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14 A Synopsis

This book introduced some approaches to modelling in support of water resources
systems planning and management. These modelling tools can help identify and
evaluate alternative plans and management policies in terms of their various
physical, economic, ecological and environmental, and social impacts. Model
outputs – information relevant for deciding what to do and when and where – are
based on model inputs. Model inputs include data, judgements and assumptions.
Models provide a way to identify just which of these data, judgements and
assumptions are critical and which are not. This ‘sensitivity’ information can help
focus the political decision-making debate on issues that are most important in
the search of alternatives that best meet desired objectives and goals.

1. Meeting the Challenge
At the beginning of this twenty-first century, water
developers and managers are being challenged to meet
ever-increasing demands for more reliable, cheaper and
cleaner water supplies for socio-economic development
and, at the same time, ensure a quality environment
and a resilient, sustainable and biodiverse ecosystem.
Problems associated with periodic droughts, floods,
pollution, aging infrastructure, threatened riverine
and coastal environments and degraded ecosystems,
conflicts over multiple purposes or uses, and increasingly issues related to safety and security, are common
throughout much of the world. While there are many
different ways of meeting these challenges, it seems
obvious that water and related land development
projects and management practices within any river
basin should fit into an integrated resources management plan for the entire basin, including, in some cases,
its estuarine and coastal zones.
Systems approaches encompassing multiple disciplines and multiple spatial and temporal scales are needed
to help define and evaluate alternative plans and policies
for managing the interdependent components of water
resources systems, including their watersheds, as an
integrated system. The condition of river basins in the
next ten, twenty or fifty years will largely depend on how

well various water-related economic, environmental and
social interests within these basins have been satisfied in
an integrated, equitable and sustainable way.

2. The Systems Approach to
Planning and Management
Systems approaches, including the use of extensions
of the modelling methods introduced in this book,
can provide an organized framework for resources
management and for estimating the important hydrological, geomorphic, ecological, social and economic impacts
and trends over relevant scales of space and time. Within
a systems framework, multiple purposes can be investigated, tradeoffs among competing objectives may be
identified and evaluated, potential adverse impacts can be
assessed, and the various costs and benefits, however
measured, of a project may be estimated and examined.
This can all be done within a context or process that
incorporates the concerns and desires of all those with an
interest or stake in the outcome.
Quantitative models can help inform interested stakeholders and those individuals or agencies responsible for
recommending or making decisions or policy. The merits
and advantages, as well as the limitations, of various
quantitative methods for analysing various planning or
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management issues are generally recognized throughout
the water resources community. The assumptions and
uncertainties associated with any model-generated impact
predictions should be understood and considered by
those using these model predictions.

2.1. Institutional Decision-Making
Due to institutional, fiscal and political factors, the approach
to decision-making in government water planning and
management agencies is often piecemeal, fragmented and
local-project oriented. The resulting decisions or actions
are not always as effective or efficient as they could be.
Decisions made today at the local level, without consideration of how the entire system works and how it will
respond to such decisions, can lead to problems for
tomorrow. History points to many examples.
The cost of restoring much of the unique, but
degraded, Everglades ecosystem in south Florida in the
United States is now estimated to exceed US$8 billion.
Without considering the root causes of ecological stress
on the Everglades, much of that $8 billion may be poorly
spent. Land development and a rising sea level may
continue to encroach on the natural system, whether
restored or not. This reduces the ability of water managers
to create the regimes of hydrological flows, water levels,
water quality and hydro-periods needed to protect and
enhance the various habitats within the Everglades
(Figure 14.1).
The decision over the past decades to reroute river
sediment at the mouth of the Mississippi River away from
its delta has resulted in a loss of delta land (Figure 14.2).
This delta supports a diverse ecosystem and an infrastructure used to offload crude oil from tanker ships and
pump it in from offshore oil platforms. An estimated

