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GRAPHICAL ABSTRACT

ESPRES helps exploring management
options for reducing pressures in
European basins.

Stakeholder (web users) tailor water
management analysis based on their
knowledge.

ESPRES identifies trade-offs between
environmental outcomes and perceived
effort.

Environmental outcomes are based on
scientific models, effort on user knowl-
edge.

Interactive web-tools support transpar-
ent decision-making based on science.
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ESPRES (Efficient Strategies for anthropogenic Pressure Reduction in European waterSheds) is a web-based De-
cision Support System (DSS) designed to explore management options for achieving environmental targets in
European freshwaters. The tool integrates multi-objective optimization (MOO) algorithms for selecting the
best management options in a river basin and models assessing the consequent changes in the water quantity
(water flow) and quality (nutrient concentration). The MOO engine identifies Pareto front strategies that are
trade-offs between environmental objectives for water bodies and the effort required for reducing the pressures.
The web interface provides tools to set the effort perceived by different river basin stakeholders considering tech-
nical feasibility, political difficulty, and social acceptability of the alternative options. The environmental impact
of management options (scenarios) is assessed with models developed at the European scale. ESPRES enables
comparison of management solutions and allows quantifying environmental and socio-economic trade-offs in-

herent to the decision making process.
© 2020 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/).

1. Introduction

The European Union Water Framework Directive (WFD) 60/2000/
EC (European Parliament and Council, 2000) requires Member States
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to set out river basin management plans to ensure the good ecological
status of the water bodies. When the status is less than “good”, the re-
sponsible anthropogenic pressures must be identified, and adequate
Programmes of Measures (PoM) must be put in place to restore water
bodies conditions. In this context, river basin management planning re-
quires an assessment framework making explicit the causal relations
between pressures and water bodies status, in order to support the de-
sign of effective and adequate programmes of measures, with due
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consideration of costs and benefits for the basin communities and the
environment (Pistocchi et al., 2017).

River basin management cannot be simply treated as a technical
question with a univocal answer (Rittel and Webber, 1973). Aquatic
ecosystems are threatened by a variety of pressures, such as water ab-
straction, organic and inorganic pollution, invasive species, pathogens,
geomorphological alterations, land use and climate variability and
change (Vorosmarty et al., 2010). These pressures often act simulta-
neously, with synergistic or antagonistic effects (Coors and De
Meester, 2008; Ormerod et al., 2010; Kalogianni et al., 2017). Addition-
ally, water fluxes and aquatic ecosystems are extremely heterogeneous
in space and time, hence water resources management is intrinsically
complex (Stevenson and Sabater, 2010).

Furthermore, human lives and activities rely on limited water re-
sources. Thus, basin management entails an argumentative process
(Kunz and Rittel, 1970) whereby the community interrogates itself on
the desired conditions of the river basin and potential management ac-
tions. The general public is paying increasing attention to environmen-
tal matters; groups and individual citizens are becoming actors in
planning and decision-making processes (Giupponi and Sgobbi, 2013).
Indeed, management strategies must be questioned and discussed
openly; aspirational goals must be compared to what can be realistically
achieved, and solutions must not only be technically feasible but also so-
cially acceptable. To engage communities and identify solutions that
best fulfil expectations and comply with legislative requirements, an
open discussion with all stakeholders must be established from the
onset of the planning work (Kunz and Rittel, 1970). Stakeholders' en-
gagement enhances the relevance of plans to local needs at farm and
catchment scale, and foster better policies and incentive schemes
(Hashemi et al., 2016; Voinov et al., 2016).

Decision Support Systems (DSSs) may help water resource man-
agers in several tasks such as: (i) assessing current issues and analyzing
cause-effect (pressure-impacts) relationships; (ii) exploring potential
strategies, and (iii) engaging stakeholders in participated and transpar-
ent decision-making. DSSs increasingly rely on hydro-ecological, social,
and economic modelling to identify patterns, explore options, and pro-
ject potential outcomes of management plans (Zalewski et al., 1997;
Matthies et al.,, 2007; Harou et al., 2009; Sivapalan et al., 2012). On the
downside, DSSs are typically difficult to use, thus exploration of scenar-
ios remains restricted to a small number of options developed along
informative narratives (Berntsen and Trutnevyte, 2017; Alcamo, 2008;
Mclnerny et al., 2014). In this process, interaction with stakeholders is
often restricted to consultations in the initial and final phases of the
modelling exercise.

