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Abstract. The multiple design of water resource systems and their management decision-~
making, under the influence of global climate change, is analyzed on a wider context. I
mean to say the chain reaction that interconnects the phases among climate, hydrology,
water resource systems and society. Each interface requires the contribution of
hydrologists, atmospheric scientists, ecologists and soclo-economists without the
traditional boundaries of their separate disciplines. Various aspects regarding data
requirements, methodologies and space-time scale problems are presented in each phase.

1) macroscaling modelling of the

INTRCDUCTION hydrosphere,
2) exchange processes at the land-

While c¢limate changes over periods of surface-atmosphere interface for a range
years are well documented, hydrologists of space and time scales, and
have been rather reluctant to agree for as 3) extreme hydrological events:
long as a decade (1960 to 1970) as to precipitation, floods and droughts.
whether changes within typical water However, our ability to predict climate
resource systems design periods (100 years changes is still very 1limited and any
or less) can indeed be distinguished from predictions that are made are debatable.
random variations in a physical The fact that the man himself may be the
hydrological time series (US ©National cause of such changes has given the whole
Academy of Sciences 1983). The advent of question far greater importance and
General Circulation Models (GCMs) over the urgency. While the reasons of current
last decade and consensus about the climate change may be studied by those
direction of future global climate change interested in the history and philosophy
threw light on the controversial theme, of science, society has every right to
thus making acceptable the aspect that expect scientists, engineers and decision-~-
climate change does exist. makers to face the subject with the utmost
Thus, in February 1979 the World serjousness.
Meteorological Organization (WMO  1979) The mankind survival requires adequate
with the support of UNEP, FAO, UNESCO and water supplies for food and clothing, as
WHO convened the first World Climate well as safety measures from floods,
Conference regarding droughts and other acts of God. Therefore

a) the improvement of climate processes the most important impacts of climate
understanding, change on society are introduced through a

b) attendance of climate change and multi-faceted scheme of the water cycle.
variations, and Accordingly, hydrologists and water

¢) the implementation of existing and resource engineers must undertake the
forecast climate information for the study  and planning of the aforesaid
mankind benefit. impacts in a coordinated fashion at
Just recently, the International national and international levels.

Association of Meteorology and Atmosperic
Physics and International Association of
Hydrological Sciences in the Assembly EVOLUTION OF REQUIREMENTS FOR CLIMATE

held at Yokohama, Japan (IAMAP-IAHS 1993) CHANGE INFORMATION

analyzed the update findings of the

executive programs (e.g. IGBP, BAHC, Climate change is the difference among
EFEDA, FIFE, HAPEX, etc) about climate and long-term mean values of a climatological
climate change stydies and mapped out also variable (or its statistical parameter)
the future research strategy on: (WMO 1985). A related condition to
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climate change 1is climate variability
including extreme events and differences
of monthly, seasonal and annual values in
relation to the <c¢limatically expected
values (WMO 1985).

The distinction between climate change and
climate variability is clear in principle
but it is not by no means easy to apply in
practice. In order to study the impacts of
climate change separately from those of
climate variability, a series of problems
related to space-time scales (e.g. global,
regional, catchment long~term, annual,
daily), variables (precipitation,
temperature, wind speed and direction,
runoff, soil moisture, etc) and statistics
(mean, variance, persistence, etc) must be
solved.

At present climate

predictions concetrate
on changes in the mean values of a few
selected variables over periods of ten to
thirty years on a global or continental

basis. It is not at all clear at first
sight what characteristics of which
elements are likely to be of great

significance with regard to the impacts on
water resources. Precipitation is a prime
candidate, but we know very little about
the predictions regarding this variable.
Similarly, while abrupt changes or trends
in mean values are important, increased or
decreased dispersion and/or probabilities
of extreme values are likely to be far
more critical.

The last three years climate information
has focused on the importance of
hydrological land-surface processes in
global change models. Climate model
simulations are sensitive to changes in
land surface albedo, soil moisture,
evaporation and surface roughness, all of
which are influenced by vegetation and
snow cover. Nevertheless, the role of the
biosphere is not sufficiently described in
these models and the representation of
hydrological processes is one of the
weakest and most challenging aspects of
the present GCMs. A profound knowledge of
the bio-hydrological processes at the
land-surfaces 1s needed to assess the
impact which climate change exerts on the

biosphere and, through the latter, on the
availability and management of water
resources.