marine/
estuary

US$14 billion will be needed to protect and restore that
eroding and subsiding delta. In addition, the excessive
nutrient loads in runoff from farmlands throughout much
of the Mississippi Basin have resulted in a hypoxic (dead)
zone of over 7,000 square miles (some 19,000 km2) along
the Louisiana coast in the Gulf of Mexico. Eliminating that
dead zone will be a massive political challenge in a basin
where land owners do not appreciate being told how to
manage their lands and their runoff.
Attempts to re-establish fish passage around dams
(Figure 14.3) throughout the Columbia River and its tributaries have already cost an estimated US$3,000 per salmon
based on the current salmon population in the river.
Success in solving these and similar challenges
will depend on the extent to which they are viewed and
managed as part of the entire river basin, estuary and
coastal region, and on the extent of involvement of all
affected stakeholders.
These are among the many water resources
management issues that can be studied through the use
of quantitative modelling methods. Clearly one of the
biggest issues, even for river basins located entirely
within single countries but especially for international
river basins, is the institutional structure and capacity
needed to take advantage of a more comprehensive
systems approach to water resources planning and
management. How can multiple government agencies,
citizen or community groups, non-governmental
organizations and private companies – each with interests, responsibilities and authorities to address a local or
limited range of water management issues and needs –
generate broadly supported integrated regional
solutions? Where there exist active and well-staffed river
basin commissions (such as those for the Delaware,
Danube, Mekong and Rhine Rivers, to mention a few),
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Figure 14.1. Ecosystem habitats in the
Everglades in southern Florida (www.nps.gov).
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Figure 14.2. The Mississippi River Delta on the Louisiana coast
in the Gulf of Mexico (NOAA Central Library, www.noaa.gov).

there is a greater potential for basin-wide coordination of
multiple projects and management decisions. However,
these commissions are not always able to fund the
studies and analyses they would like to do in concert
with other stakeholders in a participatory planning
process that could result in strategies for guiding

the integrated and sustainable development and
management of their river basins (Chapter 1).
Water resources professionals and the informed public
are increasingly seeking better ways of identifying and
implementing solutions to water resources problems that
can be done in less time and at a lower cost than
traditional engineering projects. Working together in a
participatory planning process, while less efficient in the
speed of decision-making, is perhaps more effective. The
more traditional top-down planning and management
process is now becoming a multi-agency multi-stakeholder bottom-up planning and management process. Yet
such a bottom-up process needs coordination to ensure
unity of purpose, facilitate collaboration, deal with conflicts, and promote the inclusion of the full spectrum of
public and private sector stakeholders. Both coordination
and technical expertise and advice can be provided by
government agencies if they have the ability and authority
to do so. All too often, they do not.
Professionals in various disciplines must provide the
information needed by those involved in the political
planning and management process if they are to make
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Figure 14.3. Obstacles to fish passage on the
Columbia River in Canada and the United States.
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informed decisions. This book has introduced some
modelling approaches that are being used to provide
some of this information. As discussed in Chapters 2 and
3, these tools can play an important role in helping
stakeholders become better informed and reach a shared
vision of how their water resources system functions and
perhaps, if possible, even how they want it managed.

2.2. The Water Resources System
Understanding the natural processes as well as economic
and social services or functions that rivers, lakes, reservoirs,
wetlands, estuaries and coasts perform is critical to the
successful and sustainable management of regional water
resources systems. These natural processes involve numerous geomorphological, biological and chemical interactions
that take place among the components of fluvial systems
and their adjacent lands. Those who model and manage
them should be aware of these processes and interactions.

Nevada

Utah

The current hydrological, geomorphological, environmental and ecological states of streams, rivers, wetlands,
estuaries and coasts are indicators of past and current
management policies or practices. The condition of such
components of a water resources system is an indicator of
how well they can function. Natural systems are able to
filter contaminants from runoff; store, absorb and gradually release floodwaters; serve as habitat for fish and
wildlife; recharge groundwaters; provide for commercial
transport of cargo; become sites for hydropower and
provide recreational opportunities beneficial to humans.
Degraded systems do not perform these functions so well,
and thus can result in added costs of providing alternative
ways of meeting these needs.
Today the importance of keeping natural aquatic
systems alive and well, diverse and productive, in
addition to meeting the needs of multiple economic and
social interests, is much better appreciated and
recognized than it was throughout much of our history up
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through the first half of the past century. During most
of this time, water resources planners and managers
were involved in ‘conquering nature and taming
its variability’. Today, natural system restoration and
sustainability have become major objectives alongside the
usual economic services that water and related land
management can provide. Satisfying all these objectives to
the extent possible requires an understanding of the basic
hydrological, geological, environmental and ecological
interactions that take place in natural aquatic systems.
Appendix A reviews some of the major natural
processes and interactions that occur in watersheds,
river basins, wetlands, estuaries and along coasts. It
provides a background for those who may not be
familiar with this subject and who wish to model such
processes and their interactions for the purposes of
planning and management.

