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Abstract Climate change, population growth and increased consumption, coupled with
urbanization, are all placing increased pressure on water management. This global challenge
can often best be addressed at the local level, e.g. in cities by optimizing the role of civil
society. Although there are approaches for assessing the sustainability of countries and cities,
there is no dedicated framework for the assessment of the sustainability of urban water
management. We have therefore compiled a comprehensive list of indicators (the city
blueprint) for this. The city blueprint is proposed as a first step towards gaining a better
understanding and addressing the challenges of integrated urban water management
(IUWM). City blueprints will enable the IUWM of cities to be compared, and stimulate
the exchange of success stories (good practices) between cities to address the enormous
IUWM challenges which lie ahead. The city blueprint provides a quick scan and baseline
assessment. It comprises elements from a variety of methodologies, such as water footprint,
urban metabolism and ecosystem services. The indicators have been subdivided into eight
broad categories, i.e. (1) water security following the water footprint approach developed by
Hoekstra and Chapagain (2007), (2) water quality, which includes surface water and
groundwater, (3) drinking water, (4) sanitation, (5) infrastructure, (6) climate robustness, (7)
biodiversity and attractiveness and (8) governance. Experience using city blueprints for the cities
of Rotterdam, Maastricht and Venlo (in the Netherlands) have been included as practical
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examples. It was concluded that simplicity (ease of calculation and data availability), transparency
and ease of communication makes the blueprint a valuable tool for policy makers, decision
makers and resource managers as a first step in the process of understanding, envisioning,
developing and implementing measures to transform the water management of cities. The best
results are obtained when all the stakeholders are involved and connected right from the start.

Keywords Sustainability . Water management . Climate change . Urban metabolism .Water
footprint . City blueprint

1 Introduction

The need for water is growing rapidly and water scarcity is a serious problem in major parts
of the world (UNEP 2007). Competing demands for scarce water resources may lead to an
estimated 40 % supply shortage by 2030 (2030 Water Resources Group 2009). The
relevance of water in terms of water scarcity, water quality, human health and ecosystem
services is summarized in Table 1.

There are currently over 300 cities in the world with more than one million inhabitants
and 21 mega cities—metropolitan areas with a total population in excess of 10 million
people. Approximately 50 % of the human population lives in cities, and by 2030 this will be
60 %. In developed countries this will rise to 82 % by 2030 (UN 2008).

Changes in demography, including the aging population, socio-economic factors, climate
change, biodiversity, energy use, water supply and consumption, as well as ageing infra-
structures for water supply, distribution and treatment (Ernstson et al. 2010; Cohen 2007;
Brown 2009; Deltares 2009) demand a thorough understanding of the various options
available for moving towards sustainable cities.

A sustainable society is a society that “meets the needs of the present generation without
compromising the ability of future generations to meet their own needs, in which each
human being has the opportunity to develop itself in freedom, within a well-balanced society
and in harmony with its surroundings” (UN 1987). From an anthropocentric point of view
sustainability has been summarized as “improving the quality of life of humans while living
within the carrying capacity of supporting ecosystems” (Van de Kerk and Manuel 2008;
IUCN, UNEP and WWF 1991).

Different scenarios to improve urban water supply in the context of already well-
developed and equipped cities have to be evaluated in respect to different aspects of
sustainability, i.e. efficient use of water, energy and non-renewable resources, climate
change, safety, biodiversity, green space, recreation, human and environmental health,
public participation, compliance with current and future legislation, transparency, account-
ability and costs (Nederlof et al. 2010; Frijns et al. 2009; Verstraete et al. 2009).

Technologies for Integrated Urban Water Management (IUWM) may include stormwater
management and rainwater harvesting, water conservation, water reclamation and water
reuse, energy management, nutrient recovery, source separation as well as decentralization
of water treatment and use of local groundwater (Deltares 2009; Verstraete et al. 2009;
Daigger 2009; Ishaku et al. 2011). Improvements in water retention by using green roofs,
porous paving systems, rain gardens and water squares are clear examples of new, climate-
proof stormwater management technologies that provide opportunities for conservation and
reclamation of water (Daigger 2009; C40 Cities 2010; Charlesworth 2010).

Discussions about IUWM are multi-stakeholder processes (Hein et al. 2006; Philip et al.
2011). This process needs to start with (1) an evaluation of the actual situation involving all
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stakeholders, followed by (2) a selection of a water supply and sanitation strategy and an
inventory of the technological and non-technological options as future alternatives for the
water cycle, where various possible changes in the use of technology, space and several
socio-economic scenarios can be introduced, (3) a selection of the measures, including an
evaluation of their costs and benefits under different development scenarios and, (4) how to
integrate these into the long-term planning of urban investments (Goudie 2009).

