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Abstract: The UNESCO Biosphere Reserves (BRs) comprise core conservation areas supported by a
buffer and transition zone of sustainable development. This zoning can help manage urbanisation
around conservation areas. Although it is UNESCO policy to measure the number of BRs that have
interactions with urban areas, there has been no systematic assessment of urban biospheres since
2008. This research addresses this deficit by measuring the extent of urbanisation of all designated
BRs within the European Union (EU). Using the Copernicus Urban Atlas, the proximity of BRs to
Functional Urban Areas (FUA) was determined. The results show that 46% (76/167) of BRs are situated
within FUAs, including 11% (18/167) entirely within an FUA. The majority (64%) of EU-28 countries
have BRs within FUAs. Urban influences on EU-28 BRs are extensive, as 90% are found within 50 km
of an FUA. However, integration with urban areas may be lacking as 14% of EU BRs were adjacent
to an FUA. Urban pressures are acute for 11% of EU BRs which had multiple FUAs within a 50 km
radius. Therefore, urbanisation of BRs is a widespread challenge and recommendations are provided
for BRs to function as an information sharing network and develop a new urban strategy.

Keywords: urbanisation; protected areas; UNESCO biosphere reserve; urban ecosystems; Urban
Atlas; ecological networks; biodiversity; proximity; European Union; Functional Urban Area

1. Introduction

1.1. Application of the Concept of a UNESCO Biosphere Reserve to Urban Areas

The World Network of UNESCO Biosphere Reserves (BRs) comprises 701 sites in 124 countries
as of 2019 [1] covering a surface area of over five million square kilometres [2]. Within the Europe
Union, BRs are cornerstones of the network of protected areas (PAs) for nature conservation, along
with national parks [3] and the Natura 2000 (N2000) sites [4] (“The aim of the Natura 2000 network
is to ensure the long-term survival of Europe’s most valuable and threatened species and habitats,
listed under both the EU Birds Directive (2009/147/EC) and the Habitats Directive (92/43/EEC)”
https://ec.europa.eu/environment/nature/natura2000/index_en.htm. Natura 2000 sites are designated
as either Special Protection Areas (SPAs) for the protection of endangered species of wild birds under
the terms of the EU Birds Directive or Special Areas of Conservation (SACs) under the terms of the EU
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Habitats Directive. The term ‘Special Areas of Conservation’ is defined in article 1.1: “special area
of conservation means a site of Community importance designated by the Member States through a
statutory, administrative and/or contractual act where the necessary conservation measures are applied
for the maintenance or restoration, at a favourable conservation status, of the natural habitats and/or
the populations of the species for which the site is designated”). Biosphere reserves differ from other
types of PAs, as they integrate human activities into PAs to provide a mutual benefit [5]. To achieve
the integration of human activity with conservation, BRs are designed through a community-based,
integrated approach [6] with a focus on interactions between core conservation zones, buffer zones
and more intensively-used areas termed transition zones, which can include urban areas [7], as per the
Seville Strategy for BRs [8] (Figure 1). Although it is believed that this approach could be widely used
in managing environmental goods and services in towns and cities [8,9], there is a lack of data about
the number of BRs that currently incorporate urban areas.

In this study, we investigated the degree of urbanisation across BRs within the twenty-eight
countries of the European Union (referred to as EU-28) (The European Union comprised 28 countries
as of April 2016, the date for the UNESCO list of BRs used for this study. These countries are:
Austria, Belgium, Bulgaria, Croatia, Republic of Cyprus, Czech Republic, Denmark, Estonia, Finland,
France, Germany, Greece, Hungary, Ireland, Italy, Latvia, Lithuania, Luxembourg, Malta, Netherlands,
Poland, Portugal, Romania, Slovakia, Slovenia, Spain, Sweden and the United Kingdom. As of
time of writing this paper, the United Kingdom is in the process of formally exiting the European
Union). Previous research [10] analysed urbanisation of PAs, including UNESCO BRs, on a global
scale and was an important contribution because it forecasted trends of urbanisation that caused
local, but significant, degradation of biodiversity. Although comprehensive in sampling all BRs
at that time (2008), the analysis relied on an assumption of concentricity of BRs using a consistent
method of buffering of centroids [10]. In the literature, biospheres are depicted schematically as
concentric circles [11]—like a “bullseye” or target diagram [12] or egg [13] with the core conservation
zone in the centre. In practice, relatively few of the existing BRs are concentric [14,15] and multiple
core zones may be designated [9,15–17], in accordance with UNESCO policy [8], particularly in an
urban context where there is greater fragmentation of habitats [18]. An example of this is Collina
Po BR, Turin, Italy (Figure 2a) where the Po River creates a spine for connecting several core zones,
each with their own buffer zones, in an overall transition zone of the wider network of the Po valley
and its tributaries (http://www.unesco.org/new/en/natural-sciences/environment/ecological-sciences/
biosphere-reserves/europe-north-america/italy/collina-po/). The assumption that the BR centroid is
within the most protected core zone for nature conservation is tested in our study (Section 2.2.5) through
analysis of coincidence with Natura 2000 sites for nature conservation of European Union importance,
as these would be expected to form the core zone in the EU-28 [18]. Since 2008, additional datasets with
a greater degree of accuracy and consistency have been made available through UNESCO, the European
Commission and others [19–23]. Thus, the EU-28 study area was chosen due to the availability of
high-quality datasets and uniformity of nature conservation legislation through the Nature Directives
and the network of Natura 2000 sites designated under these Directives [24]. This smaller sample
allows examination in greater detail of configuration of individual BRs and develops further the
analysis of urbanisation of PAs.

The sustainable development aims of BRs require a “bottom-up approach” that works with
local conditions [25]. Recognising similarities and differences in BR designations with regard to their
proximity to urban areas will hence allow UNESCO to coordinate BRs more effectively when it comes
to managing urbanisation [26]. Under the current UNESCO Man and the Biosphere (MAB) programme,
through the Lima Action Plan for Biosphere Reserves [27], BRs are committed to the implementation
of the UN 2030 Agenda for Sustainable Development, including Goal 11 which states: “Make cities
and human settlements inclusive, safe, resilient and sustainable” [28] (Figure 1). This study provides
the necessary information to develop a coordinated approach to realising this goal across the network
of BRs [18] and to ensure that the BR concept remains relevant to biodiversity conservation.

http://www.unesco.org/new/en/natural-sciences/environment/ecological-sciences/biosphere-reserves/europe-north-america/italy/collina-po/
http://www.unesco.org/new/en/natural-sciences/environment/ecological-sciences/biosphere-reserves/europe-north-america/italy/collina-po/
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1.2. Definitions of “Urban” and “Urban Biosphere” in This Study

Designating urban areas as BRs (i.e., “urban biospheres”) has been viewed as a step-change in
conceptualizing the BR designation [17,25]. The definition of an “urban biosphere” has been debated
for many years by UNESCO [7,18], who established the MAB Urban Group in 1998 to study the the
application of the BR principle to ‘urban areas and their hinterlands’ [7,29]. This Group published a
working definition:

“ . . . a Biosphere Reserve characterized by important urban areas within or adjacent to its
boundaries where the natural, socio-economic and cultural environments are shaped by
urban influences and pressures, and set-up and managed to mitigate these pressures for
improved urban and regional sustainability.” [29]

They further stated that “the mere existence of a city or a town in a Biosphere Reserve is not
sufficient to call it an Urban Biosphere Reserve”. Every BR must have settlements within their
transition zone and lack of resident human population is the main reason for withdrawal of European
BRs from the World Network [30]. The MAB Urban Group stated that “the issue is of defining the
relative importance of the urban elements in the Biosphere Reserve” [29]. They proposed that “relative
importance” could possibly be assessed as a function of several measurable factors in the Biosphere
Reserve: percentage of urban land cover, rate of urbanisation and urban sprawl, distance to major urban
areas, percentage of people living in urban areas compared to the country side, impacts of urban areas
and the urban population on the Biosphere Reserves [29]. Similarly, in the scientific literature an urban
area has been defined as “a cultural landscape characterized by high population density and extensive
impervious surface area, with different land use and land cover types together forming a dynamic
patch mosaic” [31]. In most cases, “high human population density and extensive impervious surface
area are two salient factors that sufficiently define what is urban and related to all major ecological and
environmental characteristics of urban systems either directly or indirectly” [31]. Therefore, urban
land use, proximity to major urban areas, and populations are key factors in both definitions.

