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ABSTRACT 

Water (including increasing use relative to availability, and deteriorating quality) may be one 
of the most severe stresses on the exponentially growing human population in the next cen- 
tury. Problems are becoming increasingly complex and diverse and require more and more 
specific knowledge from both a technical and non-technical perspective. These complexities 
create the need to  understand and comprehend the more detailed technical components as well 
as broader managerial and societal issues. These non-complementary elements will increasingly 
demand the efficient integration of various disciplines, sectors, countries, and societies. The 
major challenges addressed are whether we are capable of and prepared to realize the needed 
integration and whether we can resolve the large amounts of existing gaps and barriers. The 
paper analyzes major past and desired fbture trends in fresh water management. There is an 
attempt to draw from the three main socio-economic regions: the developed world, Central 
and Eastern Europe (including countries of the former USSR) and the developing world. A 
number of issues are selected with regards to integrated freshwater management: 

Identification, occurrence, and perception of various problems (e.g. eutrophication, acidifi- 
cation, global warming, salinization, groundwater contamination, eco-system degradation, 
land cover changes, vulnerability); 
Current integration of methodologies; their strengths and weaknesses; 
Large scale projects; dams, irrigation schemes and water transfers; 
Global urbanization; 
Wastewater treatment and pollution control types (considering also consumption emis- 
sions); 
Modeling and monitoring; 
Planning and environmental impact assessment; 
Legislation and institutions; 
Education and public awareness; 
Sustainable development and time preference; 
The role of science and engineering. 

The past two decades showed tremendous developments in the management of water 
as seen from many different perspectives. In spite of these advancements there is still room for 
improvement. The focus of the present discussion lays mostly on the dissemination of lessons 
and questions which are crucial to likely fbture problems and desired improvements. 
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Freshwater Management: Problems and Challenges 

Laszlo. ~ o m l ~ o d ~ ' ,  David yates2 and Olli varis3 
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A-2361 Laxenburg, Austria 

1 INTRODUCTION 

The control and use of water to meet a great number of human needs has been and continues 
to be a fundamental element of socio-economic development and human progress. The earliest 
of civilizations have understood the uniqueness of water within the biosphere and the multiple, 
beneficial roles of water; as a sustainer of life, an enabler for development, and as a trans- 
porter of wastes (Falkenmark 1992). Regretfully, however, this exploitation of water does not 
always satisfy intense human demands and is often harmful to the environment through the 
deterioration of water quality and the degradation of the surrounding aquatic ecosystem. From 
a global perspective, these issues were not of great concern until the current century. It might 
be argued that the present problems associated with water (primarily, but not exclusively, re- 
gional scarcity, poor quality, and mismanagement) were unforeseeable given the present state 
of the world - rapid population growth giving rise to accelerated exploitation of scarce re- 
sources. It is unlikely that anyone at the beginning of the 20th century was pondering the no- 
tion of an additional 5 billion people to the total world population within the next 100 years 
considering that the previous millennia had seen a maximum population of only slightly more 
than one billion (Lutz 1994). The world population is presently experiencing exponential 
growth, and may reach 12.6 billion by the end of the next century, with most of the increases 
occurring in developing countries (for example, see UN 1989 or Lutz 1994). Population pres- 
sure (with its direct and indirect consequences) is a key element of the water dilemma. It is 
likely that water will increasingly be in short supply in many locations, as the growing popula- 
tion presses for improved living standards, demanding for more water. Even where water is 
found in abundance, problems persist, as waste loads deteriorate water's quality and make it 
unfit for human use and consumption. Without proper management, control, and treatment of 
wastes, water quality problems will only increase. 

One can simply read history books to gain an appreciation for the dependency of the 
earliest human civilizations on water (Kinnersley 1988, Pearce 1992). Control of the water 
cycle for socio-economic development has been a pressing task for engineers, planners, and 
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developers throughout the ages. Where there has been water (or too much or too little for that 
matter), there has been an opportunity for exploitation, often using engineered means to 
achieve progress (dams, diversions, embankments, canals, channels, levees, storm-sewers, irri- 
gation schemes, Cox 1987). Within the developed world, environmental impacts and water 
quality were only narrowly recognized during the early portion of the industrial era, as such 
slogans as "dilufion is the solution to pollution" clearly reveal. Industrial development was the 
top priority driven by the ideology of exploitationism; integrated approaches that addressed 
conservation and preservation lagged. Regardless of the reasons for our current state, it is ap- 
parent that unchecked socio-economic development has placed a great strain on the natural 
ecosystems of the earth, as mankind has often chosen the exploitation of natural resources for 
economic progress and individual profit over the needs to protect the air, land, and water from 
which these resources were extracted. 

There has always been a need to harness and control water for these beneficial uses as 
well as command the movement and allotment of water to protect from the disparities of in- 
adequate (and sometimes quite harmful) spatial and temporal distributions. Other beneficial, 
but often conflicting uses have become increasingly important in light of the complexities of 
our modern society. A non-exhaustive list of these might include: irrigation, domestic and 
municipal demands, waste assimilation, flood control and storage, hydro-electric generation, 
navigation, industrial processing and cooling, recreation, drainage, conservation and preserva- 
tion of natural eco-systems, sediment control, insect control, urban runoff control, etc. Com- 
petition among the various uses will only increase, as worldwide demand continues to grow 
within almost every sector. 

As it will be presented, water resources issues are becoming more and more complex 
and diverse. Yet, there is not really a global or unified strategy on how to handle the variety of 
problems of different scales which may often appear jointly depending on the geographic loca- 
tion. The effective handling of the growing water related issues requires an increasing amount 
of specific knowledge and more efficient integration across various disciplines, users, indus- 
tries, countries, cultures, and societies. These two requirements seem to be rather contradic- 
tory. Thus, the major challenge addressed here is whether we are truly capable of and prepared 
to realize the wished integration in both theory and practice. 

The purpose of this report is to give a broad overview of some of the complex water 
issues that are facing our modern world both now and in the future, in order to serve as back- 
ground material for contingency planning of IIASA's water related research activities. This is 
done by taking a brief look at the past, by examining the present, and by peering into the fu- 
ture with regards to the world's freshwater situation. Within a short summary such as this, it is 
obvious that many issues will not be given the coverage they deserve; and regrethlly impor- 
tant topics of interest are likely to be overlooked. Yet, the goal is not detail but breadth. The 
first portion presents background material on current water quantity and quality issues, trying 
to put into focus their magnitude and scale. Section 2 highlights some of the major trends that 
have occurred in the past and reflects on possible future directions that freshwater manage- 
ment might take. Realizing the importance of point and non-point source contaminants on the 
use of water, Section 3 addresses the impact of control methodology and scale on pollution 
emissions. Increased demands from growing cities for water use and waste removal are per- 
haps one of the greatest problems facing today's water planners; this issue is addressed 
throughout the paper but receives special focus in Section 4. Other forthcoming problems such 
as intensified friction over large scale projects and the increasing number of international con- 
flicts over shared freshwater resources are also covered in Section 4. Technology has played a 
large role in improving management strategies over the last twenty years; but a lack of data, 
both quantitatively and qualitatively, does not often support the use of advanced technology. 



