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PREFACE by the IAHS President

In the late 1987, I began discussion on the education of hydrologists with Dr
S. Dumitrescu, Director of the Division of Water Sciences of UNESCO. Our
concern is reflected in the following two excerpts from the related
correspondence:
"... There has been a growing awareness that hydrology as a geophysical
science is making slow progress and has no solid foundations. A major
(or perhaps the major) factor in this unsatisfactory situation is the fact
that the majority of hydrologists are not trained as scientists but as
technologists. It seems self-evident that a science cannot be founded on
a technological education. Hence, if we are not paying merely lip-service
to the science of hydrology, we should make an effort to provide it with
an adequate educational basis ..." (Klemes)
".. 1 fully agree with you that the time has come to better define the
position of hydrology as a geophysical science, its relations with other

Open for discussion until 1 June 1991 597



J. E. Nash et al. 598

environmental sciences and with engineering sciences concerned by water

resource development and management, and - in this light ~ determine

the educational requirements for hydrologists .." (Dumitrescu).

As a result of these discussions, an IAHS/UNESCO Panel was
established in 1989 to address the question of the intellectual content and
context of hydrological education and to make recommendations accordingly.
The Panel subsequently adopted the following terms of reference:

"To consider whether the education of hydrologists is suffering from a

lack of recognition of the natural science base of hydrology and, if

deemed necessary, to make proposals for new emphases in the organiza-
tion, structure and content of university education of hydrologists,
within the ambit of geoscience and of applied professional practice".

The Panel members were:

Professor J. E. Nash (Chairman), University College Galway, Ireland;

Professor P. S. Eagleson, Massachusetts Institute of Technology,

Cambridge, Massachussets, USA;

Dr J. R. Philip, Commonwealth Scientific and Industrial Research

Organization, Canberra, ACT, Australia; and

Professor W. H. van der Molen, Agricultural University, Wageningen,

The Netherlands.

The Panel was assisted in its work by Dr J. S. Gladwell and Dr V. Klemes,
representing UNESCO and TAHS respectively.

The Panel met twice at the Massachusetts Institute of Technology,
Cambridge, Massachusetts, USA, in 1989 and once at University College
Galway, Ireland, in 1990 and summarized the results of its deliberations in
this report.

On behalf of IAHS and UNESCO, I would like to express my thanks to
the Panel members for their dedication to the difficult task imposed on them
and to its Chairman for his patience and determination in guiding the Panel
in its work. Also, I would like to thank UNESCO for carrying the main
burden of the Panel sponsorship and the two aforementioned universities for
hosting the meetings.

V. Klemes
President, IAHS

INTRODUCTION

There is a widespread unease among hydrologists that in the past forty years
the practice of hydrology as a technology for the solution of the problems
arising in water resources development has not progressed adequately. Most
of the problems recognised at that time remain with us today and, when they
arise in individual cases, their solution is usually approached in an empirical
way drawing little on the principles of natural science. Perhaps because of the
failure of technologists to found their technology on a sound scientific basis,
the science too has been slow to develop — thus in a sense seeming to justify
its neglect by the technologist. It would seem that this vicious circle can be
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broken only by a thorough review of the science and technology of hydrology
and a reassessment of the manner of education of hydrological scientists and
technologists.

The main motivation for the study of hydrology in the past was to
improve technologies for the development of water resources (water supply,
energy production, navigation, flood protection etc.). Initially, these projects
were on a small scale, and were independent in the sense of not interfering
one with another; thus the more general aspects and interconnections of
hydrology could be ignored. More recently, the increasing scale of such
projects involved increasing impact on the general water regime and an
increasing interference between the projects themselves. This called for
increased hydrological awareness though still centred on individual projects.
As a consequence, hydrology developed along separate paths determined by
the immediate needs of each particular water related technology, such as
water supply, urban and rural drainage, power, etc.. Hydrology as a science
failed to develop a coherent discipline, and the technology failed to meet the
challenges of the new situation.

