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a b s t r a c t

Sandy beaches are unique ecosystems increasingly exposed to human-induced pressures. Consistent
with emerging frameworks promoting this holistic approach towards beach management, is the need to
improve the integration of social data into management practices. This paper aims to increase under-
standing of links between demographics and community values and preferred beach activities, as key
components of the social dimension of the beach environment. A mixed method approach was adopted
to elucidate users' opinions on beach preferences and community values through a survey carried out in
Manly Local Government Area in Sydney Harbour, Australia. A proposed conceptual model was used to
frame demographic models (using age, education, employment, household income and residence status)
as predictors of these two community responses. All possible regression-model combinations were
compared using Akaike's information criterion. Best models were then used to calculate quantitative
likelihoods of the responses, presented as heat maps. Findings concur with international research
indicating the relevance of social and restful activities as important social links between the community
and the beach environment. Participant's age was a significant variable in the four predictive models. The
use of predictive models informed by demographics could potentially increase our understanding of
interactions between the social and ecological systems of the beach environment, as a prelude to inte-
grated beach management approaches.

The research represents a practical demonstration of how demographic predictive models could
support proactive approaches to beach management.

© 2018 Elsevier Ltd. All rights reserved.
1. Introduction

Beaches are dynamic and resilient environments (Schlacher
et al., 2006; Brown and McLachlan, 2002), drivers of local econo-
mies and human recreation (Sard�a et al., 2015; James, 2000a)
providing a unique range of ecosystem services (Lucrezi et al., 2015;
Schlacher et al., 2007). Trends in global population growth (Small
and Nicholls, 2003; United Nations Atlas of the Oceans
Secretariat, 2010; Ariza et al., 2008a; Harvey et al., 2010) are
aggravating the scale and magnitude of human-induced pressures
on sandy beaches (Brown and McLachlan, 2002; Schlacher et al.,
2008, 2014a; Defeo et al., 2009). Overall, there is interest in
u (E. Domínguez-Tejo).
redirecting the traditional beachmanagement scope of maximizing
recreation and coastal defence (Brown and McLachlan, 2002;
Schlacher et al., 2014a) to adopt the concept of beaches as multi-
functional ecosystems (Ariza et al., 2008a; Schlacher et al., 2008)
that require an adaptive, integrated management approach (Ariza
et al., 2008a; Sard�a et al., 2014; Harris et al., 2014). Consequently,
research on approaches to beach management has increased,
addressing the full range of socioeconomic and environmental
beach values (Martínez et al., 2007; Sard�a and Hughes, 2013;
Gopalakrishnan et al., 2011; Raybould et al., 2011; Raybould and
Lazarow, 2009; Blackwell, 2007), assessments of users' percep-
tions (Duvat, 2012; Roca et al., 2009; Koehn et al., 2013) and novel
metrics (Ariza et al., 2010; Lozoya et al., 2011; Schlacher et al.,
2014b; Semeoshenkova et al., 2017) and methodological ap-
proaches (Sard�a et al., 2015; Gore, 2007) to improve management
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1 The Manly Council was recently amalgamated into the Northern Beaches
Council in addition to the former Pittwater and Warringah Councils, under the 2016
Local Government (Council Amalgamations) Proclamation 106. Australian
Government, Local Government (Council Amalgamations) Proclamation, 2016,
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practices.
Consistent with emerging frameworks promoting this holistic

approach towards beach management (Sard�a et al., 2015; Gore,
2007) is the need to improve the integration of social data into
management practices (Koehn et al., 2013; Tuda et al., 2014;
Endter-Wada and Blahna, 2011; Cinner and David, 2011; Lozoya
et al., 2014). Over the last two decades, the traditional top-down
approach in resource management has given way to greater
consideration of community values and preferences (Millenium
Ecosystem Assessment, 2005; Dutcher et al., 2007; Gregory and
Wellman, 2001; van Asselt Marjolein and Rijkens-Klomp, 2002)
through participatory approaches (Reed, 2008; Meliadou et al.,
2012; Santos et al., 2005). Although several ecosystem planning
frameworks aim to integrate social and biophysical data to various
degrees (Millenium Ecosystem Assessment, 2005; Binder et al.,
2013; Ostrom, 2009; Gregory et al., 2013; Atkins et al., 2011;
Cutter et al., 2008; Schwarz et al., 2011), the challenges of identi-
fying key social trends (Ehler, 2008; Le Cornu et al., 2014) and
applying interdisciplinary approaches (Ariza et al., 2012; Nel et al.,
2014) remain. And while broad-scale planning frameworks, such as
the Ecosystem Based Approach (Secretariat of the Convention on
Biological Diversity, 2004), Marine Spatial Planning (Douvere,
2008) and related Integrated Coastal Management (ICM) (Forst,
2009) emphasise stakeholder participation (Harvey et al., 2010;
Endter-Wada and Blahna, 2011; Grumbine, 1994; Marin et al.,
2009), beach management has been usually ‘homogenized’ to a
predetermined set of priorities (James, 2000a; Lozoya et al., 2014).

The social dimension of sandy beaches often involves hetero-
geneous groups of people, with diverse socioeconomic character-
istics that influence their perceptions of the beach environment
(Ariza et al., 2008a; Micallef and Williams, 2002; Lucrezi and van
der Walt, 2016). This social complexity is enhanced by the impor-
tant role that beaches play in the worldwide markets of travel,
leisure and tourism (Australian Government, 2009); especially in
the case of marine protected areas (Petrosillo et al., 2007;
Windevoxhel et al., 2003), small islands (Pelling and Uitto, 2001;
Roig i Munar, 2003) and tropical nations (Araújo and Costa, 2006;
Lincoln, 2014; Yepes and Cardona, 2000). Nonetheless, these
groups can still share the same concerns and values regarding
sandy beaches (Lucrezi and van der Walt, 2016). In this context,
perception surveys are considered an important tool to inform
management (Williams et al., 1992; Morgan et al., 1993), enable
identification of user groups and their perceptions, beach uses
(Gore, 2007; Cervantes et al., 2008; Priskin, 2003; Villares et al.,
2006) and ultimately improve management (Marin et al., 2009;
Petrosillo et al., 2007; Cervantes et al., 2008; Webb et al., 2004).