As pointed out by the European Environment Agency (EEA), the achievement of EU
water policy goals appears far from certain due to a number of past and emerging challenges
(EEA 2010). The Blueprint to Safeguard Europe’s Water (European Commission 2011) will
be the EU policy response to these challenges. It aims to ensure good quality water in
sufficient quantities for all legitimate uses. The challenges will predominantly reside in cities
(European green city index 2009; Engel et al. 2011). Therefore, we have developed a quick
scan for the evaluation of the actual situation in cities, involving all stakeholders, as a first

Table 1 Facts about water according to UNEP (2007)

Water scarcity

The per capita availability of freshwater is declining globally. The need for water is growing rapidly and
water scarcity is becoming a serious problem in major parts of the world.

If present trends continue, 1.8 billion people will be living in countries or regions with absolute water scarcity
by 2025, and two-thirds of the people in the world could be subject to water stress.

Water withdrawals are predicted to increase by 50 % by 2025 in developing countries and 18 % in developed
countries.

Water quality

Changes in water quality are primarily the result of human activities on land that generate water pollutants, or
that alter water availability.

An estimated 2.6 billion people are without improved sanitation. Pollutants of primary concern include
microbial pathogens and excessive nutrient loads.

Important point-source pollutants are microbial pathogens, nutrients, oxygen-consuming materials, heavy
metals and persistent organic pollutants.

Major non-point-source pollutants are suspended sediment, nutrients, pesticides and oxygen-consuming materials.

Human health

Human health is the most important issue related to water quality.

Contaminated water remains the greatest single environmental cause of human sickness and death.

Three million people die from water-borne diseases every year in developing countries, most of whom are
children under the age of five.

Climate change threatens coastal areas as well as the food security and livelihoods of people in the most
vulnerable regions.

Ecosystem Services

The decline in the quantity and quality of surface and groundwater is impacting aquatic ecosystems and their
services. This degradation puts many ecosystem services at risk, including the sustainability of food supplies
and biodiversity.

More than 1.3 billion people depend on fisheries, forests and agriculture for employment—close to half of all
jobs worldwide.

Agriculture accounts for more than 70 % of global water use. Water shortage together with land degradation
decreases agricultural productivity, resulting in lower incomes and reduced food security.

Fish is an important protein source, especially in the developing world, providing more than 2.6 billion
people with at least 20 % of their average per capita animal protein intake.

Reductions in freshwater discharge and seasonal peak flows caused by damming and withdrawal are
lowering downstream agricultural yields and fish productivity, and causing the salinization of estuarine land.

Global marine and freshwater fish catches are declining on a large scale, mostly due to persistent overfishing.
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step in the strategic planning process for IUWM (Philip et al. 2011) and refer to it as the city
blueprint in the remainder of this paper. The city blueprint is proposed as a first step towards
gaining a better understanding and addressing the challenges of IUWM. City blueprints will
enable the IUWM of cities to be compared, and stimulate the exchange of success stories
(best practices) between cities to address the enormous challenges involved in implementing
sustainability (Goudie 2009).

2 Methodology

The strategic planning process for IUWM consists of the development and implementation
of a flexible strategy that holistically considers all areas of the urban water cycle as well as
its links to other management sectors (Fleming 2008; Goudie 2009; Philip et al. 2011). We
propose a heuristic approach and aimed to develop a method that is practical, relatively
simple, transparent, easy to communicate and understand for decision-makers and the public
in general, and enables the sustainability of IUWM of a city to be assessed in about a week.
Our proposal therefore, i.e. the city blueprint, comprises a set of indicators. We have chosen
an indicator approach because good indicators are: (a) easy to access, (b) easy to understand,
(c) timely and relevant, (d) reliable and consistent, (e) credible, transparent and accurate and,
last but not least, (f) developed with the end-user in mind. We decided to include indicators
derived from a number of existing approaches as given below.

2.1 Water Footprint

The water footprint (WF) shows the extent of water use in relation to people’s consumption
(Hoekstra and Chapagain 2007). WFs are modified ecological footprints and account for the
scarcity and sustainability of renewable water resources (Hoekstra and Chapagain 2007;
Hoekstra et al. 2009; Notovny 2010). According to Jenerette and Larson (2006) the water
resources are affected by four comprehensive factors: (1) population, (2) per capita water
use, (3) climate change, and (4) allocations for water conservation. In their analysis of the
WF of nations Hoekstra and Chapagain (2007) concluded that the four major direct factors
determining the WF of countries are: (a) volume of consumption which is related to the gross
national income, (b) the water-intensity of the consumption pattern (e.g. high versus low
meat consumption), (c) climate (water requirement per unit of crop) and (d) agricultural
practices (water use efficiency). The concept has been internalized by companies where they
use WF to account for water (KPMG 2010; Morrison et al. 2010). WF shows wide variation
throughout the world (Hoekstra and Chapagain 2007; Jenerette and Larsen 2006). Some of
the largest footprint concentrations are in Southeast Asia. The Middle East region also has
several cities with large footprints. The water footprint approach provides a transparent and
communicable insight into the global water scarcity problem in general, and the enormous
challenges facing cities in particular. The WF concept has therefore been included in our set
of indicators for the sustainability of IUWM.

