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European countries are facing increasing pressures on their water resources despite stringent regulations
and systematic efforts on environmental protection. In this context, research and innovation play a
strategic role reinforcing the efficiency of water policies. The present study provides a multilevel
assessment of research and innovation practices in the field of water resource management in southern
European countries and regions (more specifically; Cyprus, Albania, Poitou-Charentes in France, Anda-
lusia in Spain and the North of Portugal). The analysis was based on a strategic framework aimed at
gaining an insight of the current constraints, as well as of the existing and future technological solutions

ﬁ%/\‘;l/&r,isl\'ﬂ for a better water resource management. The triple helix model proved to be a useful analytical
Water resources framework for assessing the efforts of different groups towards a common goal. The analysis proved the
Innovation existence of a significant evolution in the use of technological tools to assist decision-making processes
Research in integrated river basin management in all regions. Nevertheless, the absence of formal channels for
Governance knowledge and data exchange between researchers and water resource managers complicates the for-

mers involvement in the decision-making process regarding water allocation. Both researchers and
consultants emphasize the low availability of data, together with the need to advance on water resource
economics as relevant constraints in the field. The SWOT analysis showed similar concerns among the
participating regions and provided a battery of effective projects that resulted in the preparation of a
Joint Action Plan.

© 2013 Elsevier Ltd. All rights reserved.

1. Introduction and objectives

Water is increasingly becoming a limiting factor for develop-
ment and sustainable economic growth. In that context, the Water
Framework Directive — WFD (European Community, 2000) rein-
forced the environmental perspective of water resources manage-
ment goals in Europe, aiming the aquatic ecosystems protection
and rehabilitation, and integrated planning (Pahl-Wostl et al,,
2010). The WFD was an effective response to the existing concern
about the weak sustainability of the business-as-usual approach to
water resources management (Garcia-Ruiz et al., 2011). Urban
growth, as well as food and energy demands and recreational ac-
tivities, are some of the steadily increasing pressures over water
resources (Dinar, 2012; Cudennec et al., 2007). This is the case in
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the Mediterranean basin, where an uneven distribution of water in
space and time is the main feature of the hydrological regime
(Lépez-Moreno et al., 2011). Furthermore, several regions are below
the UNDP indicator of water stress (1000 m> capita~! year—!) and
the renewable resource exploitation index is over 25% in several
regions (Plan Bleu, 2011). In combination with an increased water
demand, the negative trends on droughts and floods will worsen in
the future, according to all climate change scenarios regarding
Southern European countries (Ferrer et al., 2012; Milly et al., 2005).

Sustainable river basin management requires increased levels of
integration between users, water managers, planners and policy
makers and scientists across spatial scales (Macleod et al., 2007). In
addition, previous authors highlighted the importance of a careful
analysis of the water governance system, its actors, interests,
values, and processes (Miranda et al., 2011). Therefore, an interre-
gional and multilevel cooperation, aiming at sharing innovative
water management tools for attaining WFD goals is envisaged. By
learning by sharing experiences and pooling the related science and
know-how, the capacity to address water problems would increase
and new innovative solutions should be achieved.
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As a matter of fact, the exchange of knowledge and innovation
amongst water stakeholders is rather difficult (Huntjens et al,,
2011). The reason being not only market competition but the
lack of a good governance model also. Innovative solutions to
water related challenges can directly support wider environ-
mental objectives such as protecting our natural assets and eco-
systems, and the biodiversity that supports them, but regional
water clusters remain fragmented and do not work on creating a
trans-national water hypercluster involving public administration,
research and industry (EIP, 2012). This new concept of water
hypercluster is based on the approach presented in Lopes (2009)
and designates a set of clusters that do not necessarily have eco-
nomic or technological exchanges amongst themselves but are
linked to a common resource carrying out similar functions and
activities. In the case in hand, the common resource is water and
an organized platform and collective strategy aiming at opti-
mizing its value does not exist at such a territorial level. Therefore,
the objective of the present study was to evaluate research and
interaction strategies for innovation advancement in regions in
the south of Europe.

