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ABSTRACT. Tourism related to bathing has a growing economic importance in the Guadiana Estuary in southern Spain and
Portugal. Polls of local public opinion showed an awareness of potential and current threats to the aquatic environment posed
by regulation of river flow and untreated/poorly-treated urban sewage discharge. Because of thisstrong concernfor water quality,
it was selected as the policy issue for our application of the Systems Approach Framework (SAF). We developed an integrated
simulation model of the Guadiana estuarine system in which the ecological system and socioeconomic components are linked
by means of beach eco-label (Blue Flag Award) through its dependence on fecal bacterial thresholds. We quantified the
socioeconomic impacts of water quality through an Economic Base Model that is used to portray the effect of increasing
employment on resident population as aresult of change in coastal water quality. A Cost-Benefit Analysis provides monetary
indicators for scenario evaluation. It includes a monetary valuation of changes in water quality on human welfare using a
Contingent Vauation Method. Because the population has a strong seasona influence on the wastewater discharge into the
estuary, wewere ableto simulate the feedback | oop between the human activitiesthat control water quality and those that benefit
from it. We organized a critical evaluation of our efforts with the stakeholders, which alowed us to better understand their
perceptions of the strengths, limitations, and opportunities for future SAF applications. Here we describe several aspects of our
efforts that demonstrate the potential value of the SAF to environmental managers and stakeholders in clarifying some of the
causal mechanisms, management options, and costs for resolution of the conflictual problem between water quality and tourism
in the Guadiana estuary.
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INTRODUCTION Human settling and activities
Human impacts on the estuary date back ca. 7000 yrs when
there was a sharp decrease in forest cover (based on pollen

diagrams; Fletcher et al. 2007). Salt production and gold

Guadiana Estuary
The Guadiana River is situated in the southwestern Iberian

Peninsula (Fig. 1) and has adrainage basin area of ca. 66,960
km? (54,510 km? in Spain and 12,450 km? in Portugal;
Bettencourt and Ramos 2003). With atotal length of 820 km,
the last 50 km of the river forms a natural border between
Portugal and Spain. The Guadiana Estuary coversthe zone of
tidal influence extending 50 km from the river mouth (Ruiz
Mufioz et al. 1996) (Fig. 1). The main estuarine channel depth
is generally less than 10 m with a mean depth of about 5 m
(with respect to mean water level), it experiences a semi-
diurnal tidal regime with amplitudes ranging from 1.3 to 3.5
m and, has an average water residence of 58 days during low
river flow and 21 daysduring high river flow (Fortunato et al.
2002, Lobo et a. 2004, Garel et a 2009). The region is
characterized by aMediterranean climate with humid winters
and hot dry summers (Bendavid-Va 1991) and freshwater
discharge exhibits a pronounced seasonal and annual
variability. During winter, when freshwater inflow is greatest,
the estuary is vertically stratified with a well-defined salt
wedge. During summer, when inflow is at a minimum, it is
tidally mixed and has a strong horizontal salinity gradient.

mining in the Iberian Pyrite Belt have been practiced since
Phoenician and Roman times respectively (Delgado et al.
2011). Pyrite mining and transport of processed ore from
Pomardo to Vila Real de Santo Anténio became a leading
economic activity from the late 19" century until the 1960s
and at that time large amounts of heavy metals were released
into to the estuary and sea. During the first half of the 20"
century, the lower estuary hosted one of the largest tuna
processing industries in the world, declining thereafter until
its closurein the 1970s (Santos 1989). Around the sametime,
cereals were intensely cultivated as a result of government
incentives. Since the 1980s, tourism has become the major
economic driver, historically concentrated along the coastal
beaches, and following a steady pace of development. Dueto
its attractive natural environment, the Guadiana Estuary has
become a target for a series of new tourism developments
(mostly golf coursesand luxury resorts) on both the Portuguese
and Spanish sides. Several of these investments have failed
duringthelast 2 yearsdueto the combined effectsof economic
downturn and inappropriate development (Thiel, 2010).
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Fig. 1. Location of the Guadianariver estuary (southwest
Iberian Peninsula), including designated bathing areas
inside the estuary and in the adjacent coastal zone. Inside
the estuary, some undesignated areas are also used for
bathing. The beaches with the Blue Flag Award (BFA) are
represented by stars and the ones without it by squares. Data
on BFA concerns 2011 season. The BFA is an eco-label that
guarantees environmental quality of the beaches awarded.
The major urban centers are represented by red dots. The
blue dot highlights Pulo do Lobo sampling station.
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Most of the ca. 50,000 residents of the Guadiana Estuary area
(of which 45% live on the Portuguese side) are employed in
thetourism and services sectors. In Spain, touristsincreasethe
population of the coastal municipalities by up to 300,000 in
high season, 10 times the resident population (Confederacion
Hidrogréficadel Guadiana2008). On the Portuguese side, the
population increases by up to 212,000, or 8 timesthe resident
population. Both countries exhibit a similar demographic
patternwith agradual lossin populationin the upper estuary’s
municipalities(circa4,000inhabitants) and againinthelower
estuary (ca. 40,000 habitants). Thesefiguresillustratethelocal
economic importance of recreational activities that bring
visitors into contact with the aguatic domain. Since these
activities rely on the attractiveness of the environment, it
follows that efforts to maintain water quality deserve the
attention of local tourism operators and environmental
managers.

