The requirement for processed or semi-processed data is
increasing. With the increasing level of water-resources development, multipurpose projects are becoming the rule
and impact studies have become an essential part of the plarming process to ensure the protection of the environment.
As sophistication in the level of water-resources developments increases so does the requirement for specific data and
analysis procedures. In an effort to meet the research needs and to provide additional support for data-collection

activities and the development of the related data-analysis facilities, the Department of the Environment has established
the Canada Centre of Inland Waters at Burlington, Ontatio, and is planning to establish the National Hydrology
Research Institute in western Canada. As the name implies, the latter will stress hydrologic studies and one hopes it

will provide the opportunity to develop formally a specific group specializing in hydrometeorology.
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Introduction

1.1

PHYSICAL DESCRIPTION

[srael belongs to the eastern Mediterranean basin. Its area is 20 700 k:rn 2 Its western border is formed by
the Mediterranean Sea and its other borders are with Lebanon in the north, Syria in the north-east, Jordan in the

east and Egypt in the south-west.
The country is divided into the following regions:
(a) The coastal plain, extending along the Mediterranean coast and on the average some 10 to IS km inland;

(b) The deserts in the south, which occupy an area of about half the size of the country;
(e) The mountainous regions from north to south which reach altitudes of about 1000 to i 200 m above
sea-level;

(d) The Valley of Jezreel, separating the mountains of GallIee and Samaria;

(e) The Jordan Rift Valley, which is located at the northern end of the Syrian-African Rift Valley. The Dead
Sea at a level of 400 m below sea-level is the lowest place on Earth.
1.2

CLIMATE

Israel has a Mediterranean climate with winter rains between October and April and no rain at all during
summer. Average rainfall decreases in general from north to south and from the crest of the mountains in the central
part of the country towards the Rift Valley. The highest average rainfall occurs in the mountains of Galilee (some
1000 mm per annum) and the lowest in the desert in the south and in the Dead Sea legion (some 25 to 50 tun1 per
annum). The variability is larger for the lower yearly rainfalls. The average annual temperature in the coastal plain is
17°C and in the Jordan Valley 25°C. Maximum temperatures in summer in the coastal plain and in the mountains usually
reach about 40°C and nearly every year some days occur in the winter with temperatures below freezing point in the
mountains. Occasionally a few days of snow occur in the high mountains.
1.3

DEMOGRAPHY

The total population reached 3.4 million in 1974 which means an average population density of 168 inhabitants per km 2 . There is a great variability in population density. Whereas about half the population is concentrated
in the Tel-Aviv and central districts, the population density in the southern district is only about 28 inhabitants per

km 2 (end 1974). Forty per cent of the population is concentrated in towns with a population of over 100000 and
78 per cent in towns and settlements of over 10 000 inhabitants. The collective agricultural settlements constitute

about 7 per cent of the total population. Population growth since the establishment of the State of Israel in 1948
has been over 6 per cent per annum, due to a large immigration and a relatively high natural growth.

1.4

ECONOMY

The growth of the economy in Israel has been extremely rapid and is one of the highest in the world. Since

the establishment of the state, the average annual growth of the gross national product (GNP) was about 10 per cent
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and the GNP reached 2740 Israeli dollars per capita in 1973. The relative importance of the various economic activities
is shown by the division of the labour force for the various economic branches:
Agriculture, forestry and fishing
Industry
Electricity and water
Construction
Commerce
Transport
Financing
Public and other services
1.5

7 per cent
25 per cent
1 per cent
8 per cent
12 per cent
8 per cent
6 per cent
33 per cent

WATER RESOURCES

About two-thirds of the replenishable water resources are in the form of groundwater. There is only one
major river, the Jordan River, which is one of the most important sources of water. Approximate average yearly
water quantities which will be available for consumption by 1980 are as follows:
Coastal plain aquifer
Mountainous aquifer
Lake Tiberias catchment
Intercepted storm water
Reclaimed sewage water
Total

260 million
590 million
530 million
80 million
140 million

m3
m3
m3
m3
m3

1600 million m 3

TIle utilization of the natural groundwater resources is at present almost complete. In order to cope with the rising demand
in the future, marginal amounts of storm water can still be collected, but stress has to be laid on supply of reclaimed
sewage water to agriculture in order to transfer the primary water resources to domestic and industrial consumption.
Major efforts are devoted to increasing water yield by weather modification and to increasing efficiency in consumption by water-saving practices in the fields of agriculture, industry and domestic water supply. In the long term,
however, after incorporating reclaimed sewage water into the system, the balance between demand and supply can be
maintained only by development and application of sea~water desalination. Because of its very high cost, its use will
always have to be very selective. The major problems facing the country in the management ofits water resources are
the following:

(a) The total amount of water resources is limited and development beyond the present level is getting very
expensive;

(b) The geographical distribution of water resources is such that they are most plentiful in the northern
part of the country, whereas the highest water demand is in the central part, in particular in the Tel~
Aviv area. This problem has been solved by the construction of the National Water Carrier as a part of
the integrated system of water supply;

(c) The temporal distribution of the availability of water resources is not compatible with the distribution
of the demand. The rainy period is in winter, whereas the highest demand is in summer. Large water
storage (surface or sub-surface in aquifers) is necessary in order to overcome this difficulty;

(d) The quality of water, in particular of groundwater, is deteriorating because of increasing re~circulation,
sea-water intrusion and contamination by sewage water.
The total water consumption for the year 1973 was 1570 million m', including 140 million m' of saline water. The
present distribution over the different sectors is:
(a) 290 million m' for domestic consumption;
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(bj lOa million m' for industrial consumption;
(cj 1180 million m' for agricultural consumption.

The forecast for the future is that domestic and industrial consumption will increase steadily (e.g. to 430 and 220
million m 3 respectively in the year 1985), whereas agricultural consumption will more or less remain steady.

2

Role of water in the national economy

2.1

ROLE OF WATER IN SECURING NATIONAL GOALS

The development of primary water resources has been nearly completed and obtaining additional water is
getting more and more expensive. In those development projects in which water is one of the major production
factors, its scarcity may become the limiting factor for further expansion. The inevitable result would be the reduction of allocations of water to agriculture. This fact is a major guideline in determining priorities in the development
of non-conventional water resources. Domestic water supply has first priority and demand is bound to increase
further with increase in population and rise in the standard of living. As industrialization is one of the major goals in
order to reach economic independence, the water demand in industry is rapidly increasing. Major efforts are made
to introduce recirculation and the use of sea·water for cooling, but this can only slow down and not reverse the
increasing demand. Re-use of water is thus dictated by the scarcity of water resources and also by the absence of
rivers for the disposal of sewage. On the other hand, however, it causes degradation of the water quality and there
may be a need in future to apply partial desalination (reverse osmosis or electro-dialysis) to reduce salinity. Severe
anti-pollution measures are imposed in order to supply the increasing demand for water for recreational purposes,
both at the sea shore and in internal waters. The development of small, local water supplies, in particular in desert
areas, furnishes these areas with the essential water supply for subsistance in case of a breakdown in the national
supply system.

3

Water resources management

The main problems facing water resources management, I.e. quantity, quality, temporal and areal distribution, have already been mentioned in paragraph 1.5.
3.1

THE WATER LAW

A comprehensive water law was enacted in 1959. The basic principle underlying the law Js that water is a
means of production to be utilized for the benefit of the population as a whole and in the manner most efficient
and beneficial for the country's development. Af:, a consequence of this principle, water resources have been declared
public property, under control of the State and their use is allocated to the consumers. Water affairs are managed by
the Water Commissioner who is appointed by the Government. There is strong public participation in discussions
and decisions connected with this law. The more important statutory bodies, mentioned in the Water Law, in which
the public participates, are:
(a) Water Board;
(bj Planning Committee;
(cj Water Tribunal;
(d) Drainage Board.
3.2

WATER ALLOCATION, PRICING POLICY AND SUBSIDIES

Licences are issued by the Water Commissioner and state the quantities of water which may be produced
per year or per month. In addition, allocations are made to individual consumers or groups of consumers. Special
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conditions may be added in order to ensure the provisions of the law that water resources should be kept from
depletion and from pollution. The basis for the allocation is a set of norms appearing in the regulations, specifying
the quantities of water to be allocated per inhabitant for domestic consumption, the allocation for agriculture.
according to crop and ecological zone and according to production process and scope of production in industlY·
Water charges in all sectors are according to metered quantities. Water prices are set by the Government. Lowest
prices are paid by agriculture and highest by domestic consumers. The Government policy is to close the gap between
water·production costs and water prices by reducing subsidies. A pricing policy (e.g. by the equalization fund) is
made by the Government to implement its policy for population distribution, development of industries in preferred
regions, etc. In order to promote the efficient and economic use of water, a graded system of progressive water
prices has been introduced.
3.3

ORGANIZATIONAL PATTERN OF WATER RESOURCES MANAGEMENT

Supervision and management of water resources in Israel are entrusted to the Water Commissioner who is
in the Ministry of Agriculture. The Water Commissioner is aided by the Water Commission which is divided into the
follOWing departments:
(a) The Hydrological Service which is described in detail in paragraph 4;
(b) The Allocation and Licencing Department (including licences for drilling);
(c) The Department for the Efficient Use of Water (also entrusted with the prevention of water pollution);
(d) The Department of Drainage and Soil Conservation;

(e) The Legal Office (dealing also with the amendments to the Water Law and the drafting of regulations);
(f) The Economic Office.

The Mekorot Water Company is a publicly owned company, in charge of the construction, operation and management of the national water supply system through which the company distributes some 60 per cent of the water
supplied in Israel. Tahal-Water Planning for Israel is also publicly owned and is the national water-planning agency.
In addition to the planning of most of the water-development projects, :it carries out the necessary research concerned
with these projects.
4

The Hydrological Service

4.1

ACTIVITIES AND RESPONSIBILITIES

The main function of the Hydrological Service is to supply the Water Commissioner with the hydrological
data he requires for exercising the powers entrusted to him. These data are essential for any decision on the exploitation of water resources, on the development of additional water resources, on allocation for water use, on prevention
of water pollution, etc. The Hydrological Service operates in the whole of Israel and is responsible for surface water
as well as for groundwater. The field of hydrometeorology is covered by the Meteorological Service which is in the
Ministry of Transport. There exists a close collaboration between the Hydrological and Meteorological Services. The
field of hydrogeology is the responsibility of the Geological Survey which is part of Ihe Ministty of Trade and IndusIty.
Effective co-operation exists between the Hydrological Service and Geological Survey. The basic tasks of the Hydro.
logical Service are the following:
(a) Providing basic information about the water resources of the state to the Government and to the public
as a whole. The activities involved in this task are field measurements, management of the data bank,
processing, publication and dissemination of information;
(b) The critical appraisal of the exploitation policy of the water resources and its consequences as to quantity
and quality;
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(c) Providing advice and expertise to the Water Commissioner and to other governmental or non-governmental bodies.

This advice is in many different fields, of which the most important ones are:

(i)

Independent judgement of new water·development projects proposed by other agencies or by
individuals;

(ii) Hydrological background to water allocation;
(iii) Management of water resources;
(iv) Measures against water pollution.
Id) Applied research in all the above·mentioned fields.
4.2

ORGANIZATION OF THE HYDROLOGICAL SERVICE

The Hydrological Service is headed by its Director who reports directly to the Water Commissioner. The staff
of the Hydrological Service consists of 71 people, of whom 22 are academicians, 43 technicians and 6 belong to the
administrative unit. The Service has four departments and one administrative unit. The Department of Hydrometry
is responsible for the planning, construction and maintenance of hydrometric stations and observation wells. It carries
out all field measurements and performs the provisional data processing. In addition to the head office of the Department of Hydrometry. located in Tel-Aviv, there are four dist~ict offices in Haifa, Tiberias, Tel-Aviv and Be'er Sheba,
which are the bases for the field teams. Each field team is responsible both for groundwater and surface water measurements in its district. The department also has a unit for the maintenance of stations, observation wells and instruments.
New instruments are purchased on the local and on the foreign market. The Hydrological Department is in charge of
data processing, storage, retrieval and distribution in the fields of groundwater and surface water. Other activities
include:

la) Evaluation of water yield and flood frequency;
(b) Research into the behaviour of watersheds;

Ie) Prediction and forecasts of flow;
fd) Recommendations for updating of networlcs for groundwater and surface water;
(e) Regional groundwater evaluations;

If) Updating of the inventory of groundwater resources;
(g) Investigations into the updating of hydrogeological properties of aquifers;
Ih) Investigation of spring-flow phenomena;
(i) Investigation of groundwater recharge from rivers.

The chemical laboratory and the libraly belong to the Department of Hydrology. The Department of Research
and Computer Application is in charge of the following:
(a) Developing methods and computer programs for hydrological data acquisition, processing and retrieval
for hydrological reporting and for modelling the water resources;

(b) Developing aquifer simulation models describing and forecasting aquifer behaviour as to quantity and
quality of water;

(e) Developing new models in the field of aquifer calibration (i.e. determining parameters of the aquifer);
(d) Performing applied research in the field of movement of salts and pollutants in aquifers and in the unsaturated zone;
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(e) Investigating the mechanism which evaluates the components of the water balance;

([) Investigating the process of salt water intrusion into the coastal aquifer;
(g) Developing methods for the optimization of hydrological networks.

Most of the models are constructed for computer application.
The Departmen t of Water Resources is in charge of the long·term and short-term management of wator resources.
Its activities include:
(a) The formulation of constraints and criteria for decision making;
(b) The development of management models aimed at determining optimal distribution of pumping from
aquifers and of discharge;
(c) Issuing recommendations to the Water Commissioner with respect to water allocations and licensing of
new wells;
(d) Advice to the Water Commissioner with respect to new development projects and foHow-up of these
projects;
(e) Issuing recommendations with respect to pollution control of water.

4.3

DATA NETWORKS

The groundwater measurements are of the following types:
(a) Water-level measurements;

(b) Sampling for water-quality measurements;
(c) Monitoring of sea~water intrusion.

The network of observation wells consists of 2730 wells, most of which are measured monthly, the others
two to six times a year. Most of the wells are pumpjng wells in which pumping is stopped overnight before measurement.
The remainder are small diameter, mostly two-inch observation wells. A few tens of wells are provided with waterlevel recorders. Water-quality samples are taken in 2350 wells, usually once a year, and analysed for chlorides, electrical
conductivity and total hardness in the chemical laboratory of the Hydrological Service. PH and water temperature are
measured in the field at the time of sampling. More frequent sampling is performed in those wells in which large
fluctuations of salinity are known. A network of approximately 200 wells exists along the coast in the aquifer of the
coastal plain for monitoring sea-water intrusion. These wells have long filters and the depth of the interface should
be somewhere in the middle of the filter. The depth of the interface is determined twice a year in all interface wells
by running a log of electrical resistivity of water against depth. In 140 springs, monthly discharge measurements
are made. In 50 additional springs, discharge measurements are made two to six times a year and in about 250 small
springs, approximately once every five years. In the regularly-measured springs, two samples are taken annually for
salinity determination. Streamflow is measured in about 90 stations, all provided with water-level recorders. A control
has been built at the majority of stations and frequent discharge measurements are made during flood flow. In streams
with perennial flow or where seasonal flow sometimes continues until summer, the frequency of discharge measure·
ments is usually monthly. Infrequently sediment measuremen is are made and samples taken for chloride determination in streams. Outside the realm of the Hydrological Service are the following data-collection activities:
(aJ Umnological observations in Lake Tiberias, performed by !vIekorot Water Company and by the Kinneret
Umnological Laboratory of the Oceanographic and Limnological Research Company;
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(bj Complete chemical analysis of water samples taken from the Mekorot water supply network, performed

by the Mekorot Chemical Laboratory;
(cj Complete analysis of water samples taken from the drinking water supply system and performed by the

chemical laboratory of the Ministry of Health.
4.3

HANDLING OF DATA

4.3.1

Groundwater

The field teams verify immediately after measurement of the water level if the level fits the general trend or
if a second measurement is necessary. The district office compiles the measurements on special forms and sends them
once a month to the Department of Hydrology. The computerized data file is updated once a month. Water samples,
taken mainly during summer at the height of the pumping season, are transferred in batches to the chemical laboratory
of the Hydrological Service in Jerusalem. There they are analysed, the results listed on special forms and sent to the
computer for updating the file. The data file is arranged according to wells, with water-level data) chloride content
monthly pumped and recharged volumes in sequential order. (The latter data are received once a year from the
Allocation and Licensing Department.) The data file includes at present, in addition to fixed basic data on the wells,
like co-ordinates) aquifer, name) depth, ownership, etc., and current data, also historic data for a period of over ten
years. Computer print-outs of current information on all observation wells are made three to four times a year. Other
reports are prepared according to need. As to sea-water intrusion, the resistivity logs are translated to depth of seawater/fresh-water interface by means of calibration curves. The points belonging to a section perpendicular to the
coast are combined with profiles of the interface, and by comparing with previous profiles, the encroachment in a
horizontal direction is computed. At present, programmes are being developed to perform all calculations by computer and depth-to-interface will be stored in a computerized data file.

4.3.2

Springs

Rate of discharge for each measurement is calculated by the district office and) once a month, results are
forwarded on special forms to the Department of Hydrology. Recently, programs have been completed for a computerized data fIle which will be updated monthly. Daily, monthly and yearly water volumes are calculated using a
linear interpolation between the actual measurements. In a few stations, hydraulic controls have been built and
au-tom-atk wate-r-level recor-de-rs installed. These stations are -treated in -the -s-ame -way as -the -s-tream~flows-t-a-tions.

4.3.3

Streamflow

Discharge measurements are worked out in the district office and forwarded once a month to the Depart~
ment of Hydrology. Provisional drafting of the stage~discharge curve is carried out in the district and on the base of
this curve volumes are calculated in the district. After the flow ceases at a certain station, or at the end of the
hydrological year (end of September), the complete file is forwarded to the Hydrological Department. Recorder charts
are sent as they become available. The final data processing is carried out in the Department of Hydrology by means
of a curve follower and a built-in special-purpose electronic computer. Programs have been prepared to obtain
instantaneous and mean daily discharges as output on-line on paper tape and/or as printout, when the operator
follows the recorder chart by hand. Rating curves, special points on the recorder chart and other special information
are fed to the computer by tele-type. The data processing is performed usually once a year and for the hydrological
year as a whole but can be performed at any time when the need arises.
4.4

PUBLICATIONS

The routine publications of the Hydrological Service are the following:

(a) The Hydrological Yearbook, containing summaries of observations and calculated daily, monthly and
yearly volumes during a hydrological year for all streams and springs under regular observation.
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A combined groundwater level and chloride concentration map at the scale of 1 : 250 000 is included.
Approximately once every ten years the yearbook contains long·term summaries. The yearbook is bi-lingual,
Hebrew and English. Programs are being prepared at present to print the calculated flow volumes for
springs and stream flow by computer in the format of the yearbook;
(b) The monthly Bulletin (in Hebrew) contains provisional data on discharges and water levels for a number
of selected stations and wells. It appears in the second half of the month with the data of the previous
month;
(c) Groundwater-level contour maps on a 1: 100 000 scale appear twice yearly, in spring and autumn. On

the same scale a groundwater salinity map is published for the middle of summer;
(d) Every few years a report is published, containing groundwater sections perpendicular to the coastline.
The sections are 2 km apart. The development of groundwater exploitation is shown by superimposing
on these sections the water levels for four to five different, selected years;

(e) At the beginning of the winter, a report (in Hebrew) is prepared analysing the hydrological situation in
each of the major surface and groundwater reservoirs and containing a forecast for the end of the winter
lUlder different assumptions of rainfall;

(f) A yearly report is published at the end of the winter, in Hebrew, summarizing the rainy season and its
influence on the hydrological situation in surface and groundwater reservoirs.
In addition to these routine publications, the results of investigations on research carried out in the Hydrological
Service are published in special reports, either in Hebrew or in English.
4.5

HYDROLOGICAL FORECASTING

As major rivers are almost non existent, the only short-range forecasting which may be required is for flooding
of highways and for internal purposes of the Department of Hydrometry. The main stress is laid, as mentioned in
the preceding paragraph, on seasonal forecasting, based on a simulation model, exploitation policy of the water
resources and the stochastic input of rainfall. If, according to the forecast, certain critical parameters do not
remain within preset limits, the exploitation policy has to be amended and the forecast therefore serves the Water
Commissioner in determining his management policy. These considerations are gradually incorporated in more
sophisticated management models which are being prepared by the Department of Water Resources.
4.6

RESEARCH

Examples of the fields of research in which the Hydrological Service is active are the following:

(a) Movement of the salt·water/fresh-water interface as a result of exploitation, as observed in the monitoring
network and comparison between forecast and measurement;
(b) Optimization of a groundwater observation network;

(c) Annual operation of a coastal groundwater basin;
(d) Development of models for caiibration of water levels in aquifers;
(e) Movement of salts in the unsaturated zone;
(f) Modeis for the movement of nitrates in groundwater;

(g) Study of rainfall·runoff reiations;

(h) Statistical distribution of floods in the desert.
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TRAINING

The Hydrological Service organizes regularly (more or less once a year) a training-refresher course for its
personnel, in particular for the technicians. The theme of the course may be new developments in instrumentation,
measurements or data-processing techniques, or acquainting the staff with hydrological evaluation techniques, results
of research carried out in the Hydrological Service or in general, widening the scope in the field of exploi tation and
management of water resources in the country. The course usually lasts about one week. For the academic staff, study
at one of the universities is encouraged for a higher degree. A few hours per week from the official working hours are
given to attend lectures at the University. Subjects for theses are usuaiiy seiected so that they satisfy the demands of
the University and at the same time advance the research projects of the Hydrological Service.
J

4.8

CONTACT WITH FOREIGN AND INTERNATIONAL ORGANIZATIONS

Several of the staff members of the Hydroiogicai Service participate in the activities of the Worid Meteorological Organization in the field of-operational hydrology, as members of working groups, rapporteurs or as experts in
special fields. Similarly, the Hydroiogicai Service is active in the framework of the Internationai Association of Hydroiogical Sciences. Hydrologists of the Hydrologicai Service have participated in missions to developing countries by the
United Nations, as members of Israeli teams. They have participated as teachers in training courses abroad, organized
as a result of bi-Iateral agreements (Mexico). Because of budgetary limitations, the participation in international
symposia was very limited in recent years.
5

Concluding remarks

The organizational pattern and the tasks of the Israel Hydrological Service are largely dependent on local
conditions: scarcity afwater resources; almost full development of primary water resources; rapid development of
water demand for industry and domestic consumption. It is hoped that the above description will not only help to
understand the organization and functions of the Hydrological Service, but may also be a guideline for other countries
in similar conditions.
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1

Introduction

1.1

PHYSICAL DESCRIPTION 0" COUNTRY

Il.1
Malaysia comprises Peninsular Malaysia extending south east from the narrow Kra Isthmus to the Straits
of lahore, and Sabah and Sarawak situated in the northern and north-western parts respectively of the Island of
0
Borneo. It lies entirely within the tropics, between latitute!O and 7° north and extending from longitudes 100 to
119~ 0 east, and has a land area of332 900 km'1.1.2
Peninsular Malaysia is characterized by a series of centrally situated mountain ranges, with about onequarter of the land over 300 m above sea-level. The highest peak is 2190 m above sea-level. On either side of the
ranges there is a distinct coastal plain. To the south, the land is subdued, being undulating with occasional mountain
outcrops. About four-fifths of the Peninsula is covered by forests and swamps. The rivers are narrow and swift in
their upper courses, often with tortuous rapids and precipitous gorges. In the lower reaches, the descent to the
coast is gradual and the rivers meander across the broad flat plains flanking the mountains. The largest river is the
Pahang River with a course 436 km long.

1.1.3

East Malaysia) comprising Sabah and Sarawak, is criss crossed by a series of relatively low mountain chains
with occasional peaks, largely below i800 m in height. Mount Kinabalu in Sabah, however, is 4iOO m high and is
the highest peak in Malaysia. Much of the interior is forested and virtually undeveloped. The mountain ranges are
interspersed by relatively levelland. The remainder of east Malaysia comprises an alluvial coastal plain and behind it
a belt of undulating land occupied in palis by extremely rugged terrain adjacent to the interior mountain ranges.
The coastal lands are low lying. The rivers are swift in their upper reaches but meander across the coastal plain to
the sea.

1.2

1.2.1

CLIMATE

Being close to the Equator, Malaysia has a climate of high humidity and uniform high temperature with
copious rainfall. For most parts of the country} the year may be divided into four seasons which are associated with
two distinct wind regimes, the north-east and south-west monsoons. The north-east monsoon begins in October or
November and lasts until February or March while the south-west monsoon blows from mid-April or May to
September or mid~October. These seasons occur slightly earlier in Peninsular Malaysia as compared with Sabah and
Sarawak. Two inter-monsoonal periods, each of about four weeks' duration, separate the two monsoons. During
these periods, daily convective rain is abundant. Rainfall of the heaviest intensities occur during the inter-monsoonal
periods, whilst the north-east monsoon brings the greatest amount of rain as a whole. The annual rainfall in Peninsular
Malaysia varies from 1625 to 4000 mm with an average of 2500 mm. A large area of Sarawak receives between 3000
and 4000 mm of rainfall per year. Sabah has between 1500 and 4000 mm. Thunderstorms are frequent. Malaysia is
outside the typhoon belt, and consequently cyclones are almost unknown. However, during the south-west monsoon,
sudden squalls and violent gusts occur frequently. The temperature is constant throughout the year, the average
monthly temperature varying only about 2°C. Over Malaysia as a whole the average daily temperature varies con~
siderably from 21"C to 32°C. Relative humidity is generally high, being usually higher at night than during the day.
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POPULATION

The 1970 censUs shows a total population of 10 034 434, made up as follows: Peninsular Malaysia 8 801399;
Sabah 655622 and Sarawak 977013. At an estimated growth rate of2.7 per cent the population at the end of 1975
is estimated to be about 12 million. About 30 per cent of the population resides in urban and surburban areas.
1.4

GENERAL ECONOMIC STRUCTURE

1.4.1

The economic activities of Malaysia may be listed under the following groupings:
single~cropped padi,
traditional livestock and other agriculture, gathering of jungle produce, inshore fishing, dulang washing
and small gravel-pump mining for tin;

(a) The traditional rural sector which comprises uneconomic smallholder rubber,

(b) The traditional urban sector which comprises those parts of manufacturing, construction, commerce,
transport and services, in which work is done with little assistance from modern equipment or tech~
niques;included are small artisans, petty traders, hawkers, stallholders, household servants and activities
requiring little or no initial skill or training;
(c) The modern urban sector which comprises technically advanced manufacturing, construction, banking
and commerce, utilities, transport, communications and modern services, including those of the professions
and the tourist trade;
(d) The government sector which comprises federal, state and local government administration and public
authorities as well as the police and armed forces.