This study was carried out as part of the project Novel Inte-
grated Water Management Systems for Southern Europe (NOV-
IWAM), launched under the EU’s 7th Framework Program of
Research and Technological Development (FP7) within the Re-
gions of Knowledge (RoK) Initiative. The NOVIWAN project in-
volves entities from five territories from southern Europe: the
North of Portugal, Andalusia in Spain, Poitou-Charentes in
France, Albania and Cyprus, and includes representations from
public administration, research and business. The main goals of
the project are to facilitate cooperation between authorities,
research, and business of each regional cluster, to become a wide
international research driven network of clusters focused on
water and to develop a research agenda proposing solutions to
the needs identified in the participating regions. To achieve this,
the project carried out an intensive characterization of the
participating regions, concluding in a SWOT analysis, that served
as drafting basis for the development of the NOVIWAM Joint
Action Plan (JAP), which includes a series of actions to be un-
dertaken and promoted jointly by the participants aimed at
addressing the issues identified in the SWOT, using the internal
strengths and external opportunities to correct the detected
weaknesses and be ready to face potential threats.

2. Identification of NOVIWAM involved regions

The consortium consists of five regional research driven
clusters (Fig. 1), from the following regions: North of Portugal,
Andalusia (Spain), Poitou-Charentes (France), Albania and
Cyprus.

These five NOVIWAM regions are located principally in areas
with a “subtropical dry summer”, humid subtropical or humid
oceanic climate (European climate zone). These different climatic
conditions lead to different water usages, but are very interesting to
study in the perspective of the European WFD, since they lead to
similar problems of water scarcity and water quality. In Table 1 it is
presented a summary of main figures numbers in terms of pre-
cipitation and water demands for each region.

In Cyprus and Andalusia, the harsh hydrological conditions
faced, i.e. limited water resources combined with droughts and
desertification problems and a continuous increase in the water
demand, amplified the importance of a proper integrated and
sustainable water management. In other side, Poitou-Charentes,
North of Portugal and Albania in a lesser extent, may be seen by
other Mediterranean countries as regions rather well-off concern-
ing water availability (Table 1) (Sidibé et al., 2011).

North of
Portugal

Cyprus

Andalusia

Fig. 1. Location of the NOVIWAM regions.

3. Methodology

The conceptual approach for the evaluation of research and
interaction strategies for the advancement of innovation was
based on the so-called Triple Helix Model (THM) as presented by
Etzkowitz and Ranga (2010). The THM is based on the networking
of public administration with research centres and business
companies in research driven clusters that have a central role in
sustainable regional economic development. The THM for ana-
lysing the evaluation of research and interaction strategies for the
advancement of innovation has not been applied before in this
specific field. Nevertheless, the THM governance concept could be
adapted to the water sector challenges as displayed in Fig. 2.

Taking this into account, five sequential phases were carried out
in the study, as depicted in Fig. 3. The first four phases were
dedicated to gather background information and the last one was
focused on an exercise aiming at a strategic evaluation of water
stakeholders capabilities using the SWOT (Strengths, Weaknesses,
Opportunities and Threats) technique.

3.1. Reference and inventory information

Water stakeholders with expertise and/or interests in water
resources management were identified amongst public adminis-
tration, the research community and businesses, particularly SMEs,
from the regions participating in NOVIWAM. Subsequently, an in-
depth desk study concerning (i) the environmental and socio-
economic frameworks, (ii) the governance and management
frameworks, and (iii) existing Research and Development plus
Innovation activities (R&D + I), was carried out. Also, a survey was
carried out in which online questionnaires aiming to describe i)
water stakeholders, legal and socio-political framework, ii) R&D + I
priority areas, trends, technology and knowledge production and
transfer systems, iii) markets, and multi-stakeholder interaction for
Decision Support Systems (DSS) in NOVIWAM regions were
designed and sent to relevant stakeholders (Fig. 4).

To reinforce this process, interviews with selected stakeholders
were conducted to fill knowledge gaps that were identified. A script
with the main issues was prepared in advance but the interviews
were informal in order to encourage the interviewees to freely
express their opinions. A total of 43 interviews (Portugal, 9; Spain,
11; France, 8; Albania, 9; Cyprus, 6) were conducted. The interview
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Table 1
NOVIWAM regions characterization.
North of Portugal Andalusia Poitou-Charentes Albania Cyprus
(Spain) (France)
Area (km?) 21278 87 268 25 809 28 748 5896
Population (10° inhabitants) 3.69 8.24 1.74 3.64 0.89
Average annual precipitation (mm) 14252 550 775 1485 463
Total water demand (Hm?) 2443 6140 382 1311 266
Agriculture demand (Hm?) 2126 5002 206 518 165
Urban demand (Hm?) 157 869 149 561 80
Industrial demand (Hm?) 73 200 26 232 21
Total renewable water resources 1700—-5000 1000—-1700 1700—-5000 >10 000 500—-1000
per capita® (m?/inhabitants/yr) (security) (vulnerability) (security) (luxury) (stress)
Water stress index© (%) 429 13.2 46.6 - —