In this study, the definition of “urban” is based on Functional Urban Area (FUA) units—a concept
agreed between the OECD and the EU as:

“the contiguous set of municipalities which have at least 50% of their population in the urban
centre (defined as the contiguous set of urban cells of 1 km2 with a population density of
at least 1500 inhabitants/km2 and a total population of at least 50,000 inhabitants), plus the
surrounding municipalities for which at least 15% of the employed persons commute to the
main municipality of the urban agglomeration) . . . the gridded population data are used to
define urbanised areas or ‘urban high-density clusters’ over the national territory, ignoring
administrative borders, [and this data] comes from the Corine Land Cover dataset”. [32]

This definition is both uniform and administratively applicable through the available data
online [12]. A BR was classified as “urban” if it was partially or entirely contained within a functional
urban Area (FUA). This distinguishes BRs with small settlements in their transition zones from ones
that contain major urban centres. Thus, the extent and degree of urbanisation of BRs can be assessed
and “urban biospheres” can be recognised as such.

1.3. Urbanisation Processes and Protected Areas

Urbanisation refers to the process by which rural areas take on urban characteristics and also refers
to increased concentration of people in human settlements [33,34]. It is an important feature of the
Anthropocene [35]. Urbanisation is one of the main threats to biodiversity globally [36] and within the
EU where cities continue to expand [37]. The results of several pan-European studies agree that Europe
has witnessed a widespread increase in urban sprawl, mainly in the form of “discontinuous urban
fabric” [38] (“The discontinuous urban fabric class is assigned when urban structures and transport
networks associated with vegetated areas and bare surfaces are present and occupy significant surfaces
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in a discontinuous spatial pattern . . . [that] range from 30 to 80 % land coverage. The discrimination
between continuous and discontinuous urban fabric is set from the presence of vegetation visible in
the satellite image illustrating either single houses with gardens or scattered apartment blocks with
green areas between them. The density of houses is the main criterion to attribute a land cover class to
the built-up areas or to any other class”) [38] (as defined by Corine Land Class Cover Level 3, land
class 1.1.2.) [39]. Most people in the EU live in urban areas [37] and, therefore, their most probable and
frequent interaction with nature will be through local urban ecosystems.

Urban effects on PAs range from global to local, with two-thirds of the effects essentially limited
to within 50 km of an urban area [34]. Therefore, 50 km is considered to be a “zone of influence” of
urbanisation and also a “reasonable distance to capture ecological interactions between the PA and
its surroundings” [34,40]. Urbanisation alters the composition and spatial arrangement of landscape
elements and these changes affect the biodiversity, ecosystem functioning and environmental quality,
as well as human behaviour, community structure, and social organization [31]. As urban density
and impervious surface area increases, sensitive species decrease while species that can exploit such
conditions move in [41]. This necessitates a change in conservation strategies from land acquisition
to restoration of managed and ruderal habitats [41]. If BRs are urbanising, adaptive management
approaches are required to link social decision-making processes with landscape dynamics to continue
to achieve conservation objectives [42].

The previous global UNESCO strategy for the management of BRs, known as the Madrid Action
Plan [43], recognised rapid urbanisation as a “major challenge” for BRs and included an action to
“facilitate the integration of urban areas into BRs” (Figure 1) [12]. Although it was a target of the Madrid
Action Plan to quantify “the number of BRs with interactions with urban areas” [43], the current
degree of urbanisation of BRs across the EU is still largely unknown [44]. Urbanisation of global PAs
(including BRs) and of European N2000 sites has been analysed, but in these studies either the spatial
arrangement of the PAs or the spatial arrangement of the urban area has been approximated [34,45].
Standardized methods and data for the EU are needed for assessing land cover change for biodiversity
monitoring [39] and are increasingly available through EU initiatives [12]. Spatial analysis of BRs in
relation to urban areas of the EU is necessary to: (a) find ways to standardize methods and data to assess
land cover change within the EU for monitoring of habitats and biodiversity [39]; (b) understand how
European BRs could function as an information-sharing network to influence and manage interactions
between urban and PAs; (c) fulfil UNESCO’s strategy for BRs [43]; (d) identify pressures and impacts
from urbanisation so as to protect biodiversity both within and near urban areas and (e) develop an
urban strategy for BRs.

Vulnerability of PAs, such as BRs, is linked to several factors: (1) if a PA is small or poorly situated
in relation to a few factors (species-area relationships, minimum dynamic size, catchment); (2) if a PA
is, or is likely to be in future, in close proximity to dense human populations or intense land use; (3) if
the surrounding human populations lack incentives or resources to further ecological goals for PA [46].
Periodic reviews have resulted in the extension of smaller, first-generation BRs to address the critical
importance of species-area relationships [30]. Total BR area of urban and non-urban BRs is compared in
this study to address the first factor. The second factor is analysed through measurement of proximity
to FUAs and accessibility of BRs. Since 1996, under the Seville Strategy [8], UNESCO has promoted
BRs as a tool to achieve sustainable development while furthering ecological goals and that the BR
designation is an outcome of the “construction of a common view” through dialogue [6]. Incentives
and resources for ecological goals can arise out of the BR designation [47]. European Union capital
cities have some of the highest levels of global wealth, with the relative importance of the capital
city in the national economy often inversely related to the population size of the EU Member State
in question [37]. Therefore, BRs within capital cities were identified as they may be less vulnerable
to negative effects of urbanisation than other urban BRs due to the fact of these advantages. These
factors of the vulnerability of BRs to urbanisation effects are important to consider when developing a
strategy to manage urbanisation across the BR network.
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Figure 1. Evolution of UNESCO Man and the Biosphere (MAB) Strategies [8,27,29,43] for managing
urbanisation of biospheres.

1.4. Objectives and Aims

Urbanisation has been identified as a principal driver to key ecosystem changes to UNESCO
Biospheres (BRs) since 2008 [43]. However, the extent of urbanisation of BRs has not been quantified in
relation to their current locations and zonation. The overall objective of this study is to analyse the
current vulnerabilities of UNESCO Biospheres in the EU-28 to urbanisation in terms of key factors
identified in the literature and UNESCO MAB policy (Figure 1). To address this, we described the
spatial configuration of the network of BRs in the EU-28; and we quantified the degree of urbanisation
of UNESCO Biosphere Reserves (BRs) within the European Union (EU-28) through analysis of the
coincidence of BRs within the EU-28 with Functional Urban Areas (FUAs). Our specific aims were:
(1) to analyse this coincidence in terms of regional, national, EU-wide and UNESCO policy contextual
influences; (2) to test assumptions in the literature that BR centroids represent core nature conservation
zones remote from human activities through spatial analysis of coincidence of them with Natura 2000
sites protected under EU law; (3) to measure potential urbanisation pressures on BRs through spatial
analyses of BR size, proximity of one or multiple FUAs, accessibility of BRs from the city centre of
the nearest FUA, population of nearest FUA and possible transboundary effects from FUAs in other
countries. It is necessary that the UNESCO BR network in Europe is aware of these realities regarding
the interaction of BRs with urban areas in Europe to develop an evidence-based integrated urban
strategy for addressing biodiversity conservation in BRs.

