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Résumeé

Ce livre est le rapport final du groupe de travail “Hydrology 2020”, qui comprenait
douze jeunes spécialistes de I’hydrologie et des ressources en eau du monde entier. Le
groupe a ¢été constitué en 2001 par 1’Association Internationale des Sciences
Hydrologiques (AISH) avec pour mission premiere d’identifier les directions futures de
recherche en hydrologie et leur lien avec les réponses qui seront apportées aux défis
liés a I’eau prévus pour 2020. A cet horizon, on estime que 40% de la population
mondiale (soit plus de trois milliards de personnes) vivra dans des régions aux
ressources en eau extrémement faibles, méme sous 1’hypothése d’un scénario de
développement durable. Aussi, une gestion intégrée des ressources en eau est-elle
critique pour permettre le développement futur et assurer la santé et le bien-étre des
individus et écosystémes du monde entier. Les sciences hydrologiques permettent une
gestion effective des ressources en eau en fournissant des estimations quantitatives et
qualitatives des quantités d’eau disponibles et en prévoyant les effets d’un changement
global sur celles-ci.

Les obstacles et les défis pour progresser dans les sciences hydrologiques sont a la
fois scientifiques (compréhension incompléte des processus, limites de la modélisation,
faiblesses de la qualité et/ou de la quantité des données, incompatibilités d’échelle),
technologiques (absence de capteurs appropriés, d’infrastructures utiles a la gestion des
données) et organisationnels (incohérences entre décisions politiques et stratégies
scientifiques, manque de coordination et de tests standards, absence de sensibilisation
du grand public, difficultés dans le transfert de technologie et le renforcement des
moyens humains et financiers). Le cycle hydrologique met en jeu de multiples
processus intervenant a différentes échelles de temps et d’espace. De nombreuses zones
d’ombre existent encore dans la compréhension des processus, en particulier dans le
couplage et les rétro-actions entre les processus atmosphériques, biologiques,
chimiques d’une part, hydrologiques d’autre part. Des observations appropriées a court
et long terme, a micro et macro-échelle, sont critiques pour définir et prévoir le
fonctionnement des processus hydrologiques prédominants. La quantification précise
des flux d’eau et des paramétres les controlant reste encore problématique, mais de
nouvelles approches utilisant des mesures non-destructives et in situ amélioreront les
réseaux d’observations existants. La fusion de données représente une solution partielle
aux défis actuels liés a la collecte inadaptée des données, mais une solution compléte
passera par le développement de nouvelles approches et technologies. Afin d’optimiser
I’utilité et les possibilités de transfert des données hydrologiques, des guides et des
normes pour la constitution et la gestion des jeux de données devront étre congus et
appliqués a des observations multi-échelles dans différents contextes. La modélisation
est un outil-clef en hydrologie pour prévoir la réponse de bassins versants (en
particulier des bassins non jaugés) a I’action de ’homme et aux changements climatiques.
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Les efforts futurs en modélisation devront porter sur des mesures terrain appropriées
pour la paramétrisation des modeles, la quantification de I’incertitude de modélisation
et le développement de nouvelles techniques de régionalisation.

Nous avons atteint un point dans 1’évolution de 1’hydrologie ou de nombreux
problémes existants ne peuvent étre résolus que grace a un soutien politique et
organisationnel plus marqué, a des fonds assurés sur le long terme pour le financement
du développement technique, de la recherche et des mesures et a un renforcement des
approches scientifiques couplées. La recherche interdisciplinaire au sein de
I’hydrologie et avec les autres disciplines, telles que les sciences sociales, politiques et
économiques, est essentielle. Des efforts soutenus doivent porter sur le renforcement
des moyens humains et financiers et la formation professionnelle en hydrologie, en
particulier dans les pays en voie de développement. Cela devrait s’accompagner d’une
amélioration de la communication entre scientifiques et décideurs afin de s’assurer que
I’expertise hydrologique se traduise en actions concrétes répondant aux défis liés a
I’eau. Afin de progresser dans la résolution de ces problémes, nous recommandons la
mise en place d’un mécanisme d’organisation hydrologique global et intergouverne-
mental dont le principal objectif serait de renforcer la coordination et la coopération
entre les organisations internationales existant dans le domaine de la gestion des
ressources en eau et de 1’hydrologie. Ce rapport traite de la nature du mécanisme
proposé et présente un certain nombre de recommandations au fil des différents
chapitres; nous espérons qu’elles susciteront un débat sur le réle de 1I’hydrologie, des
hydrologues et des gestionnaires des ressources en eau pour relever les défis globaux
liés a I’eau.