2.3. Planning and Management Modelling:
A Review
Water resources systems are characterized by multiple
interdependent components that together produce multiple economic, environmental, ecological and social
impacts. Planners and managers working toward improving the performance of, or the services provided by, these
complex systems must identify and evaluate alternative
plans and management or operating policies, comparing
their predicted performance with desired goals or objectives. Constrained optimization and simulation modelling
is the primary way we have of predicting system performance associated with any plan or operating policy.
Chapters 3 and 4 introduced the development and use of
some of the modelling methods commonly applied for
identifying and analysing the performance of water
resources systems. Chapter 5 showed how these models
can be extended to include problems or issues better
described qualitatively rather than quantitatively.
Models require data. Data sets contain information,
often much more than can be learned from just looking at
various graphical plots of those data. Statistical or databased models help us abstract and gain new information
and understanding from these data sets. They also serve
as substitutes for more process-based models in applications where computational speed is critical or when more
process-oriented models become too complex and/or too
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data demanding. Statistical data-based models range from
the commonly used regression models to more recent
ones based on evolutionary or biological processes. In
Chapter 6 three such models were described. They are
among a wide range of data mining tools designed to
identify and abstract information from large sets of data.
Events that cannot be predicted precisely are often
called random. Many if not most of the inputs to, and
processes that occur in, water resources systems are to
some extent random. Hence, so too are the outputs of
predicted impacts, and even people’s reactions to those
outputs or impacts. To ignore this randomness or uncertainty when performing analyses in support of decisions
is to ignore reality. Chapters 7, 8 and 9 reviewed some of
the commonly used tools for dealing with uncertainty in
water resources planning and management. Chapter 9
also addressed the topic of sensitivity analyses: ways of
determining the sensitivity of model output to changes in
the values of model inputs.
Water resources systems provide a variety of economic, environmental and ecological services. They also
serve a variety of purposes (such as water supply, flood
protection, hydropower production, navigation, recreation, and waste reduction and transport). Performance
criteria provide measures of just how well a plan or
management policy performs. There are a variety of
criteria one can use to judge and compare system
performance. Some of these performance criteria may be
conflicting. The water that has access to one consumer is
not available to another consumer, and vice versa. In
these cases, tradeoffs exist among conflicting criteria
and these tradeoffs must be considered when searching
for the best compromise decisions. Chapter 10 presented
ways of identifying and working with these tradeoffs in
the political process of selecting the best decision.
Multipurpose river basin development projects typically involve the identification and use of both structural
and non-structural measures that are designed to, for
example, increase the reliability of municipal, industrial
and agricultural water supplies when and where
demanded, to protect against floods, to improve water
quality, to provide for commercial navigation and recreation, and to produce hydropower, as appropriate for the
particular river basin. Structural measures may include
diversion canals, reservoirs, hydropower plants, levees,
flood proofing, irrigation delivery and drainage systems,
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navigation locks, recreational facilities, groundwater
wells, and water and wastewater distribution and
collection systems and treatment plants. Non-structural
measures may include land use controls and zoning, flood
warning and evacuation measures, and economic and
legal incentives that affect human behaviour with regard
to water and watershed use. Planning the development
and management of water resources systems involves
identifying just what and when and where various
structural or non-structural measures are needed, the
extent to which they are needed, and their combined
economic, environmental, ecological and social impacts.
Chapters 11 and 12 introduced some modelling
approaches for doing this. Chapter 11 focused on
measures and models for water quantity management.
Chapter 12 focused on measures and models applicable
for water quality management.
Most people in most countries live in urban areas.
These areas have their own special types of water
resources management issues and problems. As populations continually move to urban areas to seek a higher
standard of living and improved economic opportunities,
and as cities merge to form megacities (with populations
in excess of 10 million), the design and management of
urban water supply systems becomes an increasingly
important part of regional integrated water resources
planning and management. Chapter 13 focused specifically on measures and models applied to the planning and
management of water and wastewater in urban areas.
Many of these tools are applicable in rural areas as well.
The management of water resource systems to serve
various purposes and to meet various objectives requires
actions with respect to land and water use. Regulating
water quantity and quality often requires engineering
infrastructure. The planning, design and operation of
such infrastructure should be based on the best science
available. Even the best science available is often not
enough to give us the understanding we need to be sure
we are making the right decisions. Furthermore, the goals
and objectives our decisions are intended to meet can,
and usually do, change over time. Given this uncertainty
and changing political and social environment, it makes
sense to monitor the impacts of our decisions and adapt –
make changes – as appropriate.
All too often there is no follow-up monitoring carried
out to judge the effectiveness of past decisions.

Monitoring and adaptive management are increasingly
being advocated when water management decisions are
made on the basis of an uncertain science. But what
should be monitored, and where, and how often and to
what accuracy? These issues are addressed in Appendix B.
Considerable efforts have been (and continue to be)
spent preparing for droughts or floods. Appendices C
and D are specifically devoted to drought and flood
management issues, where models can play an important
role in evaluating the effectiveness of any measures taken
to mitigate damage from these extreme hydrological
events. Models and their associated computer software
such as The Planning Kit of Delft Hydraulics for
floodplain planning or the US Army Corps of Engineers
‘shared vision’ modelling approaches to drought
management planning have proven successful at
stakeholder, professional and various governmental
levels in the Netherlands and in the US.