Conversely, environmental models can potentially generate hun-
dreds of scenarios, providing powerful opportunities to explore efficient
strategies when the planning exercise seeks to meet many objectives at
once. Multi-objective optimization (also known as Pareto optimization)
methods in connection with environmental models proved effective in
addressing contrasting management goals (Udias et al., 2016). Particu-
larly in water resources management, Multi-Objective Evolutionary
Algorithms (MOEA) coupled with biophysical models have shown
that tuning actions to the local context and accounting for downstream
impacts may generate large savings while ensuring positive environ-
mental outcomes (Maier et al., 2014; Udias et al, 2018). These
potentials are often overlooked in the absence of optimization analysis
(e.g. Hashemi et al,, 2016).

The effectiveness of DSSs in stakeholder engagement depends on
(i) the relevant actors and their roles, (ii) the knowledge characteristics
to be transferred, as well as (iii) the interface through which knowledge
is transferred (Booty et al., 2001; Holmes and Clark, 2008). Interactive
web-tools that provide access to scientific methods via user-friendly
interfaces have proven effective in supporting transparent decision-
making based on science (Sandink et al., 2016). The advantages of inter-
active web-tools as compared to more traditional scientific outputs are
multiple. Whereas traditional scientific outputs show “static”

visualizations and explanations of data or model outputs, interactive
web-tools offer control over it, and promote active exploration and un-
derstanding of this information (McInerny et al., 2014). Interactive
web-tools may also be useful for customizing information to different
audiences (De Carolis et al., 2016; Guivarch et al.,, 2017).

In this paper, we present ESPRES (Efficient Strategies for anthropo-
genic Pressure Reduction in European waterSheds), a web-based DSS
designed to help stakeholders exploring management options for re-
ducing the impact of anthropogenic pressures in European river basins.
ESPRES combines a flexible modelling framework with a user-friendly
interface that enables assessing the potential improvement brought by
river basin management strategies to achieve environmental goals.
The EDSS is designed to allow comparative analysis of management
strategies and to identify trade-offs between environmental and socio-
economic goals. The paper is organized as follows. Section 2 discusses
the multi-objective problem, ESPRES approach, architecture and fea-
tures. Section 3 introduces the critical interactive steps of the ESPRES
analysis flow. Section 4 provides an example of usage of ESPRES demon-
strating visualization tools and options. Section 5 concludes by provid-
ing recommendations for further enhancements to ESPRES.

2. ESPRES: a web-tool for multi-objective river basin planning

Integrated river basin management must meet environmental tar-
gets while preserving the economic activities of its communities. In gen-
eral, we expect the existence of trade-offs between the improvement of
the condition of water bodies due to a reduction of pressures, and the ef-
fort entailed for achieving it (e.g. Pistocchi et al., 2017).

Optimal trade-off solutions belong to a so-called Pareto front, i.e. the
group of solutions that obtain the maximum impact for a given effort.
All other solutions (not Pareto-optimal) either achieve less or cost
more than the optimal ones. In a two dimension objective space (two
axis graph), Pareto front solutions lay along a line (Fig. 1). All solutions
in the Pareto front are optimal, however they may achieve more or less
environmental outcomes depending on the effort spent to achieve it.
Furthermore, it is usually possible to identify an effort level above
which the incremental impact becomes less than proportional to the in-
cremental effort. The choices of what effort can be sustained or what en-
vironmental result can be sufficient belong to decision makers.

2.1. Management strategies to reduce environmental pressures

ESPRES allows assessing environmental outcomes versus difficulties
in tackling basin pressures. The efficiency of alternative management
strategies to reduce pressures on water is evaluated in terms of the
achievements of two contrasting objectives, an environmental one
and a socio-economic one (effort).