Initial contributions from user surveys included demographic
profiles, preferences and assessment of management practices
(Williams et al., 1992; Morgan et al., 1993; Cutter et al., 1979; Breton
et al., 1996; Tunstall and Penning-Rowsell, 1998). More recent work
considered incorporating user perceptions into beach planning
(Cervantes et al., 2008); international comparisons of user prefer-
ences (Vaz et al., 2009); exploring recreational needs (Oh et al.,
2010) and beach quality awards (Nelson and Botterill, 2002;
Nelson et al., 2000); and determining economic value of beach
access (Dixon et al., 2012; Oh et al., 2008). Other topics of attention
have been socio-economic concerns including accessibility (Dixon
et al., 2012; Oh et al., 2008), quality rating systems (Nelson et al.,
2000; Cagilaba and Rennie, 2005), littering (Santos et al., 2005),
beach nourishment (AECOM, 2010; Peterson and Bishop, 2005),
beach erosion (Dahm, 2003; Keqi et al., 2001; Mendoza and
Jim�enez, 2006) and management frameworks (Sard�a et al., 2015;
Gore, 2007; Micallef and Williams, 2002; James, 2000b). In Latin
America and the Caribbean research has analysed carrying capacity
(Amador Soriano et al., 2013), perception of ecosystem services and
local threats (Guerra-Vargas and Mancera-Pineda, 2015) and user
preferences (Williams and Barugh, 2014; Botero et al., 2013).

Australian sandy beaches make up around half of the coastline
(Australian Government, 2009). They play a central role in defining
national identity (Australian Government, 2009; Bonner et al.,
2001; Pettigrew and Cowan, 2002; McKay et al., 2014) as well as
driving visitor's demand (Tourism Australia, 2013). For instance, in
2014e2015 the attendance to patrolled beaches of New South
Wales was estimated at 4.1 million people, while an aggregated
annual expenditure of $480 million was calculated for all Sydney
beaches (Marine Estate Management Authority, 2015). These fig-
ures highlight the importance of supporting local governments in
understanding the distribution of social, economic and environ-
mental costs and benefits associated to the diversity of beachgoers.

In Australia, early work on beach user attitudes has been at
metropolitan beaches in Melbourne and Adelaide (Houghton,
1989); while O'Rourke (O'Rourke, 1978) addressed the relation-
ship between demographic data and distance travelled to beaches
of NSW. More recent research has focused on policy perspective to
beach management (James, 2000b); the value of recreational visits
to the beach (Blackwell, 2007); guidelines on nature, characteris-
tics, surf and safety of beaches of NSW (Short, 2007); beach usage in
Melbourne (Mercer, 2007) and beach use and preferences among
coastal residents of south-eastern Australia (Maguire et al., 2011).
The aforementioned research has advanced knowledge, yet
enhanced understanding of beachmanagement in Australia (James,
2000b) and elsewhere is still needed. Research on beach manage-
ment represented merely 12% of publications over the period
1950e2013 (Nel et al., 2014), and gaps in knowledge include a
deeper understanding of linkages and impacts between the natural
and human systems at play (James, 2000b; Maguire et al., 2011).
Specifically the latter relates to accounting for the influence of
demographic and psychological factors in stated preferences of
beach goers (Williams and Barugh, 2014; O'Rourke, 1978), specific
guidelines to support management at the local level (Schlacher
et al., 2014b; James, 2000b) and the construction of predictive
models of beach uses (James, 2000b).

Prior research (Oh et al., 2010; Mercer, 2007; Maguire et al.,
2011; Wolch and Zhang, 2004) identifies information related to
community values and preferred beach activities as critical to
encourage new trends in beach management. Hence, this research
paper aims to increase understanding of relationships between
demographics and community values and preferred beach activ-
ities. Providing such insight could increase local capabilities to
proactively address dynamic relationships between the human
dimension and the beach ecosystem, thus increasing management
effectiveness (McLachlan et al., 2013). A mixed method approach
was adopted in this case study of Manly Local Government Area
(LGA),1 part of the Sydney Harbour catchment area. The choice of
Manly is suitable, as it exemplifies a costal council where the role of
the beach environment is rooted socially, as an iconic open-space,
highly regarded by the residents and visitors alike; and economi-
cally, as a component of local tourism and local businesses (Manly
Council, 2015). The case study explores community responses on
preferred beach activities and key community values through a
survey; results are then used to develop predictive models. The
following section discusses the theoretical framework
NSW Parliamentary Counsel's Office: New South Wales.
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underpinning the research approach.
1.1. Theoretical rationale

A review of previous models on recreation and the beach
environment (Sard�a et al., 2015; James, 2000a; Sard�a and Hughes,
2013; Wolch and Zhang, 2004; Westover, 1989; Chapman, 1992;
Gutrich et al., 2005; Barker and Dawson, 2012; Cottrell, 2003)
provided evidence of linkages between demographics and beach
users' perceptions (Lucrezi and van der Walt, 2016; Barbosa de
Araújo and Ferreira da Costa, 2008). This knowledge was used to
develop a newmodel of the ‘Beach environment’ (Fig.1) inspired by
conceptual models of James (2000a), Wolch and Zhang (2004) and
McFarlane and Boxall (2000). The model illustrates the link be-
tween ‘demographics’ and ‘recreation activity’ and ‘values’within a
Social System (e.g. beach social dimension). The latter are con-
nected to ‘Management Systems’which can use this information to
improve ‘management practice’, for example through re-directing
management strategies. Both systems are further connected to
‘Beach natural systems’ which in spite of being dynamic environ-
ments, can be altered through interactions with the other systems.

This research focuses on users' opinions, defined as their
expressed judgement or preference on two components of the
conceptual model: beach activity and personal values (Cervantes
et al., 2008). Scarce knowledge is available in Australia regarding
these components that can improve beach planning (Maguire et al.,
2011). Users' attitudes, knowledge and behaviour are other ele-
ments of the cognitive hierarchy (McFarlane and Boxall, 2000) that
influence the Social System (Lozoya et al., 2014; Maguire et al.,
2011), yet fall outside the scope of this paper (Fig. 1). Prior
research argues that recreational activities are likely sources of both
environmental and management issues (James, 2000a; Schlacher
et al., 2008; Defeo et al., 2009; Cervantes et al., 2008; Barbosa de
Araújo and Ferreira da Costa, 2008); and values, defined as the
expression of stakeholders' beliefs regarding a desirable end states,
qualities or modes of conduct (Lozoya et al., 2014; Schwartz, 1994;
Fenton, 2005) should also be integrated to management decisions
(Millenium Ecosystem Assessment, 2005; Gregory and Wellman,
2001).

