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Green Infrastructure has recently gained importance as a planning tool at the regional and local levels.
While it provides a range of ecosystem services, greater attention is needed on integrating the economic,
environmental and social benefits produced, particularly in the context of climate change adaptation and
mitigation. This paper maps out the urban green infrastructure as a delivery mechanism of ecosystem
services and identifies a number of measures for ecosystem services improvement using the strengths,
weaknesses, opportunities and threats approach for the city of Faro within the context of the Algarve
region. The absence of an integrated strategy for the urban built and green areas and the low connectivity
with the hinterland green areas were the main weaknesses of the city. The solutions, identified by means of
ecosystem services regulation functions, address the related measures, anticipate the climate change
challenges and enhance the city’s resilience. Social, economic, health and visual-aesthetic benefits have
been particularly emphasised for each measure identified.
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1. Introduction

Green infrastructure is the network of green spaces in
rural and urban areas that, together, enhance ecosys-
tem resilience, contribute to biodiversity conserva-
tion and benefit people through the maintenance and
enhancement of ecosystem services. Green infra-
structure addresses the connectivity of ecosystems,
their protection and the provision of ecosystem ser-
vices, while also addressing mitigation and
adaptation to climate change. It promotes integrated
spatial planning by identifying multifunctional zones
and by incorporating habitat restoration measures
and other connectivity elements into various land
use policies (European Environment Agency 2011).
Urban green infrastructure is the sum of all parks,
public green space, allotments, green corridors, street

trees, urban forests, roof and vertical greening and
private gardens (Cameron et al. 2012). Green infra-
structure can be strengthened through strategic initia-
tives that focus on maintaining, restoring, improving
and connecting existing green areas as well as creat-
ing new areas and features.

The Millennium Ecosystem Assessment has
divided ecosystem services into four ecosystem func-
tion groups relevant to well-being (Millenniun
Ecosystem Assessment 2005): regulation function
related to regulating services (e.g. urban temperature
regulation, air purification, noise mitigation, run-off
mitigation), information function related to
cultural services (e.g. educational and recreational
opportunities), habitat function related to supportive
services (e.g. refugee function) and production
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function related to provisioning services (e.g. water
and food provision).

Spatial and urban planning have a determinant
role in affecting the distribution, quality and use of a
wide range of ecosystem services and ‘disservices’
(Escobedo et al. 2011) delivered by urban green
infrastructure, and they form the basis of their con-
servation and enhancement (The Economics of
Ecosystems and Biodiversity 2011). Furthermore,
urban green infrastructure can contribute tomitigating
a number of urban threats and weaknesses by inform-
ing the design of environmental quality management
alternatives and addressing a number of environmen-
tal/urban planning strategies. Understanding urban
ecosystems and urban green infrastructure can
improve urban planning, vegetation management,
urban sustainability, allocation of financial resources
and, most importantly, human well-being in cities
(Dobbs et al. 2011). However, the concept of ecosys-
tem services has been slow to affect actual land
management and economic and policy decisions
(Logsdon & Chaubey 2013).

A SWOT (strengths, weaknesses, opportu-
nities, threats) analysis has been structured in
order to understand the state of urban green areas
in relation to the built areas, as well as the relation-
ship of these areas with the challenges of climate
change. A SWOT analysis is an assessment of
internal strengths, weaknesses, external opportu-
nities and threats used in the preliminary stage of
strategic decision-making (Johnson et al. 1989). In
relation to city planning, internal strengths and
weaknesses are within the control of the city
administration, whereas opportunities and threats
are external dynamics that are not controllable by
the city administration.

The SWOT model was originally used in busi-
ness management literature, where such an analy-
sis has a strategic goal intended to clarify outside
opportunities and threats that can affect the future
of a business. Analogous to business strategy,
public institutions and administrations may use a
similar method to identify internal and external
factors relevant to planning strategies (Tsenkova
2002). The SWOT instrument is intended to high-
light those determinant factors, which may

produce relevant strategic guidelines by linking
the project strategy to its environment (European
Commission 1999). According to this research, the
analytical structure of SWOT is used as a decision
support system to generate strategies with the aim
of increasing the level of information and reducing
uncertainty (Karppi et al. 2001).

The aim of the present study is to focus atten-
tion on urban green infrastructure as a delivery
mechanism of ecosystem services and identify a
number of measures for ecosystem services
improvement for the city of Faro (the capital of
the Algarve region, Portugal). The analytical struc-
ture of SWOT was used as an instrument to gen-
erate urban planning strategies. Such outcomes
will help to provide evidence for the enhancement
of the city’s resilience, address the related mea-
sures and anticipate the climate change challenges.