xii  Executive Summary

Zusammenfassung

Das vorliegende Buch beinhaltet die Ergebnisse der Working Group Hydrology 2020,
jener internationalen Arbeitsgruppe, welche aus zwolf jungen, internationalen Experten
im Bereich Hydrologie und Wasserressourcenmanagement besteht. Diese Arbeits-
gruppe wurde 2001 von der IAHS (International Association of Hydrological Sciences)
mit dem Ziel ins Leben gerufen, die zukiinftigen wissenschaftliche Stromungen zu
identifizieren, die den Herausforderungen beim Umgang mit den Wasserressourcen im
Jahr 2020 am besten gerechtwerden. Sogar wenn man eine nachhaltige Entwicklung
der globalen Ressourcen annimmt, ist davon auszugehen, dass zu diesem Zeitpunkt
40% der Weltbevolkerung (das sind mehr als 3 Milliarden Menschen) in Regionen mit
duBerst knappen Wasserressourcen leben werden. Es ist daher heute schon evident,
dass intergriertes Managment der vorhandenen Wasserressourcen ein Schliisselfaktor
bei der weltweiten Erhaltung und nachhaltigen Entwicklung des Gesundheitszustands
einzelner Individuen bis zu ganzen Okosystemen ist. In der wissenschaftlichen
Forschung im Bereich der Hydrologie kommt dabei der Abschétzung der zukiinftigen
Qualitdt und Quantitidt des zur Verfiigung stehenden Wassers und Prognosen zur
Auswirkung des globalen Klimawandels auf die vorhandenen Wasserressourcen eine
besondere Bedeutung zu, um eine effizientere Nutzung der Ressource Wasser zu
ermoglichen.

In diesem Zusammenhang stellen insbesondere wissenschaftliche (unvollstindiges
Verstandnis iiber einzelne hydrologische Prozesse, Skaleninvarianz, Einschrankungen
bei Modellanwendungen sowie Mangel an quantitativen und qualitativen Daten),
technologische (Mangel an geeigneter Sensorik und adéquater Infrastruktur zum Daten-
management) sowie organisatorische Méngel (Abkopplung politischer Entscheidungen
von wissenschaftlichen Strategien und Erkenntnissen, mangelnde Offentliche
Wahrnehmung der Probleme, fehlende Koordination und standardisierte Verfahren
sowie unzureichender Technologietransfer und Ausbildung) die wesentlichen Heraus-
forderungen und Hindernisse bei der weiteren Entwicklung der hydrologischen
Forschung dar. Die Prozesse, welche den hydrologischen Kreislauf bestimmen, laufen
auf unterschiedlichsten rdumlichen und zeitlichen Skalen ab. Allerdings werden diese
Prozesse noch nicht vollstdndig verstanden, insbesondere dort, wo es sich um Wechsel-
beziehungen und Riickkopplungen zwischen hydrologischen und atmospharischen/
biologischen/chemischen Prozessen handelt. Fiir die Beschreibung und Vorhersage
bestimmter hydrologischer Prozesse sind daher ausreichende kurz- und langfristige
Beobachtungen auf mikro- und makro Ebene essentiell. Nach wie vor ist die
quantitative Beschreibung von Wasserfliissen und deren zugrundeliegenden Prozessen
und Paramentern nicht ausreichend genau moglich, allerdings ist davon auszugehen,
dass durch neue Ansdtze, wie nicht-destruktive oder in situ Messungen, bestehende
Beobachtungsnetze nachhaltig verbessern werden konnen. Datenfusion bietet dabei
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Resumen