Previous research reports an association between demographic
variables and outdoor recreation, particularly beach preferences.
Demographics comprise individual characteristics such as age,
gender, employment, marital status and cultural background, as
well as household/group characteristics like household income,
family structure and wealth (Lozoya et al., 2014; Lucrezi and van
Fig. 1. Conceptual model illustrating links between components of the ‘Beach environmen
Systems’ which interact with management and the natural systems (adopted from James (
(McFarlane and Boxall, 2000)). Arrows with broken lines indicate interactions not pursued
der Walt, 2016; Wolch and Zhang, 2004). The methodological
framework tested demographic variables as predictors for the two
model components of interest: values and recreational activities
(Fig. 1). This type of analysis is not often comprehensive when
preparing beach management responses, and predictive models
have rarely being developed (James, 2000a). Findings from such
models could inform management responses to better address
these changes and support pulling them away from reactive plan-
ning (James, 2000b).

Research scope and objectives, the type of conceptual model
(Fenton, 2005; Australian Bureau of Statistics, 2011) and the need to
create decision tools unnecessarily complex (McLachlan et al.,
2013) appear to influence the selection of representative de-
mographic variables. Hence, based on beach user literature (Lozoya
et al., 2014; Lucrezi and van der Walt, 2016; Cervantes et al., 2008;
Wolch and Zhang, 2004; Westover, 1989) the following key de-
mographics were chosen: age, education, employment, household
income, and residence status; these variables have been previously
identified as relevant at local, national or international scale.
Household income, for instance, has played a historical role in the
fight for middle and poorer classes in Sydney to access recreational
spaces outside ordinary parks (Ford, 2010). As well, residence status
of beachgoers has been investigated in Australia, in areas where
beaches attract both residents and tourists (Raybould and Lazarow,
2009; Sydney Coastal Councils and University of New South Wales,
2013); the studies concluded that residents' perceptions are likely
to differ, especially when they do not receive direct economic
benefits (Harrill, 2004).

Beach managers often require estimates of how residents and
tourists place value on beach access (Oh et al., 2010; Dixon et al.,
2012; Freeman et al., 2014), facilities and services (Oh et al., 2010;
Dixon et al., 2012; McLachlan et al., 2013) to inform cost and ben-
efits analysis of potential development projects (Oh et al., 2010;
Dixon et al., 2012; Frampton, 2010); as well as to influence policy-
formulation regarding beach use (Roig i Munar, 2003; Dixon et al.,
2012; Sydney Coastal Councils and University of New South Wales,
2013; Freeman et al., 2014; Ariza et al., 2008b). Employment is
another variable often associated with sandy beaches that under-
pin local economies (Klein et al., 2004; Blakemore and Williams,
2008), as is the case in Manly LGA where they are considered a
source of employment, driving small businesses and local services
(Manly Council, 2015), and popularity as tourist destination (Manly
Council, 2015; Manly Council, 2006). Education on the other hand,
is considered crucial to sensitize users to comply and contribute
with beach management regulations (Lozoya et al., 2014) and has
t’. ‘Demographics’ influences both ‘Recreation activity’ and ‘Values’ within the ‘Social
James, 2000a), Wolch and Zhang (Wolch and Zhang, 2004) and McFarlane and Boxall
in this research.



E. Domínguez-Tejo et al. / Journal of Environmental Management 214 (2018) 379e407382
been linked to several beach behaviours, including littering (Santos
et al., 2005; Araújo and Costa, 2006). Age structure has been
highlighted among key demographics potentially explaining beach
usage in Melbourne (Mercer, 2007), being also used to character-
ized ‘beach groups’ in New South Wales (Chapman, 1992).

2. Methodology

2.1. Research site

Manly LGA is a community highly renowned for the beauty of its
built and natural environments, especially its attractive beaches,
extending over 16 km2 (Fig. 2) (Manly Council, 2015). Manly's
community and local council are committed to sustainability and
transparent decision-making through local planning procedures,
including Catchment and Coastal Management Plans (Manly
Council, 2004).

Manly is considered culturally diverse in comparison to state
levels (Australian Bureau of Statistics, 2012), accommodating a
population of 44,786 residents and visitors, and sustaining an
influx of interstate and international visitors (approximately six
million visitors per year) as well as the largest transportation hub in
the area (Manly Council, 2015). In 2011, the resident labour force
was estimated at 20,666 people, with a high proportion (30.6%)
earning above AUS$1500 per week (high income) (Australian
Bureau of Statistics, 2012). An overwhelming 70% of residents
work outside of Manly, primarily at Inner Sydney (23%). In the 2011
census the top three industries for Manly's residents population
were ‘Professional, Scientific and Technical Services’ (19%),
“Financial and Insurance Services” (11%) and ‘Health Care and Social
Assistance” (9%) (Australian Bureau of Statistics, 2012).

2.2. Research methods

Through the conceptual model of ‘Beach environment’ (Fig. 1),
this paper explores the relationships between demographic vari-
ables and stated preferences of recreational activities and
Fig. 2. Map of Manly Local Government Ar
community values. This section describes the research method
applied to gather data on the aforementioned variables (Fig. 3). The
research is part of a larger research project being undertaken at
Manly LGA to advance efforts of EBA-MSP (Fig. A1, Annexe A). As
part of Step 1 (Fig. 3), previous reports of local community con-
sultations and resource management plans (Domínguez-Tejo and
Metternicht, 2018) were reviewed, generating a list of community
values including: valued resource attributes, processes and visual
indicators; experiences and especial places; and social and eco-
nomic values (Manly Council, 2006; Manly Council, 2004;
Integrated Catchment and Environmental Management Research
Group, 2004; Manly Council, 2010; Manly Council, 2008a; Manly
Council, 2011; Manly Council, 2008b; Manly Council, 2007). The
list of recreational activities provided to participants is by nomeans
exhaustive, however the method of developing a list of preferred
recreational experience/activities drawn from literature and local
consultation has been successfully employed before (Chapman,
1992).