3. Evaluating Modelling Success
There are a number of ways one can judge the extent of
success (or failure) in applying models and performing
analyses in practice. Goeller (1988) suggested three measures as a basis for judging success:
1. How the analysis was performed and presented (analysis success).
2. How it was used or implemented in the planning and
management processes (application success).
3. How the information derived from models and their
application affected the system design or operation and
the lives of those who use the system (outcome success).
It is often hard to judge the extent to which particular
models, methods and styles of presentation are appropriate for the problem being addressed, the resources and
time available for the study, and the institutional environment of the client. Review panels and publishing in
peer-review journals are two ways of judging. No model
or method is without its limitations. Two other obvious
indications are the feelings that analysts have about their
own work and, very importantly, the opinions the clients
have about the analysts’ work. Client satisfaction may not
be an appropriate indicator if, for example, the clients are
unhappy only because they are learning something they
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do not want to accept. Producing results primarily to
reinforce a client’s prior position or opinions might result
in client satisfaction, but, most would agree, this is not
an appropriate goal of modelling.
Application or implementation success implies that
the methods and/or results developed in a study were
seriously considered by those involved in the planning
and management process. One should not, it seems to us,
judge success or failure on the basis of whether or not any
of the model results (the computer ‘printouts’) were
directly implemented. What one hopes for is that the
information and understanding resulting from model
application helped define the important issues and identify possible solutions and their impacts. Did the modelling help influence the debate among stakeholders and
decision-makers about what decisions to make or actions
to take? The extent to which this occurs is the extent to
which a modelling study will have achieved application or
implementation success.
Outcome success is based on what happens to the
problem situation once a decision largely influenced by
the results of modelling has been made and implemented.
The extent to which the information and understanding
resulting from modelling helped solve the problems or
resolve the issues, if it can be determined, is a measure of
the extent of outcome success.
It is clear that success in terms of the second or third
criteria will depend heavily on the success of the preceding one(s). Modelling applications may be judged
successful in terms of the first two measures but, perhaps
because of unpredicted events, the problems being
addressed may have become worse rather than improved,
or while those particular problems were eliminated, their
elimination may have caused other severe problems. All
of us can think of examples where this has happened.
For example, any river restoration project involving the
removal of engineering infrastructure is a clear indication
of changing objectives or new knowledge. Who knows
whether or not a broader systems study might have
helped earlier planners, managers, and decision-makers
foresee such consequences, but one cannot count on that.
Hindsight is always clearer than foresight. Some of what
takes place in the world is completely unpredictable. We
can be surprised now and then. Given this, it is not clear
whether we should hold modellers or analysts, or even
planners or managers, completely responsible for any lack
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of ‘outcome success’ if unforeseen events that changed
goals, or priorities or understanding did indeed take place.
Problem situations and criteria for judging the extent
of success will change over time, of course. By the time
one can evaluate the results, the system itself may have
changed enough for the outcome to be quite different
than what was predicted in the analysis. Monitoring the
performance of any decision, whether or not based on a
successfully analysed and implemented modelling effort,
is often neglected. But monitoring is very important if
changes in system design, management and operation are
to be made to adapt to changing and unforeseen conditions. (Adaptive management is discussed in more detail
in Appendix B.)
If the models, data, computer programs, documentation and know-how are successfully maintained, updated,
and transferred to and used by the client institutions,
there is a good chance that this methodology will be able
to provide useful information relevant to the changes that
are needed in system design, management or operation.
Until relatively recently, the successful transfer of models
and their supporting technology has involved a considerable commitment of time and money for both the analysts
and the potential users of the tools and techniques. It has
been a slow process. Developments in interactive
computer-based decision support systems that provide a
more easily understood human–model–data–computer
interface have substantially facilitated this technology
transfer process, particularly among model users. These
technology developments have had a major impact on the
state of the practice in using models in support of water
resources planning and management activities.

4. Some Case Studies
What does one do with models used for analysing water
resources planning and management issues? The following sections describe a few case studies or projects involving the application of modelling methods that are
extensions of those described in this book. These projects
were carried out by Delft Hydraulics in cooperation with
other consulting firms and governmental and international institutions, and are typical of many such studies
sponsored by and often carried out by international
development banks and various UN and national foreign
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aid agencies. They serve to illustrate only a few of the
wide variety of types of planning and management
problems, issues, opportunities and challenges facing
water resources planners and managers.