2 Average between the western (very wet) and eastern (very dry) part of the region.

b Adapted from: Global Water Partnership, 2012. Water Demand Management: The Mediterranean Experience. Plan Blue, Technical focus paper 1. and FAO of the United
Nations, 2013. AQUASTAT online database, <http://www.fao.org/nr/water/aquastat/main/index.stm>.
¢ Values on a country scale; adapted from: Environmental Performance Index, 2010. Water stress index, <http://www.epi2010.yale.edu/Metrics/WaterStressindex>.

sample covered different profiles (public authorities, river basin
managers, consultants, researchers, educators and stakeholders
from other interest groups) and water expertise’s identified as
relevant to the water sector (water Policy and management, river
basin management R&D + I and development or application of
software based DSS used in water management).

3.2. Strategic analysis

SWOT stands for Strengths, Weaknesses, Opportunities and
Threats, and is a widely used analytical tool to support a strategic
analysis (Gallego-Ayala and Juizo, 2011). Nevertheless, a SWOT
analysis does not report information about the importance of the
topics, so Equation (1) was developed in order to score and weight
each topic considering that if it is referred to in more than one
region, it is relevant for the global analysis.

Sp=> S =Ny/> i (1)

In Equation (1), Sris the final score, i the topic identified in the
SWOT, S; the score of each topic, >"i the sum of all topics in each
SWOT category and N; the number of times that each topic was
referred in regional SWOT analysis. Using this equation it was
possible to compare the importance of each topic.

e gy

Water Stakeholders

Fig. 2. Triple Helix Model in the water resources sector.

The conclusions extracted from the SWOT analysis, together
with different stakeholder consultation sessions, served as a basis
for the elaboration of a regional Joint Action Plan (JAP) developed
jointly by the NOVIWAM partners. The JAP aims to bring a stronger
interaction amongst regional and multinational stakeholders and
to foster collective efficiency in water resources management.
Moreover, the activities included in the JAP are aimed at solving the
weaknesses and mitigating the threats detected in the SWOT by
exploiting the existing strengths.

4. Results
4.1. NOVIWAM regions: common problems and shared solutions

The regions of Northern Portugal (Portugal), Andalusia (Spain)
and Poitou-Charentes (France), as well as Albania and Cyprus, are in
different positions in terms of WFD application. An example of the
current differences is the asymmetries among river basin man-
agement plans (RBMP) in EU countries and the new challenges
(Blueprint to safeguard Europe’s water resources, 2012). From the
countries present in the project, France is the one that was most
advanced in the planning phase (ended in 2010), while Spain and
Cyprus got delayed during the RBMP public consultation process,
while Portugal already closed process and RBMP publication is
expected soon. The situation in Albania is on a completely different
stage as the WFD is not yet mandatory in the country. Such a het-
erogeneous situation is mainly institutional reasons rather than
technological or scientific ones in all of the NOVIWAM regions.

As shown in Fig. 4 the rate of completed online surveys varied
among the five clusters. In Portugal, the number of responses ac-
count for 16% of the stakeholders targeted, while in France, Spain,
Cyprus and Albania they account for 15%, 11%, 30% and 46%,
respectively. The different response rates may be due to the
different methodologies employed by each cluster in selecting
contacted stakeholders. For instance, the Albanian partners
addressed their invitations only to their closer contacts, while the
Spanish cluster used a different approach and sent invitations to a
broader list. Nevertheless, the results from the questionnaires
showed that the main interest of stakeholders falls on water policy,
water allocation and R&D + I management. As for the respondents,
the majority of Cypriot and Spanish ones were researchers, while
French and Albanian participants were mainly river basin man-
agers, in contrast to the Portuguese, which were mostly private
entities. In what respects to legal status of the different entities
responding, these were mainly public stakeholders in all regions,
the exception being Portugal with a similar ratio for respondents
from the private and public sectors.
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Fig. 3. Methodological work sequence.