A management strategy consists of a set of decision variables on the
rate of pressure reduction per sector (pressure source) and per region
(spatial unit) (Fig. 1). Currently ESPRES has two modules, designed to
consider two different water pressures. The Quantity module focuses
on water stress, and comprises five sectors contributing to alterations
of water quantity, namely domestic, energy, livestock, irrigation and in-
dustrial sectors. The Quality module tackles nutrient (specifically nitro-
gen) pollution; in this module four sectors are defined as main
responsible for nitrogen emissions, namely nitrogen from manure fertil-
ization, from mineral fertilization, from point sources, and from
scattered dwellings.

The spatial units are the administrative regions of the basin. Currently,
ESPRES considers European Nuts2 regions (https://en.wikipedia.org/
wiki/Category:NUTS_2_statistical_regions_of_the_European_Union).
These are regarded as the relevant units for environmental planning,
because at this level political decisions can be made independently. It
is also possible to select a higher aggregation level. At the moment,
ESPRES includes four European basins: Adige (Italy), Ebro (Spain),
Evrotas (Greece), and Sava (Slovenia, Croatia, Bosnia and Herzegovina,
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Fig. 1. The search for optimal pressure reduction strategies: an example of nutrient reduction in the Sava basin. From left to right: (i) decision variables depends on administrative regions
of the basin; (ii) an example of management strategy (table) in the decision space: the columns correspond to water pressure sources (four sectorial nutrient pollution); the rows refer to
the administrative units; the values in the table are the rates of reduction of nutrient pollution (0-100%) of the strategy. (iii) Mapping of the strategy in the objective space by evaluating its
outcomes in terms of effort and environmental impact. (iv) The two-dimensional objective space (Environmental stress vs Effort), in which Pareto optimal strategies defines the border of
what can be achieved: point A belongs to the Pareto front of minimizing it achieves the same environmental outcome of point B but with a lower effort, and it achieves a larger

environmental outcome than point C for the same effort.

Montenegro, Albania and Serbia), which are case studies of the
Globaqua project (Navarro-Ortega et al., 2015; GLOBAQUA, 2018a,
2018b). In the future, ESPRES will be extended to all European basins.
The four basins are affected by water scarcity either due to climatic or
societal reasons, but anthropogenic stressors acting on the freshwater
network are different (Lutz et al,, 2016). The number of administrative re-
gions of a river basin depends on its size and geography: one in the
Evrotas, four in the Adige, 10 in the Sava, and 11 in the Ebro. In this
study, nutrient pollution in the transboundary Sava River Basin is taken
as an example to illustrate the tool. Tutorials that extend analysis to
water stress and to other basins are available on the ESPRES pages
(www.espres.eu) and on the e-learning platform OpenTea (http://www.
opentea.eu/en/e-learning/courses-Managing-the-effects-of-multiple-
stressors-on-aquatic-ecosystems-under-water-scarcity.25/).

A management strategy comprises a number of variables equal to the
number of administrative regions times the number of sectors contrib-
uting to the pressure. For the Sava example, a strategy for nutrient pol-
lution reduction contains 40 decision variables (four sectors times ten
regions). For each variable, an independent reduction rate is set
(Fig. 1). Each strategy defined in the decision space (represented by a
table of pressure reduction rates per sector and per region in Fig. 1) cor-
responds to a result in the objective space, i.e. a combination of one envi-
ronmental outcome for a given effort (represented by a point in Fig. 1).

2.2. The environmental outcome

The new condition of the aquatic environment achieved by a strat-
egy is called in ESPRES the Environmental outcome. The environmental
performance of a strategy depends on many factors, including the bio-
physical characteristics of the region, the local and upstream pressures,
the initial condition and the extent of the changes. ESPRES uses
European scale data and models to assess environmental outcomes
(pressure reduction) of the management strategies.