1.4.2
Under the Government's new economic policy, which is aimed at eradicating poverty and redressing economic
imbalances within Malaysian society, it is hoped to restructure the economy of the traditional rural and urban sectors
by modernizing them and making them more stable and viable.
1.5

GENERAL DESCRIPTION OF WATER RESOURCES (QUANTITY AND QUALITY)

1.5.1
In general terms, Malaysia has moderate water resources. Furthermore, due to the variability of rainfall in
space and in time, the availability of water varies from place to place, being more abundant in the east coasts and less
abundant in the north-western parts of Peninsular Malaysia and in the interior parts of Sabah and Sarawak. Similarly,
water is plentiful during the monsoonal months but diminishes during those periods of the year when there is low
rainfall.
1.5.2
Until recently, surface water was relatively pollution free except for those areas where there were activities
connected with urban development, tin mining and the processing of agricultural products. In view of increasing
activities in urbanization and agricultural development, pollution of surface water is now 011 the increase. Natural
waters are characterized by low dissolved solids (an average of 72 mg/lit), low nutrients and low alkallnity, indicating
a low level of biological production. In rivers draining peat areas, the waters are characterized by low pH and strong
colourisation. Sediment loads range from approximately 15 tonnes/square kilometre/year to over 1900 tonnes/square
kilometre/year. High sediment loads are associated with tin mining and urban construction activities.
1.6

WATER RESOURCES AVAILABLE ANNUALLY AND WATER CONSUMPTION PER CAPITA

1.6.1
Out of an average annual rainfall of 2500 mm, about 1600 mm are lost through evapotranspiration, leaving
a balance of900 mm. This quantity includes streamflow and the dynamic groundwater component. Not all this water
is available for use. On a "first·line" estimate, about 65 per cent of this runs off dming floods and 25 per cent is
estimated as the requirement for fisheries, channel maintenance and other uses. Only about ten per cent of the
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900 mm is left. This works out at 6800 litres per capita per day for the present population of say 1.2 million, assuming
that all this water is readiiy avaiiable for use.
1.6.2
The current estimated consumption per capita per day for domestic supply is 230 litres, although in the
urbanized area this can be as high as 340 litres. Although this demand is less than the resource available, it cannot be
readily satisfied, as apart from the seasonal variation, the occurrence of water does not always coincide with population centres and settlements.
1.7

DISTRIBUTION OF WATER UTILIZATION OVER SECTORS

1.7.1
The main water use at present is for agricultural, mining, municipal, rural and industrial water supply. and
hydro-electric power generation.
1. 7.2
Irrigation is by far the largest consumer of water and accounts for 80 per cent of the total water use. The
only irrigated crop in Malaysia at present is rice. Irrigated rice needs an average of about 1225 mm of water for the
first crop and over 1375 mm for the second crop,Le. 2600 mm of water for two crops annually. At present, irrigation
facilities are maintained and operated for nearly 320000 ha of rice lands of which over 240 000 ha are equipped to
plant two crops in a year.
1.7.3
Tin mining operation is responsible for about 10 per cent of the total water use, while municipal, rural and
industrial water supply together occupy the third place, consuming about 8 per cent. The remaining 2 per cent is
shared among minor users such as livestock and poultry, maintenance of fish ponds, etc.
1. 7.4
The use of water for hydro-electric generation is also significant. The total installed capacity of hydroelectric power is 300 MW.
2

Role and goals of water in the national economy

2.1

STATEMENT ON NATIONAL GOALS

Malaysia has a multi-racial society. The "Ruktmegara" or national ideology calls for a new Malaysian society
with a common value system which transcends existing ethnic, cultural and socia-economic differences. It provides
the cohesive force for national unity and solidarity and seeks the emergence of a modem socia-economic environment
providing adequate opportunities for advancement to all Malaysians, irrespective of racial origin or region of residence.
In order to create a socio-economic environment envisaged by the Rukunegara, the Government of Malaysia has
adopted a new economic policy which is designed to eradicate poverty among all Malaysians, irrespective of race,
and to restructure Malaysian society so that the present identification of race with economic functions and geographical location is reduced and eventually eliminated. These objectives are set within the framework of twenty
years for their achievement. The Second Malaysia Plan 1971-1975 marks the first years of the period.
2.2

ROLE OF WATER IN SECURING NATIONAL GOALS

2. 2.1

Water as a limiting factor in national development

Given the national goals, extensive new developments have been planned to take place in the coming decades
and all of these will make ever-increasing demands on water resources,
2.2.2
Irrigated agriculture plays an important role in the nation's overall economy. There are about 300 000
families dependent on padi farming. Rice is the staple food of the population and currently the total rice production
of the country meets about 80 to 85 per cent of domestic requirements. Since about 1960, a large irrigation development programme has been launched to achieve the twin objectives of improving the economic status of the padi
farming community and of attaining self-sufficiency in rice. It is expected that by the year 2000 rice production will
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have to be doubled. The harnessing of water resources for irrigation will therefore continue to be a major water
resources development programme.
2.2.3
Manufacturing is one of the main areas in the expansion of the Malaysian economy. It has been accorded a
strategic role for achieving the objectives of the new economic policy in terms of employment expansion, income
generation and restructuring Malaysian society. Associated with the increase in industrial activities is the anticipated
increase in demand for industrial water supply and hydro-electric power.
2.2.4
The population of Malaysia was estimated at 12 million in 1975 and is growing at the rate of abou t 2.7 per
cent per annum. From the health standpoint, drinking water of acceptable quality should be supplied. Currently, only
about 50 per cent of the population are provided with treated water supply. In line with the overall national goals,
the provision of drinking water to the other sections of the population yet to be served with this basic amenity is
rated high on the water resources development programme.
2.2.5
Water is a finite resource and is therefore available only in a limited quantity. As demand for water increases,
the uncommitted resources are reduced proportionally. Furthermore, a number of water·quality problems have
arisen in recent years. The first of these is the increase in the sediment load in river courses arising from accelerated
land development, forest exploitation, road construction and urban development. Where the water courses are also
affected by effluent and discharges from tin mines, high suspended solids concentration has been observed (in some
cases, solid concentration of 24 000 p.p.m. has been noted).
2.2.6
Chemical pollution is also becoming serious in a number of rivers due to the indisciminate discharge of un·
treated industrial wastes. Wastes discharged from various agricultural industries (such as oil-palm mills and various
types of fruit processing plants) as well as domestic sewage discharge without prior treatment have also given rise
to serious deterioration of stream water quality. In affected streams, BOD as high as 1800 p.p.m. has been observed.

3

Water resources management

3.1

GOVERNMENT POLICY TOWARDS WATER RESOURCES DEVELOPMENT AND MANAGEMENT

3.1.1
Water resources development forms an important part of the overall development programme formulated
to ensure the maintenance of a social, political and economic_climate conducive to rapid economic development with
social justice. Water-oriented development projects include irrigation, drainage, flood control, fisheries, water and
hydro-power development.
3.1.2
Because all these make an ever-increasing demand on water resources, it is essential that the available
resourCes are assessed and controlled to ensure orderly development. The preparation of an inventory of water
resources and the collection of hydrological information have therefore been accorded high priority in recent water
resources development programmes in Malaysia.
3.1.3
In the face of the high incidence of water-pollution problems, water-quality management is increasingly
receiving Government attention. The Environmental Qnality Act (1974) which makes provision for the control of
water pollution came into force in April 1975 .
3.2

INSTITUTIONS AND ORGANIZATIONS DEALING WITH WATER RESOURCES MANAGEMENT

3.2.1
Water resources activities are many and varied, and as such are assigned to a number of governmental and
quasi-governmental organizations. The more important ones include the Department of Agriculture, the Drainage and
Irrigation Department, the Forestry Department, the Meteorological Services, the National Electricity Board, the
Ministry of Health, the IYlines Department, the Department of Environment, the Pnblic Works Department and
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various Water Supply Authorities. Their respective functions and their related water resources activities may be
listed as shown in Table I below.
TABLE I
Functions of the various departments/agencies connected with water resources
Department! Agency
Agricul ture Department
Department of Environment
Drainage and Irrigation
Department
Forest Department
Malaysian Meteorological
Services
National Electricity Board
Ministry of Health
Mines Department
Public Works
Department
Other water supply
authorities

3.3

I

Water·related functions
Agriculture practices
Environmental quality
Irrigation, drainage,
river conservancy, flood
mitigation, hydrology
Forestry management
practices
Weather forecasting
Hydro-power development
Environmental health
Mining control
Water supply
Water supply

I

Related water-resources activities
Soil and water conservation
Water quality management
Water resources assessment
development, use and
management
Soil and water conservation
Monitoring of water resources
(rainfall) characteristics
Water resourceS assessment
development and use
Water quality management
Water quality management
Water resources assessment,
development and use
Water resources development
and use

ORGANIZATION HIERARCHY

13.1
Under the Constitution, certain water-resources activities are federal responsibilities whilst others are state
responsibilities. A third category of water-resources activities are joint federal/state responsibilities. Organizations
to implement water-resources activities therefore exist either at federal or state level, or at both federal and state
levels as appropriate. However, in almost all cases, technical directions and back-up support are furnished at federal
level.
3.3.2
The existence of technical support at the federalleve] in res.pect of .almost .all water-resour.cesactivities
provides the opportunity for close consultation at federal level. Thus, although water itself is a State matter, the
organizational hierarchy provides the opportunity for consultation and reconciliation of any differences in interest
that may arise from time to time.
4

The hydrological services

4.1

LEVEL

or

RESPONSIBILITY

4.1.1
Hydrological activities in Malaysia have been carried out by a number of governmental agencies, notably
the Drainage and Irrigation Department, the Public Works Department, and the National Electricity Board. All
three operate at the federal level, and, in addition, the Drainage and Irrigation Department and the Public Works
Department also operate at the state level. The Drainage and Irrigation Department undertakes to maintain and
operate a network of hydrological stations on a long-term basis, whilst the Public Works Department and the
National Electricity Board restrict their hydrological investigations to meet their specific requirements, mainly on a
short-term basis.
4.1.2
Hydrological activities have been consolidated in recent years in view of the need for more adequate
hydrological datal more systematic information on water resources for planning and operating various water resources
development projects and for dealing with water problems. Hydrology has recently been designated as a specific
4
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function of the Drainage and Irrigation Department and the Government has provided funds for expanding hydrological activities and strengthening the hydrological service on a national basis. A Hydrological Branch has accordingly been set up in the Drainage and Irrigation Department.
4.1.3
Hydrological data collection is carried out by state personnel in accordance with a national hydrological
observations programme co-ordinated at federal level. The establishment of the national network of hydrological
stations is financed by the Federal Government. In addition, data processing and the publication of hydrological
data are performed centrally at federal level.
4.2

FIELDS COVERED BY THE HYDROLOGICAL SERVICE

4.2.1
The Drainage and Irrigation Department, as a whole, is responsible for the collection, processing and
publication of hydrological data such as rainfall, river stage, river discharge, evaporation, sediment loads, and
chemical quality of surface water. As for collecting groundwater data, this is carried out in conjunction with the
Geological Survey Department as the latter is responsible for the groundwater- resources survey in the whole country.
4.2.2
In the case of rainfall, data collection is supplemented by the Malaysian Meteorological Services which
operate a network of climatological stations in the country, mainly to facilitate aircraft movements.
4.3

ACTIVITIES AND RESPONSIBILITIES OF THE HYDROLOGICAL SERVICE

4.3.1

The main activities of the Drainage and Irrigation Hydrology Service include the following:
(a) To review and update the hydrological network, to establish new stations and bring existing stations
into line with international standards;
(b) To review and improve upon existing methods of data collection, processing, storage and retrieval
(this includes the setting up of a computer-based hydrological data bank);

(c) To prepare and update a comprehensive inventory of water resources to meet the long-term needs in
irrigation and drainage development, industrial, domestic and municipal water supply. This includes
the delineation of the country into a number of hydrological regions and the establishment of a number
of representative and experimental basins to sample the water resources as well as to study the effects
of land-use change on water resources;
(dJ To develop procedures in hydrological applications relating in particular to flood estimation, flood
forecasting and warning, irrigation and drainage practices and the development and management of
water resources systems;

(eJ To train young engineers and hydrological field personnel so that they are better equipped to carry out
the hydrological activities in the country.
4.4

ORGANIZATION DIAGRAM OF THE HYDROLOGICAL SERVICE

4.4.1
The technical staff in the Hydrology Branch of the Department in 1975 comprised ten engineers with
university qualifications, five technical assistants with sub-professional qualifications, one computer programmer,
two console operators, 22 technicians, two draughtsmen, two key-punch operators and four clerical staff at
federal level, supplemented by a large number of technical staff in each State to carry out the hydrological activities
in the field.
4.4.2
Organization-wise, the Hydrology Branch (Head Office) was divided into two main sections, namely Field
Operation and Processing, and Analysis and Applications. Under each section, there are a number of subsections as
shown in the organization diagram (Figure 1).
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4.4.3
The hydrological organization in the State Office is generally dependent on the size of area covered and
the workload involved in the State. In most States, a full-time technical assistant at sub-professional level is

appointed as the State Hydrological Officer in charge of hydrological activities and under the technical guidance
of the Hydrology Branch (Head Office) of the Department. A typical hydrological organization in the State is
shown in Figure 2.

4.4.4
Generally, a Hydrological Centre is established in the State to carry out hydrological activities. This is
located at the State Office. However, in three of the larger States (i.e. Perak, Iohore and Pahang) one additional
sub-centre, which is located in a District Office, was set up in order to reduce the distance and travelling time.
4.5

NETWORKS

4.5.1
Hydrological networks in Peninsular Malaysia comprise observation points of the following important
elements and basins:

(a) Rainfall;

(b) Evaporation;
(c) River stage and discharge;

(d) Suspended sediment and chemical water quality;
(e) Groundwater;

(f) Representative basins.

Hydrology
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I
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opera Hons

I

I

Administration

I

I

Processing,
analysis and
applications

I

I Instn~ment
I
serVices

I
Computer

processing
and applications

I
Network design
Instrumentation
Annual hydrological
observations programme
Data collection and
transmission

Purchase, distribution,
storage, servicing,
repair and calibration
of instruments and
equipment
Develo pment and
fabrication of
instruments

Data processing,
storage and retrieval
System library for
data processing and
analysis

I
Hydrological
applications

I
Development of
hydrological
procedures

Water
resources
inventory

Publication
and issue of
hydrological
data

I
Assessment of
water resources
in quantity and
quality

Flood forecasting
Special hydrological problems

Special water
resources
problems

Pigure I-Organization diagram of Hydrology Branch of the Drainage and Irrigation Department, Malaysia
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State Hydrological
Officer
(Technical assistant)

I
Field party
One technician
One junior technician
One la bouIer
One driver

I
Field party
One technician
One junior technician
One labourer
One driver

Data processing

One technician
One junior technician

Figure 2-Typical hydrological organization in the State

4.5.2

Rainfall

The rainfall network consists of principal and secondary stations. Principal stations are permanent stations.
They are equipped with recording raingauges and established at an average density of one per 1000 km 2 , Secondary
stations are stations of a more temporary nature and have a lower priority for data processing and analysis.
Secondary stations are equipped with either a recording raingauge, a daily manual gauge or a storage gauge. Record·
ing raingauges are established at an average density of one per 1000 lon 2 and manual/storage gauges at an average
density of five per 1000 km 2 . There are about 800 rainfall stations established in Peninsular Malaysia at present. In
Sabah and Sarawak, the rainfall stations are rather sparsely distributed and this deficiency will take a number of
years to correct.
4.5.3
The average density of all rainfall stations when fully established over the next few years will therefore be
of the order of one per 150 lan2 (a total of 870 stations). It is to be noted that WMO recommends a minimum network of one station per 100 to 250 km 2 for mountainous tropical zones.

4.5.4

Evaporation

The evaporation network refers to open pan evaporation. In 1975,46 evaporation pan stations equipped
with manually-read Class A pans were in operation in Peninsular Malaysia. This gives a density of more than one
station per 3000 km 2 , while WMO recommends a density of one per 50 000 km 2 .
4.5.5
Work is in progress to analyse the existing data and redesign a network of principal stations which will be
permanent stations equipped with recording gauges and will cover the range of latitudes found in the country. The
number of permanent stations is probably about ten. The rest of the existing stations will be continued with
manually-read gauges as secondary stations to sample areal variations which are not adequately covered by the
principal stations.

4.5.6

River stage and discharge

Although discharg~ is not measured at all river stage stations, the latter are grouped together for classification
purposes as river stations. River stations are classified as principal stations, secondary stations and tertiary stations.
Principal stations are permanent stations equipped with recording gauges, where both river stage and discharge are
measured. These are generally stations near the mouths of main rivers on major tributaries; stations within the
representative basins; stations required for the operation of reservoirs; and important flood-warning stations.

4.5.7

Table II shows the numbers of the principal observation stations established in Peninsular Malaysia.
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TABLE

n

Principal observing stations in Peninsular Malaysia

Type of principal stations

I

Stations on major rivers and major tributaries
Stations for representative basins
Important flood warning stations
Reservoir operation stations

Optimum design network

35
12

6
As required

I

Established in 1975

32

2
5
None

4.5. 8
Secondary stations comprise all stations other than principal stations where continuous riverMstage records,
or continuous river·stage records and discharge observations, are made. They are equipped either with a recording
gauge or a manually-read staff gauge and are short-term stations installed for specific purposes. It is difficult to
specify the number of secondary stations required but annual reviews are made to ensure that no more stations are
operated than can be justified either from a hydrological point of view or from an economic point of view. At
present,"there are about 80 secondary stations in operation.
4.5.9
Tertiary stations include all river stations where discontinuous (including once only) observations are made.
Normally, only a staff gauge is installed at these stations.

4.5.10

Suspended sediment and chemical quality

Suspended sediment and chemical quality are observed at most of the principal river stations which are
therefore classified also as principal suspended sediment or chemical water-quality statIons. Similar classifications
also apply for measuring suspended sediment and/or chemical quality at secondary or tertiary river stations.

4.5.11

Groundwater

Groundwater stations are classified as principal, secondary and tertiary stations. Principal stations are those
equipped with a recording waterlevel gauge, secondary stations are stations on which regular waterlevel observations
are made visually, and tertiary stations are locations where discontinuous or incidental observations are made on
wa-terle-ve1orchemica-lqu-aiity ,o-r whe-re thehyd-raulic -eharacte-ris-tics -of -an aquifg.r a-rs -dg.te-rmined. There is at
present no grOlmdwater network operated by the Hydrology Branch of the Drainage and Irrigation Department
but this will be looked into (in conjunction with the Geologlcal Survey Department) in the near future.

4.5.12

Representative basins

These are long-term establishments equipped with at least one recording waterlevel gauge, one recording
raingauge and a minimum of five manual or storage gauges. They are selected to represent the main hydrological
regions which have been delineated so far. Of the 12 representative basins designated, only two were operational in
1975. It is intended to establish more basins within the next five-year period.
4.6

HANDLING OF DATA

4.6.1
In the states, hydrological data are collected by the field parties or local observers under the supervision of the
State Officer. The data are scrutinized for any errors or discrepancies before submission to the Hydrology Branch
of the Drainage and Irrigation Department at monthly intervals for centralized processing.
4.6.2
Once received, these data are checked, recorded in the registers and then transferred to the data-processing
section for processing on the Electronic Data-processing (EDP) System.
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4.6.3
After the data are processed by the EDP System, the <lc1ean" processed data are temporarily stored on
magnetic tapes and then transferred to the hydrological data bank set up in a larger computer (IBM 370, Model 135)
stationed at the National Electricity Board.
4.6.4
Figure 3 is a flow chart showing the sequential operation of the main components of equipment for the
EDP System.
4.6.5
The system uses magnetic tapes as the medium of data transfer J and consists of four separate units which
can be operated independently:
(a) A digitizer for converting data on charts from waterlevel or rainfall recorders and stage discharge
curves, etc., into digital form on magnetic tape for further processing;
(b) A paper tape translator for converting readings on paper tapes from event-punched tape recorders
into digital form on magnetic tape for further processing;

(c) A minicomputer with visual clispilly unit and lineprinter for checking and processing the data from fa)
and (b) above, which are then stored in the databank.
4.6.6
The databank established on the IBM 370 computer (with a core storage capacity of 512 K bytes) uses the
Time Dependent Data Processing System (TIDEDA) developed by the Ministry of Works, New Zealand, and made
available to the Department. It is essentially a package of computer programs designed for collating, checking,
correcting and processing hydrological data and requires a large capacity computer for efficient operation.
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4.6.7
In order to gain access to the data in the data bank for publication or hydrological analysis, a system has been
devised which will allow the data to be retrieved by the computer in a logical manner. This is achieved by a series
of data-retrieval programs which can send out the required data in any predetermined format. A data bank bulletin
is issued to data users once a year to inform them on the availability of the basic data in the data bank.

4.6.8
Owing to the large backlog of unprocessed hydrological data, it has so far been possible to publish only
the monthly summaries of the hydrological data for each five·year period. These publications have brought the
period of records up to 1970. With the establishment of the EDP System in 1974, it is expected to complete the
processing and publication of the records for the next five-year period from 1971 to 1975 before the end of 1976.
The target is to publish a hydrological year book annually from 1977 onwards.
4.7

PUBLICATION

4.7.1

The following publications on hydrological data are available to data users:
(a) Hydrological data-Rainfall records 1879-1958;
(b) Hydrological data-Streamflow records 1910-1940;
(c) Hydrological data-Streamflow records 1941-1960;
(d) Hydrological data-Rainfall records 1959-1965;
(e) Hydrological data-Streamflow records 1961-1965;
(f) Hydrological data-Rainfall records 1965-1970;
(g) Hydrological data-Streamflow records 1965-1970;
(h) Hydrological data-Water-quality records 1974.

4.7.2

Besides the publications on hydrological data, the Hydrology Branch of the Department also prepares and

publishes hydrological procedures and water-resources information. The list of publications on hydrological procedures and water resources information available in 1975 is as follows:

(a) PUBLICATIONS ON HYDROLOGICAL PROCEDURES
(i)

Hydrological procedure No. I-Estimation of the design rainstorm;

(ii)

Hydrological procedure No. 2- Water quality sampling for swface water;

(iii)

Hydrological procedure No. 3-A general purpose event water level recorder;

(iv)

Hydrological procedure No.4-Magnitude and frequency of floods in Peninsular Malaysia;

(v)

Hydrological procedure No.5-Rational method offload estimation for rural catchment in
Peninsular Malaysia;

(vi)

Hydrological procedure No.6-Hydrological station numbering system;

(vii) Hydrological procedure No. 7-Hydrologicai station registers;
(viii) Hydrological procedure No. 8-0peratiorz and maintenance of capn'corder model 1599;

(ix)

Hydrological procedure No.9-Operation and maintenance of capricorder model 1598;

(x)

Hydrological procedure No.1 O-Stage-discharge curves;
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(xi)

Hydrological procedure No. ii-Design flood hydrograph estimation for rural catchment in
Pensular Malaysia;

(xii) Hydrological procedure No. i2-Magnitude and frequency of low flows in Peninsular i!llalaysia;
(b) PUBLICATIONS ON WATER RESOURCES

(i)

Water resources publication No. l-Swface water resources map (provisional) ofPeninsular
Malaysia;

(1i)

Water resources publication No. 2-Hydrologr."cal regions ofPeninsular Malaysia;

(iii)

Water resources publication No. 3-Sg. Tekam experimental basin Annual Report No.1:

(iv)

Water resources publication No.4-Notes on some hydrological effects of land use changes in
Peninsular Nlalaysia.

4. Z3
All the above publications are available for sale at nominal cost to users connected with hydrological and
water resources studies in Malaysia. They are also sent to an approved list of international agencies including WMO
and Unesco for general information and to other organizations on an exchange basis.
4.8

HYDROLOGICAL FORECASTING

4.8.1
The Drainage and Irrigation Department has been operating a flood-forecasting system for the major river
valleys in Peninsular Malaysia for Some years. The aim of the forecasting system is to ascertain as early as possible
the heights to which floods are expected to rise in populated areas so that timely warnings can be given to enable
evacuation, relief and rescue work to be carried out so as to minimize flood loss and distress.

As soon as reports of adverse weather conditions are received, river-stage surveillance commences. A total
4.8.2
of 60 waterlevel stations on 36 rivers has been set up in the various States. In addition, rainfall is measured at 24
stations and used as input for preparing flood forecasts.
4.8.3
For those rivers normally subject to severe flooding, telemetering equipment has been set up for automatic transmission of river stage and rainfall information, particularly from those stations which are not easily
accessible during floods.
4.8.4
Since the 1973-1974 north-east monsoon, flood forecasting for three rivers has been prepared with the aid
of a computer-based forecasting model. In this procedure, the State D.I.D. Offices transmit, by teleprinter, the
waterlevel and rainfall information collected from the telemetering stations to the Head Office of the Department
where centralized forecasting is carried out using a computer. As soon as it is prepared, the forecast is sent by teleprinter to the State D.I.D. Offices for dissemination, through the appropriate authority, to people living in the
flood-affected area.
4.8.5
For those rivers where the computer-based flood forecasting systems are not used, flood-level forecasting
is carried out by a simple stage-correlation procedure whereby the maximum stage heights at an upstream observation point for individual past events may be correlated with those of a downstream flood forecasting point.
4.9

4.9.i

RESEARCH

At present, hydrological research is aimed mainly at developing methods of extrapolation of limited
observations. Thus hydrological research activities comprise the setting up of a network of representative and experimental basins to monitor changes in the hydrological environment of catchments undergoing land-use changes.
Representative basins have been established in typical environments with a view to acquire a better understanding
of the hydrological processes, each of which involves the interaction of a number of hydrological characteristics or
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variables with the environment. On the other hand, experimental basins study the influence of man on the environment.
4.9.2
The establishment of representative and experimental basins has been preceded by the delineation of the
Peninsula into a number of hydrological regions within each of which similarity in major hydrological characteristics
has been noted. The delineation was based on lithology, an important environmental parameter, and potential
annual runoff (annual precipitation minus annual potential evapotranspiration), an important hydrological
characteristic. Altogether 66 regions were identified.
4.9.3
At the time of reporting, two representative basins have been set up and a third is being planned. The
proposed studies in the representative basins comprise the prediction of low and mean flows within hydrological
regions, the study of hydrological processes and the development of mathematical models. An experimental basin
study has also been set up in a typical environment-yellow brown podzois and related red and yellow latosols on
gently to highly sloping land undergoing changes from logged forest to oil palm, rubber and cocoa plantations.
Under this project, two catchments will be studied in their pres.ent land-use status for a period of three years after
which one of the catchments will be cleared and planted with oil palm. The other catchment will remain undisturbed.
Studies will continue until the oil palm plants reach maturity.
4.9.4
Apart from determining the hydrological effects due to land·use change, work in the experimental basin
includes studies to determine how the soil moisture status can be improved to increase oil palm production, and
whether oil palm is the most suitable crop under this particular type of hydrological environment. Additionally,
studies on different patterns and management techniques in relation to soil moisture behaviour and production will
also be carried out.
4.10

TRAINING

4.10.1 The importance of training officers working in the field of hydrology has long been recognized. A programme to provide opportunities for training hydrological officers has therefore been implemented. The present
training courses can be broadly classified as follows:
(a) Training -cO-ursesheldQverseasand attended -byenginee-rs -o-r teGh-nical-assistantsj
(b) Training courses held locally for engineers and technical assistants;

(c) Training courses held locally for technicians performing full-time hydrological duties.