Blue Flag Program

In recent years, the certification of environmental quality
through eco-labels has become increasingly common (Marin
etal. 2009, McKennaet al. 2010). Among these, the Blue Flag
Award (BFA) has emerged as one of the most successful eco-
labelssinceitsfirstimplementationin 1987. In order to obtain
the BFA, severa criteriamust be met. In 2010, the Blue Flag
Program revised its criteria for bathing water quality
(following the 2006/7/EC Directive revoking 76/160/EEC
Directive). In Portugal, the new Directive was enforced in
2012. Accordingly, in the case of BFA approval, theaward is
given for the following bathing season with the condition that
the site will be monitored for compliance with BFA criteria
(FEE 2006). The total number of BFAS varies each year as
new sites are awarded, or as old sites are removed. The latter
case is often perceived as an indicator of declining water
quality that might lead to areductionin the number of visitors.

On 20 September 2010, 241 Portuguese beaches (http://www.
abae.pt), and 600 Spanish beaches (http://www.adeac.es), w-
ere granted the BFA. There are seven BFA beaches in the
vicinity of the Guadiana Estuary (Fig. 1). However, attempts
to win a BFA inside the estuary have failed due to the high
variability of water quality, mainly in the summer when the
high temperatures and low to negligible river flow favorsthe
proliferation of bacteria. The only official bathing area is
located in Alcoutim (Fig. 1) where the first attempts to win
BFA failed twice in 2003. This effort was highly publicized
in the local media and, subsequently generated a negative
perception of the beach and became a concern for local
managers.

Water quality status

Point sources of aguatic pollution are mostly urban sewage
dischargesand dischargesfrom someindustriesnot connected
to the municipal drainage system (Videira et al. 2009). This
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Table 1. BFA fecal coliform thresholds, as defined by EC Bathing Water Directive of 1976 (76/160/EEC).

Parameter Guide value % of resultsthat can overcometheguide Imperativevalue % of resultsthat can overcome the mandatory
value value
Fecal Coliforms 100/100ml 20% 2000/100ml 5%

problem was acute from 2006 until 2010 due to the release of
untreated wastewater, from a 30 km long collecting pipeline,
directly into the estuary. The situation was mitigated in 2010
when the new wastewater treatment plant became operational .
There is no data on the change in water quality since routine
monitoring is not an obligation in unofficial bathing areas of
the estuary.

River flow has been substantially reduced over the past few
decades by the construction of over 50 major dams (Brandéo
and Rodrigues 2000, Trigo et al. 2004). The most recent dam
(Algueva dam, 150 km from the river mouth) was
commissioned in 2002 and increased the retention of
freshwater upto 81% (Moraiset al. 2009). Several researchers
have linked damming with ecological changes within the
estuary, e.g., in planktonic assemblages, ichthyofauna
structure, nutrient cycling, and coastal zone productivity
(Chicharo et a. 2006a, Chicharo et a. 2006b, Cravo et al.
2006, Sampath et al., 2011).

Objectives

The transboundary conditions of the estuary add complexity
to any governance actions that seeksto improve water quality
and, at the sametime, highlightsthe need for afully integrated
approach. Assuring water quality in the Guadiana Estuary is
a challenge that requires the collaboration of various public
authorities with different responsibilities under the
jurisdiction of two countries. Wetherefore applied the System
Approach Framework (SAF) methodology (Hopkins et al.
2011) to the Guadiana Estuary case study (detailed
information also available in www.spicosa.eu). Water quality
was selected as the primary policy issue. Our simulation
scenarios focused on two important management options for
improving water quality to a standard that promoted tourism:
1) increasing wastewater treatment and 2) increasing river
discharge for greater flushing of the estuary. These scenarios
consider three levels of wastewater treatment efficiency for
coliformremoval (10%, 50% and 99%) and four levelsof river
discharge (observed, half of observed, double observed and
drought).