These issues need addressing and are pursued in Section 5. Improved management of water 
resources systems at all levels has recently received a great deal of attention. Ineffective legis- 
lation and institutional arrangements are one of the biggest barriers to the improvement of 
sound water management, addressed in Section 6. Section 7 touches upon the sustainability 
issue within the water resources field and points to the difficult need for improved awareness 
and education at all levels. With the approach of the 21st century and unprecedented growth 
of the human population, anthropogenic impacts at a global level are of critical importance. 
Scientific research must proceed in order to gain an understanding of these complex issues, 
but given the limited availability of financial resources, it is imperative that wise decisions be 
made with respect to future research initiatives. This is the final topic of this report. 

2. TRENDS AND SCALES 

With a rapidly changing world, a new set of problems and challenges has appeared that the 
water resources planners and managers are facing. A large global population is continuing to 
pressure the finite resource base of our planet. The recent development in the population 
growth rates, in per-capita incomes; and in infrastructure development (see, e.g., the annually 
published World Bank Atlas) clearly show a north-south division from a socio-economic per- 
spective, with a greater portion of the wealthy, developed countries residing in the northern 
hemisphere and many of the poor, less developed countries situated in the southern hemi- 
sphere. These trends do not appear to be decreasing. In 1991 the richest one-fifth of the world 
accounted for 84.2% of the world GNP, while the share of the poorest one-fifth was only 
1.4% (UNDP 1994). The North-South division continues to grow, which is an important and 
most regrettable glob1 megatrend. 

As mentioned the approach, understanding, and appreciation of water are perhaps 
changing. In years past, water related projects often focused on immediate solutions to press- 
ing needs and problems. If there were persistent water shortages, the solution was dams and 
reservoirs for storage. If there was abundant water and a need for energy, reservoirs were 
constructed or rivers altered for the generation of hydropower. If floods were a problem, lev- 
ees and dikes were built to keep water out. Falkenmark (1992, 1993) states that past ap- 
proaches asked "How much do we need, and how do we get it". This process primarily oc- 
curred in the developed world because adequate resources were available for large infrastruc- 
ture development. In the developing world, past trends have been different. OAen local prob- 
lems are solved with local resources (Wildstrand 1978). Yet, where international funding 
agencies have been involved, large projects have flourished within the developing world 
(consider Pakistan, Egypt, India and others). Limited financial resources have restricted large 
scale infrastructure development within the developing world, which often leads to inadequate 
supplies and poor quality. Falkenmark points to a new trend, which asks "How much do we 
need and how can we best use it". Although idealistically nice, this perspective is going to be 
difficult to realize as there continue to be large scale needs. Hori (1994) mentions plans of 
Japanese funded super-scale water resources development in India, with a stated objective of 
alleviating the maldistrubition of water in order to improve the quality of life, so there is still a 
great deal of uncertainty as to future infrastructure development trends. 

Another overlooked profoundly important development trend within the last 200 years 
has been the flush toilet. This convenient device was an innovation to reduce diseases and 
pests, but today we question whether 15-20 liters of water (per flush), primarily used as a 
transport mechanism, is too much? It significantly increases wastewater treatment costs (1 
m3/d capacity requires roughly 500-1 000 USD capital cost for a medium sized plant) and also 
creates the need to extract more water from the natural environment. Or another question: 



should we use a unified supply system in houses serving high quality water even though an or- 
der of magnitude decrease in water quality would be sufficient for most uses? Should we focus 
on better controlling the water cycle at the household level? Or another rarely addressed ques- 
tion: do we always need large collection systems forming the largest cost component of an ur- 
ban water infrastructure? Would it be wise - depending on the actual situation - to consider 
also on site treatment, infiltration, and other non-conventional tools (and their mix with the 
traditional collection-treatment systems with a focus on impacts on groundwater; see Kindler 
1992, Novotny and Olem 1994)? More generally, how and when should we change a good 
tradition which may lead to undesired future developments? Or differently stated (and a little 
exaggerated), how do we avoid the repeated and exclusive usage of methods we were "taught 
at the university" without asking why we acquired this approach in problem solving? How do 
we avoid using inappropriate technologies and find appropriate ones? 

We know that the raising of the above issues seems naive for existing systems, but how 
would we develop the infrastructure of a new settlement or city today? How might we adapt 
development strategies in fast growing towns and forthcoming rehabilitation? Which policy 
should and could be followed in underdeveloped rural areas and developing countries? How 
we proceed in the future will greatly depend on the way we view our past approaches to 
problem solving. One thing is for certain, our future problems are not getting simpler and will 
require innovative approaches at all levels. 

2.1 Vulnerability and the Developing World 

The common notion or idea of water quantity is quite broad and the specification of 
use is difficult to define given the fact that water is not merely a used resource, but an integral 
part of human existence (Homo sapiens are themselves 60 to 80% water). However, it is im- 
portant to understand that water is a limited valuable resource (freshwater resources form less 
than 1% of the total water on the Globe) essential to all forms of life. Figure 1 is a general ac- 
count of the global freshwater situation and shows that stable river runoff (portion of freshwa- 
ter that can be made available for human use) is approximately 25% of the water discharged 
by the rivers of the world. This Figure does not reveal more complex problems like spatial and 
temporal variability which make the problem more complicated and difficult. 

Figure 1. Global freshwater balance (data from Golubev 1993). Units are 1000 km3 per year 
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Quite simply a growing population, searching for an improved quality of life, will re- 
quire more freshwater to meet their increased needs. It is projected that by the year 2000, 
water withdrawals could increase by almost 60% over 1980 values (Shiklomanov 1993). This 
need is coming at a time when many are demanding that water remain within the natural eco- 
system (Postel 1992, Pearce 1992). Unless extraordinary and inexpensive techniques are found 
to disinfect or desalinize water, there will be an increasing need to efficiently utilize and man- 
age the limited freshwater supply. 

Groundwater is one of the major freshwater sources, serving domestic and municipal 
supplies and irrigation. It comprises 85-95% of the water within the land masses (Wetzel 
1992), making up a substantial portion of the supply in many places (in the former USSR, 
60% of the towns are supplied exclusively with groundwater; Clarke 1991). The importance of 
groundwater as a reliable water source can only increase given forecasted fiture demands. In 
many locations demand is already outpacing supply, and groundwater aquifers are being over- 
pumped. There are many examples that could be cited, but take Beijing, China. In the 1950's 
the water table was within 5 meters of the earth's surface in many locations, but today more 
than 40 000 wells draw from depths of more than 50 meters (Smil 1993). Another example is 
the Middle East region. Israel draws a major portion of its water from just two controversial 
aquifers which are now stretched to their limits and are experiencing pollution problems 
(Shuval 1992, Shamir 1994). Israel was overdrafting groundwater aquifers by 200 million m3, 
but realized the non-sustainability of this practice and has struggled since 1991 to halt the 
practice of overpumping (Wolf 1993). Demand management might slow the rate of increased 
use, but are these long-term solutions? 