4.10.2

Overseas training courses for engineers and technical assistants

Assistance has been provided under the Colombo Plan, Unesco, and other bilateral aid programmes for the
training of engineers and technical assistants performing full·time hydrological duties. To date, three engineers
from the Hydrology Branch and two technical assistants from the States have been sent under the Colombo Plan
to attend the three'111ontl1 course in engineering hydrology organized by the University of New South Wales,
Australia. [n addition, one engineer obtained three-months' in-service training in hydrology with the Ministry of
Works, New Zealand, which was sponsored under the Colombo Plan. Another technical assistant also obtained
in-service training, with special emphasis on the training of technicians, with the Ministry of Works, New Zealand,
under the Unesco Aid Programme. This officer is now in charge of the organization of training courses for technicians
performing full-time hydrological duties. Another four technical assistants from the States are scheduled to attend
an in-service field training course in the :Ministry of Works, New Zealand, under the Colombo Plan. When these
officers have completed their training their main responsibilities will be to ensure that the hydrological technicians
in the States are performing their duties correctly and to guide and train these officers in the field aspect of data
collection.
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4.10.3

Local training courses for engineers and technical assistants

From time to time and when circumstances permit, short courses or seminars are organized by the Hydrology
Branch for practising engineers and technical assistants of the Department. These are courses for specific purposes
and are conducted to familiarize the engineers and technical assistants in the use of the hydrological procedures

published by the Hydrology Branch for solving problems in engineering hydrology.
4.10.4

Local training courses for technicians

Annual courses are conducted to train full-time hydrological technicians from the States on the field
aspect of data collection and submission. These courses are planned to provide an introductory knowledge of the
hydrological cycle, various types of precipitation gauge, waterlevel gauge, river-gauging equipment, and sediment
and water-quality sampling equipment. Special emphasis is placed on the correct operation of the above equipment
and the correct procedure to be adopted in making the various types of hydrological measurement. Many practical
sessions are held so as to ensure that the technicians can perform their duties independently and correctly when

they go back to the states.
4.10.5

In-service training of technicians is carried out continuously in the field. This is in the form of supervision,

checking and correction of the work of technicians by the State Hydrological Officer (usually appointed from the
grade of technical assistant) while performing hydrological measurements. In this way, the technicians are always
kept up to date with the methods and practices acceptable to the Department so that standard performance can be
maintained.
4.11

CONTACT WITH INTERNATIONAL ORGANIZATIONS (OTHER THAN WMO)

As a Member State of Unesco, Malaysia partlcipated in the InternatIonal Hydrological Decade 1965-1974
by setting up a network of lHD statIons and supplying the data regularly to the Unesco SecretarIat. In September
1974, a MalaysIan delegation of four participated at the International End-of-Decade Conference on the Results
of the 100 and on Future Programmes in Hydrology.
4.11.1

4.11.2 Malaysia was among the 30 Member States elected to the current Inter-governmental Council of the
International Hydrological Programme at the 18th Session of the General Conference of Unesco. At the first
session of the Inter-governmental Council of the IHP held in Paris in April 1975, Malaysia was represented by a
delegation of four. At the meeting, the leader of the Malaysian delegation was elected as one of the four vicechairmen of the IHP Bureau for the first session.

At Its first session in August 1975, the lHP Bureau appointed one of the MalaysIan candidates as a member
olthe IHP Working Group on the Assessment of Qnantitative Changes in the Hydrologlcal Regime of River Basins
due to Human Activities for the period 1975-1977_

4.11.3

4.11.4

Malaysia has established a National Committee for the lHP to liaIse with the lHP Secretariat in Paris.

Besides participating in the IHP, Malaysia also takes part In the activitles of the Man and the Biosphere
Programme (MAB) and has established a National Committee for MAE to liaise with the MAB Secretlarlat in Paris.

4.11.5

Other international organizations that MalaysIa is in close contact wIth are the Food and Agricultural
Organization (FAa), the International CommissIon on Irrigatlon and DraInage (ICID) and the Economic and Social
Commission for Asia and the Pacific (ESCAP). In 1971, a Malaysian was appointed as a consultant to FAa in

4.11.6

Rome to work on a Drainage and Irrigation Paper entitled "Integrated farm water management". Malaysia has also

played host to a number or reglonal seminars sponsored by the FAa and ESCAP relatIng to hydrology and water
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resources development. Malaysia is an active member of the ICID. At the 9th Congress of the ICID held in Moscow
In 1975, the leader of the Malaysian delegation was elected as one of the vice-presidents of the ICID. More recently,
another Malaysian from the Drainage and Irrigation Department was appointed as adviser to the WMOjESCAP
Panel on Tropical Cyclones.

5

Effectiveness of the service

5.1
One of the objectives of the Hydrology Service is to ensure that other agencies are provided with hydrological
data and water resources information in order to facilitate their activities in water resources development and
management as well as in research.

5.2
On the whole, users of such data and information welcome this service. In many cases, they have also
given the Hydrological Service constructive criticism regarding the usefulness of the data and information provided.
Some users have made requests for information in a specific form to meet their particular requirements. Such
criticisms and requests form a source of feedback which enables the Service to plan its future work programme and
to maintain its high standards.
5.3
The Service has published a number of hydrological procedures which are designed to facilitate practical
hydrological applications. Thus rainstorm estimation, flood estimation, low~flow estimation etc., can easily be
performed by a practising engineer using these local data-based procedures. The procedures have also served to
provide more realistic and at the same time more uniform hydrological estimates needed for planning and design~
ing water resources development projects. In addition to the publication of the hydrological procedures, the Service
has also provided guidance in the understanding and use of the procedures.
6

Futnre plans

6.1
During the past three and a half years a great deal of effort has gone into expanding and upgrading the
hydrological services. As a result, a practical framework geared to undertake hydrological activities according to
modern practice has been established. Much still remains to be done.

6.2
In the first instance, in order to sustain the initial activities of the expansion programme, a consolidation
of the hydrological activities carried out so far will be necessary. The entire hydrological network for data observa~
hon needs to be properly maintained and operated. Hydrological equipment needs to be serviced and maintained
regularly. Newly acquired data need to be processed. The new Electronic Data Processing System needs to be
further developed and tested to its maximum capability for handling, processing, storage and retrieval, and, above
all, more staff has to be trained.
6.3
Users will be encouraged to make full use of the hydrological procedures continuously being developed.
They will be encouraged to bring any shortcomings to light so that amendments can be made and the procedures
updated.
6.4
With the setting up of a hydrological data bank and the development of quicker means of processing and
retrieving data, concentrated efforts will continue to be made on the development of computer-compatible systems
to analyse the hydrological data available for the solution of day-to-day hydrological problems. This is necessary as
the practice of using hydrology as a tool to assist in the planning, design and operation of water resources development projects is becoming more and more accepted.

6.5
One of the problems experienced during the implementation of the hydrological expansion programme is
the shortage of suitably trained and motivated personnel to work in the hydrological service. This applies both to
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engineering hydrologists as well as to hydrological technicians and field assistants. In the short term, the problem of
shortage of hydrologists has been overcome by engaging the services of suitable personnel from overseas. However,
in the long run. the tasks should and must be performed by Malaysians themselves. Thus, in the future, the Service
shall recruit and train more hydrological personnel so that there will always be sufficient manpower to undertake
the various tasks under its expansion programme.

NIGERIA

1

Introduction

The first hydrological activities in Nigeria data back to about 1914 when discharge measurements were made
at one single station near Lokoja; Lake-level data were also collected, probably due to a severe drought around that
time. It can be said that the only urban area which enjoyed drinking water was Lagos which was the seat of the colonial government. There was no record collected on the Iju river catchment which supplied water pumped simply
from the river.
By 1940, the colonial Civil Service had developed a Department of Public Works with headquarters in Lagos,
and a sub~headquarters at Kaduna. In these Departments, subsections were created to deal with problems of water
supply for domestic purposes. It has been noted that uo hydrological data were collected to serve this purpose. Even
the rainfall data collected were sparse and certainly could not have been used for estimating future availability of
water. Surface-water studies were conducted in the most subjective manner. A graph projecting increase in domestic
water demand due to increase in population was drawn from year to year. The Meteorological Division was established
around this time, specifically to carry out weather-forecasting operations for civil aviation. The Meteorological
Division necessarily extended the national coverage of the rainfaU network. The rainfall data collected during this
period were diligently processed and published in Annual Summaries of Observation.
In 1955, with further political and economic developments, Ministries were created in the three regions into
which the country had been divided. The Federal Ministry of Works and the Regional Minlstries of Works took
over the water resources development of water supply to main towns and cities. The level of activities in tins had
advanced sufficiently to include hydrological data collection allover the country, especially in the northern region
where the critical nature of surface water supply had been sufficiently appreciated to collect more detailed hydrological and hydro-geological data. In the northern region, a master plan for water supply development was prepared.
However, the lack of adequate hydrological data for such a plan hampered its implementation.
The importance of hydrological data ill economic and social development began to be appreciated and it was
realized that the problem of colleeling such data for future use had to be tackled on the national level. The Federal
Government of Nigeria, in 1958, therefore established, by statutory law, the Hydrological Technical Committee,
whose functions, or terms of reference, were as follows:
(a) To consider whether the scope and form of hydrological data available were adequate and suitable, and
easily available to all users; and to make recommendations to each responsible agency to rectify any
shortcomings;
(b) To propose the initiation of research projects and investigations to those agencies most closely concerned,
or to other bodies where considered appropriate;
(c) To refer any administrative difficulties encountered directly to the Prime Minister's Office;
(d) To ensure adequate liaison with hydrological bodies in other countries and with international organizations concerned with hydrology;
(e) To arrange for a review oflegislation concerning hydrology and water usage (Water Law).

The membership of the Committee was as follows:
Chairman-Undersecretaly (Economics) in the Prime Minister's Office;
One technical representative each from the western and eastern regions;
Two technical representatives from the northern region;
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One representative from the University College, Ibadan;
Two technical representatives from the Inland Waterways Department~
One technical representative from each designated agency responsible for hydrological data.
Although the Hydrological Technical Committee (HTC) endeavoured to fulfil its functions it suffered from
a lack of professional hydrologists. There was only one engineer hydrologist on the Committee and he was the
secretary. It was generally accepted that the Inland Waterways Division was the only hydrological establishment in
the country . .A.-.mong the topics discussed by the Committees and on which recommendations for improvement
were made to the Government were:
fa) Education and training of hydrological personnel;

(b) Standardization of hydrological operations;

(c) Expansion of the meteorological and hydrological network.
The Committee undertook to organize the national programme for the International Hydrological Decade
(IHD) which was to start at the end of 1964. Financial support for the IHD was provided by the Federal Government.
Also, in the period between 1955 and 1965, many more hYdrometric stations were set up, mainly on the
large rivers, Niger and Benue. These were established mainly to facilitate inland water transportation. For this
reason, most of the hydrometric stations were for stage measurement only and very few indeed extended their
measurements to inclUde river discharges. Also during this period, such interest in hydrology had been generated
that a whole hydrological division was created in the then Northern Nigerian Minishy of Works. A comprehensive
network of hydrological stations was established, and useful data began to be collected. Ilke other projects of
national importance, the IHD programme suffered a serious set-back due to political upheavals and the ensuing
civil war in the country. Hydrological activities in the south were more low-keyed probably due to the misconception that there was plenty of water all round and hydrological studies were luxuries. Also in 1967, the northern
region of Nigeria was split into six new states, and the unfortunate decision was taken to divide up the Hydrological
Division, its facilities and data accordingly. This was a further blow to development of hydrology on a nation-wide
basis.
Throughout the civil war years, the Hydrological Technical Committee had difficulty participating in the lHD
because it could not mobilize experts from all parts of the country to make the necessary contributions; hydrological
and meteorological stations were destroyed, and data (both processed and unprocessed) were lost.
Of course, the civil war period had its success story too. The Kainji Dam, which had been designed with very
sparse hydrological data, wascompleted. The hydro-electric power generation component was commissioned,
and the need for hydrological forecasts to operate the dam began to be investigated.
In 1968, the Hydrological Technical Committee was reactivated in order to resume the national programme of
the IHD. Its membership was revised to reflect the new twelve-state structure and to bring in more university members.
With twelve states striving to establish their own hydrological services, and some of them succeeding in doing just
that l the need for a viable national hydrological service became pressing.
ln 1972, a Land and Water Resources Division was established in the Federal Ministry of Agriculture. This
division was based in Kaduna and its main functions are as follows:
(a) The Division was set up to centralize hYdrological activities throughout the country. This it can do through
co-ordinating the activities of all existing agencies involved in hydrological investigations. This division
did not really take off effectively because of lack of staff.

(b) The Division was also responsible for the natural soil survey. The latter activity is of importance since
development of both land and water resources of the country is envisaged.
(c) The Division was also charged with the duty of finalizing a draft for water resources legislation. This 1egislalation was also to be followed by a code of practice in soil survey, land use and general land development. However, in 1975 it was realized that a complete department responsible for water resources
deve10pmeni in the country had become essential and so the Federal Department of Water Resources
was created.
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The Federal Water Resources Department

The Federal Water Resources Department is expected to continue the activities of the former Land and
Water Resources Division of the Federal Ministry of Agricuiture, except that it will have very little to do with
general soil survey. The main activities of the department are fe-defined as follows:
(a) Centralized data analysis, processing, storage and publicatIon (hydrology and hydrogeology);

(b) Applied investigations in spite of problems encountered in river basin development projects;
(e) Sub-professional and postgraduate tralning. This department has been In existence since April I 1976
and has been involved mainly in general planning of the activities of the department and also specific
studies of certain river basins in the country. It has also been monitoring project designs. The main
problem here has also been staffing but this is gradually being resolved, and it is hoped by the end of
this decade a minimum number of qualified staff necessary to perform the functions of the department
will be available.

3

Conclusion

Finally, the universities have played their part in the development of hydrology in Nigeria. Some universities
have endeavoured to develop methodologies for use in operational hydrology under Nigerian conditions. It is now
expected that curricula shall be drawn up to serve the nation's immediate and future needs in manpower at all levels.

ROMANIA

1

Introduction

1.1

PHYSICAL DESCRIPTION OF THE COUNTRY

The territory of the Socialist Republic of Romania, comprising an area of 237 500 km 2 , is situated in
11
south-eastern Europe, between 43°37'oi' and 48°15'06" N and between 20 0 15'44/1 and 29°41'24 E. It embraces a
great variety of relief forms: plains (below 200 m) account for 33 per cent of the area, hills and plateaux (at heights
between some 200 to 800 m) for 37 per cent and mountainous regions (above 800 m) for 30 per cent.

1.2

CLIMATE

Romania has a transitional temperate continental climate. The temperate climate, due to the geographical
o
situation of the country in the region of the 4S N parallel of latitude in the temperate zone of the world, is characterized by a mean annual temperature of +IOoe, four seasons, an irregular wind regime and precipitation occurring at
irregular intervals. The continental nature of the climate arises from the situation of the country in the heart of
Europe and is characterized by the sharp temperature contrasts between winter and summer, particularly in the east,
in the south and in the south east, by transitional seasons of short duration and by a low average annual precipitation
(about half the average annual amount which occurs on the western coasts of Europe). The transitional aspect is
determined by the interpenetration of the continental influences from the east and north east, the oceanic influences
from the west and north west and Mediterranean influences from the south and south west.

1.3

POPULATION

20 500 000 (according to the UN Statistical Yearbook 1971).
1.4

GENERAL ECONOMIC STRUCTURE

Romania has a state-planned economy, the aims of which are achieved on the basis of annual and five-year
plans and longer-term plans.
1.5

GENERAL DESCRIPTION OF THE WATER RESOURCES (QUANTITY AND QUALITY)

The hydrographic network is more than 60 000 km in length and comprises more than 4000 rivers with a
catchment area exceeding 10 km 2 . The watercourses of the entire network flow into the Black Sea, by way of the
Danube in the case of most of the country, or directly through the eastern zone of Dobroudja.

2

The Hydrological Service

2.1
In the Socialist Republic of Romania, hydrological work is undertaken by a centralized national service
which is solely responsible for the entire territory of Romania. Having a national service do-es not prevent local
authorities from dealing with hydrological matters which are urgent or oflocal interest. Problems associated with
hydrological basins, which also belong to other countries (watercourses near national frontiers), are always resolved
by the national Hydrological Service, on the basis of bilateral agreements with the countries concerned, in which
collaboration between these countries in matters relating to water resources is specifically mentioned.
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2.2
The national Hydrological Service deals both with surface waters and groundwater, is closely associated with
meteorology and, in this connexion, forms the Romanian Institute of Meteorology and Hydrology. The Hydrological
Service is also concerned with water economy and the Institute of Hydrology and Meteorology is part of the National
Council for Water Resources.
2.3
The national Hydrological Service co-ordinates and directs, from the technological and methodological
point of view, all hydrological activities within the country. This service has three functions which are carried out by
research units and by central and regional technical units. These functions are:
(aj Data collection;
(b) Determination of hydrological parameters required for construction operations and the development

of the national economy;
(c) Forecasting and issuing warnings of dangerous hydrological phenomena.

The research units determine the methodology for the work of the entire hydrometric network by means of appropriate methods for measuring and investigating. These units also lay down the methods to be used for preparing
summaries and carrying out hydrological calculations and determine what parameters are necessary for the various
sectors of the national economy. They also elaborate methods for hydrological forecasting and provide hydrological
information for certain users. In addition, the research units undertake studies on the development of the science of
hydrology and lay down stategies and methods of studying hydrological phenomena. The technical units elaborate
the programme of observations and measurements at the network of hydrometric stations on rivers, lakes, ground~
water bodies, splings, etc., in order to build up a national data bank. When the units have obtained the data, these
are then processed and made available for use by specialists for hydrological studies. With this in view, the technical
units maintain the instIuments and equipment in continuous operation, and provide the hydrological network with
the necessary technical facilities for obtaining high~quality data. The technical units are also concerned in meeting
local requests, for the purpose of forestalling and mitigating the effects of dangerous hydrological phenomena
(flooding, subsidence, etc.), by providing data, information and hydrological forecasts.
2.4
The various hydrological elements are studied by the hydrological stations under the national Hydrological
Service. In Romania, there are hydrometric stations on rivers and on natural or artificial lakes, stations measuring
evaporation on lakes and in areas between rivers, stations measuring groundwater and deep subterranean water,
hydrometric stations for the study of springs, experimental hydrological stations (experimental basin), and also other
units forming part of the hydrological network. All these stations are responsible for carrying out a programme of
observations and measurements appropriate for the purpose for which they were set up, Le., the study of liquid and
solid flow in rivers, water temperature, rainfall measurements, variations in the volume of water in lakes, clogging up
of lakes, chemical aspects of the water, evaporation from the surface of the water and from the soil, the regime of
groundwater and deep subterranean water and the water balance in river basins.
2.5
The data obtained at hydrological stations are transmitted to those hydrological units responsible
for an entire river basin. There, the data undergo initial processing. The data are then transmitted to central units
where they are systematically sorted and stored in the national hydrological archives for future use in various sectors
of the economy.
2.6
The data obtained by the hydrological network have been published in the hydrological yearbooks. At the
present time, the data are being transferred to technical carriers for use with computers within the framework of a
data bank consisting of meteorological, hydrological and water management data. The results of various studies and
investigations are published in the series: Hydrological studies (published since 196i, the last volume being Volume
53{1974) and in the Review of meteorology and hydrology in foreign ianguages (published twice per year, since 1971).
In addition to these publications, works such as Hydrological monographs, the Atlas ofwater resources in Rorrumia,
and the Atlas of the drying of rivers in Romania have been published from time to time over the years, while hydrological
bibliographies are published yearly. Staff at the hydrological network of stations are able to refer to the selies Hydrometric
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problems. In this series, the results of their activities are published, so that it also provides an effective means for the
exchange of experience.
2.7
The national Hydrological Service prepares daily forecasts and, if necessary, forecasts several times per day,
of river flow for the whole country. These are based on the data obtained from some 250 hydrometric stations. At

the regional level, hydrological forecasts for hydrographic basins and for administrative areas are prepared by the
hydrological units for basins. The Hydrological Service also prepares monthiy bulletins relating to groundwater.
2.8
The national Hydrological Service canies out both fundamental research for the purpose of elaborating
effective strategies and methods in \he field of hydrology and applied research, in order to be able to meet the
immediate requirements of the various sectors of the national economy. The·results of the methodological studies
afe then distributed among specialists. The results of applied research are put into practice immediately.

2.9
Instruction for staff employed by the Hydrological Service is given at various institutes for higher education
(faculties of hydrological construction technology, energetics, geography and geology, mathematics, physics) and
also for specialists at an intermediate level at post-secondary schools. At the units, instruction is also given to personnel in the form of private study or short, intensive courses ("crash" courses).

2.10
The national Hydrological Service maintains relations with international bodies, such as Unesco (the International Hydrological Programme (!HP)) and WMO, and its specialists are members of the various working groups of
these bodies. Romanian hydrologists take part in implementing certain hydrology programmes run by other countries.
On the other hand, hydrologists from abroad undergo preparatory and higher training within the Romanian Hydrological Service.
3

Achievements of the Hydrological Service

The HydrologIcal Service successfully performs the tasks for which it is responsible by suitably undertaking
the activities imposed by the national economy, which involve hydrological parameters and forecasts, and also by

efficiently building up a bank of basic data. Users of hydrological studies and data make many, and often complex,
requests to the national Hydrological Service, and are very appreciative of what is done for them.

4

Future projects
Details of the future projects by the Romanian Hydrological Service have been published in the journal

Meteorology and hydrology, No. 1/1972, in an article entitled "Present problems in the development of surface and
groundwater hydrology"; the outlook for hydrology in Romania is mentioned.

SWEDEN
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Introduction

1.1

PHYSICAL DESCRIPTION

Sweden (450 000 km 2 ) is located on the Scandinavian peninsula in Northern Europe between latitudes
55°20' Nand 69°4' N and longitudes 10°58' E and 24° 10' E. The shoreline of Sweden is long, 2400 km along the
Baltic Sea, the Sound, Kattegat and Skagerrak. Sweden is bounded to the west by Norway by a border that mostly
follows the drainage divide, and to the east by Finland, where the border consists of the river Tornelilv and its
tributaries. The elevation extends from sea-level to 2111 m. About 10 per cent of the area consists of lakes, the
largest being Lake Vlinern (5585 km'). There are 15 rivers with a drainage area more than 10 000 km 2 , and most
of them run in a south-easterly direction.
1.2

CLIMATE

Sweden is situated in the northern temperate zone. There is a radiation deficit which is made up by advection of latent and convective heat, mainly brought in by cyclones moving along the polar front. This causes frequent
changes in Sweden between warm and cold spells and between wet and dry weather periods. The western part
receives more precipitation than does the eastern. The winters are less severe than in other regions in the same latitude. In northern Sweden there are long cold winters with snow accumulating on the ground. The snowmelt in
spring causes flooding in the streams. In·the southern part of the country snowmelt and rain bring about floods in
winter.
1.3

POPULATION

The population amounts to eight million inhabitants.
1.4

GENERAL ECONOMIC STRUCTURE

Sweden is a highly developed industrialized country.
1.5

GENERAL DESCRIPTION OF WATER RESOURCES

The mean annual precipitation ranges from less than 600 mm in the south east to more than 1800 mm in
the north west, and the evaporation varies between 150 and 500 mm. The mean annual runoff ranges between 200
and 2000 mm. The water quality is generally good, except in the 7 per cent of the country, which is arable land, where
rivers and lakes are more or less polluted. There is also some local industrial pollution. The groundwater resources are
scarce, except in the southernmost part.
1.6

WATER RESOURCES AVAILABLE ANNUALLY AND WATER CONSUMPTION PER CAPITA

The production of hydro-electric power is one of the main sources of Sweden's high standard of living. The
annual production amounts to 60 terawatthours (1975), which is 60 per cent of the electric power consumed. This
percentage is decreasing due to the construction of nuclear power plants, though the absolute hydropower production
is increasing. The importance of hydropower will probably increase in the future, because it can be easily adjusted
according to the consumption.
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DISTRIBUTION OF WATER UTILIZATION OVER SECTORS

Hydro-electric power
production

Community water supply
Irrigation
Industrial use
2

Role and goals of water in the national economy

2.1

STATEMENT OF NATIONAL GOALS

non consumptive

25 per cent
next to nil but increasing

75 per cent

The stated goal is to manage land and water resources in the most effective way, including recreational uses
and protection oflakes and rivers, as well as wildlife, fish and vegetation dependent on these water bodies.

2.2

ROLE OF WATER IN SECURING THESE GOALS

2.2.1

Water as a limiting factor in the national development

In general, water is abundantly available in Sweden, though critical periods of deficits occur now and then
in summer, particularly in the sQuth-eastern parts. Disastrous floods seldom occur.

2.2.2

Water in agn·culture
Water is to an increasing degree used for the irrigation of pastures and potato crops, but the total amount

used is stili small. Drainage of cultivated iands seidom poses problems,

2.2.3

Water in industry and power production

River and lake water is used in large quantities in paper mills, sugar mills and conventional thermal power
plants and other factories. Sea water is used for cooling in nuclear power plants.

2.2.4

Water supply

About 80 per cent of the community water supply is drawn from rivers or lakes, but part of it is artificially
recharged to the groundwater, so that 50 per cent of the water consumed comes from the groundwater-either
directly or via artificial recharge.

2.2.5

Water control stmctures
There are a iarge number of iakes extensively regulated for hydro·electric power production.

2.2,6

Navigation
There are some canals connecting the large lakes.

2.2,7

Recreation

There are a large number (some 90 000) of small iakes. Many of these are used for recreation (swimming,
fishing and boating), Also from a scenic point of view they are an asset.
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Problems atwater quality and antipollution. measures

Up to some years ago the quality of river and lake water was deteriorating due to sewerage pollution,
particularly in the densely populated parts of the country, but now the quality is improving in some rivers and lakes
as a result of the construction of treatment plants. The main polluter now is agriculture and airborne pollution such
as sulphuric acid.

3

Water resources management

The Water Power Board and several private companies have developed the hydroelectric power industry,
The Environment Protection Board supervises and, to some extent, controls the water-pollution situation in the
country. Each community organizes its own water supply and sewerage-disposal system, though the Environment
Protection Units supervise the pollution situation. The Swedish Meteorological and Hydrological Institute (SMHI)
is in charge of the collection and processing of hydrological data, as well as being responsible for hydrological
forecasting.

4

The Hydrological Service

4.1

LEVEL OF RESPONSIBILITY

The Swedish Meteorological and Hydrological Institute is an autonomous government agency under the
lvlinistry of Communications. It is headed by a Director-General and organized on three main departments or
bureaux:
Weather Forecasting Bureau;
Climatology Bureau;
Hydrology Bureau.
There is also an Administrative Division and a Research and Training Division (see Figure 1).