2. Urban adaptation to climate change:
building resilient cities

Environmental changes in general, and those asso-
ciated with climate change, in particular, are
increasingly recognised as growing challenges
across the world, necessitating drastic adjustment
in city and regional management. Because of the
unavoidability of these impacts, mitigation alone
will not be sufficient to fight climate change; it
needs to be complemented by adaptation measures.
Adaptation seeks to alleviate the impacts of climate
change by increasing the resilience of people and
regions to these impacts. Providing more room for
waterways and establishing strong spatial planning
that stops placing homes, businesses and infrastruc-
ture into future risk-prone areas can be effective and
sustainable ways to deal with risks. Keeping public
space and buildings cool by using green roofs and
providing more shade saves energy and makes
cities more attractive. Adaptation to climate change
offers the opportunity for developing new jobs,
promoting innovation and implementing the pro-
found changes needed in managing cities and
regions (European Environment Agency 2012).

Climate change affects cities around the world,
which are increasingly recognising the need to
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prepare for the impacts on their operations, assets
and residents. It is important for the stakeholders
to know what to expect so that the necessary
structures can be developed in the phase of pre-
paration and organisation (Karanikola et al. 2014).
Some have seen notable changes in relation to the
frequency and intensity of extreme weather events;
others have experienced changes in temperatures;
others have experienced coastal erosions, disap-
pearance of wetlands and storm surges (Carmin
et al. 2012).

Many cities are working on mainstreaming
adaptation and planning strategies. To this extent,
ecosystem services provide a number of mitigation
functions that contribute to providing solutions.
The current challenge at the European level is to
include ecosystem services in policies and prac-
tices in order to ensure the continuous provision of
their benefits to humans. The European Union has
adopted an EU Biodiversity Strategy for 2020 in
which the target of safeguarding ecosystem ser-
vices is explicitly included (Egoh et al. 2012).

The concept of ecosystem services can pro-
vide a useful instrument for more integrated and
sustainable planning for investing more in
restoration of degraded ecosystems. Despite
the growing knowledge base and increased
awareness of the political and socio-economic
relevance of ecosystem services, actual imple-
mentation of ecosystem services in practical plan-
ning and decision-making is still in its early
stages (Fisher et al. 2009).

2.1. Climate change challenges and response
options

A number of response options to climate change
challenges have started to be provided in this last
decade. In particular, three main urban threats
have been identified as the basis of urban climate
adaptation planning: heatwaves, flooding and
water scarcity/droughts (European Environment
Agency 2012).

Heatwaves are related to the increasing
intensity of changes in temperatures. To this
extent, according to the World Meteorological

Organization (WMO 2014), 13 of the 14 warm-
est years on record have all occurred in the
twenty-first century, and each of the last 3 dec-
ades has been warmer than the previous one,
while 2013 was the seventh hottest year since
records began in 1850. Heatwaves in cities can
lead to health impacts (with increased mortality
rates) and, more generally, to other ecological
impacts such as loss of livestock, wilted crops
and loss of forest cover caused by wildfire activ-
ity (Trigo et al. 2009). Ecosystem services reg-
ulation functions that are related to planning
strategies can help to mitigate urban temperature
by providing shadow to streets, sidewalks and
buildings through plantation of trees and green
walls, for example (Qiu et al. 2013).

Flooding in cities can lead to social impacts
related to risks to life and health. Additionally,
flooding can have economic impacts such as
damage to public and private buildings; loss of
earning in industry and trade; loss of revenue
due to road, railway and transportation interrup-
tion; and high prices for essential commodities
(Merz et al. 2010). Ecosystem services regulation
functions that are related to planning strategies can
help to mitigate run-off by incentivising the pre-
sence of permeable soils supporting green soils in
parking areas, squares, flower bed, rooftops, back-
yards, allotment gardens and bioswales, for exam-
ple (Shuster et al. 2008).

Water scarcity and droughts in cities can lead
to extensive socio-economic and environmental
impacts. High demands for water frequently coin-
cide with areas of low supply, leading to water
stress. This occurs particularly in Southern
Europe, though not exclusively. Farmer et al.
(2008) report that around one-fifth of the EU’s
population lives in countries that are water
stressed. Ecosystem provisioning services provide
cities with fresh water by securing storage. The
contribution of ecosystem services regulation
functions that are related to planning strategies
can help cities with water purification.
Furthermore, vegetation cover and forests in the
city catchment influence the quantity of available
water (Gómez-Baggethun et al. 2013).