4.1. Development of a Water Resources
Management Strategy for Trinidad and Tobago
The goal of this project was to develop a national water
resources management strategy that would lead to
sustainable management of the available water resources
in Trinidad and Tobago. An important element in this
project was the establishment of an effective and financially autonomous institutional setting that guaranteed the
‘optimum management’ of the islands’ water resources
sector. The project lasted just over one year. The planning
horizons for the study were the years 2015 and 2025.
Trinidad and Tobago are two islands in the West
Indies directly opposite the mouth of the Orinoco River
(Figure 14.5). Although the average precipitation (2,000
mm/year) is quite high, its distribution in time (there is a
wet and a dry season) and space (it is concentrated in the
hills along the northern coast) does not match when and
where it is needed. This mismatch between supply and
demand creates a need for storage and distribution
systems. The last decades have witnessed a deterioration
of both availability and quality. The public water supply
sector has failed to meet the demands for water during the
wet as well as the dry season. Surface water quality poses
a major constraint on the use of the resource. The lack of

proper watershed management has resulted in increased
peak flows and reduced discharge capacities of the rivers.
Environmental problems have become increasingly
apparent and will worsen if measures are not taken to
reverse these trends. Without any major investments, the
water resources system will limit the expected future
growth in various demand sectors.
The project was divided into three distinctive phases
(as described in the framework of analysis sections of
Chapter 3 and further in Appendix E), each of which
involved client participation. The Inception Phase defined
the water resources system to be studied and identified the
various problems and issues of concern. The Development
Phase analysed the water-related problems and defined the
scope of the study. This phase passed through a number
of steps, from collection of data and information on all
relevant subjects to a preliminary analysis of the water
resources system. This analysis identified the various
economic growth bottlenecks for present and future
situations. Subsequently a large number of possible
demand-oriented, supply-oriented, and environmentoriented measures were identified. These measures were
grouped according to five development strategies that
were considered as possible solutions for both present
and future problems in the water resources situation. Each
of these development strategies was examined with the
aid of a river basin simulation model. A number of water
supply, water quality, and environmental criteria were used
to classify the degree of success of each strategy. These
analyses included assessments of the necessary changes in

Figure 14.4. On the shores of
Trinidad and Tobago, a
hardship site for getting any
work done!
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Figure 14.5. Trinidad and Tobago are two
islands located in the West Indies.
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the institutional and legal framework that could lead to an
improvement of the management of the water resources.
The water resources management study required an
ample range of data, varying from discharge and rainfall
data to per-capita water demand and expected transportation losses. The hydrological inputs to the simulation model were based on a statistical extension of the
original historical records by applying time-series generation tools (as discussed in Chapter 7). The analysis
included the assessment of the water availability (both
surface water and groundwater) and the present and
future (projected) water demand, both for public water
supply (including industry) and irrigated agriculture.
The application of a simulation model allowed for the
assessment of individual measures as well as groups of

measures according to a certain development strategy.
The impact of the various measures on the water flows
and quality were displayed by means of the graphical
tools in the simulation model. Figure 14.6 shows one
such display.
An important aspect in the definition of a water
resources strategy is the expected impact of any recommended measures on environmental and ecological
conditions. Ongoing deterioration of the natural
environment is evident from the major soil loss from hills
due in part to the large-scale deforestation that has
occurred in a number of regions.
On the basis of the information on water availability,
water demand and other water-related aspects in Trinidad
and Tobago, water resources management strategies were

WATER RESOURCES SYSTEMS PLANNING AND MANAGEMENT – ISBN 92-3-103998-9 – © UNESCO 2005

470

8/31/2005

12:01 PM

Page 470

Water Resources Systems Planning and Management

E040716g

wrm_ch14.qxd

fraction calculation over a five-year period
1.0
0.9

Figure 14.6. Composition of the
water at the inflow to the Point
Lisas Industrial Estate.

0.8
0.7
initial
variable inflow
PWS return flow
irrigation return flow
tumpuna inflow
ib: n. oro / matura
ib: groundwater
ib: caroni-a confl.

0.6
0.5
0.4
0.3
0.2
0.1
0.0

developed. They focused on different topics and goals.
Each of the suggested strategies consisted of a number of
related measures that in combination met pre-set criteria.
These included supply reliability, environmental protection, government investment requirements and time
required for implementation. Failure criteria were chosen
such that both the time of failure and the extent of the
failure would be taken into account. The final decision
made by the government of Trinidad is illustrated in
Figure 14.7.
Other aspects taken into account were changes in the
existing legal framework, the impact on other agencies
related to water resources, and the practical implementation of a new agency within the Ministry of Planning and
Development. This agency should be financially independent, with income from licence fees covering the costs
of the organization. A Planning Unit within that agency
will have responsibility for the preparation and periodic
revision of the water resources management plan, and will
take over the planning activities that have been performed
in the project.