We describe three selected aspects of the SAF: (1) the
development of an integrated simulation model for
determining estuarine levels of bathing water quality, using
fecal coliform as an output variable, (2) the use of the Blue
Flag eco-label asaproxy link to simulatethe effect of bacterial
contamination on thetourist economy, and 3) the parti cipation
of stakehol dersthrough discussion and interaction to improve

the simulation analysis and to provide a critical evaluation
about SAF strengths, limitations, and future opportunities for
application.

METHODS

Simulation set up

As part of the design step of the SAF, we circulated a
guestionnaire at the institutional level to help in identifying
the Policy Issue. Water quality was the most relevant issue.
At that time, there were also frequent discussions of the
estuary'swater quality inthelocal media. In addition, answers
on the questionnaires pointed to what should be included in
the scenarios, since respondents specified regulation of river
flow and poor wastewater treatment capacities as important.
The scenarios were further detailed in collaboration with
stakeholders using face to face and telephone meetings.

The design of the system simulation began with a conceptual
model of thisPolicy Issue(Fig. 2) using CmapTools® software
(http://cmap.ihmc.us) and focusing on the causal rel ationships
between changes in water quality and the socioeconomic
consequences. Fig. 2 summarizes an iterative process for
defining the most relevant variables and processes. The
bathing water quality Directive 76/160/EEC of 1976 (Table
1) requires regular monitoring of 19 pollutants therefore the
selection of the ecological indicator was a challenge because
data on all these parameters were not available. Given that
wastewater discharges into the Guadiana Estuary are mainly
urban, we decided to assess bathing water quality using the
criterion of fecal coliform concentrations and following the
thresholds defined in the Directive of 1976 (Table 1). This
decision is supported by the new Directive (2006/7/CE) since
it solely requires the monitoring of two microbiological
indicators of fecal contamination, Escherichia coli and
Intestinal Enterococci.

Ecological component

The simulation model of the Guadiana Estuary used the
ExtendSim® software and has been named GUADEX (see
http://dataportal s.pangaea.de/spicosa/ SPICOSA_model_library.
html). Thevirtual system of the estuary defined for modeling
purposesisdepictedin Figure 3. The GuadianaEstuary virtual
system was divided into three sectors. upper, middle, and
lower, according to distinct ranges of salinity and tidal
influence (Wolanski et al. 2006). The ecological component
of the model deals with inputs, transport, and decay of fecal
coliformsin the estuary (Fig. 4). Transport along the estuary
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Fig. 2. Conceptual model of Guadiana Estuary System used for designing the simulation analysis of the Policy Issue. The box
colors represent the modeled components: environmental (light blue), socioeconomic (yellow), ecol ogical-socia -economic
(ESE) (green) and linking block (blue). Population block is an input to the environmental component and at the same time
it's an output of the socioeconomic component, henceit is highlighted. The Blue Flag block makes the simulation model
operational by linking the ecological output to the socioeconomic model.
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(across sectors) was simulated considering advection and
dispersion processes (Equation 3 in Fig. 4, (cf. Abbot and
Basco 1989). A sdlinity transfer model was developed to
derive dispersion coefficients along the three sectors. River
dischargevaues(QinFig.4) wereextracted fromdaily records
at Pulo do Lobo hydrographic station (ca. 83 km upstream
fromtheriver mouth, Fig. 1) and wereincludedinthetransport
model (datafrom the National Water Institute at http://snirh.pt
). These values were augmented by 10%, since, according to
Morais et al. (2009), the Guadiana discharge gauged at Pulo
do Lobo station equates to 90% of the total freshwater
estuarine flow. River discharge (Q) was aso used to build
scenarios, asindicated in Fig. 4.

The virtual system includes the several municipal sewage
outfalls of the estuary (Fig 3). We estimated these discharge
volumes by assuming that the total population (P) of the
municipalities for each estuarine sector (upper, middle, and
lower) was connected to one wastewater treatment plant and
discharged at a single point into each sector (equations 1 and
2 in Fig.4). This means that these discharges are likely
overestimated because not al wastewater produced by
population is treated by one single plant. The average
wastewater production was assumed to be 200 liters/person/
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Fig. 4. Chain of equations that link environmental component variablesin the simulation model. Equation 4 calcul ates the
rate of change of fecal coliforms concentration (FC) in a given estuarine sector. FC depends on: (i) the wastewater coliform

load into that sector, dependent on population (P) and the level of fecal coliform removal rate (R), (ii) the transport across the

estuarine sector, from upstream to downstream, (iii) bacterial decay.
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day and the average fecal coliform concentrations in raw
wastewater were 10” MPN/100 ml (Metcalf and Eddy 1995,
equation 1 in Fig. 4 and Fig. 6). Equation 2 represents the
wastewater treatment that will ultimately determine the fecal
coliform loading into each estuarine sector from wastewater
treatment plants. It is used to evaluate the scenarios based on
wastewater treatment efficiencies by changing the removal
rate (R). The bacterial decay of Equation 3 of Fig. 4 was
estimated by optimizing the decay rates that best fit the
historical dataonfecal coliform concentrations(Fig. 5), which
isinlinewith the findings of Sousa (2008). Data collected for
the simulation model and its calibration covered the period
from February 2002 (after commissioning of the Alqueva
dam) to December 2007. The output of the ecological
component isthe concentration of fecal coliformsin estuarine
waters.