Comparing the Gross domestic expenditure on R&D -+ I activities
in the water sector (2010 data; Eurostat, 2012), it was observed that
the average for the 27 member states of European Union amounted
to 2.0% the highest value being observed in Finland 3.9% (in the
NOVIWAM regions these values were 0.2% in Albania,® 0.5% in
Cyprus, 1.4% in Spain, 1.6% in Portugal and 2.3% in France). However,
the current financial crisis seems to have a negative impact on the
fundamental research provided by universities, but the focus on
innovation is increasingly important for research centres.

Data on current and priority research areas are depicted in Fig. 5.
The questionnaire results identified urban drainage design and
analysis, economic analysis, environmental flows and soil erosion
and sediment transportation as the areas less developed in NOV-
IWAM regions. On the other hand, the areas of chemical and
ecological status assessment were the most mentioned. Analysing
the priority areas, urban drainage design and analysis were selected
as priority area by 8 respondents (Fig. 5) but it was not referred as a
current research line in any region. Flood risks and droughts,
climate change and water and health nexus were the three main
areas that researchers point as priorities in the upcoming years.

It is worthwhile to note that the questionnaires and interviews
highlighted a significant evolution in NOVIWAM regions in the use
of technological tools to support decision-making processes.
Andalusia is a clear example of such perspective trend. Based on a
sample of 18 research organizations, Fig. 6 presents technological
tools that are currently under development or are available to end
users.

2 2009 data. “Strategy of Science, Technology and Innovation 2009—2015" (2010),
Republic of Albania government.

As seen in the figure, several applications of mathematical
models and geographical information tools are being developed or
used by Andalusian researchers. Other efforts on the development
of computerized tools focus on stakeholder consultation processes
and methodologies as well as on graphical approach methods. In
contrast to the situation in Andalusia, modelling tools for inte-
grated river basin management are not fully operational in Albania.

4.2. Strategic analysis and SWOT results

The participating clusters have made a great effort to identify a
wide variety of stakeholders and collect a wide range of informa-
tion. The results showed that the stakeholders are most interested
in water policy and management as well as river basin

2500 -
g 2000 -
o
(=%
2
« 1500 -
o
@
Q
g 1000
=
500
0 4 5 P E—
Portugal Spain France Albania Cyprus
W Number of contacts 461 2080 818 123 83
B Responses 73 226 121 57 25
B Complete responses 41 113 68 40 17

Fig. 4. Number of responses to the survey.
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River basin management
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Fig. 5. Current and priority research areas of involvement in NOVIWAM regions.

management R&D + I activities. Table 2 summarizes the main
achievements identified in the SWOT analysis in what refers to
research, development and innovation (R&D + I) activities.

Regarding the aspects related to R&D + I, there was a significant
evolution detected in the use of technological tools to assist
decision-making processes in IRBM in all NOVIWAM regions
(Table 2). It is also commonly perceived that the information ob-
tained by computational models will allow decision-makers to
make better-informed decisions on water management and plan-
ning. The major threat identified is related to the current financial
and economical crisis that is limiting the funding available for
research in all five regions.

The global SWOT analysis (results not showed) also identified
aspects related with the environmental and socio-economic
context. The strategic importance of issues related to IWRM, and
the implementation of the WFD made related national and EU in-
vestments in R&D + I relatively safe, representing a great oppor-
tunity for the triple helix partners in NOVIWAM regions. The
difficulties to solve common issues in water and territorial plan-
ning, such as over-pumping, diffuse pollution, as well as efficiency
issues related to water allocation and pricing was seen as a major

m Analytical models
B GIS and similar tools
= Numerical models and

simulation tools

Other

Fig. 6. Technological tools reported by Andalusian researchers.

threat. This was worsened by the fact that the level of social
awareness on the importance of the environmental aspects of
water planning is still low, conditioning the political process and
the decisions of managing and planning authorities.

Also, another fact underlined by the institutions participating in
NOVIWAM is that concepts such as environmental flows under
drought and scarcity, which are critical for the management of
water resources in the Mediterranean climate regions (Albania,
Cyprus and Andalusia) within the project are not priorities in the
WEFD, which focuses more on water quality.