2.2 Urban Metabolism

Urban metabolism (UM) can be defined as “the sum total of the technical and socio-
economic processes that occur in cities, resulting in growth, production of energy, elimina-
tion of waste” (Kennedy et al. 2007). It provides a means of understanding the sustainable
development of cities by drawing an analogy with the metabolic processes of organisms.
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UM describes the inward and outward flow of energy and various materials such as carbon,
water, nutrients and pollutants. There are strong parallels: “cities transform raw materials,
fuel, and water into the built environment, human biomass, heat and waste” (Decker et al.
2000). Increasing metabolism implies greater loss of farmland, forests, and species diversity.
This approach can be used to compare flows in a variety of actual and possible future urban
water cycle systems (Barles 2010; Kane and Erickson 2007). Kennedy et al. (2007)
concluded that the vitality of cities depends on the spatial relationships with the surrounding
hinterland and global resource webs. The UM approach is transparent and inputs, dynamics,
services and outputs can be measured. UM is a broader concept than WF as it also
encompasses WF.

2.3 Ecosystem Services

Ecosystem services (ES) include provisioning services (e.g. food and water), regulating
services (e.g. flood and disease control), cultural services (e.g. spiritual, recreational and
cultural benefits), and supporting services (such as nutrient cycling). ES maintain the
conditions for life on earth (UNEP 2007) and are the benefits people obtain from ecosystems
(Millennium Ecosystem Assessment 2005a, b; Costanza et al. 1997; de Groot et al. 2002;
Liu et al. 2010). This forms the cornerstone of the Convention on Biological Diversity
(CBD). According to the CBD the ecosystem approach is a strategy for the integrated
management of land, water and living resources that promotes conservation and sustainable
use in an equitable way. It may help to reach a balance in the three objectives of the CBD:
conservation, sustainable use, and the fair and equitable sharing of the benefits arising out of
the utilization of genetic and natural resources. Ecosystem services and goods are collec-
tively called ecosystem services (Fig. 1).

The ES concept seems a useful way to assess drivers of change in the interests of human
well-being. This concept can help to understand and manage societal expectations regarding
sustainable provision of various goods and services (Fig. 1). It provides a flexible measure of
the quality of the “ideal” system—from the human perspective—and a better understanding of
the trade-offs between these goods and services as exemplified in Fig. 2. Agriculture accounts
for more than 70% of the global water use (FAO 2011) andmany people also depend on fish as
a source of protein. There are many human needs that compete for water (Fig. 2). Not only
agriculture, livestock breeding, and wood production, but also power supply, which is directly
related to water in the case of hydropower generation, or as a source for cooling water in case of
other energy sources (e.g. coal, oil, gas and nuclear power). Other competing activities for water
are drinking water, nature (biodiversity), recreation, industry (e.g. the food processing industry
as well as the chemical and pharmaceutical industries).

The strength of the ES approach is the demonstration that ecosystems do not provide
infinite resources and that choosing one ES may affect other services, thereby showing how
the trade-offs inherent in such choices impact certain functions of ecosystems. Special
attention was devoted to the economics of ecosystems and biodiversity by calculating the
economic value of changes in ES as a result of policy changes and depicting the global cost
to society of the impoverishment of biodiversity and ecosystem services (TEEB 2009,
2010).

2.4 Indicators

At the Millennium Summit in September 2000 the largest gathering of world leaders in
history adopted the UN Millennium Declaration, committing their nations to a new global
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partnership to reduce extreme poverty and setting out a series of time-bound targets, with a
deadline of 2015. Many of these Millennium Development Goals (UN 2010) are directly or
indirectly linked to water. Indicators for the assessment of countries have also been devel-
oped. An example, the Sustainable Society Index (SSI), is shown in Fig. 3. The advantage of
the SSI is threefold: (1) the rationale behind the indicators is given, (2) all input data and
calculation methodologies are published, and (3) results are published in a transparent and
attractive manner. Results are currently available for 151 countries (Van de Kerk and Manuel
2008; Sustainable Society Foundation 2010). The SSI index is based on 24 indicators
(Fig. 3) which can be subdivided into three broad categories: the social dimension (people;
human well-being), the environmental dimension (planet; environmental well-being) and the
economic dimension (profit; economic well-being). The SSI is transparent, straightforward,
and easy to calculate and to communicate and has been accepted as a tool by a variety of
international organizations.