International Journal of Urban Sustainable Development 3



3. Urban and green areas: a SWOT analysis
for the city of Faro

In order to start up a process of management and
improvement of urban green infrastructure, it is
important to identify the correct scale of analysis,
proceed with an analysis of the context to define
both human and ecological community structures
and find contextualised environmental goals and
the role of ecosystem services. Decision-makers
should not assume that certain ecosystem services
are equally important to all urbanities since eco-
system services are location specific (Escobedo
et al. 2011). To this extent, a SWOT analysis can
be helpful to find which ecosystem services need
to be improved in the identified context. The out-
comes of the SWOT analysis will help to set a
number of measures for strategy generation that
can form the basis of urban planning strategies
based on ecosystem services improvement.

The scale of analysis is urban and includes the
more consolidated area of the city of Faro and the
related urban ecosystem (Figure 1). Faro is the
southernmost city in continental Portugal. It is
located in the Faro Municipality in southern
Portugal. The city proper has 50,000 inhabitants,

and the entire municipality has 65,000 (census of
2011). Faro has a moderate Mediterranean climate
(Köppen climate classification: Csa). Summers are
warm to hot and sunny with average daytime
temperatures of 35°C. The annual average tem-
perature is around 17°C, and the annual rainfall
is around 350 mm. It is the capital of the Algarve
region. Both the city and the region base their
economy on tourism. Faro hosts the international
airport (Algarve airport) that serves the south part
of Portugal.

The city is surrounded to the north, east and
west by an agricultural countryside and to the
south by the Atlantic Ocean, where the wetland
Ria Formosa National Park is located. Ria
Formosa is a protected nature reserve with differ-
ent and sometimes antagonistic uses. Part of the
system is a wetland and the other part is sand dune
islands, and it plays an important role in the
region’s economy. In addition to its use by tourists
and residents for leisure, the system also supports
other economic activities such as seafood farms
and the port of Faro.

Figure 2 presents a SWOT analysis for apply-
ing an ecosystem services, maintenance and
enhancement approach for the city of Faro within
the context of the Algarve region. The SWOT
analysis has been divided into two parts: the ana-
lysis of the endogenous/internal factors that are
within the control of the city administration,
where strengths and weaknesses are in evidence,
and the analysis of the exogenous factors that are
not controllable by the city administration, where
opportunities and threats have been examined. The
outcomes of the SWOT analysis can be used to set
a number of measures for strategy generation that
can form the basis of urban planning strategies for
ecosystem services improvement.

The integrated information to structure the
SWOT analysis have been collected through on-
site surveys, former studies concerning the green
areas of Faro (Gabriel 2007; Duque &
Panagopoulos 2013) and data collected from the
Civil Protection of Portugal (2013). On-site sur-
veys, together with the existing studies and
researches on the green areas of Faro, permitted

Figure 1. The consolidated area of the city of
Faro and its urban green infrastructure. 1: Alameda
Park, 2: Lyceum, 3: Avenue 5 October, 4: Avenue
Calouste Gulbenkian, 5: Quinta Santo Antonio do
Alto, 6: The historical centre on the edge of Ria
Formosa National Park. (Source: Aerodata
International Surveys, Cnes/Spot Image, Digital
Globe, IGP/DGRF, Google 2014).
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the analysis of the state of the green areas in
particular, as well as some main characteristics
of the city in general. This provided evidence of
a number of endogenous factors based on
strengths and weaknesses. Data collected from
the civil protection permitted the highlighting of
a number of threats such as risks and vulnerabil-
ities. These unfavourable external factors are a
potential source of damage for the city and its
dwellers and are not controllable by the city
administration. On the basis of this data, the
city administration can structure a strategic

planning process for urban green areas with the
aim of improving ecosystem services, which will
contribute to the mitigation of threats and to help
solve weaknesses.

3.1. Endogenous strengths and weaknesses
within the control of the city administration

A number of strengths that are within the control
of the city administration have been identified.
Tourism is the main economic driver of the city.
As a consequence of tourism, some areas of the

Strengths

- As a consequence of increasing tourism, some 
areas of the city centre are less degraded and 
investing in more urban green facilities. 