CLIMATE CHANGE AND HYDROLOGICAL PROCESSES

Interactions between the physical climate
system and the hydrological cycle involve
a large number of processes that operate
over a continuous range of spatial and
temporal scales. So the impact of global
climate change follows a chain reaction
with the first link of the chain being the
impact on hydrological processes. Until
very recently, the hydrological model was
the mostly basic approach to analyze the
responses of climate change. The various
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parameters and inputs of the model were
adjusted for global climate change which
was simulated by hypothetical or GCM-
modelled climate change scenarios in order
to study the model responses to these
disturbances. Even if a specific
prediction scenario was given, it was
difficult to decide what adjustments were
to made to which parameters; it was even
more difficult to interpret the results of
speculative scenarios.

Another problem that the hydrologists
faced was the appropriateness of the space
and time-horizon models used in climate
change studies. Erratic differences in the
hydrological responses simulated for the

same catchment size, the same climate
change scenarios, yet with different
approaches, have been noted (Panagoulia

1994). Klemes (1985) had set very exacting
standards about the appropriateness of the
used hydrological models in this context.
Nevertheless the work that has already
been done in this regard (e.g. Nemec and
Schaake 1982, Lettenmaier and Gan 1990,

Panagoulia 1991 1992 1993) is of great
importance in that the hydrologists have
been directed to focus their whole
attempts dynamics on the land-surface-
atmosphere interface processes and
interactions.

The soil-vegetation-atmoshere interface

belongs to the first link of the chain.
The biosphere strongly interacts with the
atmosphere by evaporation and
transpiration. Therefore, changes in plant
cover can have a significant impact on the
hydrological cycle and consequently on the
other components of the climatic system.

Remarkable progress is being made in Soil-
Vegetation-Atmosphere Transfer (SVAT)
modelling at the patch scale (10 km?).
The SVAT models (BAHC  1993) having
different degrees of complexity represent
approximations of reality and include
numerous simplifications of the real
processes. SVAT models also use more than
50 parameters to describe the local soil
and vegetation <conditions with data
obtained from cuvette and tower
measurements. A base of such patch data
for a changing environment do not yet

exist. The research activity to upscale
the patch hydrological processes over
larger areas belongs to the future in
which also belong the regional-scale
studies of land-surface properties and
fluxes.

HYDROLOGICAL PROCESSES AND WATER RESOURCE
SYSTEMS

The second link of the chain interconnects

the hydrological processes and water
resource systems. Water resource systems
(reservoirs, dams, channels, ete)

represent man's intervention in the use of
hydrological cycle for his own benefit.



Even the simplest systems are subject to
numerous external forces including global
climate change influences. They interact
in many ways and, on local scale, can
modify the regional hydrological cycle.
Therefore, while water resource systems
may principally accept the climate impacts
through the hydrological processes, they
themselves can exert impacts on climate
(Askew 1987).

In respect of this link, the anticipated
changes in the hydrological processes can
be introduced in the relevant parameters
and time series inputs of mathematical
models of the systems. The impact on their
operation may then be analyzed through the
system responses. Any error in the
estimated hydrological processes and
especially in the streamflow, which is the
main input to operation system models, can
essentially altered the system response
due to the system complexity. In this
case, the results interpretation of a such
system simulated for global climate change
is dangerous.

On the other hand, the interaction between
hydrological processes and water resource
systems may involve feed-back mechanisms,
while significant changes in hydrological
processes may cause the system to operate

in a manner different from that
experienced to-date, with the results
obtained, if any, serving no real purpose
(Askew 1987) .

The interface between water resource
systems and natural processes 1is very
complex. Although the water resource

systems are manmade works, their mode of
operation is not well understood and may
be subject to uncotrollable changes, and
most easily at that. The decision-making
is one of the main parameters of the
systems management. For some systems it is
possible to amend the management so as to
face or take advantage of global climate
change. For others the feasibility to
change the management is very limited.

The actual way in which water resource
systems are currently operated and managed
is the result of a complex and stochastic
balance of physical, socio-economic,
political and human factors. Under this

scheme, it is essetial that the management
be included in water resource system
studies.