It is likely that, for the foreseeable future, major problems involving the
interaction of man with the hydrological environment on the global scale will
increasingly require the attention of teams of scienctists from many disciplines,
including that of the scientifically trained hydrologist. However, many hydro-
logical problems in the day-to-day design and operation of river control
works, groundwater utilization and pollution control will continue to fall
within the responsibility of the engineering hydrologist and indeed increased
public awareness of the global problems of the hydrological environment will
tend to increase rather than reduce interest in hydrological problems at the
catchment and smaller scales also, thus increasing further the role of the
engineering hydrologist who will no longer feel secure within his traditional
domain of open channel and groundwater hydraulics, rainfall/runoff relations,
consumptive use and the statistical description of river flow regimes. Already
the pressure exists, and recent UNESCO recommendations on the training of
hydrologists prescribe more and more extensive courses, most recently
advocating an increased awareness of environmental impact.

The challenges to hydrology can be met only through a conscious and
concerted effort to consolidate and develop hydrology intensively as a
coherent geoscience and as a technology resting on a sound scientific basis.
Education is central to the required process of change and improvement. The
present structure of hydrological education, generally tailored to the needs of
specialized non-hydrological disciplines, is ill-fitted to cope with present and
future requirements. On the whole (and with due respect to some honourable
exceptions), it does not produce professionals with the background and mix of
expertise that are increasingly in demand.

HYDROLOGY AS A GEOSCIENCE

The hydrological cycle, which is the framework of hydrological science, extends
across a wide spectrum of space and time scales. Through the storage and
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release of latent heat accompanying phase change, the cycle affects the global
circulations of atmosphere and ocean and hence is instrumental in shaping
weather and climate. Water’s efficiency as a solvent makes low temperature
geochemistry an integral part of the hydrological cycle; all water-soluble
elements follow this cycle, at least part way, and all the way for substances
which are volatile as well as soluble. The hydrological cycle is thus the inte-
grating process for the fluxes of water, energy and some chemical substances.

Earth is unique among the planets of the solar system in having an
active water cycle and because it supports life. The water cycle is an essential
part of the planet’s life support mechanism and, to the extent that they are
responsible for Earth’s moderate surface temperatures, the biota permit the
water cycle to exist. This synergism couples the animate and inanimate
components of Earth into an evolving system. The central role of water in
the evolution and operation of Earth’s system provides the rationale for
seeing hydrology as a geoscience, of status similar to that of the atmospheric,
oceanic and solid earth sciences. A more extensive development of this thesis
is to be found in NRC (1990).

As a branch of geoscience, hydrology embraces the totality of physical
processes involved in the hydrological cycle and attendant phenomena, on all
scales, and in the interactions between them. Like other branches of
geoscience it is a natural science, subject to the criteria of natural science,
and advanced by the methods of natural science. Its aim, as is the aim of
natural science in general, is to investigate and understand natural pheno-
mena. It is supported by the basic sciences of mathematics, physics, chemistry
and biology.

Formal recognition as a branch of geophysics was first accorded to
hydrology in 1922 when the International Branch of Scientific Hydrology was
created within the International Union of Geodesy and Geophysics (TUGG),
which had been founded in 1919 to "promote and co-ordinate physical,
chemical and mathematical studies of the earth and its immediate spatial
environment”. The Branch was soon transformed into the International
Association of Scientific Hydrology (IASH) which now carries the name of
the International Association of Hydrological Sciences (IAHS) and is one of
the seven associations constituting the IUGG. (The other six are: Inter-
national Association of Geodesy (IAG); International Association of
Seismology and Physics of the Earth’s Interior (JIASPEI); International
Association of Volcanology and Chemistry of the Earth’s Interior (IAVCEI);
International Association of Geomagnetism and Aeronomy (JAGA);
International Association of Meteorology and Atmospheric Physics (IAMAP);
and International Association of Physical Sciences of the Ocean (JAPSO).) A
further important step towards the affirmation of hydrology as a geoscience
occurred in 1930 when the American Geophysical Union (AGU) designated
hydrology as its seventh section, the other six paralleling the associations of
the TUGG.

These developments provided a strong impetus for the study of
hydrology as a unified field of natural science and not merely as a tool in the
solution of various ad hoc engineering, agricultural and other water-related
problems.