4.2. Transboundary Water Quality
Management in the Danube Basin
The Danube River Basin (as described in Chapter 1)
covers some 817,000 square km in parts of eighteen
countries in the heart of central Europe. The basin’s
population of 85-million is characterised by large socioeconomic differences. The river flows from relatively
rich western European states to relatively poorer former

Soviet Union Republics. The river’s larger tributaries
include the Sava (Slovenia, Croatia, Bosnia-Herzegovina,
Yugoslavia), the Tisa (Ukraine, Slovakia, Hungary, Romania,
Yugoslavia), the Drava (Austria, Slovenia, Croatia, Hungary)
and the Inn (Germany, Austria). The inhabitants of the basin
use the Danube’s water intensively (Figure 14.8). The basin
includes many important natural areas, including the
Danube delta, the second largest wetland area in Europe.
On 22 October 1998, the Danube River Protection
Convention (DRPC) became the overall legal instrument
for cooperation and transboundary water management in
the Danube River Basin. The overall objective of the
DRPC is to achieve and maintain the sustainable development and use of water resources in the Danube River
Basin. The executing body of the convention is the
International Commission for the Protection of the
Danube River (ICPDR). A modelling project, lasting from
1995 to 2004, has assisted the ICPDR in establishing and
implementing sustainable water quality management on a
basinwide scale.
Events such as accidental spills, flooding and ice jams
may degrade the downstream ecosystem and jeopardize
the supplies of water. In such cases, there is a clear need
for the collection and dissemination of early information
about these events. To safeguard the aquatic environment
and the use of water in the riparian states, the project
developed and implemented an Accident Emergency
Warning and Prevention System (AEWPS) for accidental
pollutant discharges into the river Danube. The principal
aim of the AEWPS is to communicate information about
sudden changes in the water characteristics, such as
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development strategy for Trinidad.
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Figure 14.8. The ‘Blue’ Danube at Budapest, Hungary.

main water demand centres

accidental spills or unpredictable changes in the water
level, with special attention to transboundary impacts.
The focal locations of the AEWPS are the Principal
International Alert Centres (PIACs), shown on Figure 14.9.
A Danube Basin Alarm Model (DBAM) was developed
to support decision-making in relation to accidental
spills with a probable transboundary impact. The
January 2000 Baia Mare spill, Figure 14.10, presents a
dramatic example.
The model provides forecasts of the travel time and the
expected peak concentrations in the cloud of pollutants
during its travel down the river. The DBAM was designed
for use in operational conditions, to provide a fast
and first-order assessment of the effects of a spill. It uses
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Figure 14.9. The Principle
International Alert Centres
(PIACs) of the Danube AEWPS.
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Figure 14.10. Application of the
DBAM to the Baia Mare spill in
January 2000.

readily available limited-input data. For reasons of
computational speed and accuracy, the model uses
analytical techniques to solve the governing mathematical
advection–diffusion equation (discussed in Chapter 12).
Experts in ten Danube countries are currently using the

model. The water quality component of this model has
been used to support a so-called Transboundary
Diagnostic Analysis for the nutrients nitrogen and
phosphorus, as well as to assess the effectiveness of the
proposed pollution reduction program.
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4.3. South Yunnan Lakes Integrated
Environmental Master Planning Project

plateau lakes in Yunnan Province, China, (Figure 14.11).
Figure 14.12 shows fishing boats on Fuxian Lake.
The South Yunnan lakes are threatened by water pollution and by decreased storage volumes, resulting in
increased risks of flooding and drought. Water pollution is
caused by wastewater discharges from industrial, urban

E040716j

This project developed models and provided training aimed
at protecting and rehabilitating four lakes: Fuxian, Xingyun,
Qilu and Yilong. These four lakes are among the nine

473

Figure 14.11. Lakes of project
area in Yunnan Province, China.
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Figure 14.12. Fishing boats
on Fuxian Lake.

WATER RESOURCES SYSTEMS PLANNING AND MANAGEMENT – ISBN 92-3-103998-9 – © UNESCO 2005

wrm_ch14.qxd

474

8/31/2005

12:01 PM

Page 474

Water Resources Systems Planning and Management

and agricultural sources. This leads to eutrophication of the
lakes (high nutrient levels and high productivity of water
plants and algae), as shown in Figures 14.13 and 14.14.
The decrease in storage capacity of the lakes is caused
by the accumulation of organic material resulting from
eutrophication, runoff and deposition of eroded soil
material, and the reclamation of land for agricultural
production. Soil erosion in the lake basins is a result of
the collection of fuel wood, and overgrazing by livestock.
The South Yunnan Lakes Integrated Environmental
Master Planning Project was aimed at reversing this
trend, improving the quality of life in the lake basins,
and demonstrating what could be done to restore the
other lakes in the region. A decision support system (DSS)
(Chapter 3) was developed to provide information on the
effectiveness of various measures for accomplishing these