2. Materials and Methods

2.1. Datasets

It has been recognized by UNESCO that clear maps are a necessity for carrying out the essential
functions of a BR and for monitoring and understanding key challenges—including urbanisation—of
the Madrid Action Plan [48]. In the periodic review process, BRs are required to submit digital map
files since 2013 [49]. However, they are unavailable from UNESCO in downloadable format for analysis
in GIS [22]. The datasets used in this study to compile a pan-EU database of UNESCO BRs and their
attributes are all freely available. All BR descriptions are licensed under the CC-BY-SA IGO 3.0 license
and, therefore, the database created for this study is available in Supplementary Materials. Data
consulted are listed below in Table 1.
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Table 1. Datasets used in this study.

Dataset Source Date Information Obtained

A
Official list from the

UNESCO MAB website of
all BRs (n = 167)

[22] April 2016
Names, countries of each BR, year of
designation, year of last review and
hyperlinks to sources (C) and (D);

B Biosphere Smart [50] May 2019 BR boundaries; to measure distance to
the nearest FUA; verify BR centroids

C UNESCO webpages for
individual BRs [22] Feb–Mar 2017

BR centroids and geographic
coordinates; area (hectares),

geography; maps (where unavailable
in B)

D Official websites of
UNESCO BRs note May 2019 Maps of BR boundaries (if

unavailable in B)

E Google Maps note Feb–Mar 2017
Verify BR locations and geographic

features in C; measure accessibility of
BRs from cities

F World Database of Protected
Areas (WDPA) [21] August 2018 Verify BR centroids in C and

boundaries in B

G European Union Natura
2000 sites database [23] October 2017 Coincidence of BR centroids [15] with

N2000 sites

H Copernicus Urban Atlas
(UA) 2012 viewer [19] May 2019 proximity, accessibility and

population of FUAs

Biosphere Smart (Table 1, B) is an open platform. It is currently the most comprehensive spatial
dataset of the boundaries and zonation of BRs globally [44] and UNESCO MAB approved it as a key
communication tool for BR research and mapping [48,50]. Biosphere Smart is advantageous to use for
analysis as BR boundaries are based on the available information submitted to UNESCO via periodic
review reports and national MAB Committees [51,52] and, therefore, the accuracy of these is good [44].
Biosphere Smart offers a choice of base layers (Google road and Google satellite maps) to analyse the
landscape features of a BR. Its functions include a measurement tool which provides the ability to
accurately determine the distance in kilometres between the BR boundary and other features, including
the extent of the nearest FUA through comparison with the Urban Atlas 2012 (Table 1, H).

There were several challenges and limitations of the data sources encountered in this study
(Section 2.2.2). Updates of central databases are dependent on information which can vary in quality
and currency supplied by national MAB committees to UNESCO [52] and by each partner organisation
to the WDPA (Table 1, F). The UNESCO database (Table 1, A) is updated annually [22]. The WDPA
(Table 1, F) is updated monthly [21]. Populations of BRs are collected by UNESCO through the periodic
review process [49] but are not disseminated [22]. Analysis using Biosphere Smart has limitations due
to lack of updates and that the BR boundary (polygon) data cannot be downloaded. The BR layer
(polygon dataset) has not been fully updated [51] since 2013. The BR centroids layer (point data) was
last updated in 2015–2016 [52] following the report of 9 June 2015 by the International Co-ordinating
Council of MAB based on the figures stated in the Legend of the portal [50]. All EU BRs in the UNESCO
database from April 2016 (Table 1, A) are included in Biosphere Smart following updates in 2016 and
2017 [52]. However, boundaries were unavailable for 26 BRs (16%), as 22 BRs had centroids only
and 4 BRs had out-of-date boundaries mapped. For these, the BR boundary had to be located by
reference to maps downloaded in a .pdf format from either UNESCO MAB webpages (17/167) (Table 1,
C) or official BR websites (Table 1, D) or reports (9/167) obtained using Google Scholar and listed in
Supplementary Materials. Official websites of UNESCO BRs to obtain BR boundaries (all accessed in
May 2019) include: Bulgarian Ministry for the Environment website and report obtained in English
with hyperlinks to official websites; Archipelago Sea Area and North Karelia BR websites in Finland;
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Gorges du Gardon BR website; Wadden Sea UNESCO World Heritage Site website; Tuchola Forest BR
website; Paúl do Boquilobo BR website; and Santana Madeira BR website.

2.2. Methods to Determine Attributes of BRs

2.2.1. Centroid Location

Centroid of each BR was established by converting latitude/longitude coordinates from the
UNESCO database (Table 1, A) into decimal degrees and mapping in ArcMap 10.4. This resulted in
the discovery and correction of errors in the UNESCO data which were notified to UNESCO MAB in
2017. Centroids were checked with latitude and longitude from point data in Biosphere Smart and by
viewing these against Google Maps (terrain view) in Biosphere Smart [50]. Biosphere reserves with
centroids located on islands (Table 1, C) are listed in Appendix A.

2.2.2. Boundary

Based on methods of a previous study [1], we attempted to obtain polygon data for BR boundaries
from the WDPA [21] (Table 1, F). This was challenging, as the WDPA contained 5 different terms in the
column for designations in English (DESIGN_ENG) for describing UNESCO BRs (Table 2). To select
only those within the EU-28, a query containing the ISO-3 codes for all EU countries (“AUT”, “BEL”,
“BGR” . . . “SWE”) was used. Polygon files were available for only 19% (31/167) of EU BRs upon last
download (August 2018). Furthermore, it was discovered that there are considerable time lags involved
in updating the WDPA database, due to the delays in when information was submitted to WDPA,
as they rely on national authorities to update them on changes in protected areas [21]. Therefore, both
the WDPA polygon and point datasets were not useful for this study. Polygon data were unavailable for
download from UNESCO [53]. Following these unsuccessful attempts to obtain consistent boundary
data, the boundary for each BR was located using the viewer in Biosphere Smart [50] or by using maps
from supplementary sources (Section 2.1).

Table 2. Five different terms for UNESCO biospheres which were mapped as polygons in the WDPA
dataset [21], both globally and within countries of the EU.

Term for UNESCO BR No. in Global No. in EU EU Countries (ISO-3) and Number of
Polygons by Country

Biosphere Park 4 4 AUT(4)

Biosphere Polygon 30 30 LTU(30)

Biosphere Reserve 99 3 ESP(1), LTU(1), LVA (1)

Biosphere Reserve and Indigenous Territory 1 0 0

UNESCO-MAB Biosphere Reserve 283 25
BGR(1), CZE(6), DEU(3), ESP(2), FRA(1),
GBR(1), GRC(2), GRL/DNK(1), HRV(2),

IRL(2), ITA(1), POL(2), PRT(1)

Total for polygon files of UNESCO BRs 417 62 62

Note: There is only one UNESCO BR in Lithuania as of April 2016. Therefore, the 30 polygons referred to here are
the components of just one BR.

2.2.3. Area

The total area in hectares for each BR was obtained from the UNESCO MAB database [22] (Table 1,
A). Errors were encountered for two German BRs—due to the fact of an error in data entry [54] and
the other due to the fact of an increase in the transition area following a periodic review in 2014 [55]
which had not yet been updated on the UNESCO MAB database [22]. Areas of BRs designated after
2013 were checked against those in Biosphere Smart to determine any discrepancies which could affect
boundary measurements. It was necessary to use centroids to compare locations of the 13% (22/167) of
BRs for which boundaries were unavailable in Biosphere Smart [50] with other official map sources to
verify data on BR area. Comments on BR size criteria in the scientific literature were used to categorise
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BRs by area (Table 3). Variation in BR area was analysed on a regional basis, over time and with regard
to degree of urbanisation (Section 2.3).

2.2.4. Year of Designation or Last Periodic Review

Every ten years, a BR has to undertake a periodic review process to keep its UNESCO designation [8]
and reflect and report on progress made in terms of knowledge, skills and expertise regarding resource
and ecosystem management [30,49]. This allows nations to adjust BR boundaries and revise zonation to
support the implementation of new UNESCO policies [30]. The UNESCO policies on urban biospheres
have changed over time (Figure 1). Therefore, the year of last periodic review may influence BR
characteristics such as: location, size, and proximity to urban areas. These characteristics were analysed
in relation to the relevant UNESCO policy based on information in the UNESCO database (Table 1,
A) on the latest year of periodic review or, for BRs which have never had a periodic review, year of
designation [22]. The results are reported in Section 3.1.3.