Figure 2 is an estimate of the total global population currently experiencing different 
levels of vulnerability with respect to freshwater (Kulshreshtha 1993). The scarce vulnerability 
ranking is characterized by low availability (less than 1000 m3 per capita per year) and high use 
(above 60% of availability). The four vulnerability classes (scarce, stressed, marginal, surplus) 
used to arrive at these results are based on a combination of per-capita availability and relative 
use (Figure 3). The portion of the global population currently experiencing a water scarce or 
stressed situation is relatively small (approximately 6% of the total ), with most occurring in 
the Middle East. It should be mentioned that this analysis only includes water quantity based 
on national, aggregate values and it is likely that including quality information or disaggregat- 
ing spatially and temporally could drastically change the results. Figure 2 also includes a 2025 
forecast of global freshwater vulnerability, including current, mean value population projec- 
tions. This scenario implies uniform demand increases as related to population growth, while 
availability remained unchanged. This 2025 by Kulshreshtha shows a ten times greater propor- 
tion of the population than today may be negatively affected by water "scarcity" by 2025. 

The climate change issue introduces additional uncertainties into the vulnerability issue. 
It is important to realize, however, that significant uncertainties and poor understanding of 
climate change impacts on both water quantity and quality exist (with regards to water quality 
and climate change, a checklist study was performed by Varis and Sornlyody 1993). Under this 
climate change scenario, Kulshreshtha assumed humid climates would receive an additional 
10% of available water, while all other regions would experience a 10% decrease. The same 
demand scenario was used as in the 2025 case, using the "average" population forecast. Under 
this scenario, the vulnerability position of two-thirds of the global population will become 
more vulnerable with respect to water. The analysis could be extended to include more de- 
tailed river basin data (e.g., such as given by Miller and Russel (1992), who had compiled 
runoff results from the GISS Global Circulation Models (GCM) for 33 of the large river basins 
of the world). Alarmingly, major portions of the global population shift from the central cate- 
gories (marginal and stressed) to the scarce and surplus classes. It should be pointed out that 



the method and criteria chosen for vulnerability assessment can have a significant impact on 
the outcome of  the results as pointed out by Kulshreshtha. This issue highlights the need to  
question the applicability of  global assessments as issues of data, scale, methodology, etc. are 
critical and are waiting for answers. 

Global Freshwater Vulnerability (Kulshreshtha, 1993) 
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Figure 2. Vulnerability of the global population to water supply deficits using a use/availability 
approach (Kulshreshtha 1993). 
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2.2 Water Quality 

It is often accepted that water quality comprises all the properties of water besides its 
quantity; yet even quality can not be measured without reference to quantity. Contaminant 
concentrations are often expressed in terms of mass per unit volume, and only recently have 
mainstream water quality researchers widely accepted the use of mass balances and mass flows 
in conjunction with concentrations. This is evidenced by the fact that until the 1980's the 
dominating limnological textbooks (e.g., Hutchinson 1957, Wetzel 1983) contain practically 
no reference to mass flows or other quantitative terms. 

The actual characterization of water quality is never unambiguous; dominating parame- 
ters depend on uses (such as domestic, industrial, agricultural, recreational and others), prob- 
lems (hygiene, oxygen household, eutrophication, salinization, acidification, toxins, etc.), 
space and time, and the subjective judgment of the analyst which cannot be excluded. Water 
quality can refer to physical (such as temperature), to chemical (such as pH, dissolved gases, 
conductivity, nutrients, heavy metals), to biological (such as phytoplankton, hygienic indica- 
tors), and to ecological (such as trophic state interactions, food webs, biodiversity) character- 
istics of a water body. Water quality is also "body dependent", as rivers, lakes and groundwa- 
ter aquifers experience different quality problems (Golubev 1993). Water quality management 
is a commonly used and somewhat vague expression referring to the (systematic) usage of a 
set of technical and non-technical measures and activities (and associated applied research, 
planning methodologies, etc.) to maintain or improve quality according to the requirements of 
its uses and to "protect" its ecosystem. It is worthy to note that while the desired quality of a 
particular use can be expressed by "concentrations", ecosystem "goals" are harder to quantifjr 
leading to an additional subjective element of management. 

Figure 4 is a simplified illustration of the water quality related problems (Somlyody 
1995). It gives a broad idea of the approximate time when given problems were identified and 
research and management actions were launched extensively. It is striking to realize the huge 
gaps between the scientific identification of a potential problem, the first observed indicators, 
the perception by the professional community, public, and decision makers, and the develop- 
ment of response measures (for example, see Meybeck et al. 1989; Doos 199 1). 

For instance, the greenhouse gas issue, acidification, and eutrophication all were iden- 
tified as likely fbture problems one hundred years ago or so. In spite of this, it took a long time 
to address and to tackle the above issues, although the basic knowledge was not missing. Rea- 
sons for this lag can be manifold. First, we can generalize the statement of the US National 
Research Council (1 99 1) with regards to the application of scientific knowledge: "science has 
followed rather than led the applications". In fact, environmental and water quality manage- 
ment has been primarily driven by crises, accidents, and interest groups. Countermeasures and 
corrections are often made once the problem has occurred and are given a sense of immediacy 
(often referred to as remediation). "Problems are accepted and treated, rather than pre- 
vented', states Wetzel (1 992). 

In the formulation of Hukka et al. (1993) - when discussing urban water problems - 
the major constraint is that the focus lies most of the time on planning, implementation, and 
execution, but broader views such as "philosophy", "ideology", "politics", and "policies" are 
neglected. Secondly, management needs appear if the concern is serious (crisis was certainly 
not the case around the turn of the century for the above mentioned three issues). Thirdly, it is 
unclear even today how scientists can express their management views effectively (very few 
forums are available, and scientists may not be interested in devoting lots of time and effort to 
push through their message) such that they have an impact on applied research fields, engineer- 
ing, development strategies and decision making alike. 
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Table 1. Trends in water quality management. 

PAST PRESENT FUTURE (expectedldesired) 
(1) General 

Local problems : Increasing scale 
Fast response, reversibility Delayed responses and irreversibility 
Limited number of pollutants i Multiple, sophisticated interacting pollutants 
Point sources i Diffuse sources 
Single media (water) : Multi media (water, soil, air) 
Static, deterministic, foreseeable : Dynamic, stochastic, uncertain 
Regional independence i Importance of global interdependency ................................................................................................................................................................................................................................... 

(2) Control Type 
"End of the pipe" : Source control, closing material cycles, land use 

management, concern on large scale projects* 
Technical : Non-technical elements* 
Discharge standard - rigid I Use attainability - flexible . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

(3) Infrastructure and Treatment Systems 
"Traditional technology" : Special treatment methods (biological-chemical 

; treatment, high-tech processes, upgrading, ap- 
i propriate technology, natural treatment, small- 
i scale treatment). Emerging new traditions and 
: technologies 

Landfilling of solid wastes : Increased reuse and recycling* 
Large scale control and exploitation Regional and small scale development, manage- 

! ment and conservation. 
Massive, capital intensive urban infra- i Localized, small scale, creative infrastructure de- 

structure velopment* . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

( . l ) ~ o n i t o r i n ~  
Local measurements ; Networks, remote sensing, continuous measure- 

ments 
Conventional parameters ; Special parameters (micropollutants, eco- 

: toxicology, biomonitoring, etc.) 
Monitoring of water j Integration of effluent and ambient monitoring and 

I aquatic ecosystem monitoring 
Poor data availability : Improved availability (data bases, digital maps, 

i telecommunication), integrated information 
systems 

Hands off "my" data policies Open information flow 
(5) Modeling 

Individual issues (processes, control, op- Integration (model library, DSS, GIs, expert sys- 
erations, planning, etc.) : tems, etc.) 