In the Quantity module the environmental objective is evaluated
with the water exploitation index (WEI), which is an indicator of
water stress (Alcamo et al., 2000). WEI is defined as the ratio between
the total annual water abstraction and the long-term mean annual
freshwater availability (UNECE, 2006). A WEI threshold of 20% indicates
a water stressed region; a WEI higher than 40% indicates severe water
stress (Raskin et al., 1997). Details on how WEI is calculated in ESPRES
are in the Supplementary material.

In the Quality module, the environmental objective is quantified
with the mean annual Total Nitrogen concentration (TN, mg/L). Values

of TN lower than 1.5 mg/L indicates good quality, while values higher
than 20 mg/L indicates very bad quality (class I and class V, ICPDR
water quality classification, annex). TN is estimated with the model
GREEN (Grizzetti et al., 2012), which is a European conceptual model
that considers nitrogen emissions from diffuse and point sources.

The environmental models work at hydrologic catchment scale
(average size of 7 km? for the Quality module). Each catchment belongs
to a given administrative region. The environmental impact of manage-
ment strategies is computed at the catchment level, but the results are
aggregated at the administrative region level and at the basin scale. The
aggregated metric at the basin scale provides the strategy environmental
outcome, i.e. the value of the first dimension in the objective space.

2.3. The effort objective

The effort objective summarizes the difficulty to tackle the environ-
mental pressure at the basin scale. The effort to reduce a pressure in an
administrative region or in a specific sector is defined by the user, who
must express the difficulty of reducing a pressure by a given percentage
considering the technical feasibility of potential solutions, the financial
costs, and the socio-political acceptability of solutions. The effort thus
goes beyond the mere consideration of monetary cost, and allows con-
sidering technical know-how as well as political perceptions, which
may be important especially in basins that extends across administra-
tive regions or even countries. For example, for the nutrient pollution
case, the effort should consider how difficult would be to reduce mineral
fertilization in agricultural areas rather than improving wastewater
treatment or reduce emissions from scattered dwellings in each region.

The relative effort to reduce pressures is defined by the user for all
sectors and all administrative regions. Once relative efforts are assigned,
ESPRES computes the total effort for each strategy as the sum of all the
efforts in each region and sector weighted by the reduction rate (Fig. 2),
thus providing the value of the second dimension in the objective space

(Fig. 1).
24. Architecture

ESPRES includes four main components (Fig. 3): (1) A geodatabase
storing river basin data (including, catchment network structure, base-
line conditions, current environmental pressures); (2) A multi-
objective optimization (MOO) engine designed to search the regional
and sectoral reduction effort strategy; (3) The meta-models to simulate
the pressures reduction effort and the environmental outcome under
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Fig. 2. Evaluating the effort for one strategy to reduce nutrients concentration. The relative effort to reduce pressure in each region and sector is set by the user. The strategy total effort is

the sum of the efforts of all regions and sectors.

different management strategies; (4) A user-friendly web Graphical
User Interface to run the analysis.

The core of the tool is the MOO engine that identifies trade-offs be-
tween environmental outcomes and effort, and efficient strategies in
the objective space. ESPRES applies multi objective genetic algorithm
(GA) as optimization technique to find efficient management strategies.
GA are population-based, stochastic search techniques, widely used as
efficient global optimizer. However, optimization methods usually re-
quire numerous evaluations of candidate solutions. For many real
world problems, the evaluation of a single function/model is computa-
tionally time-consuming and hence often practically prohibitive. The
solution for using GA in complex applications lies in the use of
metamodels that replace the original functions by quicker approximate
functions (Razavi et al., 2012), which abate computation time substan-
tially (Bhattacharya, 2013).

The original environmental models were not ingested directly but
employed to create two metamodels (one for the water quantity and
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one for water quality). The metamodel is like a multiple linear regres-
sion where the effect of the concurrent application of multiple stressors
in a basin is calculated from the sum of individual contributions of each
model spatial unit. In practical terms, the metamodel is a matrix with
the environmental stress reduction in each sub-basin brought by a 1%
reduction of pressure in each pressure driver. The matrices have been
calculated running the environmental models applying stepwise reduc-
tions of pressures on individual (regional and sectorial) units (Fig. 3).