2.2.5. Coincidence with Natura 2000 Sites

There has been an assumption in the literature of concentric zonation of BRs following a centripetal
model [56,57], where the core zone of an “ideal biosphere” forms the centre and is an area (or set of
multiple areas) meant to secure long-term protection from development, ideally by legal means [56].
An example of this is Gorge of Samaria BR on the Greek island of Crete (Figure 2c), an older BR where
the core zone is surrounded by buffer and transition zones in the classic “bullseye” pattern. A previous
study of BRs and urbanisation on a global level used centroid data to generate circular forms based on
known BR areas [10]. We tested coincidence of BR centroids with N2000 sites (Table 1, G) designated
under the EU Habitats and Birds Directives [16], to examine if the BR centroid is actually in the
zone of highest legal protection for the EU. Distance from the BR centroids to the nearest N2000 site
was measured at intervals (1; 100; 500; 1000; 2000 m) to identify the nearest N2000 sites within that
geographic range of the BR centroid (Supplementary Materials). Biosphere centroids within 1 m and
100 m of N2000 boundaries were interpreted as being within the sites to address possible issues with
spatial resolution [20].

2.3. Indicators for Determining Degree of Urbanisation of BRs

2.3.1. Proximity to FUAs and Urban Status of BRs

Urban status was defined by coincidence of any portion of a BR with an FUA (Figure 2a), and such
BRs were recorded as “urban”, whereas those with no coincidence at all were recorded as “non-urban”.
Biospheres which were entirely within an FUA were noted as a subcategory, but degree of urbanisation
could not be measured without access to polygon data. If a BR was outside of the FUA (Figure 2b,c),
the settlements on the boundary of that BR were located in Biosphere Smart (Google Maps layer) [50] in
all cardinal directions using either boundaries already mapped in Biosphere Smart or supplementary
official BR maps (Section 2.1). Next, the closest settlement within an FUA was located using the
Urban Atlas 2012 viewer [19] (Table 1, H), and distance in kilometres “as the crow flies” from this
FUA settlement to the outermost settlement of the BR was recorded using the measurement tool in
Biosphere Smart. Those BRs which are greater than the “zone of influence” of 50 km of an FUA are
recorded separately (Figure 2c). If two or more FUAs were found to be within the “zone of influence”
of urbanisation of 50 km [34,40] of a BR, they were all recorded to illustrate multiple pressure points
of urbanisation, and the closest FUA was listed first (Table 4). Where two FUAs were found to be
equidistant (within a range of 1 km), the FUA with the highest population was listed first to indicate
the highest scale of urbanisation processes.

Examples of biosphere zones—core, buffer, and transition—and the spatial relationships between
BRs, FUAs, and the “zone of influence” are illustrated below (Figure 2a–c) using three BRs included in
this study: Collina Po BR, Italy; Babia Gora BR, Poland; and Gorge of Samaria BR, Greece.
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Figure 2. Examples of BRs in relation to Functional Urban Area (FUA). (a) An urban BR—Collina Po BR
and the FUA of Turin, Italy. The FUA overlaps with all three zones of Collina Po BR. (b) A non-urban
BR within a zone of influence—Babia Gora BR and the FUA of Krakow, Poland. The FUA boundary is
<50 km from the BR boundary and urbanisation impacts may be present. (c) A non-urban BR outside
of the zone of influence of urbanisation—Gorge of Samaria BR and the FUA of Heraklion, Greece on
the island of Crete. The BR boundary is >50 km from the FUA boundary.
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2.3.2. Percentage of Urban BRs by EU Country and Subregion

The number of BRs within FUAs was counted for each country based on UNESCO MAB database
(Table 1, A) and a percentage calculated and mapped using ESRI ArcMap 10.4. An official transboundary
BR is counted for each country that it occurs in and if it is within an FUA in any country, it is counted
as urban for all countries. Regional urbanisation of BRs was examined by calculating the percentage of
BRs within FUAs for all countries within each subregion of Europe as classified by the United Nations
World Urbanisation Prospects (WUP) [58]. Percentage of urban population per country from 2012 [59]
was used to compare with the national percentages of urban BRs.

2.3.3. Transboundary Urbanisation Effects

For some BRs, the nearest FUA was located in a different country. Designated transboundary BRs
(Table 1, A) have formal governance structures and joint cooperation in sustainable development to
manage pressures of urbanisation. However, where BRs are providing natural resources for cities in
another country, issues of governance and sustainable development controls arise. Transboundary
urbanisation impacts on BRs are identified as a subset (Table 5) to highlight the issue for future research
and international cooperation.

2.3.4. Accessibility

Analysis of accessibility is based on the “travel cost” method, using observations on the amount
of travel time and travel expenditure to calculate the overall travel cost [60]. The travel cost method is
used to estimate site-level demand for recreation by modelling the relationship between visitation and
the implicit price of visiting the site (the travel cost) [61]. This method has been used extensively in the
context of more remote recreational open space (e.g., state and national parks), where there is ample
variation in the cost visitors incur to reach the sites due to their varying points of origin [61]. Choice of
origin point—for example, using approximate rather than actual origin and methods of modelling
distances and travel time to a green space—will introduce errors and, therefore, bias into the results,
with bias likely to be larger in an urban setting [61]. However, researchers are often forced to make
such approximations [61].

This study uses an approximate point of origin—the centroid of the named city of the nearest
FUA (or, in some cases more than one FUA may be equally accessible), as determined by a Google
Maps search (Table 1, E), irrespective of the FUA centroid. City centre is selected as greater numbers
of visitors are likely to obtain transport from the city centre where tour operators, transport hubs
and accommodations are usually concentrated, offering the greatest opportunities for access by the
highest number of people. “Accessibility” was measured using Google Maps-Directions as distance in
kilometres of the quickest driving route from the city centroid of the city for each FUA to the centroid
of BR [22]. This was measured during off-peak times (10:00–02:00 GMT) to estimate the minimum
travel effort. Google Maps is a cost-effective method to collect recent data comparable across the study
area [62]. Google Maps uses Dijkstra’s Algorithm [63] of finding the shortest paths between nodes in a
graph, which may represent, for example, road networks [64]. This takes into consideration on the
ground realities and barriers such as rivers or mountain ranges to determine accessibility. For islands,
the nearest landfall to the EU territory “as the crow flies” was checked by using Google Maps (Table 1,
E) to measure accessibility.

2.3.5. Populations of Nearest Urban Settlements

Population of the FUA nearest each BR was obtained using the UA (Table 1, H), which provides
the estimated resident population for each polygon if an FUA is within the European Union [65].
Where two or more FUAs were found to be equidistant (within a range of 1 km) the FUA with the
highest population was selected to indicate maximum degree of urbanisation. The UA doesn’t account
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for higher daytime populations of major cities [65], which therefore will underestimate population
impacts for some highly urbanised BRs.

2.4. Statistical Analyses

The area of the BRs and the population of the nearest FUA of each BR was log transformed and
compared between World Urbanisation Prospects 2018 (WUP) Code regions, proximity to FUA and
year of latest review (or designation if no periodic review submitted) of the BR using a multi-variate
linear model in R. Any differences between groups of BRs (e.g., urban versus non-urban) were also
assessed with the same method. The R script is provided in Supplementary Materials.