Through subsequent meetings with Council (Step 2, Fig. 3) a
short, self-administered questionnaire was designed and applied to
elucidate the community's opinion and preferences on: beach uses
and perceived pressures; perceived threats to their coastal envi-
ronment; and their social, economic and environmental values. The
following principles were adopted to articulate the research with
expectations of the Council, as well as time and financial resources
available for the research:

a) The survey would be conducted in English and target adult
residents and visitors of Manly LGA;

b) The expected completion time would be 15min;
c) Previous results (e.g. reported community values) would be

incorporated into the new instrument whenever possible;
albeit, providing the option to include new responses;

d) Basic demographic information would be collected, as
opposed to a more detailed demographic profile of each
participant;
ea (LGA), New South Wales, Australia.
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e) Survey would be conducted during a specific community
event, hosted by Council and local organizations, in accor-
dance with a local strategy for community consultation;

f) Council would specifically promote and advertise the survey
as a ‘Coastal Community Survey’, publically inviting all resi-
dents and visitors to participate during the event;

g) Advertisement materials would prompt the participation of
all stakeholder groups representative of the Manly
community.

The questionnaire was informed by previous surveys used in
community consultation at local (Micromex Research, 2014;
Micromex Research, 2011; Warringah Council, 2014) and state
levels (Sweeney Research, 2014; Marine Estate Expert Knowledge
Panel, 2014), literature review (detailed in Section 1.1) and spe-
cific needs of the research. Four sections were included in the
survey (Table 1) and the final format was field tested and finalised
in consultation with Council (Fig. B1, Annexe B).

Prior to survey distribution, ten volunteers were trained for field
work under supervision of the lead researcher. Volunteers were
familiarised with the survey and instructed on the following topics:
Table 1
Detailed description of the sections of the survey.

Survey section Description

Section A: Demographic
data

14 questions to determine basic demographic character
participants, and to ascertain general visiting frequency

Section B: User beach
activities Perceived
pressures

Randomised list of 23 in-land and water-based activitie
randomised list of 12 perceived pressures to activities.

Section C: Perceived coastal
threats

Randomised list of 12 coastal and marine threats identifi
previous community consultation in the LGA. Participan
choose and rank the five most relevant threats based on
personal opinion.

Section D: Community
values

Randomised lists of 9 environmental values, 6 economic
16 social values identified in previous community consu
the LGA.
Participants ranked their level of agreement with stated
using a 5-point Likert scale: ‘Not relevant’, ‘Somewhat re
‘Neutral’, ‘Relevant’ and ‘Very relevant’.
a) Clarifying information on survey questions to provide assistance
if needed; b) Using randomised techniques to select participants
(e.g. counting a predefined number of steps before choosing a
participant(s)); c) Avoiding personal bias in selecting participants
(e.g. given preference to their own group age); d) Sampling effort
within predetermined areas (e.g. covering near-water and near-
promenade locations within the beach); e) Surveyor ethical
behaviour.

The survey was carried out during the “Manly Sustainability
Festival”, on the weekend of May 30th and 31st of 2015 (Step 3,
Fig. 3). The teamwas assigned an official festival stance in The Corso
(Manly's main street), clearly identified as the “Manly Community
Coastal Survey”. Working in pairs, surveyors randomly intercepted
the public during a period of 5 h each day, from 11 a.m. until 4 p.m.,
in the festival stance (as a fixed station) and four predetermine
sections covering distinct public areas (e.g. Manly Ocean beach and
promenade, ManlyWharf arrival area, playground areas) (Fig. 4). At
each section, surveyors covered both transit areas (e.g. pathways,
promenade walkways) as well as more elusive areas (e.g. people
resting in the sand or a bench, away from the crowd). Surveyors
were instructed to introduce themselves and the purpose of the
References
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Fig. 4. Research area highlighting pre-determine sampling sections (AeD), and a fixed station (S), covered by the surveying team. (For interpretation of the references to colour in
this figure legend, the reader is referred to the Web version of this article.)
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survey, and promptly provide clarification if requested. Assistance
was provided to participants requesting help filling the survey, due
to visual/physical difficulties or personal preference.

Survey results were aggregated into a single sample of the
Manly community for data analysis (Steps 4 and 5, Fig. 3).
Descriptive statistics were used to develop participants' profile,
summarize results and capture response frequencies (Step 4, Fig. 3).

Further statistical inference was performed on two survey re-
sponses, preferred beach activities and community values (Step 5,
Fig. 3). Preferred activities were collected through Section B of the
survey; while community's opinions on social, environmental and
economic values were elucidated through Section D (Table 1,
Table 2
Demographic variables selected as predictors in statistical inference.

Variable Levels

Age group
(Qagea) Group 18e25 (average 21.5)

Group 26e34 (average 30)
Group 35e44 (average 39.5)
Group 45e54 (average 49.5)
Group 55e64 (average 59.5)
Group 65 e older (fixedb average 70)

Education
Edu1 High School Certificate e Edu1
Edu2 University
Edu3 Vocational training
Employment
Emp Employed
Uemp Unemployed
Household income
Inc1 AU$65,00 or more
Inc2 Less than AU$65,000
Residence status
Res Resident
Vis Visitor

a ‘Qage’ denotes ‘quantitative age’meaning the average age of each groupwas used for a
quantitative variable inmodelling by calculating the average age between the lower and u
at 70 years.

b ‘Fixed’ denotes that the average age of this group was purposely set at 70 years old.
Section 2.2). All responses ranking community values as ‘Very
relevant’ and ‘Relevant’were used in the development and selection
of predictive models (Step 5, Fig. 3). Five demographic variables
described in Section 1.1 were selected as predictors (Table 2) and
fitted as fixed effects in mixed models using themvabund statistical
package from the R software, version 3.2.2 (The R Foundation,
2015).

The Akaike's information criterion (AIC value) was applied to
assess different combinations of regression models for their fit to
the data. Full models were tested first, and subsequently variables
were sequentially dropped, one variable at a time, until the AIC
value of the model being tested turned the lowest value. Models
Reference

Wolch and Zhang, 2004; Roca and Villares, 2008.