Examples of indicators for sustainable cities include the European common indica-
tors (European Commission 2001), the sustainable cities index (Australian Conservation
Foundation 2010; Forum for the future 2010), the European green city index (2009), and the
global city indicators (Global city indicators facility 2008). All these indicator frameworks are
very generic and do not specifically address the urban water cycle. There are many similarities
between the broader indicator frameworks. Quite often about 20 indicators (“the magic 20”) are
used (Bell and Morse 2003) and there are many links between the thematic indicators (UNEP
2007). Simplicity is what matters, as it is important to realize that a pragmatic approach is

HUMAN  WELL-BEING & 
POVERTY REDUCTION

Basic material for a good life

Health

Good social relationships

Security

Freedom of choice and action

DIRECT DRIVERS OF CHANGE

Changes in local land use and cover

Species introduction or removal

Technology adaptation and use

External inputs (e.g. fertilizer use, pest 
control, and irrigation)

Harvest and resource consumption

Climate change

Natural, physical, and biological drivers 
(e.g. evolution, volcanoes)

INDIRECT DRIVERS OF CHANGE

Demographic

Economic (e.g. globalization, trade,     
market,and policy framework)

Sociopolitical (e.g. governance, legal and 
institutional  framework)

Science and technology

Cultural and religious (e.g. beliefs, 
consumption choices)

ECOSYSTEM SERVICES

Provisioning (e.g. food, water, fuel)

Regulating (e.g. climate regulation, flood 
and disease control)

Cultural (e.g. spiritual, recreational, 
cultural and educational benefits)

Supporting (e.g. primary production, 
nutrient cycling and soil formation)

LIFE ON EARTH - BIODIVERSITY

Fig. 1 Ecosystem services and drivers of change according to UNEP (2007) and the Millennium Ecosystem
Assessment (2005a). Bold arrows indicate strategies and interventions
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needed because of the general lack of data (Australian Conservation Foundation 2010; Forum
for the future 2010).

Examples of dedicated frameworks for drinking water and wastewater have been provided
by the European Benchmarking Co-operation (EBC 2010). This dedicated set of mainly
quantitative indicators is very useful but it lacks the broader context of cities, sustainability
and governance.

3 The City Blueprint: A Proposal for a Set of Indicators for the Urban Water Cycle

Based on the evaluation of policy documents, publications on IUWM and an analysis of
practical methods as described above, three main conclusions were drawn:

& Despite the global challenges of water security and urbanization which will predominantly
affect cities (Engel et al. 2011), a dedicated set of indicators for IUWM is currently lacking.

& Existing country, city and water utility indicator frameworks (e.g. Sustainable Society
Foundation 2010; European green city index 2009; EBC 2010) are either too general or
too specific for the evaluation of IUWM.

& IUWM can best be addressed at the local level optimizing the role and expertise of civil
society (European green city index 2009; Goudie 2009).

Based on these documents (e.g. Brown et al. 2009; Daigger 2009; EEA 2010; EBC 2010;
European Commission 2011; European green city index 2009; Goudie 2009; UN 2008;

Agriculture

Forestry

Industry

Climate
robustness

Biodiversity
Recreation

Power
supply

Water 
supply

Fishing

Cattle breeding

WATER

Fig. 2 Ecosystem services demonstrate that competing needs for water lead to trade-offs in practice
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UNEP 2007; Van der Steen 2011; 2030 Water Resources Group 2009), the following
decisions were taken:

1. City blueprints should comprise: water security, water quality, drinking water, sanitation,
infrastructure, climate robustness, biodiversity and attractiveness, as well as governance.

2. A quantitative approach is the preferred option in which expert panel scores can also be
included.

3. Indicators for city blueprints need to be scored on a scale between 0 (serious concern) to
10 (no concern).

Fig. 3 The indicator framework of the Sustainable Society Foundation (2010)
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4. Calculations and scoring of the indicator values need to be relatively easy.
5. Data must be easily obtainable from public sources.
6. Results need to be interpreted and communicated relatively easily, not only to experts

but to politicians and the public too, preferably in one graphic image such as a spider
web, without the need for an in-depth knowledge of the applied methodology.

Based on these criteria we propose that 24 indicators be included in the city blueprint.
These indicators are summarized in Table 2.

Water Security As shown in Table 1, water resource overuse is a global problem, especially
in large cities (Hoekstra and Chapagain 2007; Notovny 2010; Jenerette and Larsen 2006;
Engel et al. 2011). While the per capita use in some parts of the world is almost 650 l per
person per day, millions of the world’s poorest subsist on fewer than 20 l per person per day
(Notovny 2010). Information on water scarcity or water resource overuse by cities may be
estimated with the methods used to calculate WF for countries. We have proposed including
the total water footprint (indicator 1), water scarcity (indicator 2) and water self-sufficiency
(indicator 3). Although the parameters developed by Hoekstra et al. (2009) and Hoekstra and
Chapagain (2007) are used to describe water footprints in countries, these national data
provide a good indication of water footprint for cities, provided that the geographical
variation within the country does not vary greatly.