Este libro surge como producto final del Grupo de Trabajo “Hydrology 20207, el cual
estaba compuesto por doce jovenes de todo el mundo, especialistas en hidrologia y
recursos hidricos. El grupo fue creado en el afio 2001 por la Asociacion Internacional
de Ciencias Hidrolégicas (International Association of Hydrological Sciences, IAHS),
con el objetivo principal de definir las lineas de investigacion a seguir, y relacionarlas
con los problemas hidrologicos previstos para el afio 2020. Se estima que para dicha
fecha el 40% de la poblacién mundial (mas de tres billones de personas) vivira en
zonas del planeta en donde la escasez de agua sera catastrofica, incluso bajo un
escenario de desarrollo sostenible. El manejo integrado de los recursos hidricos resulta
entonces de suma importancia para asegurar las condiciones de salud y bienestar, y en
general de desarrollo, de todos los individuos y ecosistemas del mundo. La hidrologia
ayuda a manejar los recursos hidricos de manera eficaz, al proporcionar estimaciones
de la cantidad y calidad de agua disponible y al predecir los efectos de los cambios
globales sobre dichos recursos.

Los problemas y obstaculos en el avance de la hidrologia se pueden categorizar
como cientificos (entendimiento incompleto de los procesos, limitaciones en
modelizacion, insuficiencia en la cantidad y calidad de datos, incompatibilidad de
escalas), tecnolégicos (falta de sensores apropiados y de infraestructuras eficaces para
el manejo de datos) y organizativos (desconexion entre los politicos y las estrategias
cientificas, falta de coordinacion y evaluacion de estandares, falta de conciencia
publica, dificultades en la transferencia de tecnologia y en la capacitacion). El ciclo
hidrolégico comprende multiples procesos que ocurren a diferentes escalas temporales
y espaciales. Aun existen muchos vacios, en particular sobre la comprension de las
relaciones entre los procesos atmosféricos-bioldgicos-geoquimicos y los hidrologicos.
Para conocer y predecir el comportamiento de los procesos hidroldgicos relevantes, es
esencial realizar observaciones apropiadas a corto y largo plazo, como también a micro
y macro escala. Todavia sigue siendo muy dificil cuantificar con exactitud los flujos de
agua y los parametros que los controlan, pero nuevos métodos que incluyen mediciones
in situ no destructivas, mejoraran las ya existentes redes de observacion. El
agrupamiento de datos puede ser una solucion parcial de los problemas actuales
relacionados con su toma inadecuada, pero la solucion completa se encuentra en el
desarrollo de nuevos métodos y tecnologias. Para maximizar la utilidad y transferencia
de los datos hidrologicos se deberian elaborar guias y protocolos para la recoleccion y
el manejo de dichos datos con el fin de aplicarlos a diferentes escalas y bajo diferentes
condiciones. La modelizacion de procesos es un tema clave en hidrologia para la
prediccion del comportamiento de las cuencas, especialmente de las que no han sido
monitoreadas, frente a los cambios en el uso del suelo y el clima. Futuros esfuerzos se
deberian concentrar en la parametrizacion de los modelos mediante una toma fiable de
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datos de campo, en la cuantificacion de su grado de incertidumbre y en el desarrollo de
nuevas técnicas de regionalizacion.

Llegamos a un punto en la evolucion de la hidrologia, en donde muchos de los
problemas complejos que existen sdlo pueden resolverse con un mejor apoyo politico y
organizativo, con mayor cantidad de fondos dedicados al desarrollo tecnologico,
investigacion y monitoreo a largo plazo, y con especial énfasis en los enfoques
cientificos interconectados. Es esencial realizar investigaciones interdisciplinarias
dentro y entre la hidrologia y otras disciplinas, incluyendo las ciencias sociales,
politicas y econémicas. También se deberian aumentar los esfuerzos en la capacitacion
y el entrenamiento de profesionales en hidrologia, sobre todo en los paises en vias de
desarrollo. Todo esto deberia ir acompafiado por una mejor comunicaciéon entre
cientificos y politicos, para asegurar que el conocimiento de los expertos se materialice
en acciones que ayuden a resolver los problemas del agua. Para ayudar en el progreso
de estos temas, recomendamos el establecimiento de un mecanismo organizativo
hidrologico intergubernamental global, cuya tarea principal seria fortalecer Ia
coordinacion y cooperacion entre organizaciones internacionales existentes en los
campos de la hidrologia y del manejo de recursos hidricos. Este informe discute la
naturaleza de este mecanismo y presenta varias recomendaciones dentro de cada
capitulo, que esperamos generen debate en cuanto al papel de la hidrologia, de los
hidrélogos y de los manejadores de recursos hidricos para enfrentar el desafio que
supone el manejo global del agua.