Limited, numerically based results : Scenario based and visual. Use of multi-media to 
: explain complex ideas 

Use by experts : Use in administration, meetings, etc. 
(6) Planning and Project Evaluation 

Poortnarrow definition of objectives j Clear goals and objectives* 
Short-term view Long-term view* 
Cost evaluation EIA, risk and multiobjective evaluation, social and 

: political impacts* 
Little concern on failures and adjustment The future is never certain: reliability, resiliency, 

needs i robustness, and vulnerability* 
Positive and negative impacts separately i Positive and negative impacts together 



Table 1.  Trends in water quality management (continued). 

I PAST PRESENT FUTURE ( e x ~ e c t e d f d e s i r e r l  
(7) Science and Engineering 

Science does not drive actions ; "Science for action" and combination of broad, 

Problem isolation and engineering solu- 
tions 

Interdisciplinary gaps and barriers 

One correct paradigm - single discipline 
. . . . . . . , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

(8) Legislation, Decision Making Institu- 
tions and Development 
General rules and rigidity 
Fast implementation (a misbelief) 
Little enforcement 
Command and control 

Conhsing institutional settings 

Decisions by politicians and administra- 
tion 

National policies 

emerging scientific concepts with engineering* 
Improved planning* 

Integration of quantity, quality, hydrology, eco- 
nomics, politics, social science and manage- 
ment* 

Many paradigms known and accepted w i t h  and 
between disci~lines* 

Specific rules and flexibility* 
Process view* 
Improved Enforcement 
Polluter (and user) pays, and improved policy in- 

struments 
Clearer structures and responsibilities, less barri- 

ers and mismanagement* 
Public awareness and participation, NGOs, and 

enhanced communication (scientists, planners, 
community, government, etc.)* 

International policies* 
: Sustainable development: how to proceed? 

* Desired trends represent an attractive development course for water resources. 

the fate of an organic micropollutant compound bound on the surface of an organic particle 
subject to decomposition in sediment while acidification and eutrophication cause chemical 
and other changes? With regards to  quantity related issues one glaring example is the increas- 
ing number of conflicts among nations residing within shared river basins. As water continues 
to become more scarce, appropriate negotiation methods which seek an equitable solution will 
need to be developed. Another example comes from our past development approaches to  wa- 
ter supply. We have developed a number of tools for operating reservoirs in what is commonly 
perceived as "optimal", but given the increased appreciation of the role of native ecosystems 
are there possible alternative scenarios which have yet to  be analyzed? 

Water quality problems are often directly related to  regional human and economic ac- 
tivity. Around towns and cities organic waste is placed into surface waters which, among 
other problems, reduces the oxygen content of the water. Along with hygiene related prob- 
lems, this type of water pollution was perhaps the first to be addressed and is often ap- 
proached using traditional biological processes. Local problems associated with organic waste 
still persist on a worldwide basis, although being location dependent based upon the treatment 
facilities in place. Another water quality problem is acidzjcation which has occurred at an 
alarming rate in many European countries. Industrial activity reduces the pH of rainfall which 
becomes stresshl or even lethal to  many aquatic species. For now, improvement can only be 
made through radical changes in industrial processes and emission control strategies. Industrial 
activity also produces harmhl toxic organic wastes and heavy metals which can be discharged 
into a water body (GEMSIWATER 1991). A glaring example of this form of pollution oc- 
curred in the 1950's near Minamata city (the Minamata disaster). Mercury from a nearby in- 



dustrial complex entered coast waters, was consumed by fish, and quickly entered the human 
population primarily through the food chain. Since the 1950's, more than 2200 cases of Mi- 
namata disease have been diagnosed and 750 of them have proven fatal (Sakamoto et al. 
1991). Agricultural practices often produce large amounts of nutrient laced runoff from the 
developed land (primarily nitrogen and phosphorus). This nutrient rich water leads to the ex- 
cessive growth of unwanted plant life (eutrophication) within the surrounding water bodies. 
Nitrogen fertilizers also contribute to nitrate pollution of surface and groundwater. Nitrates 
make drinking water unsafe and are expensive to remove; and even when measures are taken 
to reduce nitrate pollution, problems persists (see below). Salinization is the build up of salt 
concentrations in both the soil and water and is a problem primarily associated with irrigated 
agriculture. For example, Kishk (1986) estimated that approximately half of the irrigated lands 
of Egypt have experienced some degree of salinization. Volumes have been written on some of 
these more common water quality related problems and are given only for a broad overview. 

An alarming water pollution problem is the worldwide contamination of fragile 
groundwater resources. Groundwater has often proven to be a clean and reliable source, but is 
often threatened due to the careless disposal of organic and chemical wastes. This not only 
ruins water quality but also reduces the long-term filtering capacity of the soils through which 
it travels (Freeze and Cheery 1982, Nash 1993). Although the topic of intensive research dur- 
ing the last few decades, groundwater continues to be contaminated through both point and 
non-point pollution sources. As attention is drawn to groundwater contamination in the indus- 
trializing, CEE and developing countries (it is obvious that groundwater contamination exists 
in these regions), the astronomically high cost remediation schemes of the west are probably 
not transferable to these financially strapped regions (Simons 1994). But are there alternatives 
or will contaminated aquifers simply have to be abandoned in the future? 

Another big groundwater problem is the vadose (unsaturated) zone, which traps con- 
taminants in the soil matrix and reduces their flux to the groundwater below. Soil buffering 
capacities are high and toxins can be suspended within the soil for long periods of time with- 
out observing their effects. Biological, physical, and chemical processes act on contaminants 
within the unsaturated zone to create a continual source of contamination to the saturated 
water below (Elgersma 1991). One example is the rather toxic heavy metal, cadmium 
(Piotrowski and Coleman 1980). It is often found bound within the soil matrix of irrigated 
crop lands which have seen years of cadmium laced phosphate fertilizer application. Cad- 
mium's leaching rate (downward movement to groundwater) is reduced at higher pH values, 
which is often the case in agricultural lands which use fertilizers with high pH values. If agri- 
cultural practices are halted and fertilizers are no longer applied, the pH within the upper soil 
layer will begin to decrease. This increases cadmium's leaching rate and groundwater con- 
tamination is inevitable. A positive environmental action within one system (reducing the im- 
pact of agriculture on the environment) becomes negative for another (groundwater contami- 
nation due to the heavy metal, cadmium). An expensive alternative to this dilemma is the arti- 
ficial application of lime to maintain high pH values within the upper soil layers. The land re- 
mains inactive from an agricultural standpoint, and the cadmium remains bound in the upper 
soil matrix (Stigliani 1994), but what is the best alternative for protection of all components of 
the ecosystem in this case? 