4.2

FIELDS COVERED BY THE HYDROLOGICAL SERVICE AND ACTIVITIES AND RESPONSIBILITIES

The Hydrology Bureau is responsible for surface-water hydrology and coastal waters in Sweden. The
general goal of the Hydrology Bureau is to provide hydrological information in a suitable form for a better use of
Sweden's water resources and for the protection of rivers and lakes. The activity covers field measurements, data
collection and processing, publication of results, hydrological and hydrotechnical investigations and research, and
hydrological forecasting relating to the following elements on a routine basis: streamflow, lake and reservoir levels,
sediment transport, ice conditions of rivers and lakes and oceanographic measurements in coastal waters; and special
studies on the following: precipitation, snow cover, groundwater levels, soil mOisture, evaporation, and water quality.
4.3

ORGANIZATIONAL DIAGRAM OF THE HYDROLOGICAL SERVICE (See Figure 2)

There are 137 employees, 56 of whom are professional hydrologists with university degrees or the equivalent.
The Hydrology Division operates regular networks of stream-gauging stations (340), additionallake·level and
river-stage stations (350), tidegauges along the coasts (15), lake- and river-temperature stations, sediment-transport
stations, and river- and lake-ice stations. In addition to this, special investigations on water balance and hydrological
processes are being carried out in five research basins (representative basins).
4.4
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Figure 2-,-The Hydrology Bureau (8MH!)
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4.5

S\VEDEN

DATA PROCESSING

The control sections of streamgauging stations are usually quite stable and consequently about ten streamflow measurements are often enough to define the stage/discharge relation. Once this is obtained, only infrequent
checks are made. Many gauges are still read manually, but the trend is to install more recording water-level gauges.
The recorded water levels on the charts are converted to punched tapes by means of a pencil follower. The tapes are
fed into a computer and printed tables of streamflow and water level are ·obtained. Data are available on request from
the archives.
4.6
Short summaries of streamflow and lake and sea-levels are published monthly and annually. Numerous tech·
nical reports are published in Swedish and English.
4.7

HYDROLOGICAL FORECASTING

Forecasts of daily streamflows for a period of one to eight weeks are issued regularly for two rivers and, on
special request, for a number of other rivers. These forecasts are computerized and made with a conceptual model
which includes daily precipitation totals and daily temperatures as input. The input for the forecasts are forecasted
precipitation and temperature for a five-day period and historical data series. This type of streamflow forecast will
probably be extended to many other rivers with important hydro-electric power production. During the first half
of the year, forecasts are made of the total spring-flood volume for a number of reservoirs.
4.8

RESEARCH

Research is carried out mainly on hydrological processes, conceptual runoff models, regional models for
streamflow statistics, hydrodynamical studies on lakes and coastal waters (including, for example, heat-dispersion
models, and models used for predicting the environmental effects of cooling water discharges).
4.9

TRAINING

Professional hydrologists (B.Sc. or IvI.Sc.) are educated at the University of Uppsala, and civil engineers at
technical colleges. Oceanographic education is given at the University of Gothenburg. At the present time no formal
training for hydrologists is given at lbe Swedish Meteorological and Hydrological Institute.
4.10

CONTACT WITH INTERNATIONAL ORGANIZATIONS

The Director-General of the Swedish Meteorological and Hydrological Institute is lbe Permanent Representative of Sweden to WMO. The Hydrology Bureau of lbe SMHI is represented on lbe Swedish IHP Committee
and takes an active part in the IHP programme on the national as well as on the Nordic and international level. The
Swedish International Development Agency also provides hydrological aid to developing countries (Tanzania and
Botswana).
5

Effectiveness of the Service

There is a SMHI Advisory Committee to which users can make known their requirements. In fact, most
new requirements are met through active research by the professional staff of the SMHI. In general, it could be
stated that the hydrological data base in Sweden is inadequate for many purposes. For instance, more stream·gauging
stations are required. There is also a greater need in Sweden for mathematical models estimating streamflow statistics
than there is in other European countries which possess denser hydrological networks of observing stations.
6

Future plans

A study is being planned on the organization of the SMHI. It will most probably result in a more useroriented organization.
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A unified meteorological and hydrological service

At the SMHI, the Climatological Bureau is in charge of precipitation measurements and there are close con·
tacts between the Climatology and Hydrology Bureaux. For the hydrological forecasts it is also a great advantage to
have immediate access to the weather forecasts. There are certainly some drawbacks in being separated from direct
contact with important users such as hydropower, the pollution sector, etc., and from the agency dealing with ground·
water (Swedish Geological Survey), but the most generally held view is that it is more advantageous to have a unified
Hydrological and Meteorological Service.
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THAILAND

I

Introduction

1.1

PHYSICAL DESCRIPTION OF THE COUNTRY

Thailand, a tropical land made up of river plains, forested mountains and plateaux, includes a total area of
about 514 000 kIn 2 • It extends in latitude from 6°N to 21 ON and in longitude from 97°E to 106°E. The main part
of Thailand is bordered on the west and north west by Burma; on the north east and east by the Lao People's Republic;
on the south east by Democratic Kampuchea; and on the south by the Gulf of Thailand. Peninsular Thailand occupies
the central portion of the Malay Peninsula, separates the Andaman Sea from the Gulf of Thailand and is bordered on the
south by Malaysia, and on the west by Burma. Thailand extends approximately 1600 kIn from north to south, and
almost 800 kIn east-west along the 15th paraile!. It has about 2400 km of coastline-I 800 km on the Gulf of Thailand
and the rest along the Indian Ocean on the rugged western shores of the Malay Peninsula. The remainder of Thailand
is ahnost completely enclosed by surrounding mountains which reach their maximum elevation at Mount Inthanon
(2595 ill or 8514 [t) in the north west near the Burma border. Thailand's terrain is approximately one-third mountains,
one-third lowlands and one-third plateau.
1.2

CLIMATE

The climate is tropical, although cold-air surges from China occasionally penetrate the country during
winter. The climatic seasons are based on two major wind systems, the north-east and south-west monsoons, each
with its own weather characteristics. The north-east monsoon season, extending from November to mid-February, is
the dry winter season, except for the peninsula of southern Thailand. The south-west monsoon season. mid·May
through September, is the rainy season. Between the major monsoons are two transitional periods. The period from
mid-February to mid-May is the summer season, characterized by winds varying between east and south east. The
other period is rather short and limited to the month of October. During this period, dry north-easterly winds
replace those from the south west. and rainfall decreases, except over the peninsula, The climate of southern Thailand
differs from that of the rest of Thailand_. In particular, .during the north--eastInonsoon. the tem-peratu-res are -highe-r
and the precipitation is heavier and more frequent than in the other regions, The greatest contrast is in November,
December and January, when southern Thailand is humid and rainy while other sections are comparatively cool
and almost rainle&S. Precipitation is relatively abundant over Thailand, Most of the precipitation received is in the
form of convective showers which occur most frequently in the late afternoon and, to a lesser extent, in the early
morning, However, when tropical disturbances are present, rain may be steady or intermittent from the associated
altostratus deck or low stratiform clouds. The rainfall pattern is closely associated with the two pdncipal wind
systems. From November to mid-Feburary the north-east monsoon brings dry weather to everywhere except southern
Thailand, Most stations experience less than three days per month with rain in December through March with peninsular stations recording from 2 to 15 days. The south-west monsoon brings heavy rainfall to exposed western slopes,
light rainfall to sheltered lee slopes, and moderate rainfall to remaining sections. The number of rain days varies
wideiy: from 20 to 25 days at exposed locations to as few as three days per month at sheltered locations. The highest
mean annual rainfall was 4394.2 nun at Raneng station, in southern Thailand,
1.3

POPULATION

The mid-I975 population is estimated at 41 million. The majority of the population in the central region
are of Thai origin, but there are also sizeable Chinese minorities, amounting to some 14 per cent of the overall
figure. They are concentrated in the towns. Other significant ethnic minorities tend to be regional, but Thai, and
related dialects, predominate in all but the southernmost regions. All education is carried out in the central Thai
dialec!.

1.4

GENERAL ECONOMIC STRUCTURE

The economy is based primarily on agriculture, including forestry and fishing, and nearly 80 per cent of the
labour force is engaged in agricultural production. Rice is the most important crop, followed by rubber, maize, kenaf,
tapioca and sugarcane, Other significant crops are cotton, tobacco and coconuts. Fishing has expanded rapidly in
recent years and in 1973 accounted for 3.66 per cent of the Gross National Product (GNP). Deep-sea fishing, in particular,
has made considerable progress. The contribution of livestock production to the GNP is less than that of fishing (only
2.94 per cent in 1973). Forestry is of traditional importance, especially in the north. In all, forests cover over half
the total land area. However, the output of foreshy pro ducts accounts for only 6,7 per cent of the GNP from agriculture, with a declining annual growth rate. Tin is the most important mineral in terms of volume, production and
value. Other minerals being produced, in order of value, are fluorite, wolfram, gypSUffi l antimony, manganese, iron ore
and zinc. While agriculture has made an impressive contribution to Thailand's economic growth in terms of income,
employment and export earnings, industrial development has been recently accelerated. The industrial sector is made
up chiefly of light consumer-goods industries, wood and cement products, petroleum refining, the manufacture of
various kinds of electrical goods and car assembling. Industry accounts for a fairly large share of the GNP: 15.4 per
cent in 1967 and 16.4 per cent in 1971 (current prices). The economic system of Thailand can be described as one
offree enterprise. A series of economic plans is adopted by the Government so as to accelerate the rate of economic
growth.
1.5

GENERAL DESCRIPTION OF WATER RESOURCES

The water resources are abundant. SouthMwest monsoon seasonal rainfall is usually the major contlibution
to river runoff within the country. From long-term observations it may be stated that about 15 to 20 per cent of
annual rainfall contributes to streamflow in most of the major river basins, The runoff yield is somewhat higher in
some small basins within the zones subject to orographic influences. The principal water resources come from the
Chao Phraya river system which drains 177 550 km 2 of north and central zones of Thailand. The Ping, Wang, Yom
and Nan are the four main tributaries and originate in the mountainous northern watersheds. They flow southerly
and come together at NakhonSawan province where the Chao Phraya river is formed. The Chao Phraya then
meanders throngh the vast alluvIal flat land of the Central Plain and drains into the Gulf of Thailand. There are also
other tributaries joining the Chao Phraya below Nakhon Sawan province. Of these, the Pa Sak river, which flows
into the Chao Flu·aya in the province of Ayutthaya, is the largest. In the North~east Plateau, the undulated lands
form several small watersheds draining into two main rivers, the Chi and the Mun, which finally join each other
in the Ubon Ratchathani province and drain into the Mekong river. There are small streams in the rest of the
area draining directly into the Mekong. The Mekong river itself is one of the largest single natural resources in
south-east Asia. The whole north-east region is included in the Lower Mekong basin. The river becomes the common
border between Thailand and the Lao Peoplels Republic for part of the way and then meanders through Democratic
Kampuchea and the Socialist Republic of Viet Nam. The main water resources of the eastern region are supplied by
the Bang Pakong river system together with those small streams which, parallel to one another, drain into the Gulf.
Adjacent to the Central Plain on the west, series of smaller river basins are formed. The three main river systems are
the Mae Klang, the Phetchaburi and the Pran Bud which have their Sources in the mountain ranges along the common
border line with Burma. They also drain into the Gulf. Series of smali watersheds extend along the east and western
slopes of the mountain ranges which form the backbone of the southern peninsula. There are two larger river systems
within the region, the Tapi-Phurn Duang and the Pattani rivers. Except in the southern peninsula, the river flows in
Thailand are governed by the sonth-west monsoon which prevails from May to October, and produces 95 per cent of
the annual rainfall. The rivers begin to rise following the outbreak of the south-west monsoon In the middle of May.
The early drought period Is in June or July, while the flood period takes place during the retreat of the south-west
monsoon from August to October. Torrential rain caused by cyclonic storms occurs usually during this period. Then
the rivers begin to recede and reach their minimum stages in April when the water year begins. Most of the tributary
streams are empty for almost half the year during the dry months. The variations in river level in the southern peninsula are somewhat different from those described above. The flood season shifts to November through January under
the effect of the north-east monsoon, while the low-flow period is from February to May. As regards the quality of
water in Thailand, analysis has been made in the Chao Phraya river and its tributaries. It may be concluded that the
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water of the Chao Phraya basin is excellent for irrigation usage and without considerable concentration of salts. Boron,
a toxic element to crops) is traced in some small streams of the north-east region but the concentration is much below
the allowable limit.
1.6

WATER RESOURCES AVAILABILITY AND UTILIZATION

The initial water resources development in Thailand began in the tidal reach of the Chao Phraya river and
its confluences. The primary works were to conserve natural flood waters for inland navigation in the lower delta
areas as well as to assist rice cultivation in the late season. Attempts at systematic irrigation were first made about
70 years ago. Later diversion works on the river valleys were also implemented. The utilization of water resources
for agriculture has rapidly increased during the past 30 years. Integrated plans for hydro~electric power, all-year~
round irrigation, flood control, inland navigation and other uses have been recently formulated.
The Chao Pluaya diversion dam was built at Chai Nat provhlce, about 96 km downstream of Nakhon Sawan
province, and was completed in 1957. At present, about one-fifth of the 21400 million m' of annual flow is diverted
for additional irrigation in the Chao Phraya project areas (I.2 million hectares). The Bhumiphol storage dam (storage
capacity 13400 million m 3 ) was built on the Ping river above Tak province and reservoir operation began in November
1962. Its main function is to generate hydro~electric power by utilizing an annual flow of 6000 million m 3 at the
dam site. The expected annual energy is 1600 million kWh. The releases of hydro~electric power are re-used to raise
dry season cropping in the upper area of the Greater Chao Phraya Project by about 300 000 hectares. The Sirikit
storage dam (storage capacity of 10500 million m 3 ) was built on the Nan river above DUaradit province and became
operative in June 1971. The ultimate potential is to utilize the annual flow of 6000 million m 3 for additional irrigation
in Yem~Nan delta area of 280000 hectares. The surplus water will help to raise dry season cropping in an additional
area of 335 000 hectares in the Chao Phraya plain and also to stabilize the dry-season flow of 150 m' per second in
the estuary so as to prevent salt~water intrusion. The releases will help to improve inland navigation with an average
draft of 1.4m along the shallow sections of the Chao Phraya river downstream of the Chao Phraya dam. Hydro-electric
power can also be made by such releases for irrigation requirements with an expected energy of 1000 million kWh annually.
~veral irrigation schemes were also built on the upper reaches of the four rivers and their smaller tributaries. There are
still several suitable sites for medium-size reservoirs and diversion headworks. It is estimated that when the water of
the Chao Phraya river system is fully utilized, according to the comprehensive basin plan, there will be a surplus flow
of around 6000 million m' annually drained through the Chao Phraya dam into the Gulf. There is also the possibility
of utilizing the annual flow of 2000 million m 3 of the Pa Sak river for a number of other purposes. The early utilization
oJ water resources in the North-east Plateau started with wa.terconservation in theflQod -plai-n a-reasanddirectdiver-sions
to the river valley. The sinall storage reservoir or "Tank" project began in 1951. It is found that there are about 1000
tank sites in the whole region with a capacity of under 20 million m 3 and 38 reservoir sites oflarger capacity suitable
for development. It is estimated that with full development of storage works at all sites within the Chi·Mun basin
alone the total water that can be utilized will not exceed one-half of the available mean annual flow of 20000 million
m 3 • The Mekong river is an international river which becomes the common border with the Lao People's Republic
in the North-east Plateau. At Pamong site above Vientiane, in the Lao People's Republic, there is a much greater multipurpose potential due to its large water supply of around 135 billion m 3 annually. The preliminary studies indicated
a great potential for developinghydro~electric power, irrigation, flood control and inland navigation. But the estimated
project cost is extremely high and beyond the financial capabilities of the riparian countries. There are also international
complications which might delay implementation.
Water resources have also been developed in other parts of the country. In the eastern region, small irrigation
schemes, together with water conservation and flood control, have been practised using the Bang Pakong river
system as well as other small streams in the coastal areas. In the western region, the flood waters of the lower flood
plain were lIsed in the early stages of development. The Vajiralongkorn diversion dam was built at Tha Muang,
Kanchanaburi province, at the head of the flood plain, and was completed in 1969. The distribution systems were dug to
divert a portion of 15 000 million m 3 annual flow for the first stage development of 160 000 hectares. The comprehensive basin plan has been formulated. A large storage dam on the Kwae Yai tributary is under construction. The
annual flow at the dam site of 4400 million m 3 is expected to generate an annual output of 1000 million kWh and
perrenial irrigation for an area of 400 000 hectares. The Petchaburi river development comprises a storage reservoir
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of 710 million m 3 on the upper reach of the Petchaburi river. Besides hydro-electric power generation with an annual
output of 52 million kWh the storage water helps to raise perrenial crops in an irrigated area (53 700 hectares) in the
lower flood plain.The development of the Pranburi river includes the construction of a storage reservoir which is
presently being built. With a reservoir capacity of 445 million m3 it will supply an irrigable area of 32 000 hectares.
In the southern peninsula, a series of small watersheds are formed on the east and west slopes of the mountain ranges.
Early water resources developments were on a small scale when they started in 1948. At the present time, they include
diversion works, flood control and water conservation. The present total irrigable area is 62 000 hectares. There are
also potentials for multi-purpose development on the Pattani and Tapi-Phumduang rivers which are the only two major
rivers in the southern peninsula.
2

Role and goals of water in the national economy

2.1

STATEMENT OF NATIONAL GOALS

Thailand has been and will continue to be a basically agricultural country, despite increasing industrialization.
Agricultural products constitute the largest component of the national income. The optimum development of water
resources for agriculture is of paramount importance to the future economic and social well~being of the country.
The country is endowed with water resources and it was recognized that irrigation is of the utmost importance in
assisting agricultural development. Therefore, substantial developments of water resources for irrigation have taken
place during the last 30 years. Large-scale multipurpose projects for hydro-electric power, flood control, all-the-yearround irrigation, navigation and salt-water intrusion control in the estuaries were recently introduced. The future
development of water resources shall take into account the many purposes for which they shall be used (domestic,
agricultural and industrial water supply, and reduction in pollution).
2.2

ROLE OF WATER IN SECURING NATIONAL GOALS

2.2.1

Water as a limiting factor in national development

It is obvious that agriculture depends largely on the combination ofland and water resources. The sources
of water supply for agriculture within the country are rainfall and river runoff. Rainfall is the most significant
supply for those areas outside irrigation projects. But irregularity of rainfall usually results in unfavourable crop
production. Irrigation is therefore the most effective measure to supplement rainfall in cultivation. At present, the
pressure of population growth means that more and more land (extending from the flood plains to the uplands)
must be used for agriculture. It appears that the development of irrigation is not keeping up with the rate of
expansion. It has been discovered that at present only 25 per cent of the cultivated lands can be irrigated, and the rest
is rain·fed agriculture. However, unlimited expansion of cultivation of land by people usually creates problems in implementing irrigation developments. In all of these areas it is not always possible to find sufficient river flows or suitable
sites for headworks to set up effective irrigation schemes. Therefore, in spite of generally abundant water resources
sometimes water is a limiting factor whenever its transportation to other areas is not economically justified.

2.2.2

Water in agriculture

The use of water resources for agriculture has been practised by the northern people for generations. They
knew how to practise diversion irrigation by building weirs in small streams and digging ditches to bring water to
their lands. The farmers in the Central Plain knew how to conserve flood water for their rice crop. At the time when
systematic development of water resources was introduced, water was used mainly for agriculture at the initial stages.
Since the recent formulation of muIti·purpose development projects-the utilization of water for agriculture remains
one of the top priorities. At present, the exising irrigation-distribution systems can supply the total area of2.3
million hectares, which include those in diversion schemes and storage projects. However, the present irrigated area
is only about one-fifth of the country's agricultural land. The distribution systems of those projects under construction will, after completion within the next five years, bring the total irrigated area to three million hectares. It is
imperative that the future irrigation development programme be an ambitious one.
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Water in power production

The first hydro-electric project was the Bhumiphol dam and reservoir which was formulated and implemented by the Royal Irrigation Department in 1958 and completed in 1964. The work was later transferred to the
Electricity Generating Authority of Thailand. At present, the Electricity Generating Authority operates seven hydroelectric power plants which produce about 38 per cent of the total power generation. The present storage capacity for
hydro-electric generation is approximate1y 15 000 million m' which is about 10 per cent of the country's hydroelectric potential. Future development for hydro-electric power is under way. It is expected that within the next decade
about another 10000 million m' of water will be developed for this purpose.

2.2.4

Water supply

Development of water resources primarily for domestic water supply has not yet been implemented. The
water required by the Metropolitan Water Works Authority at present comes from the surplus flow of the Chao
Phraya river. The improvement and enlargement of the Metropolitan Water Works Authority system, which is
financed by loans from IBRD and ADB, is under way. The demand for water will increase within the next few years
after the first stage of improvement is completed. A deflllite plan to provide raw water for this purpose is under
consideration. It is believed that this increase in demand over the next ten years can be satisfied if the existing water
resources projects are managed properly. Careful thought must also be given to providing water for a period over and
above ten years~ a target of 2000 million m 3 annually is propos.ed for the next 30 years.

2.2.5

Water in other aspects

Although, in the pas.t, water resources were developed mainly for irrigation and hydro-electric power they
were obviously used for many other purposes. Drainage, flood control and water conservation, as well as reclamation
ofland, were usually integral parts of the irrigation developments. Several main canals in the Central Plain were and
are still used for navigation. Fresh water in irrigation canals also serves as domestic water for people in several canal·
side communities. Industrial requirements are also served by pumping of fresh river water. AB regards water for
navigation) river training works and dredging ofimportant navigable channels below the storage dams were implemented by the Royal Irrigation Department. The main purpose is to maintain a minimum draft of 1.4 ill at minimum
releases during the dry season. However, in thecri-tical dry period, additional releases from the reservoirs will be made
to meet eventual requirements as well as to control salt-water intrusion in the estuaries. At the present time, the demand
for water resources for recreational purposes has been very limited. Besides the very scenic setting of various headworks
there is the attraction of the dams and water courses in most of the development projects. The surroundings of many
of the major headworks have been made most attractive with gardens and lawns. Yet not many tourists seem to use
them to any great extent. This may be due to lack of knowledge of their existence, or perhaps security is a major concern.
The problem of water quality is not likely to arise as far as irrigation is concerned. Untreated municipal wastes in most
of the heavily populated areas are returned directly to the stream. Pollution problems are already becoming a concern
elsewhere in the industrial areas. There have been extreme cases of industrial pollution as far as human consumption
and fisheries are concerned. Anti-pollution measures are stressed by the agencies concerned, but little is done about it.
To use fresh water for dilution of municipal wastes and industrial pollution is wasteful. Care should be exercised to
protect and maintain good water quality by adopting suitable standards and regulations to control pollution at its
source.

3

Water resources management

In the last 30 years, Thailand has been aware of a crucial need for economic growth and has begun urgently
developing its natural resources and improving economic conditions. Thailand's greatest natural resources are people,
good land and abundant water~ its immediate future is principally in agriculture. The substantial water resources
development for agriculture has been urgently implemented by the Royal Irrigation Department whose tasks involve
irrigation and drainage as well as flood control. After the integrated plan of water resources development had been
formulated and implemented, the Government established other organizations and institutions to take responsibility
for the respective activities. At present, there are a number of government agencies, institutions and organizations
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whose functions involve the management, development and implementation of national water resources. Their names
and functions are described as follows:
3.1

THE ROYAL IRRIGATION DEPARTMENT (RID)

This department was established in 1927. Its function is to develop water resources for irrigation and
related activities in which the work involves investigation, planning, design, construction and operation of irriga~
tiail schemes. The Royal Irrigation Department had formulated and implemented the integrated plan for multi~
purpose projects. The first and largest one in the country is the Bhumiphol dam and reservoir on the Ping river, completed in 1962. Its main purpose is to generate hydro-electric power of about 1600 million kWh annually. The power
releases can be fe-used for all-year-round irrigation, navigation and salt-water intrusion at the estuary. There are also
other multi-purpose projects formulated by the Royal Irrigation Department.
3.2

THE NATIONAL ENERGY ADMINISTRATION (NEAl

The NEA formulates and recommends to the Government those projects which involve the use of all the
energy sources of the country. In the sphere of water resources development it represents the country on the Mekong
Committee and on the Committee for the Co-ordination of Investigation of the Lower Mekong Basin which was established by ESCAP* (formerly ECAFEt) in 1957. Its area of interest is the Lower Mekong rIver basin.
3.3

THE ELECTRICITY GENERATING AUTHORITY OF THAILAND (EGAT)

This Authority came into existence with the merger of the Yanhee Electricity, the Lignite Authority and
the Northeast Electricity Authority in 1969. It is responsible for the production of electric energy throughout the
country by undertaking various activities concerning energy derived from natural sources, for example water, wind,
natural heat, sunlight, oil, coal, gas and nuclear sources. At present EGAT is involved in water resources development
of all those hydro-power potentials which are as yet unexplored.
3-4

THE METROPOLITAN WATER WORKS AUTHORITY

This is the agency responsible for the Bangkok water supply. It is not much involved in water resources
development as its present water requirements (about one million m 3 daily) can be met by the surplus flow of the
Chao Phraya river throughout the year. Its proposal to enlarge the distribution system (which requhes about 2000
million ill 3 annually) will create a serious pro blem if there is no definite plan to build a reservoir specifically for
this.
3.5

THE RURAL WATER SUPPLY AUTHORITY

It is the task ofthis authority to develop the water supply for the rather small and scattered rural commnnities. There is no immediate problem in this sphere since, for most activities, water is available at first hand. If there
is an increase in demand, some small reservoirs or deep wells may be necessary.
3.6

THE HARBOUR DEPARTMENT

This takes care of matters relating to inland navigation but is never directly involved in the development
of water resources. However, navigational requirements are obviously taken into consideration where they impinge
011 development projects.
3.7

THE METEOROLOGICAL DEPARTMENT

This department is responsible for meteorological and hydrometeorological observations, weather fore~
casting and severe weather warnings, including flood forecasts and providing meteorological services for social and

* Economic and Social Commission for Asia and the Pacific
t Economic Commission for Asia and the Far East
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economic development as well as for national defence. Its involvement in water resources is to provide climatic data
and meteorological services needed for planning and operating water resources projects.
3.8

THE NATIONAL ECONOMIC AND SOCIAL DEVELOPMENT BOARD (NESDB)

This is the Government agency for economic and social development. Its involvement in water resources
development is to establish policy, make decisions and set up a priority list of projects to enable the Budget Bureau
to manage on the budget allocations for various water resources development projects proposed by different government agencies. The national plan for economic development has been formulated in terms of five-year plans. The third
Five-year Development Plan runs from 1972 to 1976.