The web interface provides a point of access to search for efficient
pressure reduction strategies reflecting the stakeholder (i.e. the web-
tool user) perception of entailed effort. The tool has functionalities to
set the effort, explore the baseline situation in relation to environmental
pressures and water status, analyse and visualize changes due to man-
agement strategies through graphs and maps. The tool applies a man-
agement reduction strategy, assesses the strategy environmental
outcome (new water status), and compares it with the current basin
condition (Baseline Scenario, BLS) or another solution.

4= Effort
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Fig. 3. The overall architecture of ESPRES. ESPRES is driven by metamodels informed by biophysical models. The metamodels compute outputs for any input combination with an additive
linear model based on pre-generated input and outputs. The user interacts with ESPRES through a web-based visualization toolkit.
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2.5. Software implementation

ESPRES is implemented using R (R Core Team, 2014), an open-
source software for statistical computing. The client/server application
is coded in Shiny (RStudio, Inc., 2014; Chang et al., 2019) that provides
a standardized, interactive interface for visualizing, exploring and ana-
lyzing pressures reduction management strategies. Shiny framework
uses a reactive programming model and provides an automatic binding
reaction between inputs, outputs and widgets to build dynamic web ap-
plications. Reactivity lets the app instantly update itself whenever the
user makes a change. It is also easy to customize the overall appearance
using JavaScript, CSS stylesheet and HTML code.

The MOO engine is implemented using packages ‘mco’ (Multiple
Criteria Optimization Algorithms and Related Functions; Mersmann
et al., 2014) and ‘nsga2R’ (Elitist Non-dominated Sorting Genetic Algo-
rithm, Tsou, 2013). Results of ESPRES are displayed as tables with ‘DT’
(Xie et al., 2019) and figures with ‘plotly’ (Sievert et al., 2019) and
ggplot2 (Wickham et al., 2019). Other figures and maps are created
with sp (Classes and Methods for Spatial Data; Pebesma et al., 2018),
‘maptools’ (Bivand et al., 2019b), ‘rgdal’ (Bivand et al., 2019a), and
rgeos (Bivand et al., 2019c). Other R packages used in the source code
comprise ‘ncdf4’ (Pierce, 2019) to read stored NetCDF scenario datasets;
‘plyr’ (Wickham, 2016), ‘reshape’ (Wickham, 2018), ‘reshape2’
(Wickham, 2018) to manipulate datasets; ‘fields’ (Nychka et al., 2019),
‘RColorBrewer’ (Neuwirth, 2014), ‘classint’ (Roger et al., 2019) and
‘networkD3’ (Allaire et al., 2017) for visualization purposes. Finally,
‘shinydashboard’ (Chang and Borges Ribeiro, 2018), ‘shinyjs’ (Attali,
2018) and ‘shinyWidgets’ (Perrier et al., 2018) provide additional func-
tionality and interactivity to Shiny applications.

3. Critical steps of the pressure reduction analysis
The Pressure Reduction Analysis in ESPRES is the optimization pro-
cess to search for efficient strategies that defines trade-offs between en-

vironmental outcome and effort. The process is controlled through a
number of user choices; in particular, there are four consecutive steps

L
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to configure the analysis (Fig. 4). These interactions enable the user to
tailor the analysis to his/her perception.

The first step is the definition of the maximum possible reduction
that is allowed for each sector in each administrative region. This de-
fines the limits of the search space; the optimization process will not
look for efficient solutions beyond them. These maxima are set by the
user according to physical or socio-political context.

The second step is the prior appraisal of solutions for equal effort
distribution. This step is purely informative and does not affect the pres-
sure reduction analysis, but provides a first overview of what can be
done and where. This step offers an initial reference of optimal distribu-
tion of the pressure reductions between sectors and administrative
regions when all efforts are set equal. It is informed by one hundred pre-
vious optimization executions done for three prior references level of
pressure reduction, i.e. reducing the median environmental metric at
90%, 75% and 50% of its current value. Boxplot graphs display the distri-
bution of the effort shares between sectors and regions (see more
details in the additional material).