Foreword

There is much evidence to show that progress in this world is not achieved by
establishing institutions or through the application of rules and regulations, however
worthy they might be, but by the initiative and hard work of individuals. Certainly, this
is true for the International Association of Hydrological Sciences (IAHS) and its
activities, which depend so much on the commitment and enthusiasm of its individual
members. It is clear that the future of the Association will be in the hands of its
younger members and so it is particularly important to maintain their enthusiasm and to
involve them in setting out a vision of the future in which they can see a role for
themselves.

This is not easy to achieve through the established mechanisms of the Association
and so another route was sought some 22 years ago when IAHS established a working
group of young hydrologists to consider and report on the prospects for hydrology
through to the end of the 20th century. Their report was completed and published in
1987 under the title: Hydrology 2000.

In the late 1990s, as the start of the new millennium approached, the idea was
launched to establish a similar group and in July 2001 the Hydrology 2020 Working
Group was set up with a membership representative of all branches of the hydrological
sciences and all regions of the world. They were charged with looking into the potential
and opportunities of hydrological sciences in the foreseeable future.

Quite rightly, they have not spent too much time looking back over their shoulders
at what was written in 1987, but have focused on what lies ahead and in doing so they
have adopted a much broader view than their predecessors. They have addressed a
wider range of topics and have taken the initiative of making more explicit
recommendations on many of the subjects that they have considered.

One thing that has been retained, however, is the independence given to those
concerned. Both then and now, the working groups have written their own reports and
drawn their own conclusions. On more than one occasion, but particularly in Foz do
Iguagu in April 2005, they presented their findings for discussion by the wider IAHS
community. While they have surely considered the comments offered by us older
hydrologists, no-one has been looking over their shoulders or filtering what they have
written and so this report is entirely theirs. This is as it should be because the future of
hydrology itself is in their hands and those of their colleagues.

It is my pleasant duty, on behalf of the Association, to thank the members of the
Hydrology 2020 Working Group for all the work they have put into this report. In
particular, we owe a considerable debt of gratitude to Taikan Oki for his enthusiasm
and untiring efforts as chair of the Group over the past four years.

Finally, may I suggest that the greatest compliment we can pay to the members of
the Hydrology 2020 Working Group for the efforts they have expended on our behalf
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would be to use their report as a basis for a continuing debate on the future of the
hydrological sciences. They were not expected to concentrate so much on providing
accurate predictions of future developments, but to create enthusiasm for future
challenges. Some will agree with their analyses, others may not. Some will endorse
their recommendations, while others may offer alternative proposals. The important
thing, however, is to open and maintain a constructive debate on the future. This is
important, not only as a basis for planning the activities of [AHS, but for promoting the
further development of the hydrological sciences themselves—looking over our
shoulders from time to time, but focussing always on the challenging road ahead.

Arthur J. Askew
IAHS President, 2003—2009
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Preface

It was just after the 2nd World Water Forum had been held in The Hague, and the
Millennium Development Goals of the United Nations had been adopted by the
General Assembly. The World Summit on Sustainable Development in Johannesburg,
South Africa, and the 3rd World Water Forum in Kyoto had been planned, but had not
been announced publicly. It was the end of October 2000 when an International
Symposium “Can Science and Society Save the Water Crisis in the 21st Century?” was
held in Tokyo. There were many reports detailing serious situations concerning water
in the world, and several research programmes and operational initiatives to tackle
these water issues were announced at the Symposium. As I participated in and listened
to the discussion at the Symposium [ was surprised that all the speakers emphasized the
importance of contributions from social scientists, policy makers and mediators, and
that no input was anticipated from hydrologists or engineers to solve the world water
issues, even though most of the participants had hydrological or engineering back-
grounds. Many of the international participants at the Symposium were strongly
involved in the administration of the International Association of Hydrological
Sciences (IAHS), and one of them was Dr John Rodda, the IAHS president at that time.
He came up with the idea to establish a Hydrology 2020 Working Group (H2020)
under IAHS in response to my persistent question: “is it really true that hydrological
science can contribute little to solving the world water issues?”

There was an earlier working group, the Hydrology 2000 Working Group, also
under IAHS, which reported their view of hydrology in 2000 as IAHS publication
no. 171 (the “Red Book” series of IAHS) entitled: Hydrology in 2000.