4

The Hydrological Service

4.1

LEVEL OF RESPONSIBIUTY

There is no single government agency solely responsible for hydrological affairs. The relevant data are
obtained by a number of agencies when water projects are being planned (mainly irrigation schemes or hydro-electric
power plants). The government agencies concerned are the Royal Irrigation Depai"tment, the Meteorological Department, the National Energy Administration, the Electricity Generating Authority of Thailand, etc. Although eaeh
organization collects and uses data for particular purposes, data and information, however, are exchanged. As the
irrigation projects cover the whole country, the Royal Irrigation Department is therefore supposed to be
the government agency in charge of hydrological work in most of the major river basins of the country, while the
Meteorological Department, which operates large networks of rainfall, hydromcteorological and synoptic stations, has
an overall responsibility for weather observations, weather forecasts and warnings, including hydrometeorological
forecasts. In the meantime, the Electricity Generating Authority of Thailand plans to develop hydro-electric power
stations throughout the country. It reports on work in the field of hydrology and hydraulics, such as reservoir operation,
river training, the investigation of the downstream effect of operating hydro-electric power stations, etc.
The rough mountainous parts of river basins generally present the most difficulty as regards collecting accurate
data. Since the thinly populated outlying mountainous areas are mostly covered by sparse raingauge networks and hydrological stations, they often produce more runoff than the densely populated lowland areas with a better rain and streamflow observation network. In these problem areas, the installation of additional raingauges and hydrological stations
is difficult and in some cases impossible.
4.2

FIELDS COVERED BY THE HYDROLOGICAL SERVICE

As stated above, the Hydrological Service is the result of the combined efforts of many government agencies,
such as the Hydrology Division of the Royal Irrigation Department and the Hydrometeorology Division of the
Meteorology Department. Consequently, the Service is involved in meteorological as well as hydrological activities.
Some related climatic data, such as rainfall, are used for operational purposes, I.e. in flood-forecasting and warning
services.
4.3

ACTIVITIES AND RESPONSIBILITY OF THE HYDROLOGICAL SERVICE

The Hydrological Serivce is responsible for providing planning authorities with hydrology projects, together
with the related hydrometeorological elements, which can then be integrated into the general plan for economic
growth. The following are some of the activities carried out by the agencies concerned for the benefit of agriculture,
industry, water resources development, flood prevention and relief: hydrologic field investigation, data processing
and analysis, hydrological study and design, water study of irrigation projects, supplementary irrigation water for
cultivation within the project areas, drainage, flood control and protection, flood forecasting and warning, inland
navigation through main canals and salt intrusion control in the estuaries, including hydrometeorological data services
such as rainfall, evaporation, discharge and river stage in the various major rivers.
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ORGANIZATION OF THE HYDROLOGICAL SERVICE

The organization of three of the agencies concerned is as follows:

44.1

The Royal1rrigation Department
The Hydrology Division of the Royal Irrigation Department comprises six sections as follows:

la) Secretary section;
(b) Hydrological field investigation section;

(c) Instrument control section;
Id) Sedimentation section;
(e) Data-processing section;

If) Research and applied hydrology section.
The staff working in the Hydrology Division comprises civil engineers, scientists, technicians, skilled labourers and
workers. The higher-ranking officers are governmen t officials, while the rest are pennanent and temporary employees.
The total number of government officials is 46, permanent employees 173, and temporary employees, including
workers, 346. There are also 212 volunteers who take care of staff gauge readings.

4.4.2

The Meteorological Department
The Hydrometeorology Division of the Meteorological Department is divided into four sections as follows:
(a) Administrative section;
(b) Hydrometeorological observations section;

(c) Analysis and statistics section;

I d)

Hydrological forecast section.

The staff of the Hydrometeorology Division comprises civil engineers, scientists, technicians, skilled labourers and
workers. The total number of government officials is 44.

4.4.3

The National Energy Administration
The Hydrology Section of the National Energy Administration is divided into 5 units as follows:

la) Secretarial nnit;
Ib) Field hydrological observation work;

Ie) Investigation and compilation data;
Id) Hydrological analysis work;

Ie) Applied Hydrological work.
The staff of the Hydrology Section comprises hydraulic engineers, civil engineers, scientists, technicians, skilled
labourers and workers. The total nnmber of government officials is 49, and temporary employees 303.
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4.5

NETWO RKS

The networks for hydrological, meteorological and related data used by the Royal Irrigation Department's
Hydrology Division, the Meteorological Department's Hydrometeorology Division and the National Energy Administration may be listed as follows:

Discharge measurement (natural streams)
Water-level measurement:
Staff gauge (rivers)
Recorder
Reservoir levels (including small reservoir)
Rainfall measurement (most are in project areas)
Evaporation
Air temperature
Water temperature
Wind velocity
Humidity

249 stations

stations
stations
stations
stations
stations
stations
65 stations
83 stations
104 stations

388
146
121
1348
168
322

The setting up of networks of various stations, however, is also dependent on the accessibility of such sites.
4.6

HANDLING OF DATA

Hydrological and hydrometeorological data are collected at the hydrological and hydrometeorological
stations by the Division's personnel. The majority of collected data are sent on cards to the departments concerned
by surface mail on a montWy basis. Some are sent daily by telegraph. But those stations which require immediate
transmission for operational purposes on a three-hourly basis from 0700 to 1900 are equipped with SSB transceivers.
The minimum standards of field hydrological data observations are equal to those recommended in the United
Nation's ECAFE Flood Control Series No.6. The standard methods of the U.S. Geological Survey are basic ones
adopted in the field operation network. Normally, data are transmitted monthly. But those stations which require
immediate transmission for operational purposes will be equipped with SSB units and data shall be transmitted daily.
The standard methods of the U.S. Geological Survey and the U.S. Department of Agriculture are adopted as a general
basis for office hydrological data processing. The processed data are compiled and stored in data books. Graphs,
charts and tables are also prepared at the forecast centre for analysis and issuing for forecasts. Upon official request,
publications containing hydrological data are made available both to those agencies directly concerned as well as to
the -public in g~ne-raL
4.7

PUBLlCATrONS

Streamflow data collected by the Royal Irrigation Department and the National Energy Administration are
published in year-book form, while series of hydrological year-books are also published by the Meteorological
Department in both Thai and English versions.
4.8

HYDROLOGICAL FORECASTING

Hydrological forecasting is carried out to some extent during the rainy season. The method of forecasting
is commonly based on the past occurrences of flood-wave events experienced for several years in each locality.
Therefore the types of forecast prepared by the Hydrological Service are as follows:

(aJ Stage correlation;

(bJ Runoff estimation by rainfall data.
At present no analogue and digital computers are available for this purpose.
4.9

RESEARCH

No scientific research work is being carried out at present. Investigations of hydrological data are made by
the Royal Irrigation Department for planning and operational purposes only.
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TRAINING

In-house training is usually given to new staff members of the Hydrology Division of the Royal Irrigation
Department and the National Energy Administration. TIle staff without basic hydrological knowledge receive lectures
and exercises, and then on-the-job training in various sections. A one-year training course in general meteorology

(including hydrology) is also provided for new staff members of the Hydrometeorology Division of the Meteorological
Department. At present, hydrology courses are taught in the College of Engineering, Kasetsart University. Moreover,
the Asian Institute of Technology also offers advanced courses in hydrology.
4.11

CONTACT WITH INTERNATIONAL ORGANIZATIONS (other than WMO)

The Departments concerned have participated in the work of the following organizations:

ICID
ICOL

FAO
Unesco
IAEA
IUGG

ESCAP
NASA (ERTS)
IWRA
TCS
LRCS

5

Futnre plans

5.1

FUTURE PLANS FOR THE AGENClES CONCERNED ARE AS FOLLOWS,

(a) To expand their hydrorneteorological and hydrological stations to cover smaller river basins (areas from
10 to 200 krn 2);

Ib) To upgrade hydrometeorological and hydrological data-processing and publication activities;

I c)

To develop and expand hydrometeorological and hydrological services by increasing the staff trained
in analysis and operational research;

(d) To develop and expand flood-forecasting and warning services in co-operation with other Departments
and Agencies concerned;

I e)

To set up a data bank for collecting all data;

If) To introduce standard computer programs for use in the hydrological service.

UNION OF SOVIET SOCIALIST REPUBLICS
1

Introduction

The U.S.S.R. is characterized by extremely varied geographical and climatic conditions. These range from the
tundra zone in the north through semi·desert, and high mountain ranges in central Asia, to subtropical regions in the
south; from a maritime climate in the Baltic region to the severe continental climate of Siberia and the monsoon climate
of the Far East. The population of the U.S.S.R. is over 250 million, most of whom are concentrated in the European
part of the country, in central Asia, in the southern regions of Siberia and in the Far East. In the northern half of
Siberia the population is concentrated mainly around mining centres and along the banks of rivers. The U.S,S.R. is a
highly-developed country with a diversified economy which is both complex and planned in character. It has developed
practically all the branches of agriculture) industry, energetics and transport. Much work is being done on improving
the utilization of land and water resources and on more intensive economic development of the eastern and northern
regions. On the whole, the U.S.S.R. is very well provided with water resources. There are about three million rivers
and over 2.8 million lakes with a total volume of 28 600 km 3 . The total mean annual runoff of river waters is 4700
krn 3, of which more than 300 krn 3 are regulated by lakes and reservoirs; the total underground runoff is 1020 krn 3 .
However, water resources are unevenly distributed: 80 per cent of the population, industry and agriculture are concentrated in regions whose water resources represent only 40 per cent of the total; this calls for rational utilization
and inter-body and inter-zonal deflection of runoff. The quality of the surface water in most of the rivers and lakes
is either good or satisfactory. The total volume of unrecoverable water consumption comes to about 130 km 3 , most
of it used for agricultural land irrigation, for initial filling of reservoirs and for making up evaporation losses from
water surfaces.
2

The role of water in the national economy

The fundamental national purpose of the U.S.S.R. is to build a communist society based on the achievement
of a surplus of material and spiritual wealth in order to satisfy fully the multifarious needs of all its members. This
purpose is being met by rapid planned growth in industrial and agricultural production based on scientific and technical
progress, fuller development and rational utilization of natural resources, including water. Water plays an important
and ever-increasing role in the economic and social development of the country. This is associated with growth in
energetics, water transport, various branches of industry and agriculture, with urbanization, and with the development of sparsely-populated regions. Because of the uneven distribution of population and the national economy,
which is prompted by the variety of natural and climatic conditions, and also because of the uneven distribution of
water resources, the role of water and the degree of utilization of water resources differ from region to region. In the
north of the European part and in most of the Siberian and Far Eastern territories (tundra and taiga zones) there is
a surplus of water. Unrecoverable losses of runoff are small wherever water is used. The economic effect manifests
itself mainly in the regulation of flow on a number of large rivers (the Ob', Yenisey, Angara, etc.) by reservoirs for
hydro·electric power stations. Most of the rivers and lakes in this territory, covering over two-thirds of the total
area of the U.S.S.R., are characterized by a natural hydrological regime. Greater economic development will bring
significant growth in population and water consumption. Many new towns and settlements will be built, along with
transportation routes, hydro-power stations and water reservoirs. The extent and technical equipping of the waterways will be greatly increased. The water resources of this zone have not yet been studied in sufficient detail. The
hydrological network is incomplete. The economic development of this territory requires a significant increase in
the number of observation posts in this network for a more detailed study of the space-time relationships of the hydrological regime, for provision of hydrological information for construction planning and for the operation of waterengineering and other national economy projects, for evaluation and prediction of hazardous hydrological phenomena (floods and high water, jams, icing, shoaling of sandbars on navigable rivers, freeze-up and break-up on rivers,
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pile-up of ice at estuaries, and landslides in mountainous regions. In the southern steppe regions of the European
part, Siberia and the Far East and especially in the Trans-Caucasus, the limited water resources are intensively used;
here water is the limiting factor on the development of the economy. The threat of a future shortage of fresh water
also arises in the densely settled and industrially most developed regions of the centre and the west of the European
part, the Urals. 111e water resources of these regions are intensively used for industrial and community water supply.
navigation, water power, and, in the southern regions, also for irrigation and flooding of pastures. Rivers with altered
(and regulated) regimes are typical for the area discussed. Agriculture is the most important consumer of water and
the factor which transforms the natural conditions and the water balance of this territory. The basic trend is to reclaim
lands for the requirements of agricul ture in a zone of excess moisture (non-chernozem or forest zone) by draining and
ploughing (including those lands with double regulation of the water regime), and in the zone of insufficient moisture
(the steppe, semi-desert and desert zones) the basic trend is towards agricultural land improvement and iniga tion.
Regulation and transfer of stream flow is implemented. Many water-engineering systems and multipurpose reservoirs
(water power, navigation, water supply, irrigation, fisheries, recreation) have been created here. The Volga, Kama,
Dnieper and other rivers have been transformed into series of reservoirs. The creation of deep waterways and
transport complexes (the White Sea-Baltic, Volga-Baltic, Moscow-Volga, Dnieper-Bug and other canals) has increased
the importance of water transport. Tens of thousands of ponds and small reservoirs have been constructed on small
rivers to supply the water requirements of agriculture and fisheries. Intake works, irrigation reservoirs and large
irrigational systems have been and are being constructed in irrigated regions. Many multipurpose reservoirs and
water routes are used for recreation. In recent years, reservoirs, specially intended for recreation, have begun to be
created near or within cities not 'having suitable natural or artificial bodies of water.
On the whole, the water resources of the territory discussed have been studied sufficiently well. The hydrological
network basically satisfies the requirements for the study of the hydrological regime, the hydrological supply for planned
construction and the operation of large active water-engIneering works and systems. However, the hydrological network
is still not always sufficient to make a strict quantitative estimation of waters and to satisfy the requirements of the
hydrological forecasting service. The main tasks of applied hydrology for this territory are to increase the accuracy of
the estimation of waters and their use, to evaluate the effect of human activities on water resources (including longterm assessment), to elaborate the hydrological bases for the rational utilization ofland and water resources (including
irrigated and drained lands), and to organize hydrological reservations so as to maintain standard natural series of
hydrological observations on some rivers. The problem of preventing pollution of surface and groundwater is considered
one of the most important governmental tasks and is regulated by appropriate legislation. Standards and maximum
allowable concentrations of pollutants have been established which strictly regulate the sanitary state and quality of
water in rivers and lakes for different types of usage (drinking water, fisheries, etc.). An all-government system of
control of water quality is in operation. New enterprises which use water are required to install water-purification
plants. Measures are being taken to improve the cleaning of sewage at existing enterprises. Gradual alteration of technology to a non-water basis, or the conversion of enterprises to circulating water supply in sectors where this is possible,
is being planned.

3

Water management

The development of the utilization and control of water is the responsibility of administrative regions,
Union Republics and water authorities in charge of large rivers and bodies afwater. Accountis taken of the current
and long-term interests of water users and consumers, as well as the necessity to preserve waters from pollution and
exhaustion. Regional automated control systems (irrigational, water power and multipurpose basin water-management systems, equipped with computers) are being created to improve the current management of water resources.
In the long term, they will be united into a single system on a national scale. The scientific fundamentals of the multipurpose use and preservation of water resources are being developed by the scientific-research institutes of the Hydrometeorological Service under the Council of Ministers, the Academy of Sciences, and other agencies and organizations.
The Ministry of Reclamation and Water Management and its country wide, regional and basin organs bear the general
responsibility for the multipurpose utilization and preservation of water resources together with their allocation and
management. They provide the necessary expertise for all projects connected with water utilization and consumption,

UNION OF SOVIET SOCIALIST REPUBLICS

101

and supervise the control of water pollution~ they organize the compilation of general systems of water utilization
and water-management balance sheets. State inspection of the sanitary conditions of rivers and water bodies is
carried out by the sanitary·epidemiological service of the Ministry of Health, while the Ministry of Geology
is responsible for the conservation of groundwater. In addition to the agencies of the Ministry of Reclamation and
Water Management, the activities of all ministries and departments are co·ordinated and controlled by the executive
committees of the regional councils of workers' deputies, state planning commissions and councils of Ministers of
the Soviet republics. On the national level, this work is the responsibility of the State Planning Committee and the
Council of Ministers. A state survey of the quantity and quality of water is conducted on the basis of a uniform
scheme for the entire countly. Surveys of surface water (rivers, lakes, reservoirs and canals) are made by the Central
Hydrometeorological Service, surveys of groundwater by the Ministry of Geology and surveys of water utilization by
the Ministry of Reclamation and Water Management. The data obtained are kept in a memory store which consists of
long~term information carriers. Data are also published in year books, long-term reports and special publications. The
responsibility for conducting the survey is vested in the organizations listed above according to their respective spheres
of competence, under the overall guidance of the Central Hydrometeorological Service. Control of water quality is
performed by the national service for observation and control of environmental pollution under the Central Hydro~
meteorological Service. A system for automatic water~quality control is being adopted.
4

The Hydrological Service

The Hydrological Service forms part of the Central Hydrometeorological Service, which comes under the
Council of Ministers. It comprises republican and interregional directorates, scientific research institutes and observatories. The service covers all branches of hydrometeorology. In most cases, hydrological establishments are organized
on a functional basis (territorial hydrometeorological offices, regional hydrometeorological research institutes, hydro~
meteorological observatories, forecasting bureaux, hydrometeorological bureaux, district offices and stations). The
interdisciplinary nature of the service ensures that the observations encompass, within the framework of a single
service, all the elements of the natural water cycle (hydrological cycle) and the water balance of the land and individual
water bodies. This facilitates the exchange of data, consultations between specialists, study of the hydrological regime
and the preparation of hydrological forecasts, and at the same time makes it cheaper to operate the hydrometeorological
observation network. Thehydrometeorological problems of the regions, republics, administrative districts and catchment basins are solved by the territorial offices of the Main Administration of the Hydrometeorological Service or
their local agencies (hydrometeorological observatories, hydrometeorological bureaux, district offices) jointly with
the planning agencies, interested economic organizations and enterprises.
The Central Hydrometeorological Service is responsible for:
(aj The organization and maintenance of the state hydrological observation network;

(b) The study and state surveying of surface waters, including the study of hydrological processes and phenom·
ena, the water balance and hydrological regime and their spatial and temporal characteristics;
(cj The evaluation of the influence of human activities on water resources;
(dj The preparation of hydrological forecasts;

(ej Furnishing the economy with regnlar and ad hoc hydrological information;

(fj Conducting the State Water Survey;
(g) Developing and improving methods of hydrological observation, computation and prediction;

(h) The development and improvement of instruments and apparatus required for hydrological measurements and observations;
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(i) The state registration of hydrological district offices and stations of 0 ther ministries and departments,
as well as issuing permits for their opening and closing, and state supervision of their activities;

Ij) The collection, state registration, storage and publication of the results of observations by the departmental hydrological network.
Groundwater studies are conducted by the Ministry of Geology which incorporates the relevant sections of the
territorial geological directorates together with regular hydrogeological stations. The Central Hydrometeorological
Service, the Ministry of Geology and the Ministry of Reclamation and Water Management co-ordinate their activities
in connexion with the study and utilization of water resources, and determining the interrelationship between surface
water and groundwater. They also draw up plans for the layout of the obselvation network and exchange relevant
data.
The hydrological (hydrometric) network is constructed in the following way. The basic unit is the post (that is,
a specially equipped hy drological observation station). TIle hydrological (river) posts are subdivided into three sub~
sections (HP-!, HP-2, HP-3). HP-I are discharge posts (that is, posts which measure water discharges), and HP-2 and
HP-3 are level posts (HP-2 includes precipitation measurement). Lake hydrological posts are subdivided into two subsections (LHP-I, LHP-2). Unlike LHP-2, LHP-I posts carry out observations not only of the water level oflakes, but
also instrumental observations of wind and of wave disturbance and provide a whole series of observations on harbour
verticals in the open part of the water body, The hydrological network of the Central I-Iydrometeorological Service
and other agencies on rivers, canals, lakes and reservoirs are subdivided into a main, a special and a temporary network.
The main (basic) network is fully unified as to programmes, observational methods, equipment and apparatus employed,
and the network of posts is permanent or at least long-term. It is intended for studying the time-space laws governing
the hydrological regime, the State tabulation of the quantity and quality of water in order to plan, exploit and manage
water resources, for evaluating the influence of commercial activity on water resources, and for providing the national
economy and the hydrological forecasting service with regimes and operational data on the hydrological regime of
the rivers and other water bodies. The posts of the main network are subdivided, according to their intended purposes, into resource posts (regime), exploitational and forecasting (where possible they are of a multipurpose nature)
posts and also, according to their period of activity, into bench-mark (permanent) and periodic posts. The benchmark posts are intended for the study of the permanent fluctuations and changes in the hydrological regime under
the influence of climatic and commercial factors and for the reduction of a long series of observational data for
the periodic and temporary posts. Some of the posts are situated in nature reserves (reserve bench~mark posts);
their readings serve as standards of measurement of the natural hydrological regime. The periodic posts are intended
for a more detailed study of water resoUrces and may be closed after enough observational data have been collected
for the long-term yearly average discharge characteristics to be determined. The main network is distributed with a
view to a possible integration of the hydrological and meteorological services willIe still meeting the requirements
regarding the quantity and quality afwater. The specific stations are organized for the purpose of solving particular
scientific or applied problems. The stations are open for special programmes and can be closed again when these
have been completed. Provisional stations are organized when exploration surveys are being conducted for the purpose
of providing the necessary data for planning and building national economic projects. A number of these stations
are assigned to the Main Administration of the Hydrometeorological Service after the provisional work has been
completed.
The cost of designing and building hydrological networks for specific projects (hydropower stations and
other water·engineeting schemes) is met by these projects themselves. Afterwards, these networks are handed over
to the Main Administration of the Hydrometeorological Service.
The hydrological stations of the Main Administration of the Hydrometeorological Service are productive
and technical bodies of the regional directorates of the Hy drometeorological Service and they organize the work of
the observation stations and process the collected data.
Apart from the standard hydrological network of stations there exist also specialized stations (stations that
monitor water level, flood and run-off, and stations situated on lakes, swamps and river mouths). There are also
obselvatories which monitor hydrological processes and phenomena in detail and serve as experimental bases for the
scientific research organizations of the Main Administration of the Hydrometeorological Service. At present the
hydrological network of the Main AdminIstration of the Hydrometeorological Service and networks of other

UNION OF SOVIET SOCIALIST REPUBLICS

103

Ministries and departments consist of more than 8000 stations. Hydro-electric stations and water-engineering
systems are widely used to monitor the fun-off of controlled rivers. Along with fixed surface hydrological measuring
stations, water resources are also being studied and operational information gathered by means of field exploration,
and aerial and satellite surveys. For the future it is planned to increase the number of measuring stations in the main
network and introduce technical improvements by mechanizing and automating the system, primarily in the eastern
and northern areas of the cauntly.

5

Data processing and publication

Hydrological observation results are entered by the post supervisor into speciallog~books which, after initial
processing (calculation of averages and selection of limiting values, etc.), are sent within established time limits to
the hydrological station to which the given post is attached. At the hydrological station the data are verifled, analysed
for each river basin and transferred to perforated tape; the latter is sent to territorial or regional hydrometeorological
centres for use in preparing infonnation bulletins. The collection, processing and issuing of hydrometeorological
information are carried out within the framework of the State Water Survey and include water accounting data accord~
ing to a unified national system of quantitative and qualitative indices, lists of water users, and water utilization reports.
Information on the regime, condition and utilization of water resources is published annually. Multi-annual regime
trends of water resources and their utilization are published periodically (in years which are multiples of five or ten).

6

Hydrological forecasts

Methods for hydrological forecasts are worked out by the Hydrometeorological Centre, the State Hydrological
Institute and the regional scientific research organization of the Main Hydrometeorological Service. Operative hydro~
meteorological forecasts are also prepared at the Hydrometeorological Centre (for specific regions and certain important water bodies), regional hydrometeorological centres and forecasting bureaux of the Territorial Administration of
the Hydrometeorological Service which are usually equipped with computers. The simplest forecasts are prepared also
by the provincial hydrometeorological bureaux. Forecasts are issued for various terms and purposes including the
following: flood flow (including the water influx into large reservoirs), short-term forecasts of pluvial floods,longan-d shortaterm foreeasts -of stream flow (inel-ucl-ing forecasts for -vege-tation periods) for in-dividual irrigation regions,
long~ and short-term forecasts of the freezing and opening of navigable rivers, lakes, and water reservoirs (for navigation), etc. Physcioastatistical methods are used for forecasting. Numerical methods for short·term run-off forecasting
based on continuous evaluation of run-off hydrographs using mathematical water~balance models have found widespread application recently.

7

Research

Research studies are carried out by scientific research institutes, hydrometeorological observatories and weather
bureaux of the Territorial Administration of the Hydrometeorological Service and by specialized stations. Theoretical
and applied research is carried out in all fields of modern hydrology. Research results are published in the proceedings
of institutes, scientific journals, specialized collections, and monographs.
Besides the Main Administration of the Hydrometeorological Service, scientific research in the field of hydrology
is carried out by the Institute of Water Problems and other scientific research institutes of the Academy of Sciences,
scientific research institutes of the Ministry of Reclamation and Water Management, and a number of state universities.
Scientific research in the field of water resources and water balance is co-ordinated by the State Hydrological Institute.
In the field of hydrological forecasting methods research is co-ordinated by the Hydrometeorological Centre as well
as by special inter-departmental think tanks of the Main Administration of the Hydrometeorological Service and the
State Conunittee of the Council of Ministers for Science and Technology.
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Training

Post observers are given on-the-job training, the technical staff are trained at special hydrometeorological
technical schools, and the engineering personnel at hydrometeorological institutes at a number of universities. The
most highly qualified experts (with a "Candidate's" or Doctor of Science's academic degree) are trained at leading
scientific research institutes and universities. The U.S.S.R, helps other countries to train and improve the qualifications of their hydrologists.
9

Co-operation with international organizations and assistance to other countries

The Main Administration of the Hydrometeorological Service takes an active part in the work of international
organizations, and in particular that of WMO, Unesco, FAO and lABS. It also co-operates closely with hydrologists
in socialist countries which are members of the Council for Mutual Economic Aids and in the commission on the hydrology
of the Danube, On a bilateral basis it is also giving aid in the creation and development of hydrological services in a
number of developing countries, Together with the Ministry of Higher and Special Education the Hydrometeorological
Service annually organizes international courses at Moscow State University to improve the qualifications of hydrologists.
10

Service efficiency

The efficiency of the hydrological service is in the end determined by the economic effed of utilizing in
the national economy the major forms of the mass product produced by this service: performance information (data
and characteristics), the methods of hydrologic engineering calculations, day-to-day information on the current state
of hydrologic sites, warnings about dangerous hydrologic phenomena and hydrologic forecasts, as well as the results
of special applied investigations (taking into account the maintenance cost of the service itself). TIlls product is
implemented in long-term planning of the distribution of the productive forces (labour and capital), construction
designing, and the construction and exploitation of hydraulic installations, amelioration systems, waterways and
other national economic installations having to do with water use, The national economic effect of utilizing the hydrologic product in turn depends on the quality of this product (the reliabili ty of the data and the tlmeliness of the
forecasts and warnings), the degree of the complexity and variability of the hydrologic conditions (particularly the
presence, incidence and extent of dangerous hydrologic phenomena), the specificity of water USe and other factors.
Methods of assessing the economic efficiency of utilizing some of the forms of the hydrologic product (performance
characteristics, forecasts, the results of applied scientific investigations) have in recen t years been applied in certain
branches of the national economy, So far, efforts are being made to evaluate the economic efficiency of some of the
forecasts, warnings, performance references and scientific works on the basis of materials provided by organizations,
enterprises, statistical and planning bodies, in which the actual effect is indicated (including the extent of the damage
prevented) as well as on the basis of reports and summaries submitted by interested enterprises, organizations, ministries
and departments.