The third step consists of assigning effort weights to each sector and
region, thus tailoring the analysis according to the user's perception. By
default all weights are equal to 1 (equal effort in all cases). When reduc-
ing a pressure by acting on one sector (and/or in one region) implies a
different effort than acting elsewhere, the user should set relative
weights that reflect this difference. Weights can be assigned in ESPRES
directly or by pairwise comparison. In the pairwise comparison method,
the user consider two options at once, and indicates how much more dif-
ficult would be to tackle the same pressure in a certain region (or in a cer-
tain sector) than in another. The user can press one by one in the boxes of
the pairwise comparison table and move the slider to assign weights that
considers reflecting the actual situation of the basin. ESPRES automati-
cally displays the relative weights by sector/regions and provide warn-
ings in case of inconsistent assignment of weights. The advantage of
pairwise comparison over direct assignment is that the user considers
only two element at once over which to express its judgment.

The fourth and final step is the execution of the optimization pro-
cess. The user must make two important choices: (i) setting the number

Sectoral Sensitivity

STddRedin
w

Domest Energ
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Aggregation metic: < M B

Fig. 4. The four consecutive interactive steps to configure the pressure reduction analysis: 1) setting maxima pressure reductions; 2) looking at prior effort distribution; 3) setting the

relative effort weights; 4) setting optimization parameter.
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of solutions that the Pareto front should contain, and (ii) selecting the
aggregation metric with which the optimizer shall evaluate the environ-
mental objective of the strategies. The aggregation metric of the envi-
ronmental outcome has a great influence on the optimization process
and on its resulting efficient strategies. In ESPRES, five aggregation oper-
ators are available, namely the mean, median, third quartile, maximum,
and threshold, which is the sum of values above a given threshold set by
the user. When the mean metric is selected, optimal strategies typically
applies more effort in regions or sectors where the same effort produces
greater local improvement (even if there are no environmental issues),
whereas when the maximum or the threshold are selected, the optimi-
zation tends to focus effort in regions where environmental problems
are greater.

Clearly, different stakeholders may have different opinions about the
maximum reduction that could be realistically achieved (step 1), or
about the effort entailed in reducing pressures in given sectors or re-
gions (step 3). Since these choices are crucial aspects of the analysis,
the tool was designed to recognize them explicitly.

The tool is completed with means to identify and compare efficient
management strategies. ESPRES enables local stakeholders and regional
experts to re-do the analysis formulating different weights and maxi-
mum reduction thresholds that reflect their judgment. This may help
in a process of negotiation and brings transparency and awareness of
potential limits of management plans.

4. Application of ESPRES to the Sava river basin

The analysis of nutrient pollution in the Sava river basin is given as
an example to illustrate how ESPRES can be used to examine the envi-
ronmental state of a basin in relation to the most important acting pres-
sures, and to showcase the importance of the tool interactive steps to
identify efficient reduction strategies.

Basin and module

o Current Conditions
selection panel

Pressure Reduction Analysis

Nitrates Concentration <—| Status elementlevel |

The Sava River (945 km) is the largest tributary of the Danube River.
The basin extends over 9,771,320 km? across Slovenia, Croatia, Bosnia
and Herzegovina, Serbia, Montenegro, and Albania (ISRBC, 2009). The
climate varies across the basin from alpine to moderate continental de-
pending on orography and influence of the sea. Mean annual precipita-
tion ranges from about 1100 mm in the alpine area of Slovenia to about
650 mm in the Serbian plains. Cultivated land covers 23.2% of the basin,
pasture 6.7%, boreal forest 1.5%, mixed forest 31.7%, and deciduous for-
est 36.1% (Levi et al., 2015). The population in the Sava basin is around
8.2 million (ISRBC, 2009).