It could be argued that monitoring, data collection, and the effectiveness of institutions 
to carry out adaptive strategies are at the core of controlling water quality, but even with these 
elements in place problems persist. For example, when dangerously high heavy metal concen- 
trations were detected in western European rivers like the Rhine, monitoring programs were 
already underway and strategies for improvement were undertaken. Often, measures to reduce 
heavy metal pollution such as cadmium, mercury and lead have met with success because the 



sources are primarily local, identifiable point discharges. Figure 5 shows the suspended con- 
centrations of cadmium and mercury which reveal the drastic achievements in the reduction of 
these contaminants within the Rhine basin. However, adaptive strategies appear more difficult 
with respect to diffuse sources even when programs are in place. This is primarily driven by 
the fact that diffuse sources are regional in scale and it is difficult to find individual, identifiable 
causes (even though it is widely accepted that agriculture is the primary contributor). Figure 5 
also shows a plot of nitrate concentrations in the Rhine river and it is quite apparent that 
strategies to reduce diffuse sources (often from agriculture and urban runoff) have not been as 
successfL1 as those for point-source contaminants such as the two heavy metals. 
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Figure 5. Left: Annual mean Cadmium (Cd) and Mercury (Hg) discharges to the Rhine between 
the German and Dutch borders. (after Malle 1985 in Meybeck and Helmer 1989). 
Right: Annual mean nitrate levels in the Rhine primarily from difhse sources (Hock 
and Somlyody 1990). 
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2.3 The roles of Different Scales 
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In the past, a general understanding of the main components of the hydrologic cycle 
was sufficient for the conventional infrastructure development and management schemes that 
were implemented. Gradually, however, this need is changing as the marginal value of fresh- 
water gives an increased need to incorporate a more detailed understanding of ecological and 
hydrological cycles into engineering solutions. The importance of comprehending the hydro- 
logic cycle in more details has been highlighted by the National Research Council (1991) who 
state that 'to safeguard life we must understand the anthropogenic influences on the water 
pathways and aqueous processes as they move through the earth system.' These cycles are in a 
constant state of dynamic equilibrium in all temporal and spatial scales. 

At the microscopic scale - which has long been a topic of intensive scientific research 
by hydrologists, limnologists, meteorologists, botanists, and others - various phenomena 
have been studied at a growing level of detail. A high number of physical, chemical, biological 
and ecological processes and phenomena have attracted scientific interest, and a myriad of sci- 
entific information is available. But is this interest targeted to real-life water problems of prac- 
tical importance? Could higher efficiency be achieved (we doubt that today's developments are 
towards decreasing efficiency)? How can this knowledge be incorporated in practical man- 
agement schemes? Are there key processes that we do not understand, or are the systems and 
our society so complex that the parallel phenomenological scales are too messy too be cou- 
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pled? Governing and dominating processes in different spatial and temporal scales need not be 
- and often are not - the same. 

Water related problems are observed to occur at a range of different scales. Natural 
process still dominate most water bodies, but local, regional and global water quality problems 
are quite evident. At the local scale, problems related to infrastructure development with re- 
spect to both water supply and sanitation are common. Urban growth (see Section 4) is lead- 
ing to widespread health problems which are often water related. According to WHO, for ex- 
ample, only 41% of the urban population in Latin America and the Caribbean has access to 
sewer systems and 90% of the collected wastewater returns to natural systems untreated 
(Nash 1993). 

In the developed world, there is a gradual shift towards non-point source pollution 
control which must often be managed at a regional rather than a local scale. Agriculture is a 
primary contributor to many regional water quality problems. The growing number of chemi- 
cal toxicants entering the environment (annually about 10,000 new organic compounds are 
synthesized, Wetzel 1992) form a vast problem: even detection capabilities are lacking (in 
spite of developments in analytical chemistry), and harmhl effects are largely unexplored. 
Central and Eastern Europe are characterized by the co-existence of point and non-point 
source issues as well as traditional and toxic pollutants. Unlike arguments which suggest that 
problems in the developing world are similar to those in Europe 150 years ago, the low in- 
come countries face (or will soon) all the pollution problems of agricultural, industrial, and 
urbanization origins simultaneously. Frighteningly, the growth rate of those problems is much 
higher than it was in Europe (Drakakis-Smith 1987). Along with all of this is the increased 
competition for scarce resources within and surrounding growing urban areas. All this does 
not give a promising perspective. 

There is an increasing need to understand water related problems on a global scale. 
The issues associated with the accumulation of greenhouse gases on the climate are still not 
well understood; and the likely impacts of the "greenhouse effect" on water quantity and qual- 
ity are still very uncertain (as mentioned above). Future climate scenarios, which have been 
used for water resources analysis (Lettenmaier and Gan 1990, Kaczmarek and Krasuski 1991, 
Nash and Gleick 1993, Yates and Strzepek 1994), are often cast using the results from Gen- 
eral Circulation Models (GCM's) or as a set of annual mean values (incremental increase in 
observed temperature and a percentage change in precipitation). It is widely recognized, how- 
ever, that regional results fiom GCM's are highly uncertain, in fact Kundzewicz and Somlyody 
(1993) point out that the spatial resolution of the current GCMs do not allow proper analysis 
of many of the most important hydrologic problems. 

Also, few agree that the climate is likely to exhibit simple, annual mean deviations. 
Different types of possible, future scenarios need to be incorporated into the analysis with a 
more critical evaluation of all possible future scenarios and their likely uncertainties. This 
should include the highly uncertain, extreme events which have been largely ignored 
(Schneider 1994). In a planning sense it is unclear how we should proceed in light of the un- 
certain future climates throughout the world. The present approach is quite conservative and 
often seeks to minimize future regret, but is this really the correct approach if our analysis 
does not include the likelihood of extreme events? Should we be performing our planning 
analysis of future water resources systems based on annual mean changes or should we respect 
the water engineering tradition, where extreme design conditions play a major role (Varis and 
Somlyody 1993)? What is the appropriate approach to addressing inter-annual variability with 
respect to climate change? These are questions which still need answers. 



2.4 Integrated Freshwater Management 

The integrated approach to water resources issues has not been the way in which the 
field has developed, as the many sub-systems were not adequately identified and/or coupled in 
the past. There has been a disintegration of most components of the hydrologic cycle; air, 
land, and water were too often treated separately, creating a mental gap within the minds of 
those involved in the numerous water related professions. Integrated water planning, the use 
and control of water (quantity) combined with its protection and that of the surrounding envi- 
ronment (quality) were largely ignored. The last few decades have seen a desperate attempt to 
make up for the narrow-mindedness of the past and the fragmented approach to water 
(Falkenmark and Lindh 1976, Biswas 1976, Biswas 1983, Pantulu 1985, Kinnersley 1988, 
Pearce 1992, Postel 1992, Somlyody 1995). We are realizing not only the responsibility of 
preserving the natural systems for future generations (sustainability) but also the economic 
and social benefits that can be derived from conservation and preservation. 