UNITED KINGDOM OF GREAT BRITAIN AND NORTHERN IRELAND"
1

Introduction

1.1
The United Kingdom of Great Britain and Northern Ireland is located between 50° and 60° north and
extends over the whole of one larger island, part of a smaller one, and over a considerable number of still smaller
islands. The total land area of the U.K. is approximately 244 000 km 2 : England occupies about 53 per cent of this
area; Scotland, Wales and Northern Ireland cover about 32 per cent, 9 per cent and 6 per cent respectively. No
place is farther than 130 km from the sea and the highest summit barely exceeds 1300 m above sea-level. The north
and west consist mainly of mountains and moorlands, in contrast to the flatter, undulating countryside of the south
and east.

1.2
The climate of these islands is usually described by such phrases as mild and maritime or damp and temperate,
but these words tend to hide some of the extremes that do occur and which are significant hydrologically. For example,
the average annual mean depth of precipitation over the United Kingdom is about 1000 mm, but in some areas in the
north and west the long~term average exceeds 4500 mm. Similarly, in some parts of south-eastern England the annual
average is little more than 500 mm. Over most of the country the mean annual daily maximum rainfall is between
25 and 90 mIll, but on a number of occasions more than 230 mm has fallen in a day at widely separated sites. The distribution of estimated actual evaporation is largely the reverse of the pattern for rainfall with the highest totals in the
south-east (500 mm per annum) and the lowest in the north-west (350 mm).
1.3
In 1974 the total population of the United Kingdom was in the region of 56 million. The figure for the
average density of population, some 230 per km 2 , masks the fact that about 88 per cent of the population is concentrated in towns and cities where densities of up to 5000 per km 2 occur. Most of these urban centres are found in a
belt extending from London and Southampton in the south of England to Liverpool and Leeds in the north. There
are of course cities of no mean size away from this belt, for example, Newcastle, Glasgow, Belfast and Cardiff, but
in general Lhe density ofpopulation in the north and west is under 100 per km 2 .
1.4
The economy of the United Kingdom is usually considered to be mixed in several senses of the word. In
terms of the number comprising the work force, about one-third of industry is classed as manufacturing, while less
than 4 per cent is concerned with primary production (agriculture, forestry, fishing, mining and quarrying). Most of
the remainder of the working population provide services of various types, for example, in transport, administration
and finance. Petroleum is the main source of energy and, although at present most of this fuel is imported, by about
1980 the U.K. is likely to become an exporter. Coal and natural gas are the other two most important sources of
energy.
1.5
The upper limit to the quantity of water available for use (the water resource) is generally taken to be the
difference between precipitation and actual evaporation. This water, the "residual" rainfall, causes rivers to flow and
it recharges aquifers, lakes and reservoirs. For the United Kingdom as a whole, the long-term residual rainfall is about
660 mm per annum. It is estimated that the annual residual rainfall in 95 per cent of years will be between 600 mm
and 720 mm. For 1974, the average daily per capita consumption was about 320 IHres, a figure which has been
increasing by about 2 per cent per annum over the last few years. There are, however, wide local variations. Nearly
99 per cent of the population has a piped water supply and about one-third of public water supplies comes from
groundwater.
'" © British Crown Copyright 1976: Produced by permission of the Controller of Her Majesty's Stationery Office.
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1.6
Of the total amount of water used in 1974, about 25 per cent went into the domestic water supply, about
40 per cent was employed in the generation of electricity (largely cooling water for thermal power stations) and
most of the remaining 35 per cent was used by industry. Less than 0.1 per cent was used for agricultural purposes,
including irrigation.

2

Role and goal of water in the national economy

2.1

The policy on water has six main aims:
(a) To ensure an ample supply of water of an appropriate quality to meet the growing demands of people,
industry and agriculture (making certain at the same time that water is not wasted);
(b) To provide adequate sewerage and sewage disposal facilities to cope with the natural increase in water
use and with new housing, industrial and agricultural developments;
(c) To ensure that the vital contribution of land drainage and flood protection to both urban and agri·
cultural areas alike is maintained and, where appropriate, expanded;

(d) To further improve the quality of the country's rivers and estuaries;
(e) To make the widest use of water space for other purposes, including recreation and amenities and, where
appropriate, the protection and development of salmon and freshwater fisheries and the provision of
water needed for navigation;
(fJ To have regard to the interests of those who may be affected by proposals for the development of water
resources in any of these respects.

2.2
Water availability in the U.K. is a regional rather than a countrywide problem: difficulties atise from lack of
coincidence of sources of supply and demand rather than from any fundamental lack of the resource. These difficulties
have in the past been overcome by the development of high-quality sources in areas of heavy rainfall and by construct~
ing aqueducts over distances of 80 to 120 km to the centres of demand. Alternatively, for towns and cities in the drier
parts of the country, water supplies have been taken directly from nearby rivers and aquifers. The pattern ofwater~
resources development is changing however. River-regulating reservoirs are being employed, particularly in England
and Wales, to control the pattern of flow and convey raw water to abstraction points close to areas of demand. The
conjunctive use of reservoirs and groundwater sources is being undertaken; there are some cases where the reservoirs
used in this way are filled by pumping from nearby rivers. Greater stress is being placed on the re~use of water and this
raises problems of water qualtiy. The flood risk in some areas has been lessened by the use of regulating reservoirs, but
alleviation of flooding continues to be based very largely on the provision of embankments, the issuing of flood
warnings and on adequate systems of field drainage. Few of the country's rivers are used for commercial navigation,
but the major rivers and the canals are used extensively by pleasure craft. Most rivers and canals, lakes and reser·
voirs are employed for a variety of other water-based recreations.

3

Water resources management

3.1
Between 1973 and 1975, with the passing of three Acts of Parliament, the management of the water
resources in the United Kingdom experienced a major change. Previously the management system 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. Instead, the emphasis was placed on large multi-purpose bodies whose responsibilities embraced the
whole water cycle. The Water Act (1973) established ten regional water authorities in England and Wales; the
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responsibilities of these bodies extend beyond river management to all aspects of water lise, 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 assumed the duties of a regional water authority) other than those ofland drainage and
fisheries, in addition to the functions of government. Responsibility for arterial land drainage in Northern Ireland
rests with the Department of Agriculture (Table I). 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).

3.1.1
The NWC provides a forum for water authorities to discuss matters of common interest, it promotes
efficiency within the industry and provides a common service for authorities. Amongst its other functions, the
NWC is responsible for training the staYf of the industry. It advises Ministers on matters relating to the national
policy for water. The WSAC advises the Secretary of State for the Environment, the NWC and water authorities
on the uses of water for recreation and amenities and provides a link with other bodies active in these areas. Both
the NWC and WSAC are statutory bodies, bnt the NWC does have minor responsibilities in Scotland.
3.1.2
The functions of CWPU are to review the national and strategic aspects of water services planning and
operation in England and Wales. It identifies problems likely to arise from possible long~term developments. It
carries out and promotes related studies, including the development of planning techniques. CWPU provides a
service to NWC. water authorities and government and it has freedom to publish its independent assessments.
3.1.3
The role of WDU is to advise on the information requil"ed for water-management purposes and on the
systems to be adopted for collection, processing, storage and publication of such data, to ensure the establishment
TABLE I
ENGLAND AND WALES

Water authoritieg
North West
Northumbrian
Yorkshire
Anglian
Thames
Southern
Wessex
South West
Severn-Trent
Welsh National Water
Development Authority

SCOTLAND

R iva purification boardg
Highland
North East
Tay
Forth
Clyde
Tweed
Solway

Regional authorities
Highland
Grampian
Tayside
Fife
Central
Lothian
Strathclyde
Borders
Dumfries and Galloway
ISLAND AREAS
Orkney
Shetland
Western Isles

NORTHERN IRELAND

Department of the Environment (Northern Ireland)
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of common standards and methods of data collection by water authorities and to collate and publish such data as
are required on a national basis. The Unit is an integral part of the Department ofihe Environment.
3.1.4
The WRC has been established as the central research organization for water in the United Kingdom. It has
been formed by uniting two former research laboratodes and part of the superseded Water Resources Board. The
Centre has been planned to serve the needs of the water authorities) but it also provides a service to the Government
and to industry and other members. It is financed by subscriptions from its members and by the Government and is
controlled by an elected Council which has representatives from the water industry, the Government and other
interests. The Centre has a multi-disciplinary staff and well-equipped laboratories.
3.2
There are also other research organizations concerned with more specialized aspects of fresh water such as
the Freshwater Biological Association, the Institute of Geological Sciences, the Instihlte of Hydrology, the Hydraulics
Research Station, the Institute of Tenestrial Ecoiogy, the Meteorologicai Office, the Fieid Drainage Experimental
Unit of the Ministry of Agriculture, Fisheries and Food (MAFF) and the fisheries iaboratories of MAFF, the
Department of Agriculture and Fisheries for Scotiand (DAFS) and other bodies.
3.3
It is the duty of the Secretary of State for the Environment and the Minister of Agriculture, Fisheries and
Food to promote jointly a national water policy for England and Wales. The Secretary of State for Scotland and the
Secretary of State for Northern Ireland have similar responsibilities. The Secretaries of State and the Minister have
the duty to secure the effective execution of these policies and they may give water authorities directions of a
general character to this end.

4

The hydrological service

4.1
There is no single body within the U.K. Ihat has all the responsibilities of the hydrological service as set
out in the guidelines for the preparation of this note (Le. responsibility for networks, handling of data, publications,
hydrological forecasting, research, training and contact with international organizations other than WMO). In these
terms, the U.K. hydrological service is an amalgamation of a number of bodies, each contributing through part of its
activities. However, of the national bodies, the tasks of the WDU are closer to that described than those of other
national bodies, so that for the purposes of this paper the hydrological service is considered to consist of the Water
Data Unit, in co-operation with the water authorities, the Scottish Development Department, the river purification
boards, and a number of other bodies. In particular, the Meteorological Office is the central body for collecting and
processing rainfall and other climatological data.
4.2
The activities of WDU fall into two main categories: data acquisition and computing services. In addition,
the Unit promotes research within the fields of its responsibility; it also publishes, jointly with the Scottish Development Department and the Department of the Environment (N.J.), the national year books and reporls containing
water data. Uaison with international organizations other than WMO is another of the tasks of the Unit. These
bodies include ISO, WHO and Unesco. The WDU provides a processing and archiving service to the water authorities,
the Scottish Development Department and the Department of the Environment (N.l.) for the national collection of
river flow and groundwater records. The Meteorological Office collects rainfall and other climatic" data, some of which
are presented in a digested form to WDU. The CWPU confirms details of the geological characteristics of the wells
and boreholes in the WDU archives.
4.3
River-flow data are collected from the authorities who operate and maintain all river-gauging stations. These
data are mostly in the form of l6-track or 5-track punched paper tape. Some chart records and manuscript records
are also obtained and these are used mainly for the extraction of the highest instantaneous flows in floods. The Unit
operates a translation service for the punched paper tapes, about 600 tapes being received each month. The daily
mean flows obtained from these tapes are entered in the archives along with the corresponding mean monthly depth
of rainfall for the basin above each gauging station. Records of water levels in wells and boreholes are collected from
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authorities, mainly in chart and manuscript form, and entered in the groundwater archives. The archive is based on
an ICL 1904S computer with InK x 24 bit words of core store augmented by a backing store of one magnetic drum,
six exchangeable disc transports and eight magnetic tape decks. Among the peripherals are a graph plotter and a train
printer and there is also a communications network with remote job-entry terminals in various water authorities
(CWPU and WRC). The largest part of the archive is held on magnetic tape: it consists of some 13 000 station years
of daily mean river flows and 3000 station years of well levels. A retrieval system exists which permits data to be
obtained in a variety of forms and a number of programs have been developed for manipulating the data in different
ways.
4.4
The organizational diagram ofWDU is shown in Figure 1. The Unit has approximately 70 staff of whom 20
are qualified professionally. The total number of staff employed in the other bodies involved is of course considerably
larger than this and of these probably 4000 to 6000 are either wholly or partly involved in operational hydrology and
river management.

Policy
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supervision
Liaison
Instrumentation
Research

Computing services

Head
Data Acquisition

Head
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line programming spec.
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Figure I-Organization of the Water Data Unit

Tape library
Data handling
Data preparation
Data validation
Data archiving
Data retrieval
Computing service
to all sections,
WAs and central
organizations

110

UNITED KINGDOM OF GREAT BRITAIN AND NORTHERN IRELAND

4.5
The hydrological network is operated in the field by the water authorities, the river purification boards,
the Scottish. Development Department and the M.eteorological Off1ce, with the co-operation of a number of other
bodies and individuals. The network consists of the following components:
(aj Nearly 7000 observer-read raingauges:
(b j Nearly 1000 rain recorders;
(c) Over 600 climate stations, the records of some of which can be used for estimating evaporation;

(dj About 1300 river gauges;
(ej About 2500 wells and boreholes.
The observations of rainfall and climate are collected and processed by the Meteorological Office. In addition, there
is a large number of sites on rivers where water samples are taken in order to assess water quality. At most of these
sites the frequency of sampling may be daily, weekly or less often, but there are some where automatic water-quality
monitors are in operation.

It is the task of WDU to ensure uniform standards of data collection, storage and retrieval, and this is achieved
4.6
through the activities of working groups set up by water authorities and the other bodies concerned. Some of these

working groups are run directly by WDU, others are serviced by WDU under the aegis of the British Standards Institution. A large part of the data obtained from the field is transmitted by post to the regional or central agency concerned. In the case of the punched tape records from water-level recorders processed at WDU. these records are put
through a series of quality controls before daily mean flows are entered in the archive where they are stored on
magnetic tape. Retrievals from the archive are obtained through anyone of a series of options which specify the

form of the output from the computer.
4.7

The Surface Water Year Book of Great Britain (to be renamed Surface Water United Kingdom for the next

issue) contains details of river-gauging stations and their records. The Groundwater Year Book contains similar details

for wells and boreholes in England and Wales. British Rainfall, which is produced by the Meteorological Office, is the
source uf information about the network of observer-read raingauges and the records they produce. The annual
publication produced by WDU, entitled Water Data, includes selected records of rainfall, evaporation. river flows,
floods, well levels and river-water quality for the previous year. A large number of reports have been produced on particular aspects of hydrology by many organizations, including the former Water Resources Board, the Central Water

Planning Unit, the Institute of Hydrology, the Institute of Geological Sciences, the Water Research Centre, the
Meteorological Office and the Scottish Development Department.
4.8

Hydrological forecasting for flood warning and river regulation is largely the concern of individual water

authorities. One exception is the river Dee where WDU, CWPU, WRC, the Meteorological Office and the Institute of
Hydrology are co-operating with the Welsh National Water Development Authority in devising an operational strategy
for the control of the river based on an extensive network of telemetering instruments, including a weather radar,
a computer and several regulating reservoirs.

4.9

The research promoted by WDU is mostly involved with methods of acquiring data. The development of

river-flow measurement by ultrasonic and electromagnetic methods is being investigated, together with means for
improving the more traditional types of flow-gauging station. The Unit is also involved in studies of the remote
sensing of snow-water equivalent and soil moisture and in automatic water-quality monitoring. The research pro-

moted by CWPU in this field is concerned largely with the techniques of employing hydrological records for waterresources planning and development. WRC hydrological research is designed to support water authorities in their
management of water resources. Some of the work is being undertaken in collaboration with WDU and CWPU. Both
basic and applied research is undertaken at the Institute of Hydrology and the same applies to the hydrogeological
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research carried out by the Institute of Geological Sciences. Part of the research programme of the Meteorological
Office is concerned with hydrometeorology.

4.10

Training of staff in the hydrological service is undertaken very largely through the courses provided by the

Training Division of the NWC. There are various courses, usually of one or two weeks' duration, at different levels,
from hydrological technicians upwards. There are courses in hydrology in a number of universities and colleges;
most of these are at the postgraduate level.
4.11
The WDU has contacts with a number of governmental and non-governmental bodies concerned internationally with water and is represented on the U.K. Interdepartmental Committee on International Hydrology.

Other than WMO, the principal international bodies are ISO, Unesco, WHO and lARS. The Unit is represented on
the ISO Committee on Flow Gauging and has provided one of the U.K. observers at the Intergovernmental Council
of the IHP. The Unit has provided consultants to WHO in respect of its water·quality programme and is involved in
its work on the design of water-quality networks. The Unit is represented on the International Bureau of IAHS.
5

Effectiveness of the hydrological service

Because the whole of the water industry has been re-organized very recently, it would be premature to
comment on the effectiveness of the hydrological service. However the reduction of the number of bodies involved
in collecting and processing hydrological information has provided an improved framework for management of
water resources.

UNITED STATES OF AMERICA

1

Introduction

1.1

PHYSICAL DESCRIPTION

The United States of America covers a total area of 9 363 330 kIn2 of which 9 184 685 kIn 2 is iand and
178645 km 2 is water, exclusive of the Great Lakes. Of this total area more than 99 per cent is contained in the
48 conterminous states and Alaska. The remainder consists of Hawaii, Puerto Rico) the Virgin Islands, and the
various South Pacific Trust Territories. The Mississippi River system with its major tributaries, the Missouri and Ohio
Rivers, drains one third of the United States. The proximity of the United States to the major land masses of Mexico
and Canada and to the Pacific Ocean with its Japan Current, and the Gulf of Mexico and Atlantic Ocean with its Gulf
Stream Current has a profound effect on the climate of the country. Also of great importance to the climate, and
thus the water resources of the country, are two mountain ranges: the Cascade Range (Sierra Nevada in the west) and
the Appalachian Mountains in the east. In the eleven western states, over 70 per cent of the usable water originates in

the high-altitude forested lands - mostly from the melting of the winter's accumulation of snow.
1.2

CLIMATE

The United States, including Alaska) Hawaii, Puerto Rico, and the Virgin Islands, spans four climatic
zones: Arctic, Telnperate, Subtropical and Tropical. The conterminous 48 States lie completely within the Temperate
Zone although the extreme south of Texas and Florida are often classed as subtropical. The conterminous states can be
divided into seven physical regions, each of which is characterized by a more or less homogeneous climatic regime

(see Figure I).
1.3

POPULATION

In recent years) the rate of growth has been declining and has averaged about 1.1 per cent per year. The

present (1975) pnpwatlon is estimated at 213400 000 p~eople which comprises about 5 per cent of the world's
total. Since 1910, the population has shifted from rural to urban areas. About 68.5 per cent live in metropolitan
areas of 50 000 or more. Gfthe total population, nearly 13 per cent live in the three largest metropolitan areas

(New York, Chicago, and !J:>s Angeles-!J:>ng Beach), and 54 per cent of the population live within 50 miles of a
coastal shoreline) including the Great lakes. By the year 2000 the total population is expected to increase to

between 271 and 322 million people.
1.4

GENERAL ECONOMIC STRUCTURE

The productive capacity of the United States encompasses all phases of economic activity. In 1974, the

Gross National Product of goods and services was $1383 billion. The United States is agriculturally self sufficient
and exports substantial amounts of farm goods. About 86 million people are employed out of a labour force which
is estimated to be in excess of90 million. Annual expenditures on personal goods and services exceed $805 billion.
Of the 75 million dwelling units in the United States, 64 per cent are owner occupied. Each year the United States

produces 35 per cent of the world's electricity, 60 per cent of its natural gas, 70 per cent of its lead, 66 per cent of
its molybdenum) and 25 per cent of its crude oil, coal, steel, bauxite and copper.

1.5

GENERAL DESCRIPTION OF WATER RESOURCES

Water is generally abundant in the United States. Of the average 760 mm (30 inches) of precipitation
that falls annually as rain and snow on the 48 conterminous States, 550 mm (twenty-one and a half inches) is
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Figure 1-The main geographical regions of the United States

evaporated and returned to the atmosphere from vegetation, the soil, and water surfaces. The other 210 mm (eight.

and-a-half inches) runs off the land surface into the seas, by way of streams and aquifers. Present withdrawals (1975)
are estimated to average about one~third of the potential supply, and consumptive use is probably less than one-tenth
of the potential supply. The occurrence of surface water, although very large in quantity in some parts of the United
States, is quite variable from place to place and from time to time, whereas groundwater is available from nearly all
parts of the nation, but under a wide valiety of conditions of quantity, quality, and accessibility. About one-fifth
of all water used is groundwater, including one-third of all water used in public water systems. In many areas of
the south west, such as in the high plains of Texas and New Mexico, more water is presently withdrawn from wells
than is replenished naturally each year by precipitation; consequently, water levels are steadily declining as the
water is "mined".
1.6

WATER RESOURCES AVAILABLE ANNUALLY AND WATER CONSUMPTION PER CAPITA

Each of the eighteen regions in the United States comprises a major river basin or group of river basins (see
Figure 2). For purposes of simplification, the "available" water supply is equal to the average annual runoff. In

1970, per-capita use of public supplies averaged 630 litres (170 galions) per day nationwide for 165 million people
served by public water systems; about 280 litres (75 galions) of this amount was used for residential purposes
(household uses and lawn watering).
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Figure 2-Map of the United States showing the 21 water resources regions

1.7

DISTRIBUTION OF WATER UTIUZATION BY CATEGORY OF USE

Water is withdrawn for agriculture (largeiy irrigation), industry, and public supplies (see Table I). Over
3170 billion gallons (12 000 bm 3 ) of water ~ about eight times the average daily flow of the Mississippi River ~ are

funneled daily through water pipes, turbines and irrigation systems to meet the needs of homes, factories, farms,
and powerplants.

2

Role and goals of water in the national economy

2.1

THE NATIONAL GOAL

The national goal of the United States is to foster, in co-operation with the state and local governments
and with the citizenry in general, the improvement and stability of the social, political and environmental wellbeing of its people, in addition to carrying out, in a respected manner, suitable responsibilities on the world scene.
2.2

ROLE OF WATER IN SECURING NATIONAL GOALS

Although water developments have had significant impacts on regional development and population
distribution in the past, their role in economic development diminishes as a higher level of economic development
is attained. Under certain circumstances, water-development projects still playa significant role in increasing
economic activity and employment opportunities in local areas, but in most instances such projects are no longer
the major determinant. However, governments at all levels have an important and continuing role to play in the
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TABLE I
Availability and use (withdrawals) of water in the United States, 1970, by water-resources regions
Available water
(arbitrarily shown as equal
to average annual rUlloff)

Area
Population
in 1970

Water

{lOOO

reSOUfces

region
New England
Middle Atlantic
South Atlantic - Gulf
Great Lakes
Ohio
Tennessee
Upper Mississippi

Lower Mississippi
Souris-Rcd-Rainy
Missouri

L

Arkansas-White- Red

Texas - Gulf
Rio Grande
Upper Colorado
Lower Colorado
Great Basin
Columbia - North
Pacific
California - South
Pacific
United States - conterminous 48
States
Alaska
Hawaii
Puerto Rico
United States - 50
States and
Puerto Rico

(lOOO
people)

square
miles)

{lOOO
square
kilometres}

II 520
38401
23445
29104
20009
3234
l2733
6265
808
8489
6670
9499
1617
404
2223
1213

59
102
270
126
163
41
190
96
59
515
265
175
136
137
185

153
264
699
326
422
106
492
249
153
1334
686
453
352
285
355
479

6468

271

702

20009

120

311

202 113

3020

7822

302
770
2712

205 897

lIO

590
6.4
3.4

3620

(inches
per

(billion
gallons

yeal)

per day)

24
18
15
12
16
21
7.2
17

{cubic
metres
per

second)

gallons
per day)

per
second}

9.7
45
35
39
36
7.9
16
13
0.3
24

420
2000
1500
1700
1600
350
700
570
13
lIOO

12
21
6.3
8.1
7.2
6.7

(gallons

(litres

per day
per

per day
per

capita)

capita)

530
920
280
360
320
290

30

1300

4700

18000

2700

48

2100

2400

9100

53000

360

16000

1800

6800

830
3500
lIOO

3100
13000
4200

1800

6800

210

9200

9.0

62

8.3

1200

16

(cubic
metres

3200
4500
5700
5300
6800
9100
4900
7900
1500
11 000
6800
8300
15000
76000
12000
21000

2900
3700
8800
3300
5300
1800
2900
3500
270
2400
3200
1400
220
570
140

2.2

(billion

1200
1500
1400
1800
2400
1300
2100
390
2900
1800
2200
3900
20000
3300
5500

67
84
200
75
120
41
65
79
6.2
54
73
32
5.0
13
3.2
7.5

2.2
6.0
3.9
0.8
2.5
0.5
1.0

Withdrawals (J 970) for public supplies,
rural domestic and livestock uses,
irrigation, and self-supplied industry

330

1528
16.6
8.8

-

-

-

0.2

44

13

570

2.7

-

-

-

3.0

9376

-

-

-

370

8.8
120
130

16 000

840

[Note: Availability and use data are estimates, and have been rounded to 2 significant figures.}

social well·being of the nation by striving to obtain and maintain potable and resource-supportive water supplies in
all parts of the country. Other water-related phases of the national goal include solving or alleviating problems
related to floods, droughts and waste dIsposal.