Wolch and Zhang, 2004.

Lucrezi and van der Walt, 2016

Wolch and Zhang, 2004.

Oh et al., 2010; Maguire et al., 2011; Roca and Villares, 2008; Dwight et al., 2007.

nalysis. The variable age, originally a categorical variable in the survey, was used as a
pper limits of each age group; for the age group ‘65 and older’ the average age was set



Table 3
Best demographic models selected for each community response.

No. Best demographic model Community Response AIC value

1 Employment þ Education þ Residence þ Age Recreational activities 4139.993
2 Employment þ Education þ Income þ Residence þ Age Environmental values 1456.548
3 Employment þ Income þ Age Economic values 1954.341
4 Employment þ Income þ Residence þ Age Social values 3723.019
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with the lowest AIC value were used to calculate probabilities for
the two community responses by using the function predict() of R
(Table 3). Heat maps, with rows ordered by demographic variables
and community values listed in columns, illustrated likelihood of
responses ranging from one to zero (Tables E1.1- 1.6 in Annexe E).
The colour scale assigns red to a probability of one (maximum
value), orange to the median value (50th percentile), and yellow to
zero probability; all other cells are coloured proportionally.

3. Results

3.1. Quality of research instrument

A total of 272 surveys were completed (n¼ 272); this sample
size is representative of the residents and the annual estimated
visitors to Manly LGA in 2011, with a confidence level of 95% and a
confidence interval of 6 (Australian Bureau of Statistics, 2012). The
survey effort was also deemed appropriate in the likeness of other
studies conducted during weekends (Cervantes et al., 2008; Mercer,
2007) and special events (Cervantes et al., 2008), which showed
that between 10 a.m. and 5 p.m. (Mercer, 2007) about 33%e92%
fewer surveys were completed (Lucrezi and van der Walt, 2016;
Cervantes et al., 2008; Blakemore and Williams, 2008; Williamson
et al., 2012).

3.2. Demographic profiles

Residents represented 44% (n¼ 120) of the sampled population,
while visitors made 56% (n¼ 152) (Fig. C1-A, Annexe C). Overall, the
population sampled was largely employed (71%), and with higher
level education (71%). The general annual income was above
AUD$65,000 (60%) which corresponds to three quartiles of the 2011
household income quartiles (Australian Bureau of Statistics, 2012)
(Fig. C1-A, Annexe C). Comparison of age structure between the
survey sample and the 2011 census data (Australian Bureau of
Statistics, 2012) indicates the age group, ranging from 35 to 64
years old community members, closely resembled population
structure reported in that census (Australian Bureau of Statistics,
2012). The age groups 18e25 (22% in sample vs 8% in census) and
26e34 years old (28% in sample vs 16% in census) were over-
represented; and the 65 years and older (5% in sample vs 13% in
census) were under-represented (Australian Bureau of Statistics,
2012). Permanent residents amounted to 92%, with the age
groups under 44 years old being the most frequent (69%); the
majority were employed (76%) with high levels of vocational (88%)
and university level education (73%), and an annual income above
AUD$65,000 (70%) (Fig. C1-B, Annexe C). Visitors were mostly aged
44 or younger, employed (66%), with a university degree (69%) and
just over half of the sample held an annual income over AUD
$65,000 (51%) (Fig. C1-C, Annexe C).

3.3. Preferred recreational activities

Findings show higher counts for restful passive land-based ac-
tivities (Table 4) with the top two choices, ‘I enjoy the view, the
sound and relax’ and ‘I socialise with friends, family’ resulting in 80%
and 75% of the whole sample, respectively. More active choices
included swimming, surfing and boarding (67%) and activities
associated with sandy areas and adjacent green public areas, such
as “Walking, running and cycling” (66%). A relatively small number
of beach users selected water-based activities, the top one being
‘Snorkelling’ (Act 20) selected by 35% of the sampled population.
Results by age groups indicate higher counts for respondents under
44 years of age in just over half of the activities (Fig. C2; Annexe C).
In particular, the group 26e34 years old reported the highest fre-
quency in almost a third of the activities, both passive and vigorous
pursuits. Conversely, the 65 years of age and older group, showed
the least counts in all activities, with nil participation in eight
activities.

3.4. Community values

Participants expressed their opinion about the relevance of lis-
ted environmental, social and economic community values using 5-
point Likert scale: ‘Not relevant’, ‘Somewhat relevant’, ‘Neutral’,
‘Relevant’ and ‘Very relevant’) (Section D of the questionnaire,
Table 1). Hereafter, a descriptive analysis of count frequencies is
provided for each category of community values (further infor-
mation is provided in Tables D1.1 e D1.3, Annexe D). Results show
for each community value (n¼ 31) a range between 264 and 271
counts, suggesting at least 97% of participants provided their
opinion.

All environmental values were predominantly ranked as either
‘Very relevant’ or ‘Relevant’; the average count per environmental
value was 267, with a minimum of 264 counts and a maximum of
271 counts. ‘Water quality’ and ‘A clean environment’ were the most
valued, with over 200 counts as ‘Very relevant’ each; followed by an
appreciation for marine life (174 counts), natural views and beauty
(161 counts) and threatened species/communities (138 counts).
Only one out of the three listed ecosystems, ‘Sandy beaches’,
attained the highest relevance category in the scale; ‘Bushland/
terrestrial habitats’ and ‘Rocky intertidal habitats’ were perceived as
‘Relevant’ (Fig. 5).

In general, participants ranked the majority of economic values
as ‘Relevant’, with half of the listed values reaching just over 100
counts in this category. The average count per economic value was
270, with a minimum of 268 counts and a maximum of 270 counts.
Results show participants valued the contribution of beach envi-
ronments towards the seafood industry, the economy of aboriginal
communities and the provision of facilities as ‘Neutral’ to ‘Relevant’
(Fig. 6). In contrast, the provision of transportation links and sup-
port to marine-related industries and commercial events were all
considered of ‘Relevant’ value obtaining counts of 115, 111 and 106
for the whole sample, respectively.