The literature is full of attempts to make up for past, narrow approaches to water re- 
sources management, and rigorous efforts are being made to take an integrated approach (UN 
1958, TNO 1979, Blackwelder et al. 1987, Ingram 1990, Falkenmark 199 1, UN DTCD 199 1, 
Hjorth 1992, Haimes 1992, Biswas and El Habr 1993, El Ashry 1993, Lundqvist et al. 1993, 
World Bank 1993, Huisman 1994, Somlyody 1995). This has been called integrated water re- 
source management, taking an ecosystem approach often at the watershed level. Even the 
term integrated water resources management is fairly controversial in nature because there are 
a number of different definitions and it draws from a number of professional fields like hydrol- 
ogy, biology, chemistry, ecology, engineering, economics, sociology, political science and 
other disciplines. Accordingly, the field is rather broad, and a range of professionals are deal- 
ing with water issues. Accordingly, there is not a unique profession which could have 
"ownership". These actors tend to focus on their area of interest or specialty, creating the ten- 
dency to concentrate on a specific issue, often at the expense of other issue which are likely to 
be of equal importance. Grau (1 994) also points to the tendency of oversimplification, which is 
a likely response to the many complexities of an integrated approach and points to the infancy 
of integrated science. 

Scientific techniques have been adapted and created in response to this new way of 
thinking about problems associated with water. Such concepts, approaches and techniques as 
a holistic paradigm; integrated water resources management; water, land use, and human 
resource management; multi-criteria and multi-objective decision analysis; water resource 
planning; conjunctive use; ecological engineering and the ecosystem approach; and use at- 
tainability analysis are some of the current catchwords. The often used notion of river basin 
management stresses that river basin is the natural scale of water resources management from 
both a quantity and quality perspective, although frequently forgotten in practice. 
"Integration" expresses the desire to look for the "totality" of the management problem, which 
immediately introduces a degree of subjectivity into the problem. Today there is a trend to- 
wards an eco-system approach which is considered some form of integration. Has this been 
adequately defined and is it being used in an operational sense? What are the differences, 
similarities, and links between a river-basin approach and an eco-system approach? Is there 
simply a mixture in the literature? 

The question still remains: Can we truly define integration or will it remain a somewhat 
elusive term that is difficult to understand and effectuate? Difficulties arise in identifLing which 
sub-systems are important and how they should be combined and linked, and which actors 
should be involved and what type of roles they should be given considering the many existing 
complexities and nuances. Examining the large number of conceptual models given the title 



integrated water resources management, these difficulties appear evident. Although these 
conceptual models tend to give a sense of the interrelatedness of different sub-systems, there 
doesn't appear to be a consensus on what elements are critical and what can be simplified. 
Often these models have a varying degree of complexity at all levels. The three Figures below 
highlight the problems with using conceptual models to define integration. A simple concep- 
tual model of integrated management has been offered by Koudstaal et al. (1992, Figure 6) 
and another is given by Hufschmidt (1993, Figure 7). The more detailed integrated model by 
RIVM (Rotmans et al. 1994, Figure 8) comprises many disciplines, physical components and 
linkages. Is one of these models superior, are they usehl in an operational sense, or are they 
just attractive pictures which give us a false sense of understanding? 

The difficulties in dealing with integrated science is probably one reason why both the 
"Brundtland report" (WCED 1987) and the 1992 UNCED conference overlooked the water 
issue (see, e.g., Falkenmark 1988, Biswas 1992) which may become one of the most severe 
stresses on the human population in the next century. This oversight is apparently being ad- 
dressed as the importance of water is gaining more international attention. This focus is evi- 
dent and examples include the Mar del Plata Action Plan of the UN Water Conference in 1977 
(UN 1977) which has been instrumental in steering international research programs into the 
most important water related issues. More recently, the International Conference on Water 
and the Environment (ICWE) held in Dublin, Ireland in 1992 outlined important issues of wa- 
ter as the world approaches the 21st century. Even the UN Conference on Environment and 
Development (UNCED) held in Rio de Janeiro in June of 1992 included a major water theme. 
There are a number of international research groups that are actively pursuing issues related to 
water resources from almost every angle. These organizations include the United Nations 
Educational, Scientific, and Cultural Organization (LNESCO), the United National Environ- 
ment Programme (LNEP), the World Meteorological Organization, etc. (Kraemer 1994). 
Within each of them, there are projects and programs that focus on water related issues such 
as Man and the Biosphere Program (MAB), International Hydrological Program (IHP), the 
Operational Hydrological Programme (OHP), and the World Water Council (WWC) that is 
just in the process of finding its shape as an umbrella organization of professional organiza- 
tions in the water field. They are trying to achieve cooperation at the international, national, 
state and local levels by developing a high degree of communication in hydrologic research, 
data collection and processing, and water resources assessment. This type of international in- 
terest can only help to address the challenges faced in developing integrated approaches to 
water related problems at every level. But an international water convention or treaty that 
would be strong enough is still far ahead, although there is some light to be seen. 

As mentioned above, one of the latest buzzwords is the ecosystem approach to water 
and environmental management (Figure 9). A hndamental notion of this concept is that with 
proper management, both economic development and environmental protection can occur si- 
multaneously. This is different from past development trends which seem to indicate that both 
can not occur together. There is a recognition that any physical development of a water re- 
sources system, whether it be for flood protection, water storage, waste assimilation, etc., will 
affect the surrounding environment in some manner. The primary objectives, then, are to 
minimize the detrimental effects of development while achieving the designated use of the 
water body and the preservation of the surrounding ecosystem. A shift from point source con- 
trol to site specific water quality and habitat integrity combined with use designation and con- 
trol is occurring more frequently within the water resources community - this idea might be 
considered the ecosystem approach (Novotny and Olem 1994). 

Former management techniques to improving water quality often concentrated on 
chemical and toxic criteria. It is being recognized, however, that biological processes offer an 



excellent monitoring element of water quality, since biotic life cycles are good indicators of the 
state of the water environment (Volovik 1994). Past efforts at restoring water quality often 
focused on single processes, without an appreciation for the overall system. This was observed 
during the efforts to restore water bodies that had been polluted with biodegradable organics 
(BOD) through point source discharges to receiving waters (Novotny and Somlyody 1995). 
Efforts to restore these water bodies often met with limited success because an overall under- 
standing of the complex processes was either overlooked or not well understood. 

Figure 6. A conceptual model of integrated water management by Koudstaal et al. (1992). 
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Figure 7. A conceptual model of integrated water resources management (Hufschrnidt 1992). 
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Figure 8. Integrated resources management from RIVM (adapted from Rotmans et al. 1994). 
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igure 9. Elements of the aquatic ecosystem (Novotny and Olem 1994). 