3. Results

3.1. Attributes of the Network of UNESCO Biosphere Reserves under EU-28 Jurisdiction

3.1.1. Boundary

The network (as of April 2016) comprises one hundred and sixty-seven designated UNESCO
Biosphere Reserves (BRs) within the EU (Supplementary Materials). The number of BRs by country
varies from none (Belgium, Cyprus, Luxembourg, Malta) to one or two BRs in nine countries (Denmark,
Estonia, Latvia, Lithuania, Netherlands, Croatia, Finland, Greece, Ireland) and to three or more BRs
in the fifteen remaining countries (Figure 3). Forty-eight BRs are found in Spain, which constitutes
29% of all BRs in the EU (including three transboundary BRs between Spain and Portugal and one
BR shared between Spain and Morocco). This is due in part to the designation of individual islands
within archipelagos as BRs by Spain (Appendix A) which results in higher numbers of BRs overall
as compared with other countries of similar size. The majority of Portuguese BRs (6/10) are islands
(Appendix A). Overall, there are 15% (25/167) of EU BRs where the centroids are on islands in ten
countries (Appendix A) as noted in Supplementary Materials (see column, “Island”). Three of these
island BRs have autonomous governments (Isle of Man, North East Greenland and Santana Madeira),
but are listed by UNESCO under the reporting national MAB Committee and are categorised in the
same way for this study (Supplementary Materials).
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Figure 3. Number of UNESCO Biosphere Reserves (BRs) in EU-28 countries. The nine countries which
have only one or two BRs are grouped under “Other EU countries”. Transboundary reserves were
counted for each country that they occur within. The blue bars indicate the number of BRs outside
Functional Urban Areas (FUAs) and the orange bars indicate the number of BRs within an FUA.
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Twelve BRs are designated as transboundary reserves. Four BRs are designated between an
EU and a non-EU country, namely, Ukraine (3), Belarus (1), and Morocco (1), and two of these are
designated among three countries (Supplementary Materials). There are formal plans to extend Mura
Drava BR, an existing transboundary BR, from two to five countries, including a non-EU country
(Serbia), to encompass the Mura-Drava river catchment [66].

3.1.2. Area

The EU BRs range widely in area from less than 10,000 hectares to over 500,000 hectares but are
mostly between 30,000 and 150,000 hectares (Table 3). Twenty-five of the BRs are less than 10,000
hectares, which is considered too small to meet zonation requirements (Table 3). Sixteen of these are
located in Bulgaria. Reflecting the prevalence of small BRs in Bulgaria, BRs are generally smaller than
average in Eastern Europe and larger than average in Northern Europe. Northern Europe includes the
largest BR—North-East Greenland (Denmark)—covering an area of 97,200,000 hectares. The BR area
varies with WUP region [58] and the last year of periodic review (or designation if no periodic review
was submitted) [22], but not with proximity to FUA (F-statistic = 15.96, p < 0.01, R2 = 0.33).

Table 3. Number of UNESCO Biosphere Reserves (BRs) in the EU-28 within each area category derived
from the scientific literature.

Area (a) in Hectares Number of BRs Comments

a ≤ 10,000 25 Too small to meet zonation requirements [30,67]

10,000 < a ≤ 30,000 29 Ideal as “living laboratory” [47]

30,000 < a ≤ 150,000 64 Ideal size of biospheres unless transboundary [68]

150,000 < a ≤ 500,000 40 Large or transboundary BRs [68]

a > 500,000 9 Very large BRs

3.1.3. Influence of UNESCO MAB Policies on Urban Characteristics of BRs

In both Eastern and Northern Europe, those BRs that had been designated or reviewed more
recently tended to be larger in size than those designated at an earlier date. BRs tended to be smaller
when first designated in the late 1970s (except for Northeast Greenland BR, but recently have become
more variable in size. The second largest BR, the Bassin de la Dordogne (France), which covers the
entire catchment of the river Dordogne (2,397,190 ha), was designated in 2012 [22]. No relationship was
evident between the last periodic review (or year of designation if no periodic review was submitted)
of a BR and population size of the nearest FUA (F = 1.65, p = 0.2, R2 = 0.001). While BR area varies
with year of designation (or year of designation if no periodic review submitted), it does not vary with
proximity to FUA (F-statistic = 15.96, p < 0.01, R2 = 0.33).

3.1.4. Coincidence of UNESCO Biosphere Reserves with Natura 2000 Network

The majority (57%) of BR centroids were within 1 meter of a N2000 site (95/167) and an additional
3 BRs centroids were coincident within 100 m of N2000 sites. Overall, 73% (122/167) of all European
BRs had centroids within 1 km of N2000 sites and this rate was unchanged at 2 km. In terms of N2000
site types, 22% (37/167) of BR centroids were within 2 km of a Special Protection Area, 37% (62/167)
within 2 km of a Special Area of Conservation and 14% (23/167) of BR centroids were coinciding within
2 km of both types of designated sites.
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3.2. Indicators of Urbanisation

3.2.1. Proximity to FUAs and Urban Status of BRs

Urbanisation of EU BRs is common, with 46% (76/167) situated within FUAs. This includes 11%
(18/167) which are entirely within an FUA, of which four are transboundary BRs. Ten BRs are located
within the FUA of nine capital cities (Vienna, Sofia, Prague, Paris, Berlin with two BRs, Budapest,
Dublin, Warsaw, and Madrid). The island BRs which are within FUAs are found only in Spain
(Supplementary Materials). BRs are delineated adjacent to the FUA boundary at a distance of 1 km
or less (14%), where the margin of error of 100 m in the Urban Atlas (2012) [20] may be important
for determination of alignment with an FUA. Proximity of 1–10 km to an FUA was found for 7%.
Ninety percent of all EU BRs are within 50 km of an FUA, the “zone of influence” of urban settlements
on conservation areas [30,57]. An example of this is Babia Gora BR in Poland (Figure 2b). Only 9%
(15/167) of all EU-28 BRs are greater than 50 km distant from an FUA, and four-fifths of these (12/15)
are situated on islands. Further analysis of this 9% shows 55% (9/15) are greater than 100 km distant
from an FUA, all of them on islands. When island BRs are excluded from the results, the maximum
distance for a BR to an FUA is 90 km, at Wester Ross BR, UK (Supplementary Materials).

3.2.2. Percentage of Urban BRs by EU Country and Subregion

Of the twenty-four EU countries which have BRs, nineteen have BRs within FUAs. All BRs in Croatia
(2), Hungary (6), and the Netherlands (1) are within FUAs. Five countries have more than 50% of their
BRs in FUAs (Figure 4): Germany (87%), France (75%), Italy (71%), Austria and the Czech Republic (66%).
Several countries with few BRs have half of their BRs in FUAs—Finland (2), Ireland (2), and Slovakia (4).
Spain has only 40% of its national total in FUAs (Figure 4), including the only island BRs (3/167) within
FUAs in the EU-28. Five countries—Denmark, Estonia, Greece, Latvia and Lithuania—have no BRs within
FUAs (these countries are included in ‘other countries’ in Figure 3). Regional differences in urbanisation of
BRs between WUP European subregions [46] were observed but were statistically insignificant. Western
Europe has the highest level of urbanisation, with 79% of all BRs are within FUAs, whereas Southern (42%),
Eastern (38%) and Northern (32%) subregions are similar.Sustainability 2019, 11, x FOR PEER REVIEW 14 of 28 
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Figure 4. Percentage of BRs that are located within a Functional Urban Area (FUA) as defined by the
Urban Atlas [12] by country. The darker red the colour of the country is, the higher the percentage of
urbanised BRs. Centroids of UNESCO Biosphere Reserves (BRs) in the EU-28 are shown. The EU-28
countries that do not have BRs at all were excluded (country boundaries are from Eurostat European
Union, 1995–2018).
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3.2.3. Proximity to Multiple FUAs

Proximity to more than one FUA within 50 km radius was noted in 11% (19/167) of BRs (Table 4).
Of these, two percent (3/167) of BRs are nearly equidistant to three or more different FUAs (Table 4)
and impacted by urbanisation on multiple fronts. The average population of the nearest FUAs of this
category of BRs is 501,659 and the median population is 319,357.

Table 4. BRs with multiple FUAs and their attributes.