Water Security Surface water and groundwater quality is a requirement for human and
ecological health and can be based on many chemical and biological indicators. Besides
the biological oxygen demand or dissolved oxygen concentration and concentrations of
nutrients and suspended solids, the water quality assessment can be refined by also looking
at persistent and non-persistent organic pollutants and heavy metals. City blueprints need to
include relevant microbial risks too as these may arise from surface water and rainwater
(Sterk 2008; Fewtrell and Kay 2008; Vinjé et al. 2007; De Graaf et al. 2007a). The scoring
for surface water quality (4) and groundwater quality (5) for European cities can be based on
obligatory reporting under the WFD (European Commission 2000) and the Groundwater
Directive (European Commission 2006).

Drinking Water Risk assessment calculations assume that an average adult ingests approx-
imately 2.0 l of water per day (Van Engelen et al. 2007). For the sustainable production of
drinking water it is essential to rethink current practices and implement strategies to improve
the threshold, coping, recovery and adaptive capacities of cities (De Graaf et al. 2007a, b)
through more efficient water delivery infrastructures (e.g. reduce losses due to system
leakages), reduce excessive use, enhance quality and reduce the vulnerability of the water
supply with backup water supply facilities, multi-source water supply and the reuse of water.
We have proposed five indicators for drinking water (Table 2): potable water supply service
(6), water system leakages (7), water efficiency (8), consumption (9) and drinking water
quality (10).

Sanitation Wastewater is a source of water, soil and air pollution that may impact human
health and the environment (Van der Poel et al. 2007). Access to improved sanitation is a key
challenge as many children in the world still die because of microbial pollution which is
often linked to inadequate sanitation (Table 1). Effective wastewater collection and sewage
treatment plants are required. Furthermore, new technologies may lead to a better use of
energy (energy recovery) of waste streams (Frijns et al. 2009; Verstraete et al. 2009) and
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nutrients or other basic materials from these waste streams (materials recovery), such as
phosphate (Cohen 2007). Organic farming, assuming the use of sewage sludge as a fertilizer
for agricultural land, is important and can be expressed as a percentage of the sewage sludge
that can actually be used as fertilizer in agriculture. Often the high loads of heavy metals and
persistent organic pollutants may hinder the use of contaminated sewage sludge as fertilizer
on agricultural land (Daigger 2009; Traas and Van Leeuwen 2007; Van Engelen et al. 2007).
We have proposed five indicators for sanitation: safety (11), sewage sludge quality (12),
energy efficiency (13) as well as energy (14) and nutrient recovery (15).

Infrastructure Cities have many different infrastructures for heating, drinking water supply,
groundwater cooling, wastewater, stormwater and surface water. Research is taking place to
see if some of these infrastructures can be combined which may lead to cost savings and a
reduction of material use. Currently, stormwater in urban areas is a relatively clean source
which is not yet used for drinking water production. Instead it is converted to wastewater in
combined sewer systems (De Graaf et al. 2007b). Stormwater could be used as an alternative
source of water (UNEP 2008; Tredoux et al. 1999) as well as reduce the volume and material
consumption of sewage water systems. This becomes even more relevant in the context of
water scarcity and how cities organize and implement their climate robustness. Stormwater
can also lead to sanitary sewer overflow (SSO) whereby untreated sewage is discharged into
the environment before reaching treatment facilities. Separation of these systems would be a
more sustainable way as it would lead to better surface water quality and enhance the
efficiency of the wastewater treatment process. Maintenance of infrastructures for wastewa-
ter collection and treatment (RIONED 2010) is a high priority too. Maintenance costs
increase with the age of the infrastructure and especially when this exceeds 40 years
(RIONED 2010). Therefore, we have proposed two indicators for the infrastructure: (16)
maintenance of the wastewater infrastructure and (17) separation of infrastructures for
wastewater and stormwater collection.

Climate Robustness Reducing vulnerability to climate change is another challenge that cities
face. Multi-source water supply (surface water, groundwater, stormwater, drinking water and
wastewater) in the event of drought is just one of the options. Higher dikes, increased river
capacity, emergency plans, financial instruments are other approaches (Vinjé et al. 2007).
Sustainable drainage devices such as green roofs and walls, water squares, rain gardens,
constructed wetlands, filter strips, swales, vegetated porous paving systems and street trees
are examples that can play a role in improving the retention capacity of cities and reducing
the urban heat island effect (Charlesworth 2010; Lafortezza et al. 2009). Green buildings are
important as well. Climate-robust cities are both water-robust and heat-robust (Deltares
2009). We have proposed three indicators for climate robustness: (18) local authority
commitments, (19) safety and (20) climate-robust buildings.