22.1

Water as a limiting factor in national development

As the nation grows, the limitation in water and related land resources available to competing regions
becomes more important from a national viewpoint. Currently, there are inadequate techniques for measuring
the restraints that inadequate water and related land resources may place on economic growth, or the inducement
that adequate supplies may offer. Shortages of water of suitable quality may render an area unattractive for
industrial development. Flood hazards may restrict development. Too much or too little water tends to interfere
with the development of a viable economy and results in under-utilization of resources.
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2.2.2

Water in agn"culture

While precipitation, particularly rainfall, directly supplies most of the water required by agriculture,
irrigation is practised on 10 per cent of the farms in the nation. This small proportion of irrigated land is deceiving,
because nearly 20 per cent of the value of farm crops is produced on this acreage. In many arid and semi-arid parts
of the country, irrigation makes the difference between modestly productive rangelands and large scenic areas suitable for recreation on the one hand and highly productive crop and pasture lands on the other. About two-thirds of
the total water for irrigation is taken from surface water (lakes, streams and reservoirs), and the remainder is from
groundwater. Irrigation use consumes about 60 per cent of the total withdrawals, about 20 per cent of which is lost
during conveyance.
2.2.3

Management problems

Federal, state, and local government laws, policies, and administrative regulations all influence water use
for agriculture. The multiplicity of districts and agencies with jurisdiction over water resources development also
poses a management problem because each has its own area of jurisdiction, regulations, and programmes, many of
which overlap. Also, in many instances water laws and regulations actually obstruct rather than assist optimum
utilization of the resource by preventing the orderly transferral of water from one use to another, or from one agricultural use (or form) to another. In the eastern states, the riparian doctrine is the basis for water law, and in general,
the western states adhere to the appropriation doctrine.
2.2.4

Trends in use and control

Technical changes in irrigation development include changes in water storage, conveyance and application
methods for the conservation of existing water supplies. Control of phreatophytes makes additional water available
for irrigation use in some areas. Seepage losses during conveyance have been drastically reduced where irrigation
canals have been lined with concrete and other impervious materials. In some areas, the amount of water applied
per acre has been reduced by sprinkler irrigation. Adoption of these measures has enabled some farmers to irrigate
more acreage with the same withdrawal and others to maintain the same acreage with smaller withdrawals. The
cost of farm production is another factor that has influenced irrigation development because farmers generally are
interested in irrigation as a means of reducing unit costs of production by increasing yields. In some localities, the
level of economic activity has been related to irrigation development. Both the construction expenditures for
i-rri-gation rese-rvoi-rs and canals and the iUGrea-sed returns from irrigat-ed crops haves-timulated the local economies
where these practices were introduced. Conversely, local economics have suffered where water deficiency has forced
cutback in irrigated acreage.

2.2.5

Projected agricultural water requirements

Future use of water for irrigation will depend upon several factors - primarily climate, cropping pattern,
acreage irrigated, and the level of efficiency in the use of water. Projections for irrigated land in the U.S. are:

Year

Millions of acres

1980
2000
2020

49
56
62

The projected acreages assumed to be irrigated should be regarded neither as predictions nor as goals for development.
They are based largely on trends during the past twenty·five years (1940-1965) as modified by expectations of avail·
able water supply and increased use of irrigation on high-profit crops.
2.2.6

Water in industry and power production

The economy of the United States depends heavily on water as a source of energy and for the development
of energy. Conversions to major energy sources other than oil and natural gas will increase water demand for industry
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and power production. Groundwater may furnish more water for energy production in the future than it has in the
past.

2.2.7

Water supply for public use

As a result of population increases and increased commercial and industrial use of municipally-supplied water,
a greater demand on water from public-supply systems is likely to occur as time goes by. Large cities in the United
States generally depend upon surface-water supplies, whereas smaller cities and towns have obtained their supplies
largely from groundwater. Because most large surface-water reservoir sites have already been developed, groundwater sources are likely to be tapped to meet much of the increasing demand.

2.2.8

Water-control structures

Flood-control objectives are accomplished by reservoirs (for temporary storage of excessive flows),
and by local protection works. Local protection is provided by channel enlargement, removing obstructions, COll~
structing levees, channel paving, and by stabilizing banks with stone and concrete. Reservoirs constructed for
flood control often include additional storage capacity for multi-purpose uses, such as for municipal and industrial
supply, navigation, irrigation, development of hydro-electric power, conservation, and recreation.

2.2.9

Navigation

Navigation in harbours and inland waterways remains one of the most important parts of the nation's
transportation system. River and harbour improvements to assist in the development, conduct, and safety of waterborne commerce is accomplished by deepening and widening waterways.

2.2.10

Recreation

Today, recreation is an important consideration in calculating costs and benefits of water-development
projects. Whereas flood control provides an ultimate benefit, recreation oppOliunities are available to the public
virtually on a daily basis.

2.2.11

Problems of water quality

Water quality in the United States varies widely as a result of large differences in climate, geologic setting,
population concentration, and agricultural and industrial development. Undesirable sanitary quality of water and
pollution from trace metals or organic chemicals are problems in some localities. The eastern and north-western
parts of the United States have moderately high annual precipitation and are generally forested. Throughout these
areas, surface water is low in dissolved-solids content, but levels of nutrients are sometimes moderately high. In the
central part of the United States, nutrient levels are also moderately high - a result of agricultural operations and
the processing of agricultural products. Dissolved-solids concentrations in surface waters generally range from 250
to 1000 mg/l. Throughout the Rocky Mountains, stream water generally is the result of snowmelt runoff and is of
good quality. Dissolved-solids concentrations are low, but problems of high metal concentrations are associated
locally with mining development. In the Great Basin and in the south-western part of the United States, water
quality is highly variable. Dissolved-solids concentrations tend to be rather high because of high evaporation rates,
small amounts of precipitation, the presence of salt deposits, and the effects of irrigated agriculture.

2.2.12

Anti-pollution measures

Most measures for the control of pollution in the United States, with the exception of municipal waste·treatment
plants, have been instituted over the past 20 years. Strong anti-pollution legislation during the 1960s and 1970s has
required treatment of most forms of municipal, industrial, and localized agricultural wastes. Legislation passed in
1972 sets as the national goal "that discharge of pollutants into the navigable waters be eliminated by 1985". The
same legislation provides for an interim goal that "water quality which provides for the protection and propagation
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of fish, shellfish, and wildlife and provides for recreation in and on the waters be achieved by July 1, 1983".
Standards of water quality now exist for all surface waters in the United States, and provisions have been made for
the regulation of all discharge from point sources. Strongly-worded legislation, passed in 1974 for the protection of
drinking water, greatly restricts the discharge of materials that may affect the '[uality of groundwater.

3

Water resources management

In the United States, management of water and related land involves several Federal departments and
agencies, numerous regional organizations, one or more agencies in every State, thousands of municipal and county
governments, hundreds of special distdcts, and innumerable private entities. These government agencies, private
companies, and individuals have constructed about 1400 major and many more minor reservoirs, thousands of
miles of conveyance and distribution systems, and millions of wells. Management of flood·waters and reduction
of flood losses are also provided by channels, levees, and watershed treatment; by regulation of land use; and by
flood·proofing facilities on the flood-plain. These measures may be accompanied by flood·warning systems, disaster
operations, and flood insurance. Growing concern with the effects of ever·increasing pollution loads on the nation's
streams, lakes, and coastal waters has stimulated a vigorous national effort for water-quality management. Technical
and financial assistance for waste·treatment measures and establishment of suitable water-quality standards are the
major thrusts of this effort. Preservation and enhancement of the water-related. natural environment must be
balanced with the objectives of economic development in water resources planning, and reasoned choices must be
made among sometimes conflicting objectives. The discussion that follows is limited to the role of the Federal
government in water resources management.
3.1

OPERATIONAL ORGANIZATIONS

At the Federal level, the U.S. Army Corps of Engineers constructs, operates, and maintains dams and
other facilities on most of the nation's navigable rivers for flood control, navigation, hydro-power, water supply,
and other purposes. The Corps also undertakes harbour improvements, including dredging, shore erosion, hurricane
protection, and other works on the coastal and major inland shorelines. The Bureau of Reclamation in the Depart·
ment of the Interior constructs, operates, and maintains multi-purpose dams and irrigation distribution and
drainage systems in the 17 western states. The Soil Conservation Service of the Department of Agriculture constructs
small dams and a variety of water- and erosion-control structures throughout the nation which are operated and
maintained by individuals and co-operating non-Federal organizations. Watershed lands owned by the United States
are administered by Fe-deralland-management agencies. These include-the Forest Serviee{national-forest systg.m)
of the U.s. Department of Agriculture; the Bureau of Land Management (public domain), National Park Service
(national park system), and Bureau of Sport, Fisheries and Wildlife (wildlife refuge and game reserves) of the U.S.
Department of the Interior~ and the Department of Defense (military reservations).
3.2

REGULATORY ORGANIZATIONS

Under the Federal Water Power Act of 1920 (now called Part I of the Federal Power Act), no State,
municipality, nor private entity may build a structure for hydro-electric power generation on navigable waters, or
on any stream over which Congress has jurisdiction where the project affects interstate commerce, or on the
public lands or reservations of the United States without a license from the Federal Power Commission. No dredging
or other activity affecting navigable waters may be carried out without a permit from the Chief of Engineers, U.S. Army.
In some cases, structures affecting navigable waters may not be built unless authorized by an Act of Congress. The
Environmental Protection Agency promulgates drinking water standards which, although technically relevant only to
interstate water supplies, have been widely applied locally. Problems relating to water pollution are also under the
jurisdiction of the Environmental Protection Agency. In the realm of joint State-Federal regulation, the most important recent development is the enactment by Congress of the Clean Water Restoration Act of 1966 which establishes
a joint State-Federal procedure for the establishment of water-quality standards for all interstate waters. Under the
legislation, the States are given the first opportunity to establish such standards, subject to Federal review and
approval. Enforcement procedures are available to obtain compliance with the standards in the event that voluntary
co-operation is not successful.
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CO-ORDINATION AND PLANNING

In the Federal Government, the basis for co-ordinating water resources planning, research, and develop·
ment activities was established in 1965 by Public Law 89-90. The Water Resources Council was formed under Title I
of this Act and is composed of the Secretaries of Agriculture, the Army, Commerce, Housing and Urban Development, Interior, Transportation, in addition to the Chairman of the Federal Power Commission, and the Administrator
of the Environmental Protection Agency. Title II of the Water Resources Planning Act provides for the establishment of river basin commissions composed of a chairman appointed by the President, one member appointed from
each of the Federal Departments or agencies having a substantial interest in the work to be undertaken, one member
from each of the states which lies wholly or partially within the jurisdiction area of the commission, and one member
from each appropriate interstate compact agency. The vice·chairman is elected by the State members. River basin
commissions are authorized to co-ordinate Federal, State, local, and private planning; to prepare and keep up to
date a comprehensive, co-ordinated, joint plan for water and related land-resources development; to recommend
priorities for data collection, investigation, planning, and construction of projects; and to submit to the Water
Resources Council recommendations for implementing the comprehensive plan. Commissions do not have authority
to construct or operate projects.
3.4

TECHNICAL AND FINANCIAL ASSISTANCE

A major institutional arrangement is for financial and technical assistance between levels of Federal, State,
and local governments and private entities. The conditions attached to Federal assistance have an important influence
upon the programme carried out by the recipient. Federal financial aid is in the form of loans and grants for water
resources development and technical assistance, including programmes for small watersheds, soil conservation, rural
and community facilities, open space acquisition, recreation, water supply, and sewage treatment.

3.4.1

Research

Recognition of the necessity for intensive and comprehensive water resources planning and management
has been accompanied by an awareness of the need to maintain a vigorous and co-ordinated water resources research
programme. To advance such a programme, a committee on Water Resources Research, with membership from all
Federal Research agencies concerned, is attached to the Department of the Interior to identify needs and priorities
in various research categories, to recommend programmes to meet these needs, and to facilitate co·ordination and
communication throughout the research field. The Water Resources Research Act of 1964 provided for establishment of a water resources research institute in each of the 50 States and Puerto Rico. Funds are made available to
these institutes in the form of allotments and matching grants. Considerable research is also contracted to educational
institutions and other research and industrial organizations.

3.4.2

Water resources data

The collection of basic hydrologic data in the United States by the Federal Government is centred in the
Department of Commerce and the Interior. The Department of Commerce is the principal collector of hydrometeorological data, operating nationwide networks that provide data on precipitation, snow depth, water
equivalent of snow on the ground, evaporation, river ice, and humidity. The Department of Commerce also
operates a network of river-stage stations as a part of its flood·forecasting activity. The Department of the Interior
is the principal source of hydrogeological data and is responsible for co-ordinating Federal water-data acquisition
activities, many of which are carried out in co-operation with the States. It operates nationwide networks for the
collection of data on surface water, quality of water and groundwater, and conducts a continuing programme of
special water investigations which also generate water-resources data. Other Federal departments also collect hydrological data, notably the snow and soil-moisture surveys of the Department of Agriculture. Hydrological data are
collected periodically by Federal agencies at about 20 000 surface-water stations having three or more years of
record, at about 6000 water-quality stations having three or more years of record, at about 15 000 precipitation
stations, at several thousand observation wells, and at hundreds of snow courses.
J
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lYfanpower

Over 20 000 professional people are employed in water resource-related activities throughout the United
States. They are engaged in planning, designing, constructing, and operating water facilities. Related activities
include water-quality management and pollution abatement, fish and water·fowl conservation, water·based recreation,
soil and water conservation, and public health. Research involves scientists, engineers and economists, covering the
entire field of water resources from institutional management to the search for new water supplies through desalination and weather modification. Legal and public administration activities also engage a number of specialists in the
field of water resource-related activities. Federal, State, and local governments are the principal employers. University
faculty members are involved in water resources research and training, and industry utilizes a substantial but
undetermined number of professionals by direct employment and through consulting and contract arrangements.
3.4.4

Other financial assistance

In recognition of the need for increased participation by the States in water and related land resources
planning, the Water Resources Council is authorized under Title III of the Water Resources Planning Act to make
grants to States to assist them in the development of comprehensive water and related land resource plans. State
programmes are to provide for comprehensive planning with respect to intrastate or interstate water resources, or
both, to meet the needs for water and water-related activities.
4

The hydrological services

In the United States the hydrological services are vested in several national agencies according to their
assigned missions. The principal agencies with national responsibilities in operational hydrology are the following:
fa) The Corps of Engineers which plans, designs and operates reservoirs for flood control, water supply,
power generation and regulation;

(b) The Geological Survey which appraises the quantity and quality of water resources for operational
hydrology;
(e) The National Weather Service which operates a river and flood forecast and warning service for the
-nation;
(d) The Soil Conservation Service which plans, designs and operates small watershed protection structures
auda ·snow·surveyand water supply forecasting service for Agriculture.

Other national agencies have hydrological programmes oriented towards meeting specific regional missions such as
the Tennessee Valley Anthority (TVA) in the eastern U.S. and the Bureau of Reclamation in the western U.S.
4.1

THE HYDROLOGY PROGRAMME OF THE CORPS OF ENGINEERS

4.1.1

Level of responsibility

The Office of the Chief of the Corps of Engineers, an agency of the U.S. Department of the Army, is
located in Washington, D.C. Under the jurisdiction of the Chief of Engineers are eleven Division Offices; ten of the
divisions cover watershed areas within the continental United States. The other Division is located in Hawaii. The
geographical locations of Division Offices are implied in their names, as Ohio River Division or North Pacific
Division. Under the ten continental United States Divisions are a total of 36 District Offices. These District
Offices undertake studies and manage contracts, and the Division offices have the major review responsibility. The
Office of the Chief provides policy guidance and programme management.

4.1.2

Fields covered by the hydrological service

At headquarters level and throughout all field installations, there is close liaison between related disciplines
such as hydrology, hydraulics, soil mechanics, and geology. Additionally, the Corps of Engineers maintains a staff
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of meteorological consultants and technical expertise at several laboratories. The Hydrologic Engineering Center at
Davis, California, serves the entire Corps. By means of programmes in research, training, methods systemization, and
special assistance, the Hydrologic Engineering Center attempts to bridge the gap between the academic community
and practising hydrologic engineers and planners. Also, the Center incorporates new hydrologic engineering procedures and techniques into manuals, and comprehensive computer programs.

4.1.3

Activities and responsibilities afthe hydJVlogical service

The hydrological service of the U.S. Army Corps of Engineers is palt of the Civil Works Directorate which
provides projects and services for the direct benefit of the general public. Under the Directorate, the hydrological
service supports a variety of activities including navigation, flood control, water supply, power generation, recreation,
environmental protection and regulation, and regional water resource planning. Hydrologic studies are required to
plan alternative problem solutions, to design facilities, to manage flood plains, to formulate operation plans and
to estimate the environmental impacts of management decisions. Continuity in the planning, design, and operation
stages of a project is required; and project objectives and accomplishments must be communicated to a variety of
interested parties. Hydrologic engineers within the service must be fully acquainted with all aspects of a project
and must effectively document all their work.

4.1.4

Organizational structure of the hydrological service

The hydrological service is headquartered in Washington, D.C., and staffed by nine registered senior
engineers. Most of the staff are qualified civil engineers, the majority of whom have additional higher postgraduate
degrees. At the Division level, in the field the staff size ranges from three to twenty. This staffis composed of
senior and intermediate level engineers and scientists, most of whom are also registered. At the smaller District
level, the staff is composed of junior, intermediate and senior-level personneL The size of the District hydrological
staff varies from two to about fifty, depending on the number of existing and planned projects (see Figure 3).

4.1.5

Networks

Much of the data required by the Corps of Engineers is collected by other Federal agencies through
reimburseable agreements Other data are collected by Corps personnel or are obtained from data files of Federal
agencies. Executive Orders provide guidelines on the co-ordination and responsibilities for data collection among
Federal agencies. Public laws have resulted in the need for much more water data to ensure the chemical, physical
and geological integrity of the nation's waters. There are approximately 5000 stream-gauging stations being funded
by the Corps. About one-half of these stations are operated by the U.S. Geological Survey; the others are operated
by Corps Districts. The Corps and the National Weather Service co-operate in the operation of 39 precipitation networks. Also, large numbers of water-quality samples are being collected by and for the Corps throughout the
country.

4.1. 6

Handling ofdata

Data within the hydro10gical'services are handled at the District office level with several division offices
also handling some data. Since there exists great variability in the data-handling capacity within the Corps, it would
not be practical to describe all facilities. Instead, one installation has been selected for detailed analysis. The datacontrol W1it, Reservoir Control Center, North Pacific Division, collects, processes, tabulates and disseminates all
routine data. These data are transmitted via the Colombia Basin Teletype network to meet the needs of the nine
co-operating agencies using the circuit. This circuit is a multi-station, private-line network in which any station
may send to the other stations on the line. Weather data communication facilities and information are available
to the Reservoir Control Center from the nearby National Weather Service Forecast Center. A dial teletypewriter
is used to communicate with the Corps and with the Bonneville Power Administration's general purpose computer.
An IBM 360/50 computer is used for data processing. The four Corps Districts under the North Pacific Division
share the central computer by special telephone circuits to the Division's computer.
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Figure 3-0rganization of the U.S. Army Corps of Engineers Hydrologic Service

4.1.7

Publications
There are five principal sources of information that are regularly published by the Corps of Engineers:

(aJ The Annual Report of the Chief of Engineers on Civil Works Activities which describes functions of
the hydrological service in detail;
(b) The Water Resources Development series which is published by States at intervals consistent with
changing requirements and manpower limitations;
(c) Reports annually by the Water Control Management Groups in each Division, on floods, damages and
associated water·control activities within the Division boundaries;

(dJ Report annually by the Hydrologic Engineering Center (HEC) at Davis, California, emphasizes
research, training) and application of the hydrological service during the past year and outlines the programme for the following year;
(e) The annual series on stages and discharges of the Mississippi River and Tributaries printed by the related
Districts of the Corps of Engineers.

In addition to the above reports) other publications are issued at various intervals. These infrequent publications offer
technical information and provide policy and guidance on hydrologic engineering.
4.1.8

Hydrological forecasting

Generally) the Co rps of Engineers does not provide forecasts for official release; however) forecasts are
prepared for in-house use and to maintain capability in the event of communications failure. One exception to the
general rule occurs in the Corps of Engineers North Pacific Division where some forecasts for several reservoir
projects are computed in co-operation with British Columbia Hydro and the Bonneville Power Administration.
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Additionally, the Pacific Northwest Co-ordination Agreement requires that at the beginning of each month from
January through July each reservoir owner shall supply to all other parties the inflow forecast and the data necessary
to determine the forecast of inflow to their reservoirs.

4.1. 9

Research

The research needs associated with the Corps of Engineers mission in the development of water resources
have increased rapidly in recent years because of the increasing complexity of multi-purpose development, the
increasing interest in the resources consumed, and the considerable opportunities afforded by advanced computer
capabilities. The major hydrologic engineering research facility for the Corps of Engineers is the Hydrologic
Engineering Center (HEC). The HEC conducts applied research to bridge the gap between theoretical concepts
developed by universities and other basic research laboratories and the practical problems confronted by the Corps
of Engineers. Activities during the past fiscal years are considered representative and cover the spectrum from storm
analysis to real-time reservoir regulation. Research efforts include improved streamflow routeing techniques, rainfallrunoff analysis, fluvial hydraulics, and urban storm runoff quality and quantity prediction.

4.1.10

Training

The Hydrologic Engineering Center provides almost all the technical training in hydrologic engineering for
the Corps of Engineers. These training activities are intended to increase the technical capabilities in hydrologic
engineering and in analytical planning techniques. The emphasis is on practical application, and a considerable
proportion of the training effort is devoted to instruction in the application of computerized techniques to "realworld" problems. Training activities include formal courses opened to all Corps Offices, special courses requested
by one or more Corps offices to meet a particular training need, and advanced state-of-the art seminars. Guest
instructors from other Corps offices, universities, and private industry are employed to augment the HEC staff.

4.1.11

Contact with international organizations

The International Hydrological Decade (IHD), which ended in 1974, was a world-wide effort under the
leadership of the United Nations Educational, Scientific and Cultural Organization (Unesco) to advance scientific
research in hydrology. The Corps contribution to the IHD included the conduct of two International Workshops
and the preparation of a l2-volume report entitled Hydrologic methods for water resources development. The
second International Workshop in Hydrologic Engineering had 22 full-time and two part-time students representing
17 countries. In addition, co-operative studies have recently been made with water resource agencies in Guatemala
and Peru.
4.2

THE HYDROLOGICAL SERVICE OF THE GEOLOGICAL SURVEY

4.2.1

Level of responsibility

The United States Geological Survey, in the Department of the lnterior, is the Federal agency mainly responsible for the continuing appraisal of the source, quantity, quality, and movement of the nation's ground and
surface-water resources. In conjunction therewith, the Survey collects and disseminates basic hydrologic data needed
for development, management, and conservation of water resources. It also conducts analytical and interpretive
hydrologic studies and carries out supportive basic and problem-oriented research. The Water Resources Division
of the Geological Survey carries out the hydrologic progranune. Its responsibility is national and comprehensive in
scope. Overall direction of the hydrological programme is at the national level, under the Chief Hydrologist of the
Geological Survey, with headquarters at Reston, Virginia. General direction of the field programme is through four
regional offices, at Reston, Virginia; Atlanta, Georgia; Denver, Colorado; and Menlo Park, California. Field operations are carried out through 46 district offices, in general one for each State; these are grouped to report to one or
other 01 the regional offices.
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Fields covered by the hydrological service

The hydrologic programme of the Geological Survey is concerned principally with streams, lakes, reservoirs,
estuaries, glaciers, and grmmdwater. It is concerned with water as a resource and as ~ hazard. Data and studies
cover both the quantity and quality of the waters, including the sediment load of streams. The programme is also
concerned with water use, the water balance, the relationships between elements of the hydrologic cycle, and the
relationships· of water resources, resources development, land use, and the environment.
4.2.3

Activities and responsibilities of the hydrological service

Most of the Geological Survey's hydrologic programme centres in the National Water Data Network. This
encompasses two principal programme elements. One is Federally funded and gives emphasis to data collection and
hydrologic studies in areas of paramount Federal interest, for example, the public domain. river basins and aquifers
crossing State boundaries, and other areas of interstate and international concern. The other is funded co-operatively
on a matching basis with State agencies and emphasizes data collection and hydrologic studies of joint Federal and
State interest. Water resources investigations and data collection are also carried out on a reimbursable basis to meet
the specific needs of other Federal agencies. and part of such activity contributes to the national network. The hydrologic programme also includes basic and problem-oriented research. In addition to the foregoing, the Survey is
responsible for co-ordinating water-data activities of all Federal agencies, and it operates the National Water Data
Exchange (NAWDEX). The co-ordinating function, which was assigned to the Department of the Interior by the
Office of Management and Budget (Circular A 67), is carried out by the Office of Water Data Co-ordination (OWDC),
which, with the help of involved Federal agencies, prepares an annual Federal Plan for water-data needs and activities,
maintains a central catalogue on water data and data-collection activities, and provides input to updating the design
of the national network. OWDC also serves as catalyst and leader for Federal inter-agency activities to standardize
methods for collecting, handling and processing water data. NAWDEX is a confederation of agencies, public and
private, that collect or use hydrologic data. Its mission is to index holdings of members' data banks and provide
linkage between those who acquire and those who use data.
4.2.4

Organizational structure of the hydrological service

The organizational structure -of the Water Resources Division, which serves as the hydrological service
of the u.s. Geological Survey. is portrayed in Figure 4. Field investigations and network operations are carried out
at district level. Support activities, such as data processing and publications, and training, are focused at national
headquarters and regional centres. Analytical services for water quality are provided by central laboratories at
Denver, Colorado, Atlanta. Georgia, and Albany, N.Y. Research is conducted mainly at the regional centres in
Reston, Denver, and Menlo Park, and at the Gulf Coast Hydroscience Center at Bay St. Louis, Mississippi. Personnel
of the Water Resources Division totals about 2900. Staff includes about 1400 professionals, 1000 technicians, and
500 administrative and clerical personnel. Although most professional employees are classified as hydrologists, basic
academic preparation stresses background in geology, civil (hydraulic) engineering, and chemistry, with mathematics,
physics, biology, and a few uther disciplines also represented.
4.2.5

Networks

As a part of the National Water Data Network the Geological Survey systematically collects data on streamflow at about 16 000 stations, lake and reservoir stage at about 1000 stations, chemical water quality and temperature
at about 5000 surface~water stations and about 1500 wells, fluvial sediment at 1000 stations, and groundwater
levels at 2500 observation wells. In addition, hydrologic studies of aquifers and river basin systems and special
studies of hydrologic problems are carried out by projects, numbering about 600 annually. There arc several specific
component networks. Principal among these is a streamflow and water-quality accounting network (NASQAN)
designed to provide continuity and uniformity of information nationwide for the principal river basins of the
country. For streamflow, this network is essentially at design level. For water quality, 345 stations are in operation
out of a design total of 525. At these stations more than 40 physical, chemical, and biologic characteristics are
measured at frequencies ranging from continuous to quarterly. Other networks supplement NASQAN for pesticides
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Figure 4-0.rganization of the Water Resources Division, U.S. Geological Survey (October 1975)

(with other Federal agencies), and radiochemical surveillance. A Hydrologic Benchmark network provides base·
level information for selected areas that are expected to remain in natural or near·natural state.

4.2.6

Handling of Data

As part of the Geological Survey's programme of releasing water data to the public, a large-scale, com·
puterized system has been developed for the storage and retrieval of water data collected through its networks. The
National Water Data Storage and Retrieval System (WATSTORE) provides water-data processing procedures and
techniques for effective and efficient management of the Survey's data-releasing activities. The WATSTORE
system consists of several files in which data are grouped and stored by common characteristics and data-collection
frequencies. The system is designed to allow for the inclusion of additional data files if the need should arise in
future years. Currently, files are maintained for the storage of:
fa) Surface·water, quality-of-water, and grm.md·water data measured on a daily or continuous basis;

(b) Chemical analyses for surface- and ground-water sites;
(c) Geologic and inventory data for ground-water sites.