Once ESPRES interface is loaded into the browser (www.espres.eu),
the user selects a basin and the type of analysis (quantitative or qualita-
tive; Fig. 5). Before looking for optimal management strategies, it is
convenient to examine the current state of the basin. The current condi-
tions tabs (Fig. 5) provide options to explore the state of the basin
through maps, graphs and tables. By browsing these options, it is possi-
ble to explore what type of pressures are dominant, where the main
problems are located, and which pressure sectors are causing the
highest impact.

In the output tab level, the environmental indicators are shown in
graphs and maps (Fig. 6) and can be browsed by regions or by spatial
model units (subcatchments).

After going through the four interactive steps of the Pressure Reduc-
tion Analysis optimization, ESPRES interface shows a Pareto front of ef-
ficient strategies. For example, Fig. 7 shows two Pareto fronts for the
Sava basin. In both cases, maximum reduction was set to 50% (step 1),
and effort weights were set all equal (step 3). The two optimization
runs differ for the environmental aggregation metric, which was either
the median of Total Nitrogen (TN, mg N/L; Fig. 7 left), or the threshold
(i.e the sum of TN concentrations exceeding 5 mg/L; Fig. 7 right). The
plots are limited by the current situation (top left point, zero reduction
effort) and the maximum improvement that could be achieved when
applying the maximum pressure reduction (right lower point). Efficient
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Fig. 5. Screenshot of ESPRES current conditions tab functionalities in the quality module; the maps show the subcatchment distribution of the four sectorial total nitrogen sources in the
Sava basin: PS = point sources; SD = scattered Dwellings; Man = Manure application; Min = mineral fertilization.
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strategies belonging to the Pareto front are shown in blue, whereas ran-
dom generated strategies are shown in red, and strategies with uniform
distribution of effort (i.e., applying same reduction rate in all regions
and sector) are in green. In both analysis, efficient strategies (blue
dots) could provide environmental improvements similar to those ob-
tained with a uniform distribution of effort, but with a considerable re-
duction of the total effort.

The user can then select strategies (points) from the Pareto front
that are considered of interest to examine them more carefully, e.g.
looking at how the pressure reduction is distributed and what environ-
mental state is achieved, and comparing them with each other or with
the current state. In ESPRES pressure reductions of a strategy can be
displayed through barplots, boxplots, maps, and flow diagrams in
terms of rate of change or absolute quantities, and aggregated by sectors
or region. For example, Fig. 8 shows the bar plot diagrams of two strat-
egies of similar total effort for total nitrogen reduction in the Sava basin,
extracted by the Pareto fronts shown in Fig. 7. While the total efforts of
the two strategies are similar, the distribution of efforts by regions is
very different: the median strategy targeted effort in the upstream
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areas (Fig. 8, left) while the threshold strategy focused most effort in
Croatian region HR04 (right).

As a consequence of the different distribution of efforts, the
reduction of TN concentration achieved by the strategies differ notably
too (Fig. 9).

5. Discussion and conclusions

Science-policy integration is one of the most complex challenges
that scientific and policy-making communities are facing; it involves
communication, knowledge sharing, and exchanges among a wide
range of disciplines and actors (Quevauviller et al., 2005). In many in-
stances, poor communication and interactions lead to scientific outputs
not being used or even known by policy-makers, and to policy research
needs not being addressed timely by the scientific communities.

Enabling an open and transparent debate in river basin management
is not trivial. Typically, the complexity of environmental models circum-
scribes them to scientific laboratories and academic computer clusters.
Often, scenario analysis is confined to a small number of pre-defined
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Fig. 7. Strategies Objective Space showing effort vs pressure reduction: Pareto front (blue), uniform distribution of the applied effort (green), random reduction strategies (red). Both plots
show results coming from the quality module applied in the Sava basin assigning equal effort to all sectors or regions. Aggregation metric to assess the quality stress are the median of the
TN concentration in each subcatchment (left) and the threshold (sum of the value of the TN concentrations exceeding 5 mg N/L, right).
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reaches above a threshold of 5 mg N/L, focused effort in the most polluted region (HR04).

options, which may or may not have been discussed with major stake-
holders. As a result, decision-makers may interpret model outputs ei-
ther as hard evidence in support of specific policies or, at the opposite
side, dismiss them as inconclusive when a distrust for incomprehensible
‘black boxes’ prevails.