This output was used to link the ecological component with
the socioeconomic component through the Blue Flag model
block. Thisblock accumulates the number of days with good,
acceptable, or bad conditions, according to Council Directive
76/160/EEC (Table 1). The sampling occurred during the
bathing season for 139 days from 15 May to 30 September.
Considering thisannual sampling period, and adaily sampling
regime, the guideline threshold (Table 1) should not be

(4)FC - (?Tf)/v

Fig. 5. Example of acalibration plot for the ecol ogical
component of GUADEX (daily time step). The solid blue
line represents modeled fecal coliform concentrations and
individual points represent historical (measured)
concentrations in the upper estuary. The solid pink line
represents the fecal concentration threshold.
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Fig. 6. Chain of equations that link variablesin the simulation model. V- beach visitors, T1- urban beach with intensive use.
Y BF- accumulated years for which the beach is awarded the Blue Flag (BFA), SA- area available to bathers, Eb- number of
employed people in the HoReCa (hospitality) sector, EB - total basic employment in the area, P- population.
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exceeded during 28 or more days and the mandatory value on
seven or more consecutive days. The output of this rationale
is the linking block that defines whether there will be
conditions for attributing the BFA in each estuarine sector.

Blue Flag Link

Linking the environmental parameters to economic activity
represents a methodological problem, since the latter is
indirectly related to physical-chemical water parameters. This
was overcome by coupling the environmental-social-
economic components of the system, using BFA as a proxy
for water quality. For each level of treatment, the number of
days exceeding BFA conditions were calculated in order to
verify whether a BFA could be awarded or not for each year
of thesimulation. Thisbinary decisionisthen used asaninput
variable for calculating socioeconomic impacts, as explained
in the next section (process 2 in Fig. 6).

Socioeconomic component

The socioeconomic component of the simulation model was
developed using two complementary approaches. an extended
Economic Base Model (EBM) and a Cost Benefit Analysis
(CBA). The EBM mode is used to represent the cascading
effects of water quality on the tourism frequentation, number
of tourists on the employment, level of this employment on
resident population, and ultimately ontheneed for investments
and the benefitsfor obtaining different levelsof water quality.
Thus, the EBM by analyzing the causal relationship between

(1) Load =P x 200L/day/capitax 10 MPN/L

% (2) Threshold comparison

(3)V =14276,7+42845 8 TI+ 918,96 YBF + 0,728 SA
J p=0002} fp=0000] {p=0032} {p=0000)
(4)Eb=163.5+0,004V
{p=00627}Hp= 0,002}
(5)EB =Eb+ 3013
(6)P =[2.52/(1-2.52x 0,24)]xEB

changes in water quality and, ultimately, the number of
inhabitants, creates a feedback loop between the
environmental and the socioeconomic components of the
system (Fig. 2).

EBM defines export activities as the basic propulsive factors
in the economy (Hoyt 1939, North 1955, Tiebout 1956, Costa
et al. 2005). All the other economic activities are designated
asnon-basic. Inthe case of tourism, thelocal economy attracts
external revenues by “selling” to the tourists its “sun and
beach” resources. In other words, the revenues by hotels,
restaurants, caf ésand souvenir shopsare considered asexports
inan economic sense. If thereisan increasein the demand for
these exports from a given region, then conditions are set for
the expansion of the basic sector in that region. This, in turn,
generates an expansion in the supporting activitiesin the non-
basic sector (Bendavid-Va 1991). In the case of Guadiana,
tourism is the core, or base, of the Economic Base Model
(EBM) since thisis one of the main economic driversin that
region (Guimardes et a. in press). Thus the financia inflow
intotheregion’ seconomy fromtourismisthe* economicbase’
of the region’s economy. In the same way, export demand
generates increased employment and more demand for
regional production and services (Berck and Hoffman 2002).

For thefirst step in the development of EBM, we determined
how beach visitors respond to a water-quality change,
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Fig. 7. CBA outputsin GUADEX environment according to the three wastewater treatment efficiency scenarios for coliform
removal: A —99%; B —50%; C — 10%. The final output represents the cost/benefit ratio taking into account a 20-year

Costs

Costs are the highest in option A since the investment represents
the required for tertiary treatment. The costs error margin was not
quantified. Used values represent estimations taking into account
data provided by the responsible institution.