- ‘Parque Natural da Ria Formosa’. The natural park 
is an important wildlife site designated as a 
wetlands reserve of worldwide significance. The 
presence of the wetland helps furthermore 
regulating the urban microclimate and the barrier 
sand islands protect from waves. 

- The two smaller but important green areas of the 
city: Alameda Public Park, the green area that 
surrounds the Lyceum of the city. 

- Remnants of an agricultural area close to the city 
centre.

Threats

- Flooding in urban areas: monthly average rainfall 
varies with notable seasonality in Portugal, and 
are stronger in the southern half of the peninsula. 

- Heatwaves: according to the climate change 
scenarios (IPCC), the Mediterranean basin will be 
drier and more prone to heatwaves in the 
following decades.

- Water scarcity and droughts in the urban area of 
Faro. Golf courses in the peri-urban area of Faro 
and in general in the Algarve region increase the 
problem.

- Coastal erosion due to ocean rise and tsunamis 
due to high risk of earthquakes. 

Weaknesses

- The historical city centre characterised by a certain 
amount of abandoned buildings and degradation in 
particular in the areas out of the paths of tourists. 

- The majority of streets, buildings and open areas do 
not benefit from green facilities. 

- The city suffers of low connectivity with the 
hinterland green areas. 

- The absence of an integrated strategy for an urban 
green plan is noticeable. 

- Lack of free space in the compact urban fabric 

Opportunities

- Urban rehabilitation policy that emphasises the 
importance of sustainability and the use of green 
walls and green roofs. 

- The regulation services provided by urban green 
areas and green areas in general can help to 
mitigate flooding. 

- The regulation services provided by urban green 
areas and green areas in general can help to 
mitigate heatwaves. 

- The regulation services provided by urban green 
areas can enhance water quality and supply. 

- Urban agriculture for more resilient urban food 
systems.  

Figure 2. SWOT analysis for applying an ecosystem services approach for the city of Faro within the context of
Algarve region.
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city centre are less degraded and provide more
facilities. An important environmental strength
for the city is the Natural Park of Ria Formosa
that surrounds Faro to the south. Located along the
Algarve centre–east coast, the park is an important
wildlife site designated as a wetlands reserve of
worldwide significance (Natura 2000 site).
Furthermore, the presence of water helps regulate
the urban microclimate (Bolund & Hunhammar
1999), and the barrier sand dune islands offer
protection from the rising ocean waves and may
also decrease the risk of tsunamis in this region
that has a high risk of earthquakes.

There are two green areas of importance in
relation to a rich variety of species and size of
plants. Although their dimensions are small, the
Alameda public park provides some recrea-
tional facilities (Figure 1, 1), and there is a
green area surrounding the Lyceum of the city
(Figure 1, 2); both are located in the south-
eastern part of Faro. Two main urban axes are
characterised by a certain number of green
structures (trees, shrubs and pervious soils):
the Avenida 5 de Outubro that starts from the
Lyceum and goes towards the historical centre
(Figure 1, 3) and the Avenida Calouste de

Gulbenkian that surrounds the city centre
(Figure 1, 4). The agricultural area in Quinta
do Santo Antonio do Alto (Figure 1, 5) is at
risk of becoming a new residential expansion
due to its strategic urban position. This area
includes the Palace Fialho, which was built in
1925 and considered as a national interest heri-
tage building. This agricultural area is strategic
for the green infrastructure of the city, and it
links the urban ecosystem with the rural.
According to Gómez-Baggethun et al. (2013),
the urban green structure should be as close as
possible to that of the hinterlands in order to
benefit the most from the potential of the near-
city source areas of ecosystem services. As a
matter of fact, green infrastructure is about
bringing together the natural and built environ-
ments using the landscape as infrastructure.

A number of weaknesses within the control of
the city administration were considered. The cen-
tre of the city is inhabited mostly by elderly and
low-income population. It is characterised by a
large number of abandoned buildings and degra-
dation, in particular in the areas away from the
tourist paths which are mainly located in the
historical city centre surrounded by the ancient

Figure 3. The green infrastructure of Algarve according to the Regional Plan for Forest Management. The city of Faro
at the southern part of the region demonstrates low connectivity with the hinterland green areas. (Source: Adapted from
ICNF (2006)).
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walls and nearby (Figure 1, 6). As a consequence
of tourism, these areas are less degraded and pro-
vide more facilities.