Similar to environmental values, the majority of social values
were also ranked as ‘Relevant’ and ‘Very relevant’ (Fig. 7). The
average count per social value was 268, with a minimum of 265
counts and a maximum of 271 counts. Participants valued the most
‘a place to escape, engage with the natural environment and relax’
(153), ‘a place to feel part of the community’ (135) and ‘Safe envi-
ronment’ (132); the last two obtaining higher counts as ‘Very rele-
vant’. The remaining social values individually obtained at least 80



Table 4
Top preferred recreational activities within the beaches of Manly LGA, ordered by count frequency.

Activity code Recreational activities in the beaches of Manly LGA Residents Visitors Whole sample Whole sample

n¼ 120 n¼ 152 n¼ 272 Percentage

Land-based activities
Act6 I enjoy the view, the sound and relax 103 115 218 80%
Act3 I socialise with friends, family 97 106 203 75%
Act 5 I do swimming, surfing, boarding 94 87 181 67%
Act 14 Walking, running, cycling 94 86 180 66%
Act 1 Sun bathing, exercising, use play grounds 95 80 175 64%
Water-based activities
Act 20 I do snorkelling 57 38 95 35%
Act 17 I do kayaking, canoeing 31 9 40 15%
Act 22 I do nature tours 13 18 31 11%
Act 24 Sailing 20 10 30 11%
Act 21 I do scuba 11 17 28 10%

Fig. 5. Frequency analysis of environmental values as ranked by participants.

Fig. 6. Frequency analysis of economic values as ranked by participants.

E. Domínguez-Tejo et al. / Journal of Environmental Management 214 (2018) 379e407386
counts, as ‘Relevant’ for the whole sample.

3.5. Predictive modelling

This section presents key findings of predictive modelling of
community responses based on best demographic models (Table 3,
Section 2.2). Community preferences on recreational activities
show a trend towards passive land-based pursuits and a few more
vigorous activities (Table 4, Section 3.3). Predicted values followed
the same trend with the highest likelihood obtained for the same
group of top preferred activities; only three water-based activities
(‘I do scuba’, ‘I do nature tours’ and ‘Sailing’) scored median to lower
values (Tables E1.1 e E1.6; Annexe E). Highest likelihood values on
preferred activities (Act1, Act3, Act5, Act6, Act13 and Act14) were
associated with residents, with a slight decrease observed by age
group. A similar trend was observed in visitors, although likelihood
values were lower. Residents under 55 retained the maximum
likelihood of choosing top preferred activities; with the same trend



Fig. 7. Frequency analysis of social values as ranked by participants.
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observed in visitors at slightly lower likelihood values. Two activ-
ities ‘I enjoy the view, the sound and relax’ (Act6), and ‘Walking,
running, cycling’ (Act14) in age group 65 years and older retained
themaximum likelihood for residents and visitors, while likelihood
of remaining activities decreased.

Predicted probabilities for environmental values displayed
higher likelihood values for ‘A clean environment’ and ‘Sandy bea-
ches’ than all remaining values (Table E2; Annexe E); although
lower likelihood values were predicted for visitors based on edu-
cation level. For instance, visitors with a high school certificate
(Edu1) had the lowest likelihood to value a clean environment;
while visitors with vocational training (Edu3) held the lowest
likelihood values for sandy beaches. Similarly, predicted values for
‘Threatened species and communities’ increased in associationwith a
high school certificate (Edu1); and higher likelihood in ‘Water
quality’ was associated with vocational training (Edu3).

Three distinctive patterns were observed in predicted proba-
bilities of listed economic values (Table E3, Annexe E). Firstly, the
likelihood of valuing more the ‘Provision of transportation and
market links’ increased consistently with age. Secondly, the value of
‘Facilitating commercial events’ was markedly higher when partici-
pants were unemployed, in all age groups and irrespective of
household income. Thirdly, the likelihood of valuing highly the
‘Provision of facilities and services’ increased with age, and more
markedly with unemployment status.

Among social values, predicted probabilities were found higher
in a cluster of six values (Soc 9e14) reaching the highest likelihood
values in all participants aged over 45 (Table E4; Annexe E). Outside
this cluster, unemployment was associated with higher likelihood
values on two accounts, ‘Safe environment’ (Soc2) and ‘Is a place that
supports a desirable lifestyle’ (Soc4), in all participants with an
annual household income under AUD$65,000 (Inc1) and to a lesser
extent with annual household income over AUD$65,000 (Inc2). In
contrast, higher likelihood in the social value ‘Is a place to feel part of
the community’ (Soc7) was associated with employed participants,
aged over 45 and with annual household income over AUD$65,000
(Inc2).

4. Discussion

As with any social study, results of this research need to be
interpretedwithin context. The demographic profile of the sampled
population reflected key population patterns observed in Manly
during the last national census; further it suggests a diversity of
beach users and community values, a challenging situation for local
managers. This research provides insights into the potential of
demographic information as predictor of changes in beach prefer-
ences and community values, supported by a conceptual model of
beaches as multidimensional ecosystems (Fig. 1).

As socio-cultural systems, sandy beaches (James, 2000a) sup-
port a wide range of commercial and recreational activities (Vaz
et al., 2009; Peden, 2004) benefiting people. Community choices
on recreational activities highlighted the particular relevance of
social and restful activities linked to the beach environment
(Table 4; and Fig. C2, Annexe C). Similar results were found in
recreational uses of the Manly coastal lagoon and surrounding
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beaches (Micromex Research, 2011) where exercising (78%), picnics
(43%) and family time (42%) prevailed. Previous research on south-
east Australian coastal residents also identified walking and
swimming as the most popular activities, followed by relaxing or
meditating (Maguire et al., 2011). Further, a NSW regional survey
(Sweeney Research, 2014) indicated ‘Walking, exercising, and
sunbathing’, followed by ‘Socialising in a marine area’ and ‘Swim-
ming, surfing, boarding’ as the preferred recreational activities.
Hence, this study adds to growing evidence from Italy (Marin et al.,
2009), Spain (Breton et al., 1996), England (Tunstall and Penning-
Rowsell, 1998), South Africa (van Herwerden et al., 1989) and
Mexico-California (Cervantes et al., 2008) that restful activities are
favoured over more brisk pursuits. This highlights the role of
coastal areas in providing non-material benefits within the full
range of marine cultural services (Atkins et al., 2011; Bohnke-
Henrichs et al., 2013).