Benefits

Represent willingness to pay (wtp) obtained by Contingent
Valuation (CV). Residents wtp was 47,17€ with a standard
deviation of 52,75€. Benefits do not exist in option B and C due to
lack of compliance with the scenario presented in CV application.

Revenues

It represents the sanitation tax that residents pay to the responsible
institution. Since this institution manages the sewage of the region
the rate is the same to all Algarve residents, regardless of the
service provided to a certain locality.

Cost-Benefit Analysis for 20 years ( the average time span of the
facilities).

lifespan.
A Million Euro (Total)
15 15 400
. 0 0 0
Costs Benefits Revenues
B Million Euro (Total)
15 15 400
P 0 0
Costs Benefits Revenues
(& Million Euro (Total)
15 15 400
Costs Benefits Revenues

represented by the presence or absence of the BFA. Datafrom
the Regional Development and Coordination Commission
(CCDR Algarve), obtained during surveys of the number of
beach visitors and beach facilities (e.g. access, parking,
lifeguards) in 2002 were compared to data from the National
Blue Flag Association, i.e., historical BFA status since 1987.
From this combined data set (n = 69), the following variables
were chosen for subsequent multiple regression analysis:
guantity of visitors (dependent variable), available beach
surface, total years with BFA, and type of beach (urban with
and without intensive use, semi-natural or natural). Next, we
guantitatively defined how the number of beach visitors was
affecting employment in the tourism sector. For that purpose,
the average number of visitorsto 60 beaches was confronted
with employment figures in the Hotel, Restaurant and Café
(HoReCa) sector. Thus, regression analysiswas performed on
number of visitors and the number of workplaces created in
the HoReCa sector, showing a strong positive correlation
(R?=0.966; Equation 4in Fig. 6).

Lastly, we used the EBM to portray how an increase in
employment affected the resident population by using
Czamansky's (1964) formula. This formula is based on the

assumption that an increase in economic activity causes
population growth (equation 5 and 6 in Fig. 6). Thislast step
allowed completion of the feedback loop described in Fig. 2.
In the first year of simulation, we used population figures
provided by the Portuguese and Spanish national statistical
bureaus on: 1) resident population, and 2) tourist population.
We obtained the tourist popul ation from theratio of tourist per
residents and used it at every time-step of simulation (e.g.,
through a ratio per month that is multiplied by the resident
population). In equation 5 (Fig. 6), the value 3013 stays for
the amount of people employed in the HoReCa sector at time
step O (official statistical data). After the first year's
simulation, the resident population is an output of the model
itself (Equation 6 in Fig. 6). The resident popul ation equation
is based on the extension of EBM proposed by Czamansky
(1964) and relies on the calculation of population (0,24) and
employment (2,52) multipliers from the 2001 national census
data (Guimarées et al. in press) (cf. Curtis and Kuehn 1967;
Schaffer 1999; Quintero 2007).

The CBA isused to provide a synthetic eval uation of cost and
benefits of different scenarios. The CBA is divided into two
components: financial and economic (Fig. 7). For each
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Stakeholder Number of Institution Stake related to policy issue
category participantsin
each meeting
Public
Governmental
3 Management of the water basin of Alentejo region  Regional water resources authority; implementation of Water
Framework Directive
4 Algarve water basin management
3 Castro Marim and Vila Real de S. Anténio Conservation of the salt marsh and biological communities
saltmarshes Natural Reserve
1 CamaraMunicipal de VilaReal de Santo Anténio  Loca municipality; definition of socioeconomic development
strategies
Non-Governmental
5 Ecologistsin Action Active participation in the defence of environmental quality
(e.g., monitoring waste discharges, environmental education,
complaints to municipalities)
2 Almargem - natural heritage defence
2 Woods and environment Friends
Semi-Private
1 Alqueva dam management Management of river discharge controlled by Alqueva dam
5 Wastewater management company Implementation and maintenance of urban wastewater
treatment facilities
Private
2 NEMUS - environmental requalification Environmental assessment of large projects (e.g., navigation
management company channel dredging); elaboration of river basin management
plans
1 Salt farming company Traditional economic activity dependent on both water