The green structure of the city presents a high
fragmentation discontinuity and site-related situa-
tion: majority of streets, buildings and open areas
do not benefit from green areas. There is a lack of
free space in the compact urban fabric. Only a few
parking areas, streets and squares take advantage of
trees and permeable soils with limited results. The
structure and composition of green areas as well as
the size and typology of plants vary according to
the place. The absence of an integrated strategy for
an urban green plan is noticeable. The city of Faro,
as well as other cities along the coast, suffers from
low connectivity in terms of urban–rural green
structure as visible in the Regional Plan for Forest
Management. The plan identifies a number of
potential corridors to link the coast with the hinter-
land green areas (Figure 3).

3.2. Exogenous threats and opportunities not
controllable by the city administration

A number of threats not controllable by the city
administration have been identified and described.
The main risks are flooding in downtown urban
areas, heatwaves, wildfires, dryness, mass move-
ments, earthquakes and tsunamis. The main vul-
nerabilities of the city are the historical centre,
airport, road infrastructure and high urban pres-
sure. An overview of the main threats of the city
of Faro follows.

3.2.1. Flooding in the urban area of Faro

Monthly average rainfall varies with notable sea-
sonality in Portugal, and it is stronger in the south-
ern half of the peninsula. The number of days with
precipitation presents higher values in winter and
the lowest, with a marked difference, in summer
(Ninyerola et al. 2005). Faro experienced two
serious flooding episodes in recent years. In
September 2008, a storm caused flooding in
some public streets of the city centre. In May
2011, a storm caused the closure of the Faro

airport for 2 hours (16 flights delayed/changed
destination); a number of houses, shops and gar-
ages were damaged; and streets were closed in the
city centre, on the university campus and in the
Montenegro district.

3.2.2. Heatwaves in the urban area of Faro

According to climate change scenarios (IPCC
2007), the Mediterranean basin will be drier and
more prone to heatwaves in the upcoming dec-
ades (Trigo et al. 2009). The Iberian Climate
Atlas notes that the Portuguese climate is char-
acterised by dry and hot summers with average
temperature above 22°C during the hottest
months. The average temperature in the coldest
months is in the range of 0–18°C. The number of
days in the year with a maximum temperature
above or equal to 25°C is greater than 110 days
for a large portion of the southern peninsula. In
the Algarve, the average annual values for mini-
mum air temperature are higher than 15°C; the
highest values occur in the months of July and
August. Portugal has a relatively high level of
exposure to heatwave events, with great impacts
on health. Research concerning heatwaves and
health has been conducted by the University of
Lisbon in order to identify the relationships
between the 2003 heatwave and excessive mor-
tality in Portugal (Trigo et al. 2009).

3.2.3. Water scarcity and droughts in the urban
area of Faro

Seasonal and annual variability in rainfall and, con-
sequently, in water availability contributes to a geo-
graphical and temporal mismatch between water
availability and water demand. This is particularly
accentuated in the south of the country, notably the
Algarve region, which is characterised by a dry
Mediterranean climate. This irregularity is responsi-
ble for a significant number of water stress situations
and complicates water resources management
(European Commission 2009). The presence of
golf courses that require large quantities of irrigation
water (10,950 m3/ha/year, according to Videira et al.
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2006) in the peri-urban area of Faro and, more
generally, in the Algarve coastal area further
increase the problem. In 2007, the Portuguese
Presidency of the European Union Council placed
‘Water scarcity and drought’ as one of its main
priorities. The presidency provided evidence that
the problems with relevant socio-economic and
environmental impacts in the European Union
were no longer exclusive to southern European
countries (Kraemer 2007).

The city of Faro can find some solutions
(opportunities) related to the analysed weaknesses
and threats with ecosystem services improvement.
The services provided by urban green infrastruc-
ture can help to mitigate flooding, heatwaves and
water scarcity in cities, in particular, through their
regulation function. Regulation function is related
to the capacity of ecosystems to regulate essential
ecological processes and life support systems that
have direct and indirect benefits to humans (run-
off mitigation, urban temperature regulation, water
supply).

4. Solutions provided by means of ecosystem
services improvement

The improvement of climatic conditions in the
urban environment is related to both shading and
evapotranspiration, decreasing temperatures and
mitigating the ‘heat island effect’ in the city during
the summer. Moreover, a reduction of heat disper-
sion from buildings during the winter, due to shel-
tering and windbreak effects, can be observed. By
lowering air temperatures in the summer, indirect
CO2 savings are made through the reduction of
energy consumption for air conditioning, espe-
cially in warm climates. In addition to this indirect
saving, plants are also responsible for direct CO2

savings through sequestration. Increasing vegeta-
tion is one strategy for moderating regional cli-
mate changes in urban areas and simultaneously
providing multiple ecosystem services (Jenerette
et al. 2011). The services provided by urban eco-
system and urban green infrastructure can help to
mitigate flooding, heatwaves and water scarcity in
cities, in relation to their regulation function. A

well-structured urban forest mitigates temperature;
decreases acoustic pollution, water run-off and soil
erosion; and absorbs air, soil and water pollutants
(COST 2012).