WATER RESOURCE SYSTEMS AND SOCIETY

The third 1ink in the chain, the one
between water resource systems and
society, is of great importance because it

is dominated by feed-back mechanisms. Both
the physical characteristics and the
systems management have been used to face
the needs of the society. This latter
interface interconnects the environmental
systems of climate and hydrology with the
manmade socio-economic and management
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systenms. Under these processes, the
aforesaid interface is complex, dynamic,
multi-faceted and difficult to predict its
future characteristics and management.

A lot of valuable work has been done on
the multi-objective design of  water
resource systems.Various technigques have
been developed for rational estimation of
the system demands in terms of finance and
various measures of public safety and
welfare. In theory, these techniques are
easily developed, but in practice it is
difficult to describe in concrete terms of
desires and limitations the demands for
future conditions. Therefore, we resort to
future demand scenarios that could fit
into all levels.

Not only the hydrological models, but also
the socio-economic ones must be improved
upon. Therefore, it is essential for the
current modelling developments at land-
surface interface to include management

and decision- making of water resource
systems in respect of global climate
change.

CONCLUSTIONS

The purpose of this paper is, primo, to

place the whole field of the impact of
global climate change on water resource
decision-making into a wider context
according to the last research
developments, secundo, to raise further
questions and data requirements, and,
tercio, to propose what methodologies
might be adopted in respect of space-time
scales. The aspects noted earlier can be
summarized as follows:

classification of the water resource
issues especially in relation to episcdic

events (extended droughts, floods, etc)
and greenhouse forcing .

identification of climatological and
hydrological parameters and their data

requirements in the appropriate space-time
scales that affect the water resources
management and design

use of the recently developed SVAT models
at land-surface-atmosphere interface to
analyze the influence of future climate
change on hydrological processes and water

resources in various biome types and
climates
use and testing of the watershed, biome

and socio-economically interalated models
to study the impact of global climate
change on water resource decision-making
contribution to the studies of
meteorologists of the Weather Generator
following upscaling and downscaling
procedures

The above tasks require. the collaboration
among hydrologists, atmospheric
scientists, ecologists and socio-
economists without the traditional
boundaries of their separate disciplines.



REFERENCES

Askew, A.J. 1987. C(Climate Change and
Water Resources. In : Proceedings of
the International Symposium on the
Influence of the Climate Change and
Climate Variability on the Hydrologic
Regime and Water Resources. University
of Vancouver, (eds. Solomon, Beran,
Hogg), Vancouver, Canada.

BAHC Core Project Office. 1993. Biospheric
Aspects of the Hydrological Cycle.
Report No 217, Institut fur
Meteorologie, Freie Universitat Berlin.

TAMAP~IAHS. 1993. Exchange Processes at
the Land Surface for a Range of Space
and Time Scales and Macroscale
Modelling of the Hydrosphere. Symposium
held at Yokohama, Japan, 13-23 July
1993.

Klemes, V. 1985. Sensitivity of water
resource systems to climate variations.
WCP Report No 98. WMO, Geneva.

Lettenmaier, D.P. & T.Y. Gan 1990.
Hydrologic sensitivities of the
Sacramento- San Joaquin River Basin,
California, to global warming. Wat.
Resour. Res. 26(1):69-86.

Nemec, J. & J. Schaake 1982. Sensitivity
of water resource systems to climate
variation. HAydrol. Sci. J. 27(3):327-
343.

Panagoulia, D. 1981. Hydrological response
of a medium-sized mountainous catchment
te climate changes. AHydrol. Sci. J.
36(6):525-547.

Panagoulia, D. 1992. Impacts of GISS-
modelled climate changes on catchment
hydrology. Hydrol. Sci. J. 37(2):141~
163.

Panagoulia, D. 1993. Catchment
hydrological responses to climate
changes calculated from incomplete
climatological data. In: Proceedings of
the Exchange Processes at the Land
Surface for a Range of Space and Time
Scales. IAHS Symposium, 13-~16 July,
Yokochama, Japan.

Panagoulia, D. 1994. Temporal Scale
Effects on Modelled Catchment
Hydrological Processes 1in Respect of
Global Climate Change. 1934 Western
Pacific Geophysics Meeting. 25-29 July,
Hong Kong. {in publishing).