quality and consumers’ perception of ecosystem health

simulation scenario, the financial component was estimated
from data on investment, operation costs, and revenues (local
sanitation tax) obtai ned by the company managing wastewater
treatment plants. The economic component of CBA was
estimated from the relationship between human welfare and
changes in water quality. We established this relationship
empirically by the Contingent Vauation (CV) using the
Willingness to Pay (WTP) technique (see Guimaraes et al.
2011). The WTP survey targeted the resident population of
thevirtual system (Fig. 3) andintended to measurein monetary
terms the non-monetary benefits that water quality
improvement would generate among residents. The CV
application included a pilot survey and a final questionnaire
distributed to 300 residents of both margins of the estuary
taking into consideration population density (Guimardeset al.
2011). All values were discounted by 5.5%, as recommended
for Portugal by the European Union. The average WTP per
adult (onetimepayment) estimatedwas47.14 Eurosfor awater
quality improvement that would guaranty the existence and
maintenance of aBFA for all beacheswithinthe estuary. CBA
resultsare presentedinthesimulation model by acolumn chart
(e.g., Fig. 7) that includes 3 columns: cost and revenues
columns include data on the financial component while the
benefit column represents the population aggregated WTP
value.

Stakeholders' interaction

Towards the end of the system appraisa step, and at the
beginning of the system output step, aseries of moreintensive
meetings with participant groups were organized (Table 2).
Their main goal wasto discuss the outputs and utility of SAF/
GUADEX with managers of the estuary. Subsequent to these
meetings, we organized a public forum in July 2010. Each
meeting had a planned duration of two hours and a four-fold
goal: 1) discussion of ICZM; 2) SAF implementation in the
GuadianaEstuary; 3) GUADEX model resultsand discussion;
and 4) an evaluation questionnaire. The research team
members acted as communicator, moderator, and facilitator
during these meetings, while also recording information for
analysis. GUADEX outputs were presented in an edited form
due to time limitations. Ten meetings were organized and
involved 30 participants (1 to 6 participants per meeting).

RESULTS

Ecological model

The GUADEX model can be directly displayed in the
ExtendSim® environment, making use of itsinteractive design
capabilities (http://dataportal s.pangaea.de/spi cosa/ SPICOSA
model_library.html; http://www.cima.ualg.pt/cimaual g/cimau
alg_old/SPICOSA/local/). The possible scenarios in
GUADEX consider three levels of wastewater treatment
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efficiency for coliform removal (10%, 50% and 99%) and four
levels of river discharge (observed, half of observed, double
observed and drought). The model outputs results included:
river discharge and fecal coliform concentration charts;
cumulativenumber of dayswith good, acceptabl e, or bad water
quality; beach visitors; number of individuals employed in
tourism; resident population charts; and CBA values.

River discharge did not appear to be acritical factor affecting
fecal coliform concentration in the estuarine watersdespiteits
paramount importance in transferring nutrients from the
drainage basin to the estuary. Although different river
discharge scenarios give different coliform concentrationsfor
the same removal efficiency, they do not dominate over the
influence of coliform removal efficiency. GUADEX results
show that the estuary could achievethe water quality required
for BFA with 99% efficiency of coliform removal possible by
athird-level wastewater treatment.

Socioeconomic model

Although the 99% scenario representsthe highest cost (ca. 9.4
M€), the CBA indicatesthat the economic benefits surpassthe
costs by ca. 3.1 M€ (Fig. 7) over a 20-yr period. The EBM
results show that the number of beach visitors was strongly
correlated (R?= 0.781) with the cumulative effect of the BFA
(i.e., thetotal number of yearsthat abeach had BFA) and with
the available surface area and beach type (Equation 3 in Fig.
6). Hence, the 99% wastewater treatment efficiency isalsothe
only scenario for which visitors, employment, and population
figures are expected to increase significantly, i.e. by 4600, 18,
and 344 respectively, after 5 yrs.

Stakeholder feedback

From the meetings' reports and questionnaire analysis, we
obtained information on: stakeholders' understanding of the
ICZM concept at European, national, and regional scales; the
adequacy of the SAF as a supporting tool for ICZM; the
robustness and attractiveness of the GUADEX simulation
model; the effectiveness of our communication strategy; and
the stakeholders motivation to participate in similar
initiatives. We believe that the most important aspect of these
meetings was the critical evaluation by external and involved
parties of the whole process of SAF implementation and
development in the Guadiana Estuary. The discussions of the
SAF protocol anditsoutcomesallowed usto better understand
stakeholders' perceptions of its strengths, limitations and
future opportunities for application (Fig. 8). The use of BFA
asaproxy link wasthemost reported i ssue acrossthemeetings,
and is thus worth examining in detail.

A categorized rating of both SAF and GUADEX by
stakeholders' while replying to the questionnaires (Fig. 9)
demonstrates how the stakeholders truly appreciate the
integrated character of our experiment, which grestly
supplementsthe descriptive character of ICZM activities. The
innovation of SAF scored between high and fair and
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respondents (74%) demonstrate a high level of interest in the
SAF approach. Most of them understood the rationale and
functioning of the model and its usefulness for expanding the
methodology to other sectors of the estuary.