Greater understating of community values is relevant to envi-
ronmental managers (Dutcher et al., 2007) as well as policy makers
(Gregory and Wellman, 2001). In Manly LGA the appreciation for
water quality and a clean environment were highlighted as key
environmental values, closely followed by the appreciation of ma-
rine life and natural views and beauty, and threaten species. This
concurs with findings from a regional survey (Sweeney Research,
2014) which highlighted the need to apply a catchment to coast
perspective (Domínguez-Tejo et al., 2016) and protect local biodi-
versity. Within economic values, transportation links and marine-
related industries were seen as relevant to the community. This
an expected finding since Manly has been developed as a ‘trans-
portation hub’ and ‘tourism destination’ (Manly Council, 2015).
Socially, the beach was deemed a valuable and safe place to engage
with nature and feel part of the community. These values were also
embraced by 62% of the greater community of NSW (Sweeney
Research, 2014), that perceived the Marine Estate as critical space
to relax from everyday life, spend time with loved ones and
strengthen community ties. Hence, findings from preferred recre-
ational activities and social values indicate an intricate social
dimension attached to sandy beaches; and the relevance of
implementing an EBA-MSP approach to advance environmental,
social and economic objectives (Domínguez-Tejo et al., 2016).

Among demographic variables, participant's age was a signifi-
cant variable in the four predictive models. In the case of recrea-
tional activities, predictive probabilities were high for ‘Enjoying the
view, the sound and relax’ and ‘Walking, running and cycling’
amongst the 65 years of age and older (Section 3.5). This age group
is projected to increase sharply, and to become one of two domi-
nant age groups by 2031, nearing 16% of the Manly population
(Department of Planning and Environment, 2014). Hence, their
identified preferences are likely to gain more relevance in mid- and
long-term beach planning.

Agewas also associatedwith a higher likelihood of valuing rocky
intertidal habitats and the provision of transportation and markets
links as an economic value (Section 3.5) in the population 45 years
old and older. However, this population segment is not projected to
become a local dominant group by 2031 (Department of Planning
and Environment, 2014); the age group 45e54 years old is ex-
pected to increase by only 0.5%, and 55e64 years old by approxi-
mately 1% in that same period (Department of Planning and
Environment, 2014). Hence, it would be expected that current
high-likelihood values associated with these decreasing age groups
may be negatively affected by either: representing smaller per-
centages of the population through time; or becoming propor-
tionally disadvantaged by the values of other emerging age groups.
In both instances, the aforementioned changes might impact their
mid- and long-term significance in beach planning.

Predictive models also revealed patterns of community
responses in relation to employment status. For instance, unem-
ployment was associated with the likelihood of ‘Facilitating com-
mercial events’ and the ‘Provision of facilities and services’ as relevant
community values (Section 3.5). Also the social values of a ‘Safe
environment’ and supporting “a desirable lifestyle” (Section 3.5)
were predicted as of higher likelihoods in unemployed participants.
Manly has a relatively low unemployment rate as compared to
national figures, with a decreasing trend from 3% in 2011 to 1.9% in
2015 (Australian Bureau of Statistics, 2016), however, the afore-
mentioned preferences, if more widespread in the region, could
usefully influence the management plans for regional beaches.

Exploratory research of projected values of demographic vari-
ables and their theorised linked to community responses is a po-
tential management strategy emerging from this research. For
instance, similarly to participants' age, educational level appears to
influence the predicted probability of some community values. The
appreciation for ‘Threatened species and communities’, for example,
was positively associated with secondary education (Section 3.5);
hence further research could focus on strategic segmentation of the
general public to improve effectiveness of educational campaigns,
often included in management plans.

Several challenges in the methodological approach were iden-
tified that could be addressed in the future. While the community
survey represented a random sample of the Manly community,
sampling effort could be improved to increase statistical precision.
Participants were categorized as residents or visitors for data
analysis; future studies could examine user groups within those
two categories such as permanent versus seasonal residents, or
one-day trippers versus overnight stays. Further segmentation of
the population should also be considered. Additional demographic
variables to improve predictive modelling could be explored, by
including gender, family structure and residence tenure. Lastly,
while previous research has examined individual components of
the conceptual model (participants' attitudes, knowledge and
behaviour) (Cottrell, 2003) (Fig. 1), future studies could consider a
‘systems thinking’ approach of the whole range of variables
allowing new interactions to be discovered (Bosch et al., 2007).

It is also necessary to bear in mind research limitations when
interpreting these findings. First, survey limitations explained in
Section 2.2 impaired participation of several community groups
including people under the age of 18 and non-English speaking
people. Secondly, complementary survey methods such as quota
sampling could serve to improve sampling representativeness.
Moreover, the method of handing out surveys during beach peek
attendance (weekdays, weekends and festivals) has been employed
elsewhere (Cervantes et al., 2008), however, future studies could
enhance sampling design to account for seasonality of beach visits
(Maguire et al., 2011). Lastly, in-depth interviews could serve to
elucidate personal knowledge and feelings through open-ended
questions.

The use of predictive models informed by demographics could
increase our understanding of interactions between the social and
ecological systems of the beach ecosystem, as a prelude to the
development of an MSP-EBA approach. Results of this research are
particularly relevant to local government and agencies sharing re-
sponsibility for beach management, and they provide a method to
increase the utility of user surveys, somewhat restricted to
descriptive analysis. In particular, greater understanding of in-
teractions between demographic variables and community re-
sponses will become increasingly important for adaptive
approaches to management of coastal resources.

5. Conclusions

Managing the dynamic and resilient environment of sandy
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beaches requires greater integration of social data into manage-
ment practices. In sandy beaches, the social dimension often in-
volves heterogeneous user groups and strong ties to leisure and
tourism worldwide markets, making perception surveys strategic
tools to inform and improve management. In Australia, where
beaches are strongly attached to national identity and under-
standing visitors demand, user surveys could become a more crit-
ical tool supporting not only identification user groups and uses,
but also predictive modelling of future beach preferences and
community values. The use of predictive models could unlock a
new proactive approach for integrating community consultations
into beach management.

A conceptual model of the ‘Beach environment’ has been pro-
posed detailing the cognitive hierarchy within the beach's ‘Social
system’. Based on previous research, the model supported the
analysis of links between demographics, recreational activity and
values as key elements of this social system. Users' opinions on
beach preferences and values were elucidated through a commu-
nity survey in Manly LGA. The conceptual model was then used to
frame the construction of demographic models as predictors of
these particular community responses.