project goals. These measures included:
• reduction of point and non-point pollution, to protect
and improve the current water quality
• flood protection
• reduction of water shortages and the improvement of
irrigation management and infrastructure (Figure 14.15)
• erosion prevention
• reduction of health impacts from pesticides, hazardous
waste and bacteriological pollution
• institutional strengthening and awareness raising,
leading to an integrated approach for the management
of the lakes.
An evaluation process using multiple criteria analysis
(Chapter 10) was used to select only the most effective
measures. The first task of the DSS was to analyse the
present water balance, waste loads and water quality.
Second, it was used to estimate future conditions, including the lake quality, flood protection, reduction of water
shortages, erosion prevention, biodiversity, public health,
and macro economic development and poverty alleviation
under different water management strategies or scenarios.
The criteria were weighted to reflect their relative
importance to the development of the lake basins. The
determination of the weighted factors, a political rather
than technical issue, was determined for each lake during
sessions held with the representatives of all involved at
the Bureau and County levels (Figure 14.16).
The minimum package of measures needed to achieve
the water quality targets was identified with the aid of the

Figure 14.13. Lotus flowers on Yilong Lake.

Figure 14.14. Children bathing among water hyacinths.

Figure 14.15. Water is pumped from Yilong Lake for irrigation.
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DSS. This was followed by the selection of a package of
additional measures to satisfy the other criteria, based on
the multiple criteria analysis. Basic design reports were
prepared for each of the selected measures, including
the assessment of their technical, financial, economic and
social feasibility and their environmental impact. Most
importantly, institutional organizational issues were
addressed and recommendations were made that would,
if implemented, ensure the proper execution of the master
plans and continued training, monitoring, planning and
adaptation to changing goals and new knowledge.

4.4. River Basin Management and Institutional
Support for Poland
A three-year project for the Polish Ministry of Environment,
the agency responsible for water management in Poland,
has involved river basin planning. The objective of this
project was ‘to support Poland with the implementation
of the EU Water Framework Directive in Poland’. A pilot
project in the Brda River catchment’s area served to
improve the skills of the Polish experts and other parties
in the field of integrated water resources management.
The Brda River Basin is located in the northwest of
Poland. The main management issue in the basin is the
improvement of surface water quality to safeguard present
and future drinking water abstractions from the river for
the city of Bydgoszcz, shown in Figure 14.17.
The water quality problems in the basin are mainly
due to agricultural and domestic wastewater discharges.

Dobrcz

rural area
urban area

Osielsko

manure intensively fertilized area
Czyzkowko drinking water intake
protection zone

Wisla
Bydgoszcz

Figure 14.17. The Brda River Basin in Poland.

The process of preparing the entire plan for the Brda
Basin, and implementing a training program, started at
the beginning of 2001 and was completed in June 2003.
The development of an integrated water resources
management plan for the Brda River (Figure 14.18)
served to: first, strengthen the institutional organization
and coordination; second, enhance public interest
through an ‘open planning process’; and third, improve
the financial and operational management and the
planning capacity of the ministry.
The Brda Catchment has a population of about
550,000, of which some 300,000 live in the area of
Bydgoszcz, which is in the lower part of the Brda Basin.
The upstream part of the basin is rural, with agricultural,
forestry and some tourism activities, as shown in
Figure 14.17. Forest and agriculture lands occupy about
85% of the basin area; 10% is urban, and 5% is covered
by water bodies. Agriculture, farming and aquaculture
are quite intensive, with many cattle (60,000), pigs
(340,000), poultry (270,000) and sheep (10,000), as well
as fish farms. This intensive agriculture causes water
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Figure 14.18. Beeches by
the Brda river (Marcin
Kowalski).

quality problems that result from runoff of organic waste
and nutrients. Industries are mainly found in and around
Bydgoszcz. They include food production, (basic) metals
and ceramics, and chemical industries (pharmaceutical,
organic-chemical and the like).
Increasing agricultural and industrial activities are
likely to result in increased animal waste loads. An
increase of population will also put additional pressure
on the water quality and the environment. The action
plan is designed to protect the raw water source and
safeguard the public water supply intake on Brda River
for Bydgoszcz City. To estimate and evaluate the impacts
of suggested projects and measures, computer simulations of the Brda Basin were executed. The results of
these modelling studies were used by the Polish
authorities to identify a final list of protective measures
for the basin.