Country (EU) Biosphere Name Nearest FUAs Distance to
FUA (km)

FUA
Population

Bulgaria Koupena Plovdiv; Pazardzhik 8 556,902

Bulgaria Tchervenata Sténa Plovdiv; Asenovgrad 0 556,902

Czech Republic Lower Morava Brno; Prague; Vienna;
Bratislava 1 733,005

France Bassin de la Dordogne Brive la Guillarde;
Bordeaux 0 122,918

France Camargue (delta du
Rhône) *

Nimes; Avignon;
Montpellier 0 315,314

France Gorges du Gardon Nimes; Avignon 0 315,314

France Luberon-Lure Aix-en-Provence;
Marseilles 0 1,659,942

France and Italy Mont Viso
Transboundary BR Turin; Nice 0 1,754,424

Germany Schaalsee Lubeck; Hamburg 0 409,515

Germany Waddensea of Hamburg Bremerhaven; Hamburg 0 319,357

Italy Appennino
Tosco-Emiliano Parma; La Spezia 0 298,946

Italy Sila Cosenza; Cantanzaro 0 219,603

Latvia North Vidzeme Riga; Tartu 1 725,909

Netherlands Waddensea Area Leeuwarden; Groningen 0 467,594

Slovenia Julian Alps/Triglav
National Park *

Klagenfurt; Ljublana;
Udine 1 246,563

Spain Babia León; Oviedo 28 212,119

Spain Doñana Huelva; Jerez de la
Frontera 0 421,122

Spain (and
Morocco)

Intercontinental BR
Mediterranean Algeciras; Ceuta 0 129,628

Spain Valle de Laciana * Ponferrada; Oviedo; Leon 25 66,447

Note: The asterisk (*) indicates BRs under the influence of three or more FUAs. Nearest FUAs are listed in order of
shortest distance first. For “FUA Population”, the population is of that FUA which is listed first. Distance to FUA is
the shortest distance (km) between the outermost settlement within the BR transition zone to the boundary of that
FUA which is listed first.

3.2.4. Transboundary Urbanisation Effects

Not only are EU BRs highly urbanised, but this urbanisation can arise from areas outside the
country in which the BR is designated. For 7% of BRs (11/167), the nearest FUA was in another country
or outside of the EU (Table 5).
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Table 5. Biospheres with FUAs in another country.

Biosphere Name Country (EU-28) Nearest FUA FUA Population Distance to City
Centre (km)

Distance to FUA
Boundary (km)

Grosses Walsertal Austria St. Gallen, Switzerland 142,061 78 27

Srébarna Bulgaria Calarasi, Romania 82,960 25 13

Tchoupréné/Chuprene Bulgaria Niš, Serbia 427,847 129 18

Lower Morava Czech Republic Brno; Prague; Vienna, Austria;
Bratislava, Slovakia 733,005 53 1

Sumava Czech Republic Passau, Germany 239,492 56 1

Berchtesgadener Land Germany Salzburg, Austria 343,055 25 1

Aggtelek Hungary Košice, Slovakia 359,362 46 0

Julian Alps/Triglav
National Park Slovenia Ljublana, Slovenia; Udine, Italy 246,563 87 1

The Karst Slovenia Trieste, Italy 232,097 26 2

Kozjansko & Obsotelje Slovenia Zagreb, Croatia 1,132,952 61 1

Ordesa-Viñamala Spain Pau, France 258,796 123 20

Note: For “FUA Population”, the population is of that FUA which is listed first. Distance to FUA boundary is the shortest distance (km) from the outermost settlement within the BR
transition zone to the boundary of that FUA which is listed first.
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3.2.5. Accessibility

EU BRs are highly accessible (Table 6) as 18 BRs (11%) are within “walking/cycling distance” from
a city centre and 35% are accessible by “short driving distance” from the city centre (58 BRs). Almost
all EU BRs (97%) are within a “day-trip excursion” (162 BRs), i.e., less than 300 km distant from the city
centre of an FUA.

Table 6. Number of BRs in each band of accessibility (distance (d) from City Centre in km).

Distance (km) Number of BRs Accessibility from City Centre of FUA

0 11 in FUA

1 1 adjoining FUA

1 < d ≤ 10 5 walking/cycling distance from urban neighbourhoods

10 < d ≤ 50 41 within short driving distance at urban speeds

50 < d ≤ 100 65 short day trip

100 < d ≤ 300 39 day-trip excursion

300 < d ≤ 500 0 weekend destination to countryside

500 < d 5 distant destination

The distances of EU BRs on islands are likely to be under-estimated because they are measured as
the crow flies to the nearest point on the EU landmass and there may not be direct flights between the
BRs and these FUAs. Furthermore, such off-shore BRs are likely to have visitors from both EU and
non-EU cities, as many are global tourism destinations.

3.2.6. Populations of Nearest Urban Settlements

The median population size of FUAs coinciding with BRs is higher (319,240 inhabitants) than that
of FUAs external to BRs (239,942 inhabitants), and this difference is statistically significant (p = 0.014).
This may be due to the quarter (19/76) of urban BRs coinciding with FUAs of greater than 1 million,
whereas only 9% (8/91) of non-urban BRs are near such large European cities. Most BRs are situated
within (30% of urban BRs) or near (36% of non-urban BRs) FUAs with a population of 100,001–250,000.
The largest FUAs are near BRs in Western Europe, including nine cities greater than 1 million inhabitants
(Mannheim, Dresden, Aix-en-Provence, Turin, Vienna, Stuttgart, Hamburg, Berlin with two BRs and
Paris). The Paris FUA is the largest near any BR with over 11 million inhabitants. As anticipated by
the significant difference in the median population size of FUAs near urban BRs in comparison to
non-urban BRs, the distance to FUA was negatively correlated with its population size (r = 0.05).

4. Discussion

The results of this study show that the extent of urbanisation of BRs within the EU is more
widespread than the literature suggests. Traditional concepts of BRs need to be questioned.
The expectation that the centroid of a BR represents the most highly protected and remote location for
conservation isn’t the case for over one-quarter of BRs centroids that do not occur within two kilometres
of any EU Natura 2000 sites. The transition zones of many BRs now comprise the urban zones of
major cities (Section 3.2.1), not the traditional model of towns and villages depending on the natural
resources of a BR. Many EU BRs have become entirely urbanised or function as recreational areas for
one or more large cities. The overwhelming majority of EU BRs are within the zone of influence of
urban areas (Section 3.2.1). Even BRs outside of FUAs are under pressure from tourism from major
cities due to ease of accessibility. Urgent attention is needed for 11% of EU BRs that are under multiple
pressures and squeezed between 2–4 metropolitan areas (Table 4). A further subset of 7% EU BRs is
managed within one country but are impacted by major cities in another country which may even be
outside of the EU (Table 5) and will have different land use policies and governance. Another subset of
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15% of EU BRs is on islands (Appendix A), most of which are not urbanised. Many BRs are continuous
with FUAs but exclude them from the designation (Section 3.2.1). These issues have not been explored
in previous research and are not elaborated in current UNESCO MAB policies.

This study shows that just under half of EU BRs are within urban areas (Section 3.2.1). This may
demonstrate that BRs are often designated such that urban development interests can be integrated with
conservation interests [17]. Urban growth pressures can result in a greater perceived need to protect
remaining areas of biodiversity [69], which may stimulate populations to initiate a BR designation
process [17]. However, this study also revealed some BRs where integration with nearby urban areas
is not fully recognized and addressed (Section 3.2.1). There are both opportunities and threats to
conservation associated with urbanisation. Given the inconsistent approach to urbanisation across
the network revealed in this study (Section 3.2.2), the UNESCO MAB programme needs to embrace
strategies that explore the potential of BRs to integrate human with conservation interests.