Biodiversity and Attractiveness Biodiversity is a pre-requisite for perpetuating the function
of nature in all its aspects and is therefore linked to all other aspects (UNEP 2007). A city’s
attractiveness is determined by a wide range of elements (Australian Conservation Foundation
2010). Many countries are implementing various measures to enhance their cities’ attractive-
ness based on their own history, cultural heritage, and landscape excellence. The proximity to
green space in an otherwise dense urban area has a positive impact on perceptions of health and
well-being, certainly in times of intense heat stress (Charlesworth 2010; Lafortezza et al. 2009).
It has been recommended that green space adapted for climate change by providing access to
water and shade should become national policy (Lafortezza et al. 2009). Minx et al. (2010)
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proposed green space access (green space to which the public has access in square meters per
capita) and recreational land (proportion of land area for recreational, sports and leisure
activities) as indicators for green space and accessibility. Similar proposals have been made
by the EEA (EEA 2010). For IUWM, the focus should be on biodiversity in aquatic ecosys-
tems. In fact, together with the reporting that has to be provided in the context of the WFD
(European Commission 2000), biodiversity should also be reported. We therefore propose two
indicators: (21) biodiversity according to the WFD and (22) attractiveness.

Governance Governance is a socio-political issue (Fleming 2008). Good governance is a
necessary condition for the development of all people in freedom and harmony within the
framework of national and international legislation and regulations (Brown and Farrelly 2009).
Governance means that explicit choices have to be made in the trade-offs. This can be
quantified by (a) green action plans (an assessment of how ambitious and comprehensive
strategies to improve and monitor performance are), (b) green management (an assessment of
how environmental issues are managed and the commitment to achieving international envi-
ronmental standards) and (c) public participation (as the role of citizen involvement and
behavioral change in achieving healthy urban communities and environments is one of the
key elements) (Brown 2009; Brown and Farrelly 2009; European green city index 2009;
EFILWC 2006). Therefore we have proposed two indicators for governance: (23) management
and action plans and (24) public participation.

4 Results

4.1 The City Blueprint of Rotterdam

The city blueprint of Rotterdam is shown in Fig. 4 and further details of the calculations for
the Rotterdam city blueprint are provided in the supporting information. Because data for the
city of Rotterdam on aspects like water footprint, water scarcity and water self-sufficiency
were not available (indicators 1–3 in Table 2), use has been made of the work of Van Oel et
al. (2009) who provided information for the Netherlands. Although this may be a suitable
approach for small countries such as the Netherlands, more refinement may be necessary for
large countries with significant differences in e.g. soil conditions, hydrology and climate.

In order to interpret the overall city blueprint in a relatively straightforward manner, the
scoring system was converted to a scale of 0 (a very poor performance needing further attention
by managers and politicians) to 10 (an excellent performance which requires no further
attention). In some cases, this necessitated modification of the original data. For instance, the
total water footprint of the Netherlands is 2300m3/year/person (Van Oel et al. 2009). This value
is scored as a percentage of the maximum total water footprint, i.e. 2483 m3/year/person in the
USA. This is 93% or 9.3 on a scale of 0–10. In order to convert this high score into a “concern”
score for managers and politicians, this score was transformed to 10–9.300.7. In other words,
the total water footprint in the Netherlands is very high, which is a concern and this is now
reflected in a low score of 0.7. A similar approach was applied for three other indicators in the
city blueprint, i.e. water scarcity, water self-sufficiency and water system leakages. This is
explained in more detail in the supporting information.

The spider web presentation of the calculations provides a quick scan of the concerns, which in
the case of the city blueprint for Rotterdam are the total water footprint, water self-sufficiency,
sewage sludge quality, nutrient recovery, energy recovery and biodiversity. Groundwater quality
may also be an issue due to insufficient information (preliminary score of 6). As the water security
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parameters were estimated on the basis of information for the Netherlands (Van Oel et al. 2009)
and Rotterdam greatly depends on the rivers Meuse and Rhine, it is only natural that water
security and water quality issues can only partly be dealt with by the city of Rotterdam and also
need to be addressed at national and international levels (Klauer et al. 2011).

4.2 The City Blueprints for Maastricht and Venlo

Based on the publication of the city blueprint for Rotterdam (Van Leeuwen et al. 2011), KWR
Watercycle Research Institute was asked to provide city blueprints for another two cities. These
Dutch cities, Maastricht and Venlo, are situated along the river Meuse in the province of
Limburg. A different approach was taken however. Rather than collecting information our-
selves, as in the case of the city of Rotterdam, the stakeholders (representatives of municipal-
ities, water utilities, wastewater utilities and water boards) were asked to complete a
questionnaire in an interactive manner. The assessment and evaluation of Maastricht and Venlo
were done in an interactive and interdisciplinary manner (Table 3) taking a bottom-up approach
(Van Pelt and Swart 2011) in accordance with the principles and management strategies of the
implementation challenge approach (Table 4). Not surprisingly, the results of the scoring were
quite similar to those of Rotterdam, as all three cities are in the same country, situated on the
same downstream water bodies (Klauer et al. 2011), with many similarities for most indicators.