All data files of the WATSTORE system are maintained and managed on the central computer facilities of the
Geological Survey at its National Center at Reston, Virginia. However, data may be entered into or retrieved from
WATSTORE through a number oflocations that are part of a nationwide telecommunication network. Almost all
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of the Water Resources Division's district offices are equipped with high-speed computer terminals for remote access
to the system. In addition to its data processing, storage, and retrieval capabilities, WATSTORE can provide, upon
request, a variety of useful data products that range from simple retrieval of data in tabular fonn to complex
statistical analyses, graphs, and plots to meet diverse needs. In addition, data can be provided in machine-readable
form on punch cards or magnetic tape. A minimal fee, plus the actual computer cost incurred in producing a desired
product, is charged to the requester.

4.2.7

Publications
Book series of the Geological Survey, which serves as an outlet for results from the hydrologic programme,

include:

(a) Water-Suppiy Papers, describing results of field investigations, analyticai studies, and research work in
all phases of hydrology;
(b) Professional Papers, presenting scientific topics with emphasis on major research contributions;
(c) Bulietins, presenting geologic topics that may be by-products ofhydroiogic studies;
(d) Techniques of Water~ResourcesInvestigations, describing methodology and techniques used in collecting,
analysing, and processing hydrologic data;
(e) Journal of Research of the u.s. Geological Survey, presenting significant scientific results of in-progress
or just·completed research;
(f) Circulars, presenting short summary statements that have popular interest;
(g) Water-Resources Investigations, reporting on water resources of intrastate river basins, county-type
investigations, or site studies;
(h) Computer Contributions, presenting computer-related material of general interest.
Hydrologic information is also published as:

fa) Open File Releases, which make reports available for interim use pending formal publication;
(b) Basic Data Releases, by States, which present surface-water, ground-water, and quality-of-water data
collected annually;
(e) Papers in publications of technical and scientific societies.

4.2.8

Hydrologicai forecasting

The Geological Survey does not do hydrological forecasting. It does, however, make frequency analyses of
hydrologic events and performs predictive hydrologic modelling using analogue, mathematical, and digital techniques.
Also, it provides streamflow an.d stage data to other agencies, both Federal and local, to assist them in forecasting
floods.

4.2.9

Research

The Geological Survey carries out basic and problem-oriented research in hydrology which has as its
main goals:
(a) Better understanding of hydrologic systems so that quantitative predictions of response of these

systems to either natural or man-made stress can be made;
(b) Improvement of techniques and methodology for hydrologic studies and for network design and
operation and associated data analysis;
(c) Applications of research findings to resolve hydrologic aspects of critical national problems, such as

resource management, environmental quality, subsurface waste disposal and energy.

128

UNITED STATES

Typical areas covered by the research programme include:
(a) Surface-water hydrology;
(b) Surface-water physics;

(c) Sediment;
(d) Solute transport;

(e) Hydrogeology;
(f) Groundwater physics;

(g) Unsaturated zone and evapotranspiration;
(h) Snow and ice;

(i) Geochemistry;

(j) Water chemistry;
(k) Ecology;

(I) Socia-economics.

4.2.10

Training

The Division's training programme is a comprehensive programme for the purpose of developing and
maintaining professional and technical personnel at full performance potential. The Division provides training for
its employees in so far as practicable by, in, and through Government facilities and makes appropriate arrangements
for training through universities and other private educational facilities. All personnel are encouraged to improve
themselves through self-education, workshops, seminars, short courses, scientific meetings, professional societies, and
videotape education programmes. During 1975, the Division conducted 35 technical training courses at its Water
Resources Training Center at Denver, Colorado. The total nwnber of employees trained at that centre from 1967
through 1975 was 4i17. Over 250 empioyees received university training on a part-time basis during i975. Eight
professional employees were sent to graduate school on a full~time basis for one academic year to do advanced
studies in hydroiogy.

4.2.11

Contact with international organizations

The Geological Survey has contacts with many international organizations. At the request of the Department of State, the Survey established the U.S. National Committee for Scientific Hydrology (USNC/SH) to guide
U.S. participation in Unesco's Internationai Hydroiogy Programme (JHP) and participation in other international
programmes as they become relevant. Participation in the IHP is essentially a modification of the Survey's involvement in the International Hydroiogical Decade (IHD). The chief hydrologist of the Survey is chairman for the
USNC/SH and aiso a member of the Advisory Committee for Operational Hydrology (ACOH) of WMO. in addition,
the Survey co-operates with other international intergovernmental organizations such as FAG, WHO, UN, and
IAEA. The Survey is also active through direct participation of its personnel and through administrative support in
IAHS, ISO, IAIA, IAHR, INWR, ICOrn, and many other internationai bodies less directly concerned with ICSU.
Where special activities are of mutual benefit, the Survey also co-operates with independent international bodies
and with individual countries. All of the Survey's international water resources activities are administered through
its Office of International Activities. The Geological Survey has participated overseas in water resources technical
assistance projects since i943, primarily in developing conntries. Survey personnel completed some 375 short- and
long-term water-oriented overseas assignments in 84 host countries. These ranged widely in subject matter, from
local studies of water-supply problems, through research, in-country training courses, assistance in planning and
developing water investigatory and management organizations to assistance in drafting national water legislation.
Almost ail projects have had training and institution-building aspects. In addition, Survey personnel assigned to
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the United Nations and Regional Intergovernmental Agencies have worked in 71 countries. Additionally, the Water
Resources Division has given or arranged in-service and academic training in the U.S. to approximately 500 professionals
and technicians from some 65 countries, primarily from developing countries. Outstanding among the training activities
of the Water Resources Division is the annual course, "Hydrologic techniques for international participants," which is
given at the Division's Water Resources Training Center in Denver, Colorado.
4.3

THE HYDROLOGIC PROGRAM OF THE NATIONAL WEATHER SERVICE

4.3.1

Level of responsibility

The Hydrologic Program of the National Weather Service (NWS), an agency of the National Oceanic
and Atmospheric Administration (NOAA), Department of Commerce, is at the national level with Headquarters
(Figure 5) in Washington, D.C. Six NWS Regional Offices manage the field programme with twelve River Forecast
Centers (RFCs) in the conterminous United States and Alaska. Each of the RFCs is the first echelon in the forecast
structure and responsible for all or a portion of a major river basin or for several lesser river basins. Relationships
with individual states are through 52 Weather Service Forecast Offices which are responsible for one or more smaller
states or for a portion of a large state. These offices are also responsible for collecting basic data and disseminating
forecasts and warnings for their respective areas.
4.3.2

Fields covered by the Hydrological Service

The Hydrologic Program of the National Weather Service interacts closely with the Meteorological Pro~
gramme of the same agency, with many field offices sharing the same facilities. Extensive use is made of meteorological
data. The work also involves the related science of hydraulics in the field of civil engineering.

4.3.3

Activities and responsibilities of the Hydrological Service

The statutory responsibility of the National Weather Service in hydrology is the issuance of flood forecasts
and the gauging and reporting of rivers. It is the only agency to issue official flood forecasts to the public. Flow
forecasts are issued daily for major rivers and water-supply forecasts are prepared for those areas of the country
where accumulation ofsnow during the winter is an important source of water during the warmer months. Supporting research and rainfall extreme and frequency studies for design purposes are maintained.
4.3.4

Organizational stnlcture of the Hydrological Service

Carrying out the Hydrologic Program of the National Weather Service is a staff of more than 300 employees
of whom 160 are professionals with degrees in engineering, meteorology, and related fields. Many of these professional
employees have advanced degrees in their respective fields. Each River Forecast Center has a staff of professional hydrologists and a professional hydrologist is scheduled for each Weather Service Forecast Office.
4.3.5

Networks

Numerous classifications of networks are employed by the NWS to meet its service requirements. Among
these are aviation, upper-air, surface, and substation networks. The latter provides data for climatic, hydrologic,
agriculture, and local service programmes. This network numbers more than 12 000 substations classed as: the a
n.etwork that includes basic climatic substations which record daily precipitation and temperature extremes. TIley
are spaced about one substation per 600 square miles; the b n.etwork that includes all substations from which
reports are transmitted and/or basic data are recorded for hydrologic purposes; the ab network that includes sub·
stations which serve both climatic and hydrologic purposes and the c network that includes substations which serve
local service needs. In addition, weather conditions are observed and reported at approximately 1000 land stations,
about 300 or which are manned by NWS personnel. Other stations are manned by other Government agencies
(e.g., Federal Aviation Administration) or by private citizens or companies in co-operation with the National
Weather Service. Automatic reporting weather stations are llsed to obtain data at locations where it is not feasible,
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because of costs or lack of observers. Major efforts are under way to automate many of these networks to better
meet service demands as part of the NWS's growing use of computers and streamflow models to produce its forecast
products.

4.3.6

Handling ofdata

Hydrologic data are collected to meet day-towday operational requirements; for research purposes; and
to serve as an archive for future reference. Since more than 80 per cent of the data being collected is not automated,
people are directly involved in all processes of data handling. Data collection is performed mostly by volunteer
observers who either make direct readings of river, rainfall, snow depth, water temperature, evaporation, etc., or read
the charts on the recording instruments. These observations are taken at least once a day and more often (on a
crlteria basis) during periods of rainfall or high streamflow and relayed by the best available means (nsually telephone)
to the nearest NWS collection point for real-time use. At one of the 12 River Forecast Centers (RFCs) data that
were collected manually are converted to digital form for entry into computer processing. The digital data used in
the river forecasting programme are retained for only a limited time. Most of these data are obtained from equipment
owned by other agencies, and those agencies archive their own records. The rest of the data are entered on observational record forms and archived with similar climatological records by the National Climatic Center. Requests for
retrieval of archived National Weather Service hydrologic data are referred to the National Climatic Center. Over the
last several years, selected areas of the network have been automated, using various communications modes, and a
designated Automatic Hydrologic Observing System (AHOS). AHOS is snb-categorized, depending on the communication mode, as follows:

AHOS/T (telephone) is used where automatic switching-telephone facillties exist.
The interrogation function will be performed by the Automatic Data Acquisition
System (ADAS) minicomputers.
AHOS/R (land radio) will be nsed where ground radio is economical. Its use would be
limited to those areas that are within line of sight of the receiving station.

AHOS/S (satellite radio) will be used where no reliable or economical telephone
service exists. Each AHOS/S site will radio its sensor data to the GOES satellite
either in an interrogated or self-timed mode of operation in real-time for distribution to user groups via the computer system.
Dissemination of warnings, forecasts, and other hydrological information is performed, using a variety of available
systems:
(aj Teletypewriter circuits that carry weather·related products to special user groups, including the news
media;

(bJ Recorded telephone annonncement devices that can handle thousands of telephone calls;
(cJ Special radio systems that continually broadcast weather-related information;

(dJ Nationwide emergency broadcast system that allows NWS offices to break in on broadcasts to alert the
public on emergency warnings of tornadoes and floods.
By 1980, the NWS plans to have 275 Weather Service offices around the conntry automated through a long-range
programme called Automation of Field Operations and Services (AFOS). Each office will have its own minicomputer
to collect, process, and communicate data, and a set of television screens controlled by a teletypewriter keyboard
for message composition and display. These offices will be connected by a commnnication line of high-speed qnality
called the National Distribution Circuit. AHOS data will be entered into the AFOS system by the nearest Weather
Service office and made available immediately to user groups on the circuit. This rapid but dispersed data-handlIng
system also will permit each automated office to act as a field disseminator for forecasts, warnings, and other
information originating anywhere within the AFOS network. Forecasters at any location on the National Distribution
Circuit will receive information from any other location on the circuit within one minute.
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Publications
A variety of publications relating to its Hydrological Program are issued by the National Weather Service:
(a) River forecasts provided by the lVational Weather Service-lists river forecast points) issued annually;

Ib} Water supply outlooks-Monthly outlook for the western United States wilh water-supply forecasts for
about 375 stations during the period January through May and the outlook for north-eastern United
States with forecasts for about 225 stations In New England and New York issued monthly;

Ie} Flood damage data-A general summary of yearly flood losses for the United States published in the
annual issue of Climatological Data, National Summmy;

Id} River data-A summary of national flood events for the United States and miscellaneous flood-stage
data published monthly in Climatological Data, National Summary;
Ie} Technical memoranda-to facilitate prompt distribution of scientific and technical material produced by
the organization;

(f) Special [lood reports-reports on major floods of national importance;

Ig} Climatological data-collected by the National Climatic Center of the Environmental Data Service.
4.3.8

Hydrological forecasting

In addition to the flood forecasts and warnings and water-supply forecasts for over 2000 locations, the Nationa
Weather Service ·prepares a variety of other hydrologic forecast products. These include flash-flood warnings, longMterm
flood potential and river· flow outlooks, continuous flow forecasts for major rivers, and natural flow forecasts for
regulated streams. Forecasts of severe ice conditions, ice formation and break up. (Water temperatures are prepared
by some River Forecast Centers.) Digital computers located in each River Forecast Center have been used for preparing these forecasts since 1961. Considerable progress has been made recently towards implementing a centralized
computer system, using a standardized hydrologic model which is adapted to individual river basin characteristics.
By 1980, all PJver Forecast Centers are expected to be using this new system operationally.

4.3.9

Research

The water resources research programme in the National Weather Service is in direct support of its assigned
mission ofissuing forecasts and warnings of river conditions affecting the nation's safety and economic welfare. Most

of the in-house research is conducted by the Hydrologic Research Laboratory at Silver Spring, Maryland_ Assigned
objectives of the Laboratory are to increase the understanding of the hydrologic cycle and to develop techniques for
applying new knowledge to hydrologic forecasting and related water resources problems. Part of the research is conducted through contracts with universities, corporations, and other components of NOAA. Considerable research
effort is directed towards hydrologic models to increase the accuracy and reliability of operational river forecasts.
Improvements in hydrologic forecast models are dependent, to a large extent, on how accurately the model reproduces the actual physical processes of the hydrologic cycle. Therefore, considerable attention is given to increasing
knowledge of these physical processes and incorporating this knowledge into the conceptual models. A significant
portion of the research effort is being focused on development and improvement of sensing equipment and dataacquisition systems. Examples of such research activities are as follows: application of digitized radar data for areal
and temporal distribution of precipitation ; improved instrumentation for measurement of precipitation under
various climatic regimes, including automated systems; use of natural gamma radiation from soil for aerial and surface
measurement of water equivalent of snow cover; development of a new evaporimeter which also serves as a radiation
integrator (incident minus reflected all·wave); and development of a satellite communications system for real~time
collection and transmission of all types of hydrologic and meteorologic data for operational forecasting.
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Training
The National Weather Service uses a variety of methods in training employees in hydrology. These include:

faj University training-Part- and full-time scholarships at either the undergraduate or graduate level. A
three-week course on basic hydrology is taught each year at the University of Oklahoma. This course is
open to a limited number of foreign nationals;
(b) Correspondence courses-An in-house "Hydrologic services course" is available to new professional
employees, The University of Oklahoma offers a three-semester-hour course, "Introduction to river
forecasting" for National Weather Service employees only;
(c) Technical training center-The National Weather Service operates this center in Kansas City, Missouri,
for employees. Both the meteorological technicians and the radar operations courses devote a portion
of their time to hydrologic material;
(dj Video and slide tape presentations- Lectures include the flash flood program, various aspects of the
river forecast system model, and computer operation;
(e) Conferences and seminars-Held periodically in various parts of the country and usually one week in
length, for new employees and for advanced training of experienced employees. Subjects are usually
specific operational problems related to implementation of the River Forecast System or to computer
operation.
4.3.11

Contact with international organizations (other than WMOj

The National Weather Service has contacts with many international organizations and participates in activities
of other UN agencies. NWS experts in hydrology have served on Unesco working groups, participated in the International
Hydrological Decade, sent technical experts for FAO projects, and participated In conferences sponsored by lARS.
Formal continuing participation is conducted in Unesco's International Hydrology Programme (lHP). The Associate
Director, NWS, for Hydrology is a member of the national committee of the IHP. International activities are ad·
ministered through NOAA's Office of International Affairs which works directly with the Department of State.
4.4

THE HYDROLOGIC PROGRAM OFTHE SOIL CONSERVATION SERVICE

4.4.1

Level of responsibility

The Soil Conservation Service, an agency of the U.S. Department of Agriculture, is headquartered in Washing.
ton, D.C. Since its establishment in 1935, the agency has been charged to provide national leadership in the conservation, development and productive use of the nation's soil, water and related resources. This leadership encompasses
soil, water, plant and wildlife conservation, small watershed protection and flood prevention and resource conservation and development. The Service carries out its responsibility through 50 state offices with subdivisions of area and
district offices. Four technical service centres provide technical assistance to states and their staffs within a specified
region. Most problems are handled within states; however, the regional organization is available to assist with problems
involving more than one state. Inter~regional problems are resolved at headquarters level. A major hydrologic service,
with snow surveys and water-supply' forecasting, is confined to 11 western states, excluding California where a similar
service is under the state government's leadership.

4.4.2

Fields covered by the Hydrological Service

Hydrological services at headquarters, technical service centres and state levels are involved with a vadety
of engineering, sol1 and plant science disciplines. Staff specialists In disciplines such as hydraulic engineering, geology,
sol1 physics, agronomy, and forestry provide direct support to hydrologic planning and design studies. Hydrologists
involved in snow-survey activities are closely associated with water-management engineers.

4.4.3

Activities and responsibilities of the Hydrological Service
Major responsibilities include:

UNITED STATES
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(a) Hydrologic investigations associated with planning individual and systems of structures for upstream
sediment reduction and water control for on-farm, watershed and river basin projects;

(b) Hydrologic design of structures involving storage and spillway capacities;
(c) Collection of snow and related hydrometeorological data used for developing water supply forecasts in

11 western states;
(d) Hydrologic studies related to environmental impact of proposed and existing land-management and

structural practices.

4.4.4

Organizational stntcture of the Hydrological Service

Hydrologic services are conducted at four levels. Headquarters staff consists of six engineers, the majority
of whom are senior level. To each of the four technical service centres at least one senior and one intermediate engineer is assigned. To individual states and usually at state office locations (see Figure 6) one to five intermediate- and
junior~level engineers are assigned. Some hydrologic work is conducted within states by engineers charged with all
aspects of design for small structures. In addition, each of the western states has a snow survey staff ranging from
two to four people, all of whom have a scientific background and the majority of whom have a background in engineering. The majority of the senior engineers and approximately half of other engineers have advanced engineering
degrees (civil or agricultural).
4.4.5

Networks

Although large amounts of precipitation, waier data (quantity and quality), and other related hydrometeorological data are used by the Soil Conservation Service in planning and design, only snow and related hydrometeorological
data are collected by the SCS on a continuing basis. The snow data-acquisition network is limited to the eleven western
states where observations are currently taken at approximately 1600 sites. Most measurements are obtained by manual
techniques (from three to five times) during the winter and spring. A major automation project was implemented in
1975. When completed in about 1980 there will be a data-acquisition network with 500 sites; the data will be telemetered to central facilities on a near real-time basis. Parameters will include snow-water equivalent, ambient air
temperature, precipitation, and others as needed. When this automated network is fully operational, the manually
measured network, discussed above, will be reduced by about 50 per cent.
4.4.6

Handling ofdata

Short-term hydrometeorological data collected for project planning are not usually published except when
the data fit into an existing data network. Snow data which have been collected systematically since 1935 are obtained
by field crews who measure from one to several sites at prescheduled times. Field notes are promptly sent to the state
snow survey staff office for validation, processing and storage. Analyses are conducted and interpretative material is
prepared. Basic data and interpretations are published in bulletin form. These bulletins may include only local drainage
basin information. Other bulletins contain state-wide information. A summary of current observations and some interpretations are also prepared for the entire western United States. At present, data are archived on data cards and in
some cases on magnetic discs. Computer analysis is used to make some interpretations. Concurrent with the automation plans described in paragraph 4.4.5 is a project to handle all data validation, analysis and dissemination to user
groups, storage, and retrieval by computer. Central processing will be done in two locations with all offices interconnected by high-speed terminals.

4.4.7

Publications

Publications which appear on a regular basis and involve hydrologic data and services are primarily limited to
those describing snow data and water-supply forecasts. Each of the eleven western states publishes a monthly bulletin
beginning about January I and continuing through June 1. These bulletins provide basic data measurements and interpretative information used to develop a water-supply forecast. The western technical service centre publishes monthly
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summaries of measurements and interpretations for the western United States. Other publications include special
reports such as snow load data, impact of weather modification, water-yield estimates, etc., which arc prepared and
published on an unscheduled basis.

4.4.8

Hydrological forecasting

Hydrological forecasting is principally of the snowmelt-runoff type. Seasonal volumes, and in some cases
magnitude of peak flow (though primarily average and low flows), and data of recession below certain minimum
flows are forecast. Forecast equations are developed through use of various digital computer programs.

4.4.9

Research

Although the Soil Conservation Service does not conduct any research, the Agricultural Research Service of the
U.S. Department of Agriculture responds to SCS research needs and conducts hydrologic research in such areas as
precipitation network design, effects of land treatment and structural measures on flood peaks and volumes, effects
afland-management practices on surface runoff, hydrologic forecasting, hydrologic instrumentation, etc.

4.4. ] 0

Training

Hydrologic training is conducted within the Soil Conservation Service at six levels based on an objective of
achieving a certain level of competence. Training is conducted at all organizational levels, with most training con·
ducted at technical service centre Hemployee·development units". Specialized advanced training through short courses
is arranged with co·operating federal agencies and various universities.

4.4.]]

Contact with international organizations (other than WMOj

Involvement with international organizations consists in providing training to individuals and small groups
when requested and on occasion providing direct assistance to member countries for specialized problems.

5

Effectiveness of service

5.1

CORPS OF ENGINEERS

The Corps of Engineers has been the Federal Government's principal water resources development agency
since 1824. Through its Civil Works Program; the Corps carries out a nationwide comprehensive water-resources
planning, construction, and operation effort in co-operation with all the other Government agencies-Federal, State,
and local-and a wide range of civilian and private interests. The Civil Works Program is directed toward the
co-ordinated development of the water resources of the nation in a manner which will lead to the satisfaction of all
water-related requirements, both immediate and long-range. These include flood control, navigation, hydro·electric
power generation, municipal, industrial, and agricultural water supply; water-quality control, recreation, and the
conservation of fish and wildlife. The maximum practicable preservation and enhancement of the aesthetic and
ecological values of natural environments, and emphasis on structural harmony with natural settings, are increasingly
important considerations in all phases of planning and construction. Special emphasis is being placed on flood plain
management services in support of a national effort to help reduce the growth of flood losses through appropriate
State and local regulation of the use of :flood~vulnerableareas as a supplement to structural flood-control measures.
Over the years, flood-control projects have prevented damages of U.S. $38 billion. Requirements for service are brought
to the attention of the Corps as a result of public hearings held to discuss structural protection from floods.
5.2

GEOLOGICAL SURVEY

The Geological Survey provides the scientific data, information and knowledge needed to develop, manage
and conserve the nation's surface and underground resources for the economic, environmental, and social benefit of
the people of the United States. Over the years, the Survey has strived to develop methods and standards for its
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activities so that the information is unbiased and impartial. The standards developed are widely recognized throughout t-hescienti-fic comm-unityand the demands for the hydrological services provided by the Survey are increasing.
The Survey has also been assigned the task of co-ordinating the water-data acquisition activities of all Federal
agencies in carrying out the responsibilities assigned to the Department of the Interior by the President's Office of
Management and Budget in its Circular A-67. To provide advice and counsel to the Survey in achieving this coordination function, the Secretary of the Interior established two committees: the Interagency AdvisOlY Committee on Water Data and the Advisory Committee on Water Data for Public Use. Membership on the Interagency
AdvisOly Committee on Water Data includes representatives of about 30 Federal agencies and provides the interdepartmental liaison and participation required by Circular A-67. The Advisory Committee on Water Data for Public
Use is composed of members from technical societies, State government agencies, universities, and private industry,
and thus provides a mechanism for input from a broad sector of the non-Federal community. It is through these
committees that new requirements for water data can be brought to the attention of the Survey and in this manller
be incorporated into its present and future planning or co-ordinated with programmes of the other Federal agencies
involved with similar hydrological services.
5.3

NATIONAL WEATHER SERVICE

The River and Flood Forecast and Warning Service of the National Weather Service is a very beneficial
cost-effective programme. Flood-damage reduction alone-attributed to advance preparation by users acting on
timely NWS warnings and forecasts - is placed at over U.S. $100 million each year. This is based all surveys which
show that a conservative flood-damage reduction of ten per cent is achieved by use of the NWS flood-forecasting
service. Damages from floods in the U.S. are being estimated at over one billion dollars annually. In providing this
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public service, close co-operation is maintained by the NWS with other water resources agencies such as the Corps of
Engineers, the Geological Survey, and the Soil Conservation Service. Requirements for new or expanded service come
to the NWS headquarters directly or through one of its field offices, Matters outside the scope of the NWS are
directed to the appropriate agency for consideration. Comprehensive studies of rainfall extremes and frequencies
are also conducted and provj.de information for the description and evaluation of hyctrometeorological elements
necessary to plan, design, and operate water systems for implementation of the Federal flood~insurance programme
and for land-use management. NOAA has also been assigned the task of co-ordinating Federal meteorological services
in carrying out responsibilities assigned to the Department of Commerce by the President's Office of Management
and Budget in its Circular A-62. NOAA, with the advice and assistance of other agencies concerned, establishes
procedures and guidelines designed to facilitate a systematic and continuing review of basic and specialized meteorological requirements, services, and closely-related supporting research.
5.4

SOIL CONSERVATION SERVICE

The major hydrologic data programme of the Soil Conservation Service concerns snow surveys. It is highly
co-operative and is responsive to the needs of water-user groups. The programme attempts to meet these needs by:
(a) Accuracy of field observations;

(bJ Use of state-of-the-art data-acquisition methods;
(c) Prompt dissemination ofinforrnation to users;
(dJ Making interpretations that are both appropriate and usable,

New or revised requirements of co-operator groups can be incorporated into the programme through requests to State
offices. These requests are reviewed and priorities of work set in accordance with needs and available resources.
Networks and measurement schedules are usually flexible and changes can be effected with a minimum of delay or
inconvenience.
6

Future plans

6, I

CORPS OF ENGINEERS

Research and development continue to advance the Army Corps of Engineers' capability in conservation,
development and management of the nation's inland and coastal water and related land resources. There are no plans
for reorganizing the present institutional arrangements concerning hydrology in the Corps of Engineers.
6.2

GEOLOGICAL SURVEY

There are no plans, at present, for reorganization of present institutional arrangements related to hydrology
in the Geological Survey, Inter-agency relationships on matters related to most elements of hydrology are adequately

co-ordinated by the Geological Survey under the provisions of CMB Circular A-67, which concerns Federal activities
in the acquisition of water data.
6.3

NATIONAL WEATHER SERVICE

There are no plans for reorganization of present institutional arrangements concerning hydrology in the
NOAA NWS,
6.4

SOIL CONSERVATION SERVICE

There are, at present, no plans for reorganization or other institutional changes which would have any effect
on the hydrologic service which has been described herein,
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