To form H2020, the nine commissions of IAHS were asked to nominate two
young hydrologists under the age of 35, and the World Meteorological Organization
(WMO), and United Nations Education, Science, and Culture Organization (UNESCO)
were asked to nominate one each as well (see Appendix 1). The final selection was
made taking account of gender and geographical location (see Appendix 2 for member
affiliations and biographies). The members were expected to meet each other for the
first time at the VIth General Assembly of IAHS in the summer of 2001. However,
only three of the H2020 members could come to the meeting at Maastricht, in The
Netherlands. Therefore, in practice, the first meeting of the group was held in January,
2002, at The University of Edinburgh, Scotland, UK, and, in addition to H2020
members becoming acquainted, the Mission Statement of H2020 was formulated.
Summaries of each of the Group’s meetings are contained in Appendix 3.

The second meeting was held in conjunction with the Kovacs meeting of IAHS,
UNESCO-IHP and WMO, at the headquarters of UNESCO in Paris, France, in June
2002. H2020 members were asked to be the rapporteurs of each theme of IHP V in the
Kovacs meeting, at which a flyer detailing the Group’s activities was disseminated (see
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Appendix 4), and the framework for the Group’s next meeting was discussed in the
H2020 meeting.

The third meeting was held at the General Assembly of the International Union of
Geodesy and Geophysics (IUGG)/TAHS at Sapporo, Japan, in July 2003. An inter-
mediate report was presented, and an open workshop to discuss the report was held in
the Assembly, followed by an H2020 meeting to set the framework of the final report.

The fourth meeting was held in Calgary, Canada, in October 2004. It was
originally planned for December but was brought forward in order to meet the
publication deadline so that the final report of H2020 could be made available at the
IAHS Scientific Assembly in 2005. However, it was found that the draft prepared for
the fourth meeting in Calgary could be much improved with some revisions, and hence,
the H2020 group decided to delay the publishing schedule.

The fifth meeting was held at the VIIth IAHS Scientific Assembly in Foz do
Iguagu, Brazil, in April 2005. The penultimate draft of the report “Hydrology in 2020”
was introduced at a workshop, and the vision, the roadmap, and the key messages of
the report were discussed with general participants of the Assembly.

The sixth meeting held in Stockholm during the World Water Week in August
2005 was the final editorial meeting for the group. All the report contents were
examined and discussed, and the working group members reflected on some of the
review comments given on the draft report presented in April 2005.

It took longer than expected to complete this report by the Hydrology 2020
Working Group of IAHS. This was in part because the Group could only have
meetings annually due to the lack of robust financial support for their travel. As it
turned out, we felt that we should have met more frequently, at least twice a year, to
maintain our motivation. Giving a higher priority to drafting the report also means
having longer meetings (more than three days) so that there is a productive opportunity
for writing, just as the Hydrology 2000 Working Group did 20 years ago. Nowadays
the early 30s is a very crucial and stressful age for researchers, and it was impossible to
find a time slot among the H2020 members for a meeting longer than three days.

Nevertheless, we are proud of this report: Hydrology 2020 An Integrating Science
to Meet Water Challenges. There are already several documents reviewing the latest
achievements of hydrological science and outlining the prospects for the discipline.
However, we believe this report is unique and valuable to the research community,
particularly for young hydrologists, and also for all the stakeholders concerned with
world water issues. We have tried to illustrate the capability that hydrological science
will, and should have in 2020, and what we should start doing now in order to achieve
this.
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We are sure that this report will be a milestone capturing the state of the art in
hydrological science at the beginning of 21st Century, and a chart for young
hydrologists (including us) to explore the new frontiers in hydrology. We are also
certain that it will be a guide for those involved with developing and implementing
water policies. We are aware of the expectations of us from more senior generations to
lead hydrological science in the coming few decades. As Dr Rodda mentioned in his
message (see Appendix 1), “it is a valuable investment for the future of hydrology”,
and we would like to bring an end to the expectation. In a sense, this report is
something like a resolution for us, and we will be judged in roughly 15 years. We will
be very happy if hydrological science is further advanced and its capability for solving
practical problems in society is even more enhanced in 2020.

Taikan Oki, Chair of H2020
on behalf of the Hydrology 2020 Working Group members
12 December 2005
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