5 Discussion

5.1 Needs and Goals

Imbalances between availability and demand, the degradation of groundwater and surface
water quality, intersectoral competition, interregional and international conflicts, are all
bringing water issues to the fore (UNEP 2007). IUWM cooperation between water policy

Water footprint
Water scarcity

 Water self-sufficiency

Surface water quality

Groundwater quality

Sufficient to drink

Water system leakages

Water efficiency

Drinking water consumption

Drinking water quality

 Safe sanitation
 Sewage sludge quality

Energy efficiency
Energy recovery

Nutrient recovery

Infrastructure maintenance

Infrastructure separation

Committments

Safety

Climate-robust buildings

Biodiversity

Attractiveness

Management and action plans
Public participation

Fig. 4 The city blueprint of Rotterdam based on 24 indicator scores. The range of the scores varies from 0
(center of the circle) to 10 (periphery of the circle). Further details are provided in the text and supporting
information
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makers, policy implementers and researchers is necessary to be able to deal with the
technical, economic and socio-political challenges we currently face (Table 1; Ison et al.
2011; Godden et al. 2011). The focus on cities is crucial as cities will play a pivotal role in
the challenges facing us (Engel et al. 2011).

City blueprints enable the IUWM of cities to be compared, and will stimulate the
exchange of success stories between cities in order to address the challenges that lie ahead.
The process of comparing cities and highlighting best practices in cities as in the case of the
C40 cities initiative, is the ultimate goal as communication with all stakeholders, public
participation and implementation are what matters (Brown 2009; European green city index
2009; C40 cities initiative 2010). Transforming cities to become water aware will require a

Table 3 Steps in the interactive assessment of city blueprints

Step 1 Orientation. Preliminary discussion about the scope, goals, selection
and roles of the different stakeholders, mutual expectations and
preliminary project plan (time, methodology, financial aspects, etc.).

Step 2 Project plan. Clear description of mutual expectations, time path, roles
and responsibilities of all stakeholders formulated in a SMART manner.
Mutual agreement on two persons who will coordinate the work on
behalf of the city (city coordinator) and the neutral facilitator (project leader).

Step 3 Invitation. Formal invitation to all stakeholders by the city coordinator and project leader.

Step 4 Methodology. Explanation and discussion of the indicator methodology,
questionnaire, scoring process and methodological limitations.

Step 5 Collection of information per indicator on the basis of a questionnaire. This also provides
for a division of the work among the stakeholders, managed by the city coordinator.

Step 6 Draft city blueprint. The draft city blueprint is drawn up by the project
leader and based on the responses provided in step 5.

Step 7 Discussion of the preliminary results among all stakeholders.

Step 8 Setting priorities and proposals for follow-up actions and implementation
(managed by the city coordinator).

Step 9 Final report (project leader).

Step 10 Presentation to managers at city or provincial council level and follow-up.

Table 4 Principles and practices
of implementation challenges
(VROM 1992)

Principles

Take the initiative

Emphasize outcomes

Seek consensus

Be reasonable

Maintain credibility

Practices

Devise a clear organizational mission

Identify conflicting attitudes and interests

Establish effective two-way communication

Develop options for mutual gain

Devise the criteria for the evaluation of success together

Use neutral parties for facilitation

Shape public perception though use of the media

Plan for monitoring and renegotiation
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major social and technical overhaul of conventional approaches (Brown et al. 2009).
Fleming (2008) made this very clear: “Ultimately the design, function and sustainability
of cities are a function of aspiration, imagination and choice, which is why sustainability is
more a socio-political than an environmental issue. We will get what we will choose as a
society, whether through passive inaction or proactive design.”

Public participation is a key issue, not only in the design of cities but also in IUWM. The
engagement of individuals with the societies around them, i.e. the strength of civil society in
the city, is closely linked to environmental performance. As stated in the report of the
European green city index (2009), about three-quarters of the existing technological changes
that would help London to meet its long-term carbon reduction targets depended on the
decisions of citizens or companies, not of governments. In other words, the individual
decisions of cities’ inhabitants collectively are more powerful than their governments’ ability
to intervene. This is underscored by the relationship between voluntary participation in
organizations (based on the average number of voluntary organizations, such as religious
groups, trade unions and sports, professional or charitable bodies that people in cities belong
to) and a city’s environmental performance (EFILWC 2006; European green city index
2009).

5.2 The Indicators

Despite the many challenges in the implementation planning and engineering of sustain-
ability (Goudie 2009), there is no clear set of indicators to asses the sustainability of the
urban water cycle. Only recently a long list of indicators was published (Van der Steen
2011). We therefore developed the city blueprint: a set of 24 indicators that enable a quick
scan to be made of the sustainability of the urban water cycle. This quick scan or baseline
assessment is an initial collection and analysis of information to gain up-to-date knowledge
on water issues, the urban water system, main actors and legal and institutional frameworks
relevant for water management (Philip et al. 2011). For the purposes of scope, simplicity,
transparency and ease of communication, preference was given to the indicator approach. In
this respect, the city blueprint approach is identical to the approach of the European green
city index (2009), but with a more specific focus on the sustainability of the urban water
cycle (Siemens 2011).