Some common key aspects regarding the instruments for water
governance and management was the relative novelty of the inte-
grated water management legislation and administrative organi-
zation supported by the WFD. When the institutional framework
does not comply with the concept of integrated river basin man-
agement, tools are adjusted to the necessities of each independent
department and complex interactions may not be quantified unless
third parties couple or interconnect data from different public
bodies. The authorities focused their major concern in the lack of
technical and scientific resources, namely technicians and equip-
ment. This impediment seems to slow down the involvement of
the administrations’ staffs on the use of DSS for river basin
management.

The results from the SWOT analysis are depicted in Fig. 7,
including all the topics resulting from the global SWOT (a) and
related research and development (b).

Analysing the SWOT results using Equation (1), an even dis-
tribution between strengths (Sf = 4.0), weaknesses (Sf = 4.6),
opportunities (Sf = 4.5) and threats (Sf = 4.4) can be observed
(Fig. 6a). Nevertheless, when we analyse the results of D&D-+I
activities only (Fig. 6b), the weaknesses (Sf = 2.9) and opportu-
nities (Sf = 3.5) prevail. This analysis also reveals that 80% of
identified opportunities were labelled as research and develop-
ment issues.
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Table 2
SWOT analysis covering research and development activities.

Strengths

Water management governance, decision support
systems and engineering expertise .

Use of computational tools to support decision-making
processes in river basin management.

Researchers with experience in social and cultural
integration on water issues.

Opportunities

Development and implementation of an Information
and DSS with a modular and evolutionary nature,
structured to be improved according to the needs in
North of Portugal and Andalusia.

Implementation of water taxing pricing tools.

Data processing through DSS can aid to visualize the
economic and social value of environmental services.
Knowledge and technology transfer between partners
can aid to exploit existing synergies.

Increasing availability of water data to R&D+I activities
in all regions.

Dense research institutes with the capacity to conceive
and help to implement efficient solutions to crucial
problems.

Awareness of water management institutions of the
importance of R&D+l cooperation among water
administration regions.

Reinforcement of partnerships inside the triple helix to
support the data sampling and processing and the
development of new tools.

4.3. Joint Action Plan

The JAP was conceived to prioritize R&D + I objectives and to
promote a collaborative effort for their success. Therefore, two
horizontal objectives (HO) have been selected, namely HO1 —
Bridging links among the triple helix actors, and HO2 — Improving
governance and stakeholder capabilities. The first is directed to an
interaction focused on practical results because research products
are ready to use. The second recognizes that good technology is not

Weaknesses
Leading developers of DSS are not involved in
NOVIWAM.
Difficulties with data availability,
reliability.
Lack of economic analysis tools for water planning and
management .
Water management authorities are unaware of the
capabilities of DSS in decision-making.
Formal channels (consulting bodies) for researchers to
participate in decision-making and implementation
processes are insufficient.
Increasing use of DSS technological software in Cyprus
and Albania.
Insufficient technical and scientific resources on water
management authorities.
Limited data exchange between authorities and within
the triple helix involved in water quality monitoring.

dispersion, and

Threats

The present economic and financial situation limits the
funds available for research or public investments.

enough and the governance model is really the key factor for effi-
cient water management.

In addition, nine objective areas (scientific objectives — SO) for
the JAP were designated, namely SO1) Water bodies status moni-
toring; SO2) Extreme event risk scenarios; SO3) Groundwater
bodies; SO4) Coastal and transitional water bodies; SO5) Interior
surface water bodies; SO6) Social and economic value of water;
SO7) Optimization of IWRM infrastructures; SO8) Alternative
sources of water; SO9) Integration of new technologies.
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Fig. 7. Graphic representation of results from the SWOT analysis; a) global SWOT; b) research, development and innovation SWOT.

These objectives are related to the necessities detected in the
SWOT. They are conceived to ensure that the research and
development activities conducted will answer real necessities of
the stakeholders and that the results will be easily transferable
amongst the triple helix actors.

5. Discussion

Water resources management should be reinvented in the
actual changing times (Bogardi et al., 2012). Innovation is needed to
address water challenges. The combination of the promotion on
research and innovation (supply side) together with a strong focus
on achieving a shorter time to market innovative products and
services (demand side) is needed. A strategic vision and a real
operational capacity are both necessary for a transition towards a
sustainable water sector. Nevertheless, a strong network is the key
for catalysing the process of a southern European water hyper-
cluster. This approach is aligned with the recent European Innova-
tion Partnership on Water launched by EU (EIP, 2012).