Although much attention has been given to water quality, it is readily appreciated that 
water is but a single component within a much larger and more sophisticated natural system. A 
strong tradition has been developing (over half a century) on biomonitoring including phyto- 
plankton counts (eutrophication, fisheries) and hygienic indicator bacteria (hygiene). The in- 
terest in biomonitoring has grown rapidly during the last few decades, and a variety of ap- 
proaches from microbiological tests to mussels and macroplants are available for water quality 
monitoring. The aquatic ecosystem, in some sense, is more of a philosophy by which all com- 
ponents of the surrounding water body are included in the analysis, by attempting to give value 
to all elements of the system, not just water itself. Using water and improving its quality are 
only part of the objective; the protection and enhancement of all biotic (living) and abiotic 
(nonliving) elements of the water body and its surroundings are also critical (Figure 9), clearly 
revealing the complexity of the issues with which we must deal with, as the ecosystem ap- 
proach attempts to encompass all relevant components, (biological, chemical and hydrody- 
namical) by gaining an understanding of the different equilibrium states of these interacting 
systems. The different sub-systems are identified with the appreciation that any adaptation or 
disruption in one portion of the system will propagate through the other systems and will 
eventually reach a new desired or undesired equilibrium (Novotny and Olem 1994). 

Questions still remain regarding this "holistic" approach to water resources because 
there are still important elements within the ecosystem model that we do not understand. Dis- 
appointingly, contemporary approaches to generic aquatic ecosystem models (mostly deter- 
ministic) do not work well; many have worked for decades on such models, but without much 
success (Park et al. 1974). Even if we could understand all the details, a natural ecosystem is 
so complex that a model is likely to mislead the analyst if automatically considered a proper 
tool a priori. For instance, a phytoplankton flora in a lake typically contains a few hundred 
monitored species. Even if we could understand the growth factor dynamics, zooplankton 
grazing intensities, respiration, migration, sedimentation, interaction with bacteria, etc., of 
each species, the model would be too complex to be practically usehl. Instead, one has to 
have as much understanding as possible, but at a lower resolution and more case specific. 

With climate change comes the need to understand large and small scale processes and 
their interaction at all levels (biological, physical and chemical). We still do not hlly under- 
stand feedback processes which occur between biochemical processes and physical transport 
mechanisms in the soil (NRC 1991). Most of our understanding of regional distributions of 
biological species has been empirically derived through observation. Can we assume that these 
empirical models will hold under climate change or must we develop analytical models of these 
complex systems in order to understand potential change? These are just a few of the chal- 
lenges that the ecosystem approach involves. 

3. EMISSION CONTROL 

3.1 Wastewater Treatment 

Wastewater treatment has played a crucual role in water resources management. Bio- 
logical and chemical treatment have a history of about a century. Biological processes have 
dominated wastewater treatment (except, e.g., in the Scandinavian countries), while chemical 
methods are in widespread use in water treatment (in combination with physical and other 
processes in both cases). The recognition of multiple pollutant problems and other issues 
(process optimization, improved design, etc.; see Hahn (1990), for details, successes, and pit- 
falls) led to the slow combination of the two methodologies. For instance, chemical addition is 



an obvious choice to remove phosphorus and heavy metals (for industrial pre-treatment and 
control at the source) and to increase the capacity of existing overloaded biological plants with 
primary clarifiers with low investment (which is an important issue today in the CEE region; 
see Somlyody 1994). However, biological processes cannot be excluded if nitrification and 
denitrification are considered. In turn, there is also an increasing need in water treatment for 
combining the two different processes, whenever nitrate contamination is an issue. 

The above, much desired combination often meets with difficulties. Professionals, 
manufacturers, and legislators sometimes believe in the exclusive application of a single 
method, and communication is far from being satisfactory. The arguments against chemicals 
are still the increased amount of sludge (despite of achievements of low dosage methods), and 
the societal fear of chemical use. Ironically, the application of biological denitrification at wa- 
ter plants is sometimes objected to because of possible public health implications. 

Albeit wastewater treatment plays a critical role in water resources management, there 
is little communication between treatment engineers and those dealing with receiving waters. 
Design is often based on effluent standards, thus the analysis of basin wide water quality im- 
pacts (including emissions of different origins) and various control strategies (depending on 
water quality goals, financial conditions, and cost recovery these can be important considera- 
tions in the CEE region and in the developing countries) may remain fully excluded. The gap is 
further illustrated by the present state of modeling on these fields: although many achieve- 
ments have been made in modeling carbon and nutrient removal by treatment plants (e.g. the 
IAWPRC activated sludge model; Henze et al. 1987) and cycling in rivers and lakes (see 
Thomann and Mueller 1987), there are hardly two such models which can use the same water 
quality variables (and fractionation) to be linked together (cf Somlyody et al. 1994). 

We may continue the example with eutrophication and the 1970's. At that time, lake 
eutrophication was a widely recognized phenomenon, and successful restoration programs 
were also known (based on sewage phosphorus control). Still, there was little concern regard- 
ing the increasing use of fertilizers ("diffuse pollution" was identified later as an issue), the 
construction of drinking water reservoirs fed by rivers with high phosphorous concentrations 
(which then often led to "surprisingly" poor higher trophic states and related water treatment 
problems), eutrophication of rivers in downstream reaches or impounded stretches of in- 
creased residence times (many European rivers exhibit annual peak chlorophyll-a values close 
to or above 200 mg/m3 which would characterize a hypertrophic state in lakes), or the conti- 
nental nutrient enrichment problems of rivers and inland seas (for example, the Baltic or the 
Black Sea in Europe). 

3.2 Source Control, Prevention and Material Cycles 

In the western world, much progress has been made in monitoring and controlling 
point source emissions. As noted, the focus is shifting towards diffuse loads and control at the 
source. The realization of this thrust is not easy in practice and reasons are manifold. Tradi- 
tional non-point source control (for example, in agriculture) requires rather different legisla- 
tion and incentives than employed in the past. The focus should be on controlling activities and 
the application of materials of possible harmful impacts (e.g. by taxes), which calls for the in- 
tegration of water quality management, land use management, and regional development. The 
issue is primarily institutional in nature (like for many other cases when prevention should be 
improved). Can we really achieve the desired integration? 

Source control and the intention to close material cycles face many barriers even under 
relatively "well-defined" cases such as urban areas. The unbalanced water infrastructures in 
many urban areas (characterized by decreasing capacities of water supplies, collection net- 



works, wastewater treatment, and sludge handling), unnecessarily high water consumption and 
wastewater treatment needs due to subsidies and unrealistic water prices (undervaluing), aged 
networks, and the lack of re-evaluating the application of seemingly successful traditional 
methods (see later) are some of the reasons leading to opened water and material cycles. For 
instance, a recent survey on municipal infrastructure in the CEE region (Poland, Czech Re- 
public, Slovakia, Hungary, and Bulgaria, see Somlyody 1994) showed that in an average 90% 
of the population is connected to public water supply. However, the ratio of connection to 
sewerage is not more than 70% (in some countries, only 50%), while biological treatment is 
less than 50% of the collected wastewater. Finally, only part of the sludge produced is ade- 
quately disposed (perhaps not more than 50%, but it is difficult to estimate). N and P cycles 
are nearly fully open. Many of these problems are likely to be institutional in nature and are 
discussed below. 