US WNational Academy of Sciences. 1983.
Changing Climate. National Academy of
Sciences. National Academy Press.
Washington, DC, USA.

WMO. 1879. Proceedings of the World
Climate Conference. WMO Publ. No 537.
WMO, Geneva.

WMO. 1985. WCP-Water Project A.2.
Analyzing Long Time Series of
Hydrological Data with Respect to
Climate Variability. WMO, Geneva.

166



FROM THE SAME PUBLISHER:

Zhaohui Wan & Zhaoyin Wang

Hyperconcentrated flow (IAHR Monograph Series)
1994, 25 cm, 304 pp., Hf1.150/$80.00/ £55
Hyperconcentrated flow is a phenomenon peculiarto the Yellow
River Basin. Significant erosion and siltation associated with hyper-
concentrated flow give rise to many problems of river management.
On the other hand, irrigation in conjunction with warping that util-
izes turbid water at hyperconcentrations greatly enriches agriculture
in arid and semi-arid areas. The feasibility of utilizing the great
potential for sediment carrying by hyperconcentrated flow can also
be applied to topics as hypertransport, debris flow and sediment re-
leases from reservoirs. The development of the theory of hypercon-
cenirated flow enriches the knowledge of mechanics of sediment
transport.

Hydrology and water management of deltaic areas
CUR Report 93-5

1993, 30cm, 312 pp., Hf1.235/$130.00/£87
Introduction. General; Hydrologic characteristics; Geology and geo-
morphology; Soils of Deltaic areas and their agricultural potential.
Hydrology. Surface water; Groundwater; Hydrological data collec-
tion; Features of ecology. Warer management and control. Water
management planning; Floods and flooding; Control of salt water in-
trusion; Coastal reservoirs; Reclamation; Integrated upstream and
downstream development; Appendices.
Hino, Mikio

Water quality and its control

(Hydranlic structures design manual, 5)
194,25 cm, 272 pp., H1.195/$110.00/£72
Physical as well as biochemical processes of pollution in aquatic en-
vironments are described. Theories and means to predictthe magni-
tude of environmental pollution and counter-measures are intro-
duced. Contents: Thermal stratification; Lake and reservoir eutroph-
ication; Control of water quality in lakes and reservoirs; Sediment-
laden flows; Water purification in rivers; Improvement and control
of water quality in iver systems; Waste disposal in the ocean; Fish
‘protection. Author: Tokyo Inst. of Technology, Japan.
Shahin, M., HJ.L.van Qorschot & S.J.de Lange
Statistical analysis in water resources engineering
(Applied hydrology monographs 1)

1993,25 cm, 406 pp., Hf1.115/$60.00/£42
(Studentedn., 90 5410 163 6, Hf1.65/$35.00/£24)
Geophysical data, by the nanure of their underlying phenomenae &
processes, are amenable to statistical analysis for testing & inter-
pretation. Conrents: Hydrologic variables, presentation of data,
statistical mornents, elementary theory of probability, estimation of
parameters, testing hypothesis, frequency analysis, regression, time
series analysis & (simple) stochastic models & exercises with hints
to solution.

Caponera, Dante A. 9054101083
Principles of water law and administration: National and inter-
national

1992,25cm, 280 pp., Hfl.185/$99.00/ £69

Introduction; Earliest water regulations and managernent; Roman
and intermediate period; Definition and sources of water law; Ex-
isting systems; Development by region; Possible contents of and rea-
sons for water law; Water resources planning and water law;
National water resources administration; International water re-
sources law in general; Intemnational water resources law - major is-
sues; International water resources administration; Legal and institu-
tional aspects of groundwater managerment.

Sargand, S.M., G.EMitchell & J.O Hurd (eds.) 9054103086
Structural performance of pipes 93 — Proceedings of the second
national conference, Columbus, Ohio, 14-17 March 1993
1993,25cm, 176 pp., Hil.120/$70.00/ £45

With the broadening and expanding application of pipesin infra-
structure systems, along with development of new materials and de-
signs, a publication of this provides a forum for integrating different
viewpoints on structural performance of pipes. Paralle] with increas-
ing use has been research on performance, design and analysis, and
modeling of pipe structures.