The multiobjective nature of water resources challenges moti-
vated the use of evolutionary algorithms for discovering and
exploiting the critical tradeoffs facing water resources systems
(Reed et al., 2012; Kondili et al., 2010). Advanced water technolo-
gies, powerful management tools, monitoring, automation and
control systems, as well as improved source control instruments
are essential to cope with a demanding integrated water manage-
ment framework (Reed et al., 2012). In order to allow decision-
makers to take better decisions on water management (Mysiak
et al., 2005), in the NOVIWAM regions, there is an increasing use
of technological tools to assist decision-making processes in river
basin management (e.g. GIS, both hydrological and water quality
models). However, a number of managing entities are unaware of
the abilities of DSS (particularly numerical modelling) on water
resources management decision-making and there are deficiencies
in the technical competences of the staff in the river basin man-
agement authorities.

In Albania the implementation of a digital database of water usage
strengthens the quality of integrated water resources management.
Additionally, there have been recent efforts aiming at establishing and
strengthening existing R&D + I activities. In Cyprus, there is a high
capacity and commitment among the researchers to the importance
of river basin management and flood and drought risk management.
In Poitou-Charentes there is a good groundwater monitoring network
and online data easily available to the general public. In Andalusia
there is increased development of research in the fields of comput-
erized tools, analytical modelling, developments of GIS and applica-
tions. In the Northern Portugal several research teams are

experienced in the development of DSS and a significant reinforce-
ment of water and wastewater treatment is in progress. It is also
important to note the development and implementation of an In-
formation tool and DSS by the management authority with a modular
and evolutionary nature, which is structured in a way that can be
improved according to the user needs (Northern Portugal).

The opportunities, i.e., the factors of the external environment
from which the regional cluster may benefit, are also promising in
the NOVIWAM regions. Amongst them are the reinforcement of
partnerships between regional water authorities and specialized
entities to; increasing availability of water data to be used in
R&D + I (data accessible on the Internet is particularly useful); and
to use DSS to process the data and help to visualize the economic
value of environmental services.

As for the weaknesses side, there are no advanced economic
tools for water management (but its future development is an
opportunity) and cases of data availability, data dispersion, data
incompatibilities and difficulties to access data were also detec-
ted. The results also revealed the absence of formal channels for
the exchange of know-how, expertise and relevant data between
water authorities, researchers and private entities. This fact hin-
ders the development of joint research projects related to river
basin management and the uptaking of their results. One of the
reasons is the lack of an active governance system. Open access to
information, and meaningful stakeholder participation will
improve water management and governance (Haeyer et al., 2011;
Bogardi et al., 2012). Indeed, to meet the wide-ranging objectives
of good ecological status, water authorities will have to appeal on
intensive cooperation among stakeholders (Moss, 2004; Albrecht,
2013).

An approach based on the triple helix concept could guide policy
and practice in the process of creating and consolidating knowledge-
based regional innovation systems that are practical and useful
for society (Etzkowitz and Ranga, 2010). In fact, the application of
THM resulted in a closer and more efficient cooperation between
NOVIWAM partners. With THM, each part of the helix (public
administration, research centres and business companies) bring to
the project the best knowledge in each field, what together with the
personal contacts, contributed to reach the information in a faster
way. Moreover, other study based on formal comparative analyses,
concluded that integrated cooperation structures and advanced
information management are the key factors leading towards higher
levels of policy learning in river basin management (Huntjens et al.,
2011).

Stakeholders coming from research centres, universities and
private entities emphasized the low availability of data as their
major concern, together with the need to advance on research on
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water resource economics. The latter was not surprising, and both
are largely discussed at an international level (Garcia-Ruiz et al.,
2011; Hoekstra, 2011). However, the fast-paced innovation on in-
formation and communication technologies is also facilitating new
possibilities for decision-makers to share data and interact with
stakeholders and researchers. Several officials pointed that the
main difficulty in solving common issues between water and ter-
ritory results from a well-known deficient interaction between
territorial and water planning actors. Inappropriate land occupa-
tion, water allocation conflicts or specific problems such as diffuse
pollution or water over-abstraction are major threats. All these
factors are intensified by water scarcity and floods risks in the
Mediterranean countries. A shared perception of land and water
values is needed to overcome such problems.