The choice of indicators for the city blueprint is by definition subjective. There are many
options for other indicators and a variety of methods to quantify them. For example, we
deliberately left out the economic indicators at this stage of IUWM, but this information is
available (EBC 2010). We have not addressed salt water intrusion due to groundwater
overexploitation, although this may be relevant in many countries (EEA 2010). However,
we have addressed the energy efficiency of wastewater treatment, although this is only a
relatively small fraction of the total use of energy in the water cycle. So the proposed 24
indicators are subjective and by no means exhaustive and need to be further discussed and
developed in a process of learning-by-doing. Undoubtedly, there will never be a perfect set
of indicators for IUWM. Nevertheless, the production and use of the indicators for the city
blueprint will provide a better way to serve the needs of all stakeholders seeking to improve
water management.

Ideally, the following aspects (per indicator) need to be clarified in advance: 1) goal, 2)
principle, 3) criterion, 4) indicator, 5) reference value per indicator (Van Cauwenbergh et al.
2007), methodology for calculation or assessment, 7) data requirements and 8) data avail-
ability. In order to predict the advantages of the technological and governance interventions
it is also important to know: 9) the possible interventions including their descriptions, 10)
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their costs and 11) their consequences for each indicator. Once accepted, a clear set of
indicators, with a transparent methodology and data requirements will support decision-
making for IUWM. It should be noted that this is probably the more rigorous, traditional
scientific approach.

5.3 Further Development: Learning-by-doing

Our goal was to address the most important challenges documented in the scientific
literature, in policy documents and in views from the water sector. This city blueprint is a
first step. It is a proposal and intended as a practical tool to facilitate changes in the
understanding and practices of stakeholders in complex situations (Ison et al. 2011). The
tool has been designed to facilitate the first step in IUWM (Philip et al. 2011; Goudie 2009),
i.e. evaluation of the actual situation by involving all stakeholders. Further discussions to
refine and improve the indicators and to gain acceptance by all stakeholders is key (Van
Leeuwen 2007; Hegger et al. 2011). Therefore the next steps should include:

(1) Further multi-stakeholder discussion and dialogue to refine the proposal as presented in
Table 2 and to decide on: (a) the spatial scale, (b) the indicators and their reference
values, (c) the appropriate data, methodology and tools to quantify them.

(2) Case studies to implement and test the tool following a learning-by-doing approach.
The preliminary scoring of the city of Rotterdam is provided in Fig. 4. This exercise
confirmed the data limitations issue (Morrison et al. 2010) and highlighted the need to
present the results in a comprehensive manner.

(3) A comparison of cities using this indicator approach. This will require a clear ques-
tionnaire and expert panel process (European green city index 2009; Global city
indicators facility 2008).

(4) A book, website or other means of communication to attract the attention and involve-
ment of the public, companies and public authorities about the best practices and
successes in IUWM (C40 Cities 2010), to explain the win-win opportunities and
convince stakeholders of the benefits of integrated approaches for the well-being
of citizens. This is a top priority because an active civil society is probably the
most important driver for change towards sustainability in cities (EFILWC 2006;
European green city index 2009; Fleming 2008). The climate-proof adaptation
strategy of Rotterdam is an example of how to implement and communicate this (C40
Cities 2010).

5.4 The Process

The various options for arriving at sustainable IUWM come at a price. Savings can be
achieved by thinking in terms of longer term investment rather than short-term
expenditure (Goudie 2009). Decisions that concentrate only on identifying the risk
to a system may not effectively assess sustainability. Sustainability is not just about
managing risks but also about managing and living with change (preparedness and
adaptability). Cities that do not adapt to changes in the available water resources may
suffer greatly, as in the case of the Sahel countries and parts of Australia where
governments have been forced to consider the problem of evacuating some small
towns. The same is true for the cities of Rotterdam, Maastricht and Venlo, where the
risks of flooding and spatial development are inextricably linked and show that the
rate and ease of change or adaptation are very important (C40 cities 2010).
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Integration is most successful when there is a process of interaction rather than a one-way
delivery of knowledge on the doorstep of the policy maker (Ison et al. 2011). In this respect,
the multi-stakeholder approach to problem formulation (Van Leeuwen 2007), assessment
and evaluation of IUWM as applied for the cities of Venlo and Maastricht was much more
effective, as it underlined the connectivity between the technical, economic and socio-
political processes (Ison et al. 2011; Godden et al. 2011). It was indeed a quick scan and a
concrete step towards sustainability implementation planning (Goudie 2009; VROM 1992).
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