DISCUSSION

BFA as a management tool

Results from interaction with the participant groups showed
that, although the BFA provided alink between ecol ogical and
socioeconomic  components, stakeholders held some
reservations about thetrustworthinessand applicability of this
eco-label (Fig. 8). We received severa remarks about BFA
voluntary application, related to candidature costs,
dependency on criteria other than bathing water quality, and
to monitoring procedures. Also, it was noted that public
awareness of the value of the award was low. These
reservationsare similar to those reported by other authors (see
Buckley 2002, Boevers 2008). Water quality is a relevant
parameter for eco-labels, athough these instruments do not
imply improvement, only recognition (McKennaet a. 2010).
According to McKennaet al. (2010), management authorities
generally regard public perception of water quality astheonly
significant driver for seeking eco-labelssuch asthe Blue Flag.
Therefore, local authoritieswill be strongly discouraged from
applying for a BFA if they know that a certain bathing area
doesnot meet the approved quality standards. Indeed, they are
frequently powerlesstoimprovewater quality, being, in many
cases, not directly responsible for wastewater treatment. This
is the case for the Portuguese side of the Guadiana Estuary,
where wastewater treatment responsibilities have been
transferred from municipalities to a public company.

Another reservation held by some of the consulted
stakeholders was connected to the legal thresholds used for
determiningtheattribution of theBlueFlag. Thenew Directive
2006/7/EC provides that assessment of the status of bathing
water is based on the concentration of Intestinal Enterococci
and Escherichia coli in the last four years (which is used to
build a“beach profile”), instead of asingle year'sresult as per
the former Directive 76/160/EEC. According to 2006/7/EC
the frequency of reviewsis to be determined on the basis of
the nature and severity of pollution. Therefore where water
quality isconsistently good over athree-year period, sampling
frequency may be reduced. At the time of GUADEX’s
development, the government authority responsible for
monitoring bathing waters had not yet implemented the
technical proceduresfor this new method of evaluation. Some
stakeholders therefore stressed the need to update the
simulation model in order to reflect the new legal framework
(Fig. 8). In terms of modeling, this new legal framework
requires, that the awarding of the BFA in agiven year depends
on water-quality monitoring results from previous years.
Stakeholders suggested that the flexibility of GUADEX
alows it to be easily adapted to the new legal framework of
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Fig. 8. Qualitative information obtained during bilateral meetings where SAF implementation was summarized and

GUADEX was presented to stakeholders.

Strengths of SAF
implementation in the » Development of a
Guadiana Estuary feedback loop between

the ecological and
socioeconomic
dimensions

» Established quantified relations

» Model flexibility: new scenarios,
variables, thresholds and parameters

» Stakeholders” interaction with the
GUADEX model

Weaknesses of SAF
implementation in the
Guadiana Estuary

» Absence of
other important
economic activities

(e.g. nautical recreation)

» Negative impact of non-
attribution of BFA is not
represented

» There are several BFA criteria, of
which water quality is just one

» Employment in tourism is seasonal,
not a year-round phenomenon

» GUADEX model adaptation to new
bathing water directive

» Generate results to understand
beach use and beach quality evolution

» Development of a new model
that incorporates other
economic activities related

to water quality (e.g. marinas)

» Good timing of the
approach since the use of
the estuary i1s a
hot topic

Opportunities for
SAF implementation
in the Guadiana Estuary

» The GUADEX model is highly
dependent on existing data

» BFA is an expensive and time
consuming strategy for candidates
» BFA visibility is dependent on
marketing strategies

» Mistrust of the BFA water
quality monitoring process

Threats to SAF
implementation in
the Guadiana Estuary

bathing water quality and also suggested the development of
scenariosin terms of variability in tourist flux (Fig. 8 and 9).
Despitethesereservationsand in agreement with stakeholders
GUADEX is considered of great assistance to beach
management if upgraded to the new monitoring program.

Contribution of EBM and CBA

Although EBM established aclear relation between the beach
visitors, employment, and number of inhabitants, stakehol ders
raised concerns about the seasonal character of employment.
Seasonality of employment, which isintrinsic to the tourism
sector, is an important issue when dealing with economic
development and sustainability, and isarecurrent topic in the
literature (Ashworth and Thomas 1999, Krakover 2000,
Parrillaetal. 2007). However, theavailable dataon the number
of employees in this sector does not yet alow us to discern
clearly between permanent and seasonal workers (Fig. 2 and
6). EBM results per se could imply an extra impact in the
ecological system; however results show that thisincreaseis
small and the demonstration of an existing feedback loop
implies that, in order to maintain this growth, good water
quality would be essential.