It is very important to stress that many identified opportunities
meet identified weakness (Table 2; Fig. 7). The score of all weak-
nesses (2.9) was overlapped by the score of opportunities (3.5). For
instance, it is important to ensure that no weaknesses cancel out
strengths and opportunities or region strengths could arise out of
correcting weaknesses.

Climate change was considered as a research priority area
(Fig. 5) and a global SWOT threat, since it has a wide impact in
water resources (Bates et al., 2008; Kampragou et al., 2011). For
instance, the future frequency and severity of droughts is recog-
nized as a major issue in the EU, particularly in the Mediterranean
region (Kampragou et al., 2011). Indeed, many regions in Mediter-
ranean area (e.g.: Aegean Sea) are addressing many efforts in the
research of efficient solution procedures based on large-scale
optimization models to an integrated management of desalinated
water, wastewater and reclaimed waters (Liu et al., 2012, 2011).
Moreover, these procedures should focus on developing new auto-
adaptive algorithmics that could help to satisfy water demands
needs with less costs (Reed et al., 2012). In spite of the importance
of water to climate change, some argue that it has been forgotten in
the climate debate (Bogardi et al., 2012). In fact, more emphasis is
necessary on policy interventions that could encourage the adap-
tation strategy (Dinar, 2012). In addition, the new RBMP generation
that will be presented in 2015 should address this issue, as inno-
vative approaches are needed to sustainably manage the increasing
pressures on water resources (EIP, 2012).

The global objective of the NOVIWAM project is to support the
cooperation and integration between the research driven clusters in
order to increase R&D + [ investments at regional level and optimize
their management and use. In this sense, the JAP can work as a guide
to address weaknesses and threats and profit from opportunities in
each region. At same time, water management authorities can pri-
oritize investments in R&D + I, keeping in mind the cost-
effectiveness of research needs and management actions (Costa
et al,, 2009), in line with the EIP on Water, e.g. research and devel-
opment funding need to be adequately linked to demand side ac-
tions, measures and policies which are needed to foster innovations
(EIP, 2012). In that regard, a selection of 5 priority research actions
under different themes of the JAP was done considering the interest
that the authorities participating in NOVIWAM expressed in their
results (Fig. 8).

Some opportunities arose from the analysis of the current
situation in the NOVIWAN regions. The reinforcement of part-
nerships between regional water authorities and specialized en-
tities is strategic to support the data production and the
development of new tools, mechanisms and technological solu-
tions. The capabilities for knowledge transfer between partners,
as well as the significant increase on the availability of tools for
data exchange can help exploiting existing synergies and could
drive growth and jobs creation. A competitive water sector may
increase market uptake but leadership, a joint and collective effort

JAP

* 2 horizontal
objectives

¢ 9 scientific
objectives

* 23 themes
* 39 actions

Fig. 8. JAP numbers and description of the 5 priority actions.

and good governance are fundamental pillars. Furthermore, the
Horizon 2020, the EU’s new programme for research and inno-
vation in Europe, as well as the launch of a European Innovation
Partnership on Water, are good prospects for financing an inno-
vative water sector and represent an opportunity for all triple
helix partners in the NOVIWAM regions.

6. Conclusion

Knowledge and technological tools that may contribute to ad-
vancements in water management were identified in NOVIWAN
regions and solutions could be driven from the opportunities.
Therefore, the main conclusions are the following:

e The THM model is a powerful analytical framework for
assessing the efforts of different groups towards a common
goal. The gap amongst the triple helix agents is still significant
and it does not look like it will be reduced soon;

e Asignificant evolution in the use of technological tools to assist
decision-making processes in integrated river basin manage-
ment in all the regions;

e The authorities focus their major concern in the lack of tech-
nical and scientific resources, mainly of specialized human
resources;

e The absence of formal interaction channels between re-

searchers and decision-makers is problematic in water

management;

Researchers and consultants emphasized the low availability of

good quality and reliable data as their major concern, together

with the need to advance research in water economics;

e The level of social awareness about environmental aspects of
water planning is still low and disconnected from the political
process;

e The SWOT analysis showed similar concerns amongst different
regions and provided a battery of effective (needed) projects
that will resulted in a Joint Action Plan.

Finally, it was possible to stress the usefulness and potential of
mutual learning between partners and the improvement of their
tools to enable their application and adaptation to different re-
alities. A strong interaction framework amongst stakeholders is the
best approach to implement the knowledge that already exists in
NOVIWAM regions.
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