4.1. Distribution of UNESCO Biosphere Reserves within the European Union

Distribution of BRs does not align with patterns of high biodiversity or rarity because national
policies, the history and philosophy of planning, and conservation management have had strong
influences on the spatial distribution of PAs, especially in Europe, where national biases become
evident [4]. Regional differences in urbanisation were anticipated to affect urban status of BRs based
on the earlier study [1]. Differences in urbanisation by WUP subregion were observed but statistically
insignificant (Section 3.2.2), when accounting for the variation between countries for each region.
As both the literature [18] and our results (Section 3.1.4) show, the core zone of many EU BRs comprises
one or more N2000 sites. There needs to be greater analysis within UNESCO and the EU of how
the results of this study (Sections 3.1.2 and 3.2.2) and the EU evaluation report [70] indicate regional
urban pressures on the BR network. There are considerable variations in the status of ecosystems by
biogeographical and marine regions and the impacts of urbanisation across the EU [71] which could be
examined in relation to BRs that are designated to manage N2000 sites.

The evidence presented here shows that the biosphere concept is being actively applied to urban
and accessible ecosystems, contrary to the scientific literature on isolationism of BRs [71]. However,
its application is without any specific strategies for designation of urban BRs [72] and is arising from the
expansion of nearby urban settlements as highlighted in a case study [73] and inward migration toward
cities within the EU. The analysis identified a subset of BRs (Appendix A) located in archipelagos that
would seem to support the assertions of isolationism [71] in sites designated as BRs and contradict the
view that biospheres “are not islands” [35]. Such disparities in the BR network illustrate the diverging
views on designation of BRs, and perhaps of PAs generally, within the EU.

Area of BRs within the EU-28 varies (Section 3.1.2), but the dominant size (38%) is 30,000–150,000 ha,
the “ideal size” for BRs as per the German MAB criteria [68] (Table 3). The EU BRs have increased
since the Seville Strategy [8] (Figure 1) by the extension or amalgamation of smaller, first-generation
BRs [30]. Since the early days of the MAB programme, determining the desirable size of a BR has been a
challenging question for UNESCO [16] and is still not specified in current UNESCO strategy [27], but a
BR must be of an appropriate size to serve the three requisite functions [8]. Batisse [16] contends that
“size of each BR constitutes a fundamental issue” and that it should be linked to factors for managing
genetic diversity. A study of EU PAs—including UNESCO biospheres and N2000 sites—found that
conservation value was often disconnected from the size of PA and declined due to the presence of other
factors: poor management effectiveness, growing human pressures and insufficient governmental
support [3]. However, a review of N2000 sites found that size was a significant predictor of land cover
changes in the past two decades, with changes higher in smaller N2000 sites [74]. This suggests that the
zonation of BRs could be a useful tool to manage these changes for N2000 sites within BR core zones.
The large variability in size of BRs found in this study (Section 3.1.2) may reflect that contradictory
views between UNESCO MAB Committees and regional networks, with Afri-MAB asserting that
the small size (approximately 14,200 ha) and population of an island BR designated in 2012 “make
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[it] a suitable natural and social laboratory” [47], whereas German MAB criteria require an area of
30,000–150,000 ha (Table 3), although BRs across trans-federal states can be larger [68].

Spatial coincidence between BR centroids and Natura 2000 sites (Section 3.1.4) was somewhat
weaker than would be expected from the concentric zonation concept of BRs in the literature [10,56].
Only 59% of BR centroids were coincident within 100 m of a Natura 2000 site. For 27% of EU BRs,
the core zone is either located more than 2 km away from the BR centroid or is a national—not
EU—nature conservation site. Therefore, methods of analysis that assume a concentric zonation [34]
may be unreliable for study of urbanisation of EU BRs. The purposes of collection of centroid data in
periodic reviews should be re-evaluated.

Both types of N2000 sites coincide with BRs centroids, but those designated as Special Areas of
Conservation for their habitats are more coincident than those as Special Protection Areas for birds.
For 14% of BR centroids, both types of N2000 sites coincided within 2 km, illustrating that BRs are
protecting the most sensitive EU sites. Of BR centroids that were coincident within 1 m of a N2000 site
(95/167), 48% (46/95) were for BRs that were also within FUAs (Supplementary Materials). The BR
designation should be a tool to manage the pressures of urbanisation on these N2000 sites.

4.2. Proximity of UNESCO Biosphere Reserves to Functional Urban Area (FUAs)

Human settlements are expected within BR transition zones under UNESCO criteria [8].
An earlier study reported that 43.3% of all PAs in Europe were within 10 km of small urban areas
(25,000 persons) [34]. However, we found (Section 3.2.1) that two-thirds (110/167) of EU BRs are
within 10 km of larger FUAs (50,000 persons), with only 3% of these (5/167) on islands (Appendix A).
Furthermore, the results (Section 3.2.1) show that 90% of the EU BRs are within a ‘zone of influence’ of
50 km of urban settlements [34,40]. As a BR boundary is usually in the transition zone [75], these results
suggest that many European BRs are now contiguous with large urban settlements and conurbations.
Urbanisation is a widespread phenomenon across the EU BR network and a systematic coordinated
approach to urbanisation within UNESCO would be beneficial.

Some of the findings of our study point to a lack of a coordinated approach to urbanisation in
EU BRs. Configuration of a BR should be based on ecosystem rather than administrative boundaries
and the network includes transboundary BRs for this purpose [76]. However, this research shows that
14% of EU BRs boundaries of BRs are designated within 1 km of an FUA boundary (Section 3.2.1).
This suggests a purposeful avoidance of urban areas and raises questions about public engagement
with urban citizens in the active management of conservation areas on their doorstep. Such avoidance
may result in a missed opportunity for BRs to garner support for managing urbanisation in an
integrated way. Having high levels of population can indirectly the drive ecosystem plan’s quality
higher, support the presence of environmental NGOs, and boost the collective capacity of the planning
process [69]. In addition, we found that 7% of BRs are located in or close to an FUA/s in a different
country (Section 3.2.1). The transboundary BR concept can be used to overcome such administrative
challenges for PAs.

Differences in the urbanisation of BRs among EU nations arise from various factors, including:

• Geographical context. More densely populated EU countries would be expected to have more
urban BRs. Countries in central Europe may have greater levels of urbanisation than peripheral
ones due to historic trade and transport routes [77]. National urban population trends [58] appear
unrelated to percentage of urban BRs in each country;

• Historical development. There is considerable variability in land consumption patterns between
European countries which derives from their history, tradition, and consistency of the territorial
management tools [78];

• Political context and governance. Among EU members, stronger national planning policies
may influence development controls and reduce land consumption of urbanisation [78] and the
existence of regional planning can counter landscape fragmentation [77];
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• Socioeconomic factors influencing development. Higher per capita incomes, higher educational
attainment, and lower unemployment rates are positively correlated with higher landscape
fragmentation in many EU regions [77]. Distinct land consumption patterns along geographical
and socioeconomic gradients within the EU have been determined [78];

• National MAB Committee policies. Within UNESCO, each national MAB Committee is responsible
for strategies for selection and proposal of sites for biospheres, periodic review reporting and
establishing national legislative supports for biosphere protection [27]. Some EU nations, e.g.,
Germany have prepared their own national guidance on and interpretation of UNESCO criteria [68],
while other countries have weak MAB committees. This influence of national policies is borne out
by the lack of correlation between the last periodic review and the population of those nearest to
the FUA to BRs in our results.

These different factors influencing urbanisation will have to be addressed in any network-wide
strategy, and flexibility with regard to local implementation is essential [25].