4.5. Stormwater Management in The Hague in
the Netherlands
During periods of heavy rainfall when sewers are not
capable of transporting all the stormwater to wastewater
treatment plants, the excess water is discharged into the
surface water. These sewer overflows degrade the water

quality of urban channels and pools and flood the streets
(Figure 14.19).
The objective of this study was to develop a set of
measures with which both the emission standards and
water quality standards for surface water could be met,
at the lowest possible cost. The measures refer to both
the sewage systems and the surface water.
A systems analysis was performed for the sewage and
surface water networks of the Hague and its neighbouring
municipalities. Discharges of sewage systems have to meet
the Dutch emission standards and in addition must not
degrade the quality of the receiving surface water.
Attention was also given to preventing street flooding. The
project scope included the municipalities of the Hague,
Rijswijk, Leidschendam/Voorburg and Wateringen, and
the water control board of Delfland. These municipalities
share a large part of their sewage systems. The water control board of Delfland is responsible for both the water
quantity and water quality in this region.
In this project, the sewage and surface water systems
were modelled together as a single system. Sewage
systems transport wastewater (and rainwater in the case
of for combined sewage systems) to the wastewater treatment plant (WWTP). An overloaded sewage system
results in overflows into surface water, which harm its
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water quality. In the city of The Hague, surface water has
a major role in boat transport and aesthetics (including
tourism).
Within the region studied, the sewage system
(Figure 14.20) serves 36 drainage areas and consists of
about 1,360 km of main sewage pipes, 18 storage areas,
220 sewage overflows, and about 30,000 inspection
sites. The surface water system consists of a large part of
Delflands ‘boezem’ (storage system) and eleven polders. It
includes about 835 km of canals, 46 pumps, 131 orifices,
594 culverts and 42 km2 of drained surface area.
The sewage system is divided into eight areas which
together cover some 23,000 manholes and 27,000 pipes. In
the surface water model (Figure 14.21) only those channels
are taken into account which were thought to be important
for judging the effect of sewage overflows. Although many
smaller channels were not modelled, the surface water
model is one of the largest used for water quality evaluations, having over 5,500 water quality segments.
Models for the sewage and surface water systems were
used to evaluate the reference situation. The model of the

E040716s

Figure 14.19. The results of excess
stormwater on the otherwise
picturesque canals and streets of
urban areas in the Netherlands.

the Hague

Rijswijk
0
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Figure 14.20. The main sewer system of the project area.

sewage system provided insight into situations where
streets are flooded and sewage overflows occur. The effect
of sewage overflows on water quality was simulated with
the surface water model. The analysis of the reference
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Figure 14.21. The main surface water system of the project area.

situation highlighted the major problem areas: water on
streets, organic pollutant (BOD) loads, and water quality of receiving channels. The problems occurring in the
receiving channels are caused by large residence times of
the water and/or large BOD loads.
To analyse this problem, the following measures were
considered:
• basic measures, aiming at compliance with emission
standards
• integral measures, aiming at reduction of street flooding and compliance with the emission standards and
the water quality requirements
Sewer system measures included:
• enlargement of the outflow capacity
• enlargement of the storage capacity
• construction of facilities at surface overflows, such as
storage basins
• displacement of sewage overflows
• construction of separate or improved separate sewage
systems
• transformation of combined sewer systems into
improved separated sewage systems.
Surface water system measures included:
• enlargement of the surface water volume
• improvement of the circulation of the surface water for
dilution and displacement of the BOD effluent load.

Combined system measures included:
• improving the discharge to existing storage basins
• addressing causes of sewage overflows with large BOD
loads
• subdividing and separating drainage areas to reduce
volumes of overflow at single discharge points.
Other measures involved the enlargement of pipes in the
sewage system, displacement of sewage overflows, the
enlargement of storage capacity in the sewage system, and
the construction of flood control and sedimentation facilities
at sewage overflows. Each of these measures aims at reducing the risk of flooding and BOD loads to the surface water.
The measures for surface water aim at reducing the
effect of sewage overflows on the water quality. This may
be done by improving the circulation of water near
sewage overflows. Another measure prevents polluted
water from flowing to a part of the surface water system
that has a better water quality.
The models that were used in this project will be used
in future evaluations of alternative measures to further
improve the surface water quality in one of the largest
cities of the Netherlands.

5. Summary
This concluding chapter has attempted to summarize
and, using some case studies, illustrate the modelling
methods introduced in this book for water resources
systems planning and management. It is difficult today to
find any water resources planning or management project
which does not benefit from the use of modelling. Readers
are encouraged to refer to the current journals and other
sources of literature to learn more about this subject, and
then enjoy the professional life of a water resources
systems planner and manager. For us it has been fun,
always challenging, and a profession that can serve and
benefit society as well.
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