Until now, we touched upon traditional dif ise pollution and "urban metabolism". 
These are relatively simple issues in comparison to "industrial metabolism". As Stigliani (1990) 
and Lohm (1992) point out, an efficient abatement of chemical pollutants requires accounting 
flows of manufactured chemicals through the economy and the society. Consumption related 
emissions including dissipation and disposal are additional components of industrial metabo- 
lism of increasing importance (for instance, for Cr in Sweden and Cd in the Rhine watershed). 
This depends on (among others) raw material import and consumption patterns broadening 
again significantly the scope of water quality and environmental management. This approach is 
contrary to the waste minimization approaches of the past and looks at material cycles from 
"cradle to grave"4 (Lindfors 1992). Obviously with some industrial products this type of 
managerial procedure is simpler than with other products. Developing this type of approach 
within every sector will be challenging; but where consumer opinion is strong (often in devel- 
oped countries), there is an increasing demand for companies to produce "green products" 
which minimize waste not only during production but also during consumption and disposal. A 
new approach to minimize the overall harmful environmental effects of manufactured products 
is the Product Life Cycle Assessment (PLCA) which attempts to address the environmental 
impacts of products from "cradle to grave" (Lindfors 1992). The recognition of the impor- 
tance of industrial metabolism is an important issue, but the dilemma is - like with sustain- 
ability (see later) - whether or not we can take action and use it in an operational sense. 

3.3 Appropriate Technology 

Are we really approaching water sanitation in the most optimal fashion with respect to 
our conflicting objectives? Are we stuck on the capital intensive approaches that were devel- 
oped decades ago when the scale of clean up was much smaller? Niemczynowicz (1991) 
claims that the traditional approaches to waste water treatment must drastically change, but 
are radically novel, economically efficient and environmentally sound technologies waiting to 
be discovered? There are many instances in both the developed and developing world of inap- 
propriate technology. In the developing world, this is often caused when donor countries in- 
corporate high technology equipment within their aid programs with the self serving motive of 
promoting industry at home. However, also examples on developing low-cost solutions exist 
(e.g. Hansen and Therkelsen 1978, Eikum and Seabloom 1981, Schiller and Droste 1982, 
Winblad and Kilama 1985, Chan 1993, Ho and Matthew 1993). What is their applicability in 
megacities which will be the home of escalating number of urban poor? 

"Cradle to grave" expresses the idea that industrial materials are monitored at the point of extraction from the 
earth (cradle) until their consumption and disposal (grave). 



Technology transfer from the developed to the developing must be driven by the re- 
cipients needs and not donor self interest, and it must be implemented at the regional and local 
levels. Often institutional shortcomings at the national level lead to wastehl spending and un- 
productive and unsuccesshl programs. Low technology research is frequently an under util- 
ized and undervalued alternative whose cause is often social perception of inferior approaches 
and non-prestigious roles. Grau (1994) poses a direct question to the developed world with 
regards to its foreign aid to developing countries, "are we rich enough to buy cheap stuff)" 
Can we afford to give assistance where it is needed and not where it can be self serving? There 
are other issues related to technology and scale which are not only related to water quality but 
also to quantity; these are elaborated upon in the next Section. 

4. EMERGING PROBLEMS 

4.1 Large Scale Projects 

The conventional wisdom of socio-economic development tends to ask: how much do 
we need for development and how do we get it there? With this style of thinking along with 
current growth and development trends, it is not too surprising to find enormous water devel- 
opment projects situated around our globe. Worldwide, water withdrawals have increased 
from 579 km3 in 1900 to 3320 km3 in 1980 and is projected to reach 5200 km3 by the year 
2000 (Shiklomanov 1993). Much of this new demand has been met through the construction 
of dams to store and transfer schemes to move water to the demand location (Figure 10). 

Large Dams (> 15 M) for 
1950 and 1987 

Figure 10. Number of Large Dams, over 15m, by continent (Veltrop 1993). 

Comparing the total usehl volume stored in reservoirs with stable river runoff, it is 
estimated that there has been a 25% increase in available supply due to this impoundment. 
Storage systems have lengthened the water renewal rate from 20 days to 100 days which has 
depressed the self purification capacity of rivers by reducing the entrapment of oxygen caused 



by turbulent flow. Large reservoirs also have a dramatic effect on the hydrology and ecology 
of the reservoir and the surrounding region. 

In addition to meeting consumptive use demands, large reservoir projects have been 
created for the generation of hydro-electric energy and the protection against floods and 
droughts. These, often large scale water projects have been given a range of positive and 
negative publicity over the recent decades. Although often meant to serve a number of pur- 
poses, large water projects often do not measure up to their original objective. Reasons for 
this are as complex as the physical systems from which they were developed. As pointed out 
by Di Lascio et al. (1993) and Pearce (1992), within the developing world reservoir projects 
often cause detrimental ecological damage, displace native residents, do not bring improve- 
ment in living conditions of the local people, and the benefits are often sold at a fraction of 
their actual cost. Given the pressing needs and limited resources within developing regions, it 
is highly likely that these struggling communities will continue to look to large-scale infra- 
structure development of water resources in order to improve their living standards. (Di Las- 
cio et al. 1993). This type of situation is difficult because there are no guarantees that devel- 
opment will bring improvement. The western development model can be quite deceiving with 
respect to returns in developing countries. 

In the developed world large water projects were primarily built decades ago, long 
before public interest in environmental issues was of widespread importance. A question that 
naturally arises: given our present state of knowledge would these project be built today in the 
same manner as before? Early development schemes did not bring multi-criteria decision 
analysis to the planning room and flood plains were seldom considered as a positive resource. 
Trends have changed, and the development of Environmental Impact Assessments (see Sec- 
tion 5.3) are perhaps a response to past, narrow-minded approaches to water infrastructure 
development. Do we better understand the social, economic, and environmental benefits of 
natural ecosystems and flood-plains and do we fblly appreciate how to develop, utilize and 
manage them in a sustainable manner? 

But how can we assess past projects objectively? It is apparent that the often used and 
quite subjective benefitlcost ratio approach that is used to proclaim large projects as a success 
or failure is completely biased (Smith 1986, Abu Zeid 1990, Entz 1993). It is more likely that 
no definitive answer can be given regarding these massive engineered works because there are 
as many personal opinions as there are possible outcomes. More important is the fact that 
there are still a great number of large scale projects on the drawing board, whose appropriate- 
ness will have to be addressed in a responsible manner (Veltrop 1993). New environmental or 
ecological economic approaches are trying to give actual, economic value to natural ecosys- 
tems with the hope of finding performing a less subjective analysis, but is it possible to remove 
the element of subjectivity when we are comparing large socio-economic development proj- 
ects with environmental conservation (Novotny and Somlyody 1995, Smith 1995)? 

What kind of technology and at what scale should fbture water resources development 
occur? One example of appropriate scale and suitable technology in the developing world 
might be the check dam (Biswas 1991). Check dams are generally small structures built across 
gullies or streams to store flood runoff in the upper portion of a basin. They can be con- 
structed relatively quickly and without much capital investment and they not only help to con- 
trol water flow, but also help to prevent sediment loss carried by flood waters, offering an al- 
ternative to large scale reservoirs in developing countries by keeping costs down and utilizing 
local resources. Check dams are seeing increased use in diverse areas like China, Nepal, India 
and Ethiopia and might prove to be an excellent alternative to large scale projects. As donor 
countries look to invest in large scale projects (Hori 1994), small scale solutions at the local 










