9054101660

9054101687

9054101237

9054101628

Zaradny, Henryk (R.B.Zeider, ed.) 9054101008
Groundwater flow in saturated and unsaturated soil
1993,25cm, 280 pp., Hfl.165/$95.00/ £61

Groundwater flow phenomena are analysed in broad quantitative
terms. Using relationships of soil physics, meteorology, agrohy-
drology and kindred fields the author shows solutions to the problem
of groundwater flow in three-phase soil media. Contents: Ground-
water; Soil water potential; Basic relationships for flow rate in
porous media; Hydraulic conductivity of soil; Basic equations of
groundwater flow; Elastic properties of soil medium; Numerical
methods; Examples of one-dimensional solutions; Water flow to
drainage; Water outflow in soil stratum; Examples of solutions for
unsteady groundwater flow in dykes and dams; Subsurface hillside
seepage flow in forest hydrology.

Reeve, Charles & Jacqueline Watts (eds.) 9054103515
Groundwater, drought, pollution and management - Proceed-
ings of the international conference, Brighton, 1-3 February 1994
1994,25 cm, 400 pp., Hfl.170/$95.00/ £63

Groundwater should be managed in such a way that no loss of poten-
tial function occurs and diversity of the ecosystems is main-
tained.ZTopics: Dry climate problems; Salinity management and re-
use; Pollution; Nitrates; Surface / groundwater interaction; UK
drought management; Artificial recharge; Management.

Bettess, Roger & Jacqueline Watts (eds.) 905410046 X
Unsteady flow and fluid transients —~ Proceedings of the inter-
national conference, Durham, UK, 29 September-1 October]1992
1992, 25 cmm, 380 pp., Hf1.170/$95.00/ £63

Significant contributions on the prediction of unsteady flow & fluid
transients ina wide variety of systems. The papers range from the
theoretical to the practical application of techniques & describe
failures as well as successes. The book provides an excellent survey
of recent work in the areas & will be of real value to everyone con-
cerned with the prediction of unsteady flow & transients within the
fluid system. Editors: HR Wallingford Ltd., UK.

Nezu, Jehisa & Hiroji Nakagawa 9054101180
Turbulence in open-channel flows - (JAHR Monograph Series)
1993, 25 cm, 286 pp., HL.150/ $85.00/ £55

Turbulent transport processes in rivers and estuaries have broad con-
sequences on such phenomena as the velocity distribution, bed shear
stress, energy loss, sediment transport, pollutant spreading and air
entrainment. Hence, the understanding of and the ability to predict
turbulence phenomena in open-channel flows are widely sought.
This monograph reviews the state-of-the-art on open channel tur-
bulence, and treats especially certain unique features stemming frorn
the presence of the free surface and the bed of ariver. Contents:
Statistical theory of urbulence; Coherent structures in open-channel
flows and boundary layers. Authors: Kyoto Univ., Japan.

Benedini, M., Kodwo Andah & R.Harboe (eds.) 9061911486
‘Water resources management: Modern decision techniques -
Selected papers from the international symposium on the applica-
tion of systems to water resources management, Perugia, 1986
1992,25 cm, 233 pp., Hfl.170/$95.00/ £63

State-of-the-art of various principles underlying the application of
systems analysis to water resources management. Techniques in-
volving lineair and dynamic programming, uncertainties and risk
analysis and multicriteria approaches with regard to decision
making in water resources management and planning. Particular ref-
erence of some case studies to developing countries. 12 papers.
Raudkivi, ArvedJ. 9054101326
Sedimentation — Exclusion and removal of sediment from diverted
water (Hydraulic structures design manual, 6)

1993,25cm, 172 pp., Hf1.135/$75.00/ £50

Aconcise overview of the methods of water diversion and exclusion
or removal of sediment from the diverted water. The emphasisis on
flow features and the associated conveyance of sediments. Structural
aspects and problems with construction of the water diversion struc-
tures have not been included. It provides the necessary background
for the evaluation of the type of solution or the equation to be used.
Contents: Basic concepts of soil erosion and sediment transport;
Riverintakes; Interception and removal of sediment from diverted
water; Reservoir sedimentation; References; Index.
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