4.3. Effects of Urbanisation on UNESCO Biosphere Reserves

Urbanisation impacts on biodiversity are usually negative [79], but urban PAs may have several
governance advantages, such as: higher wealth, easier access to public support and political centres of
power [80]. These advantages can provide resources for biodiversity conservation to counter other
factors in the vulnerabilities of urban PAs [46]. Urbanisation can bring opportunities to communities in
rural remote areas where BRs are situated [73]. Strategies are needed to harness these advantages for
urbanising BRs, as inadequate financing of PAs is becoming increasingly prevalent in some of the richest
countries, where major reductions in staffing levels and funding have been recently observed [81].
The area occupied by predominantly urban regions across the EU is generally quite small, but with a
high concentration of economic activity and highest median income in these regions [37]. Urban areas
are also centres of knowledge, innovation, and productive resources that could be harnessed by BRs [35].
Incentives and resources for ecological goals can arise out of the BR designation [47]. It has previously
been suggested that urban BRs could act as long-term ecological research (LTER) sites [82]—similar to
a US federal network which includes two urban sites [42] or provide a thematic or subs network to
monitor biodiversity changes and ecosystem services through Biodiversity Observation Networks
(BONs) [83]. Our study identifies specific urban BRs for the development of strategic networks within
the EU.

Protected areas can be drivers for urbanisation, as they may exert an “attractive effect” on urban
development [73,84]. Increased human population growth in unprotected areas surrounding PAs can
result in “edge effects” in proportion to urban population densities that cause loss of biodiversity and
ecosystem function [46,85] and reduce the effective area of a BR [73]. Designating a BR can serve to
address this issue by focusing governance toward furthering ecological goals through sustainable
development [43], if BRs include the urban areas that exert pressure on the core zones. For 11% of
the BRs that are situated within the zone of influence of multiple FUAs (Table 4), the coordination of
multiple municipalities is required to achieve this. Evidence from the analysis of three BRs in France,
Spain and Portugal has shown strong intensification changes and conversion of agricultural lands
and natural areas to artificial surfaces in BR buffer zones from the expansion of existing nearby urban
centres during 1990–2006 [73]. Our results show that two of these three BRs are now within FUAs
(Supplementary Materials), one of which was not considered to be the nearest city previously [73].

Urbanisation may result in increased land values within BRs. The high value of land in many
European cities, particularly capital cities, invites investment by global entities and incentivises
maximisation of all available space for development and intensification of existing land uses [37].
This intensification will further pressurise the maintenance of BR zonation, and the distance of the
land use gradient of BRs may decrease. These pressures will strongly affect the 66% of EU BRs that are
within 10 km of an FUA and those located within or close to FUAs with higher populations. Biosphere
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management plans will have to adapt, as policies of setting aside lands purely for nature conservation
may be curtailed [41].

Recreational pressure from urban populations is a known conservation threat to PAs [70] and must
be managed in accordance with objectives and PA category [5]. Transportation networks can greatly
influence travel costs and road networks stimulate urbanisation of PAs [70,73]. For example, even
the formerly remote areas of Ireland’s western seaboard—including areas protected for native Irish
language status and for biodiversity such as Kerry BR—are now marketed as a day trip from Dublin
(347 km one way) to an “unspoilt region” on tourism websites due to the upgrading of the motorway
network under EU structural funds. The maximum distance for all EU biospheres—excluding
islands—is 90 km (Supplementary Materials, see Wester Ross BR, UK) (Section 3.2.1). This indicates
that they are all potentially a day trip from cities (Table 6). Eighty-six percent of BRs are within easy
driving distance from FUAs (Section 3.2.5). The management of recreational pressures is, therefore,
one of the most important issues to be addressed across the urbanising BRs in Europe.

It is evident that EU BRs are providing ecosystem services for cities with large populations, as this
study showed that one-quarter of BRs that are located within FUAs (19/76) are of resident populations
greater than one million (Section 3.2.6). Many European cities have even higher tourist populations
and demands on BRs, many of which are tourist attractions in their own right, and which may be
under-estimated by using only FUA populations. Currently, UNESCO has not set any criteria for
population thresholds to define urban BRs, but it would seem that the BRs identified in this analysis
would qualify.

5. Conclusions

The objectives of the study were to quantify the extent of urbanisation of UNESCO Biospheres
in the EU-28 and to analyse the current vulnerabilities of these BRs to urbanisation. The recent
development of mapping tools and databases publicly available within the EU have made it possible
to analyse the degree to which BRs in the EU-28 are urbanised. The results show that the majority
of BRs within the EU are facing urbanisation pressures, but some of the BRs are not appropriately
designed to account for these urban pressures right outside their boundary. This suggests that the
UNESCO strategy for BRs needs to give much more serious consideration to the management of these
pressures and specific measures for conservation of urban ecosystems.

6. Recommendations

As urbanisation is now affecting the majority of EU BRs, our recommendations for development
of a new urban strategy for BRs and to improve overall functioning of the network are:

Recommendation 1: Strengthen channels for communication for urban BRs:

• Expand the UNESCO Biosphere Urban Working Group to include all European BRs that were
identified as urban in this study.

• Initiate a collaboration on long-term research and planning among the 9 EU capital cities which
were identified as having BRs within their FUAs.

Recommendation 2: Include nearby FUAs through revised BR zoning and governance
arrangements:

• Consider expanding the transition zones of BRs to include those FUAs detected in proximity to
BRs but not currently included in these designations, particularly where the relevant FUAs are in
a different country or even outside the EU (Table 5).

• Examine if FUAs in neighbouring countries identified in this paper (Table 5) should be involved
in cooperative governance of BRs through formal transboundary designations or other mutually
agreed structures.
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Recommendation 3: Improve data collection, accessibility, and exchange in MAB to manage
for urbanisation:

• Update the periodic review form to include more data collection on urbanisation trends in BRs.
• Publish population data from periodic review reports to assist in calculating population densities

of BRs. This would assist in analysis of vulnerabilities due to urbanisation.
• To determine which BRs are under greatest pressure from urbanisation, further research on

population trends and urban expansion rate for these different FUAs would be useful. Topography
of surrounding areas is relevant, as lowlands dominated by an agricultural and urban matrix are
where high land consumption due to population expansion has been observed in the EU [73,84,86].

• Update Biosphere Smart and provide a means for BR researchers to download data from it.
• Develop and provide support for an internet-based server for UNESCO BRs to access and upload

data on BRs including mapping of zonation to allow researchers to analyse spatial data submitted
through periodic reviews and to encourage BRs to provide updates more frequently than the
ten-year review process. This would foster adaptive management practices at various levels and
assist greatly in analysis of urbanisation of BRs and urban interactions. It would enable BRs to
share data without putting all of the onus on UNESCO to maintain updates, when it is “in a time
of austerity” [82].

• Develop a standard survey of BR visitors [61] to provide more specific data on origin points of
visitors and reduce errors in travel cost estimates. This would serve to test to what extent the BRs
are meeting recreational demands of FUAs and becoming more urbanised. It would also permit
more accurate analysis of accessibility.

• Update the database produced for this research study to reflect land use changes in the future
through use of updates to the Urban Atlas (2012) in conjunction with data obtained in future
periodic reviews. It is hoped by the authors that this study can serve as a baseline to assist future
monitoring and research for BRs within the EU and inform policy within UNESCO and the EU
for PAs.
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Appendix A

List of UNESCO Biosphere Reserves on islands:

• North-East Greenland (Denmark)
• Archipelago of Guadeloupe (France)
• Commune de Fakarava, French Polynesia (France)
• Iles et Mer d’Iroise (France)
• Vallée du Fango (France)
• West Estonian Archipelago (Estonia)
• Archipelago Sea Area (Finland)
• Gorge of Samaria (Greece)
• Tuscan Islands (Italy)
• Azores Islands (Portugal)—four BRs, each separately designated Corvo Island, Flores Island, Fajãs

of São Jorge Island and Graciosa Island
• Berlengas (Portugal)
• Santana Madeira (Portugal)
• Canary Islands (Spain) archipelago—seven BRs, each separately designated: Fuerteventura, Gran

Canaria, Isla de El Hierro, La Gomera, La Palma, Lanzarote, Macizo de Anaga in Tenerife
• Minorca, Balearic Islands (Spain)
• Blekinge Archipelago (Sweden)
• Isle of Man (United Kingdom)
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