The information provided by environmental models into policy for-
mulation must be channelled through accessible media that ideally
would empower stakeholders, allowing exploration of issues and po-
tential alternatives. Recent technological innovations in networking
and computing (among which those that underpin interactive Web-
based tools) bring a new generation of platforms that allow stake-
holders or citizens to interact with scientific models more directly.
Such interactivity has the potential to turn the typical top-down flow
of information from scientists to users into a more engaging and
empowering process. It opens perspectives to speed up the

Compare strategies

Effort Analysis Concentration

dissemination of environmental information to a larger community of
users, to harvest feedback, and to widen analysis of model predictions
from different angles. However, this evolution comes with the challenge
of communicating modelled results in such a way that they can be
interpreted and used correctly (Buytaert et al., 2012).

ESPRES was born with the objective of responding to all these prob-
lems. The DSS helps multi-criteria river basin analyses of drivers, pres-
sures, status, impact, and responses to identify most efficient
investments to strike a balance between benefits to nature and to people.
ESPRES promotes hands-on exploration of what can be done and where;
it can be used to understand current conditions and what can be poten-
tially achieved and how, to visualize and interpret trade-offs, examining
options, helping negotiations, and enhancing management transparency.

As an open-access exploratory web tool that does not require instal-
lation, it is very flexible and allows going beyond pre-cooked scenarios.
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Fig. 9. Screenshot of the Total Nitrogen concentration reduction (related with the current situation) in the Sava basin for two different strategies of similar total effort (Fig. 8 strategies).
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Through a user-friendly interface and in a few seconds, it offers the op-
portunity to identify efficient strategies and analyse alternatives for
what the user considers being a reasonable effort. Among efficient strat-
egies that require a similar effort there may be common patterns of ac-
tions (i.e. consistent reductions in some sectors of regions) or
conversely, be completely different. Managers can thus better consider
what could be achieved with each strategy, and select the best course
of action. All this helps taking informed decisions and planning policies
that are efficient to achieve environmental goals and that are affordable
from an economic, social and political point of view.

Expressing the socio-economic objective in terms of generic effort
and relative weights allows regional experts to include considerations
of local difficulties in applying pressure reductions in a given region or
sector. This functionality enables to explore where the effort should be
better applied in a transparent way, and to appreciate differences in out-
comes of strategies locally and at the basin scale, ultimately helping jus-
tify the course of actions taken by decision-makers. In addition, it can
enable to find a consensus on the proposed values for weights among
groups of experts/decision-makers, reducing the subjectivity of the
opinion of a single expert (Cook and Seiford, 1978).

The tool can also be used for educational case studies as it shows
(i) the importance of clearly defining the environmental goal, and (ii)
that by choosing carefully where to concentrate effort, large improve-
ments towards environmental targets can be achieved. An important
feature of ESPRES is the possibility to select between different aggrega-
tion metrics for the calculation of the environmental outcome. These
metrics reflect different management perspectives, for example if the
decisions are to improve average conditions across a basin or reduce
pollution in hotspots.

ESPRES has been developed on the basis of data and models avail-
able for all European basins. Although at the moment it is only func-
tional for four pilot basins, it will soon be expanded to include all
European basins. A limitation of the current version is that the system
considers the multiple pressures related to water stress on the one
hand, and nutrient pollution on the other, but not both pressures
simultaneously.

ESPRES can help stakeholders exploring management options for re-
ducing the impact of anthropogenic pressures in European basins. The
analysis may be used to identify combinations of pressure reduction ac-
tions and to guide effective design of programmes of measures that
needs to be verified by local feasibility studies. Overall ESPRES can con-
tribute to the improvement of river basin management planning and
the design of programmes of measures in the European Union.
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