Results from this research align with previous findings of na-
tional and international user surveys, indicating the relevance of
social and restful activities as important social links between the
community and the beach environment. The community perceived
environmental values as highly relevant, especially ‘Water quality’
and ‘A clean environment’, reaffirming the need to manage catch-
ments and coastal areas holistically. The provision of transportation
links and marine-related industries were ranked as the most rele-
vant economic values; while social values reflected high apprecia-
tion for the marine environment as a safe place to engage with
nature, relax and feel part of the community.
Fig. A1. Research methodological fram
The method enabled a practical demonstration of how predic-
tive demographic models drawn from beach surveys can inform
key management tasks such as: gaining a comprehensive under-
standing of the community's social links to their beach environ-
ment; identifying potential changes in community values based on
current and projected demographics; and supporting proactive
resource planning that could be embedded into holistic planning
frameworks such as EBA-MSP.

This research is a step forward in addressing current knowledge
gaps in our understanding of linkages between natural and human
systems of the beach environment. It explored the influence of
demographic factors in stated beach preferences and community
values. Results are encouraging in the potential of predictive
models as a strategic component of integrated beach management
approaches.
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Annexe B

Fig. B1. Survey questionnaire.
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Annexe C

Fig. C1. Demographic profiles of the sampled population of Manly LGA. A) Whole sampled population; B) Residents sampled population;
C) Visitors sampled population.
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Fig. C2. Results of count frequencies for each recreational activity, presented by age groups. Act 1: Sun bathing, exercising, use play grounds; Act 2: I do spiritual activities, tra-
ditions; Act 3: I socialise with friends, family; Act 4: I educate or train children, adults; Act 5: I do swimming, surfing, boarding; Act 6: I enjoy the view, the sound and relax; Act 7: I
do beach or rock fishing; Act 8: My work place/ business is on the beach; Act 9: I do scientific research; Act 10: I do volunteer work; Act 11: I visit historic sites; Act 12: I visit
Aboriginal sites; Act 13: I do nature tours/walks: bush, foreshores, parks; Act 14: Walking, running, cycling; Act 15: Visit pubs or restaurants; Act 16: I do power boating, water/jet
skiing; Act 17: I do kayaking, canoeing; Act 18: I do cruises; Act 19: I do recreational boat fishing; Act 20: I do snorkelling; Act 21: I do scuba; Act 22: I do nature tours; Act 23: I do
commercial fishing; Act 24: Sailing.
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Annexe D
Table D1.1
Results of count frequency of environmental values based on the survey's 5-point Likert

Community values Very relevant Relev

Bushland, terrestrial habitats 106 115
A clean environment 202 64
Rocky intertidal habitats 79 97
Uniqueness of marine life and habitats 136 80
Threatened species and communities 138 93
Sandy beaches 114 92
Healthy, diverse and abundant marine life 174 71
Water quality 208 53
Natural views and beauty 161 77

Table D1.2
Results of count frequency of economic values based on the survey's 5-point Likert scale

Community values

It is important to marine-related businesses: tourism, fishing, seafood industry
It contributes to economy of Aboriginal communities
It is ideal for providing facilities and services to encourage different uses: such as mari

for boating
It is a gateway providing transportation links for visitors and residents; and links to o
It contributes to the seafood industry
It facilitates commercial events
scale.

ant Neutral Somewhat relevant Not relevant

23 13 12
3 2 0
61 20 8
37 14 2
22 7 4
45 15 2
14 4 1
6 1 2
17 5 4

.

Very
relevant

Relevant Neutral Somewhat
relevant

Not
relevant

70 111 42 26 21
41 92 88 21 26

nas and boat ramps 26 83 74 44 41

ther markets 54 115 54 30 16
28 74 74 36 58
34 106 69 35 25



Table D1.3
Results of count frequency of social values based on the survey's 5-point Likert scale.

Community values Very
relevant

Relevant Neutral Somewhat
relevant

Not
relevant

Is a source of therapeutic, healing properties 76 99 50 27 17
Is a place to feel part of the community 90 135 28 11 6
Is a place for scientific discovery and educational opportunities 81 106 59 15 8
It has Surf Life Saving Clubs and public shelters 95 122 31 10 11
Is a source of food 34 90 78 36 29
Is a place of Aboriginal sites, landscapes and ceremonies 45 89 92 24 17
Safe waterways 79 119 59 10 1
Is a connection to the country 73 96 65 25 10
It supports a range of recreational activities 117 117 21 9 4
It holds public areas generally accessible to all 116 118 27 7 3
Is a place that supports a desirable lifestyle 118 110 28 8 3
Is a place to escape, engage with the natural environment and de-stress/relax 153 95 14 6 2
Safe environment 132 102 22 6 3
Is a place that holds historic sites in coastal areas and underwater 86 109 53 15 5
Is a part of our culture and heritage: it supports caring and sharing for each other through food; source of dreaming

stories; connection to country; and a social gathering place
99 104 46 14 6

Is a place for artistic inspiration: art, music, dance 74 104 62 20 7
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Annexe E
Table E1.1
Table of probabilities predicted for recreational activities for the age group 18e25 years
 old (Qage¼ 21.5), based on the sampled population.



Table E1.2
Table of probabilities predicted for recreational activities for the age group 26e34 years old (Qage¼ 30), based on the sampled population.

Table E1.3
Table of probabilities predicted for recreational activities for the age group 35e44 years old (Qage¼ 39.5), based on the sampled population.
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Table E1.4
Table of probabilities predicted for recreational activities for the age group 45e54 years old (Qage¼ 49.5), based on the sampled population.

Table E1.5
Table of probabilities predicted for recreational activities for the age group 55e64 years old (Qage¼ 59.5), based on the sampled population.
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Table E1.6
Table of probabilities predicted for recreational activities for the age group 65- and older years old (Qage¼ 70), based on the sampled population.

Table E2
Table of probabilities predicted for environmental values based on sampled population.
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Table E3
Table of probabilities predicted for economic values based on the sampled population.
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Table E4
Table of probabilities predicted for social values based on the sampled population.
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