Fig. 9. Stakeholders' evaluation of SAF and GUADEX after
bilateral discussions with researchers.
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Results (Fig. 8) show that CBA did not promote discussion
among stakeholders because of the lack of familiarity with
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principles of environmental economics. This might be
explained by the fact that performing CBA including
externalitiesis not an obligation under national law and not a
common practice among managers (Madureira et al., 2007).
The main achievements of CBA exercise were the inclusion
of non-market values obtained by CV exercise (Guimaraes et
al., 2011) and showing that human welfare benefits are only
achieved when the wastewater treatment attains 99% of
efficiency. We were expecting some discussion concerning
possible inclusion of other less costly management
aternatives (i.e., less efficiency of waste treatment and
redirection of the wastewater discharge). However the lack of
stakeholder’s interest in that issue may be explained by the
fact that budget hasalready been allocated to increasethelevel
of treatment until 99% efficiency. The CBA also shows that
residents are paying the same sanitation tax despite the level
of water treatment efficiency. Questions remain concerning
the awareness of the general public about this fact aswell as
the level of agreement with this policy.

Future opportunities and limitations
Despitethelimitationsrecognized by stakeholders, thegeneral
opinion of the SAF/GUADEX integrated approach and its
usefulnesswas positive. In particular, the model’ s capacity to
clearly show resultslinked across ESE componentswashighly
appreciated. Several suggestionswere put forward in terms of
improvement in the model output withinthe same policy issue
(Fig. 6), being the most relevant: changes of nutrients
concentrationin estuarinewatersand impactson fisheriesand,
the impact of high number of tourist and of recreational
navigation on the estuarine water quality.

The stakeholdersinvolved in this stage were mainly from the
Portuguese side of the border (Table 2), despite our effortsto
maintain contact with Spanish stakeholders. Our inability to
ensure engagement of more stakeholders in the consultation
process was certainly a shortcoming of the exercise. We
believe that, with time, interest will increase and partnerships
will consolidate, since this type of synergy is neither static,
nor limited to the time frame of the project.

As Pennington (2008) states, a set of individual s representing
diverse perspectives and interests must learn how to use a
collective conceptual framework asaspringboard for creative
problem solving. The SAF can facilitate such a process, and
its application to the Guadiana Estuary proved to be useful by
clearly demonstrating the multiple institutional relationships
that must exist for ICZM. For example, the Guadiana area’ s
municipalities, which areinterested in having the BFA intheir
bathing areas, are dependent on water quality. The latter,
however, is under the control of a wastewater management
company. SAF applicationin the Guadianastudy sitereceived
positive feedback from stakeholders and proved to be an
effective communication tool (Fig. 9). Its implementation
brought clear benefits, such as increasing multidisciplinary
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work among the scientific community, creating a common
ground between science and policy, and promoting discussion
about the estuarine system. This has sparked interest in
applying the same approach to address other policy issuesand
in expanding the outputs of the current model.

CONCLUSION

The simulation model for the Guadiana Estuary was
implemented as part of the SAF experiment to test the use of
asystem approach for simulating responsesin complex coastal
systems, the effectiveness of providing useful information on
policy options, and the value of incorporating stakeholder
participation in the process. Its development required the
acquisition of data from highly diverse sources, revealing
significant data gaps in the process. This had both negative
and positive aspects. On one hand, it required adjustments to
the objectivesand modeling strategy, sinceonly available data
could beused. Onthe other hand, it hel ped develop simulation
skills and to establish working relationships with several
stakeholders and other research groups in possession of the
required data.

A magjor benefit brought about by this SAF exercise in the
Guadiana Estuary was the establishment of research
relationships between several institutions. This could open
avenues for a second iteration of SAF, since future data
gathering will be less time-consuming and the time-gap
between model devel opment and theneed for decision-making
will bereduced. Asintended, SAFisaniterative and on-going
process.

Work is underway to establish a link between estuarine
nutrient fluxes and a socioeconomic component in fisheries.
The integration of this new simulation loop in GUADEX
should lead to a better understanding of combined impacts of
efficiency in wastewater treatment and river discharge.
Consequently the model output will providetechnical options
for management of dams and urban sanitation. In addition, the
socioeconomic impact of the beach sediment budget in the
transboundary areaof theriver mouthiscurrently being tested
and will be the next SAF application in our case-study site.
SAF application istherefore a self-evolving, iterative process
in which the end product of one application may lead to the
beginning of another, thus fulfilling the basic 1CZM
requirement.

Responsesto this article can be read online at:
http: //mwww.ecol ogyandsoci ety.org/vol 17/iss3/art38/
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