A brief analysis of storm water, microclimate
and water treatment related to ecosystem services
is beneficial in this context. Each one has been
analysed according to a number of measures for its
implementation and in relation to the benefits (or
ecosystem services) it provides. Based on a collec-
tion of studies on urban trees, conducted by Roy
et al. (2012), the benefits have been considered
according to social, economic, health and visual-
aesthetic aspects. Although some of them have
been listed, there are many other direct and indir-
ect benefits that could be added. For each ecosys-
tem service, a number of related state indicators
have been provided. State indicators can help the
local administration to collect data about the state
of run-off mitigation, temperature regulation and
water supply in relation to the characteristics of
urban green areas.

4.1. Run-off mitigation

Measures: Providing incentives for permeable
soils such as green in parking areas, squares,
flower bed, rooftops, backyards, allotment gardens
and bioswales (Bolund & Hunhammar 1999).

Services: Reducing rate/volume of storm water run-
off, reducing flooding damages, reducing water
quality problems; recharging ground water
(Gómez-Baggethun et al. 2013). Urban areas com-
posed of 50–90% impermeable soils can lose 40–
83% of rainfall to surface run-off, compared to 13%
in forested landscapes (Bonan 2002). The intercep-
tion of rainfall by tree canopies slows down flooding
effects, and green soft lanes reduce the pressure on
urban drainage systems by percolating water and
delaying the timing of peak run-off. Green roofs
are an example of this (Oberndorfer et al. 2007).

Social benefits: Improving the sense of urban
security; making the urban environment a more
pleasant place to live, work and spend leisure
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time; enhancing social cohesion (Carpenter et al.
2006; Roy et al. 2012).

Economic benefits: Reducing expenditure on
urban restoration, reducing expenditure on new
storm water infrastructure due to climate change,
providing annual return on municipal investments,
increasing municipal tax receipts due to added
value on property transactions (Tyrväinen 2001;
De Groot et al. 2002).

Health benefits: Preventing injuries/accidents,
reducing stress (Nielsen & Nilsson 2007).

Visual/aesthetic benefits: Improving scenic quality;
improving sense of place and identity
(Panagopoulos 2009).

State Indicators: Soil infiltration capacity, percen-
tage sealed relative to permeable surfaces (De
Groot et al. 2010).

4.2. Urban temperature regulation

Measures: Provide shadow to streets, sidewalks
and buildings through trees plantation and green
walls (Soares et al. 2011).

Services: Reducing solar radiation, humidity, air
temperature, reflection; controlling wind; decreas-
ing the heat loading of the city/mitigating the heat
island effect (Jankovska et al. 2010). During sum-
mer, providing the cooling effect of evapotran-
spiration. Urban forests could also regulate
microclimate by modifying incoming solar radia-
tion and outgoing terrestrial radiation, shading,
humidity, and wind direction and velocity (Jim &
Chen 2009).

Vegetation reduces temperatures in the hottest
months through shading, and it absorbs heat
from the air through the evapotranspiration pro-
cess. Trees reflect solar radiation and provide
shade to surfaces (Gómez et al. 2001).

Social benefits: Making the urban environment a
more pleasant place to live, work and spend lei-
sure time; providing comfortable places to meet

for leisure and recreation; improving social inter-
action and increasing environmental awareness;
enhancing social cohesion (Duque &
Panagopoulos 2010).

Economic benefits: Saving on energy expenditure,
avoiding investment in new power supplies,
increasing property value, increasing tourism rev-
enue (Jim & Chen 2009).

Health benefits: Reducing diseases/sickness in the
population (in particular, the elderly and children),
fewer complications and faster recoveries at the
hospital, reducing stress, reducing death rates dur-
ing heatwaves that are expected to increase in
frequency due to climate change (Gómez et al.
2001; Tzoulas et al. 2007).

Visual/aesthetic benefits: Improving scenic quality,
improving sense of place and identity (Tyrväinen
2001).

State indicators: Leaf Area Index, temperature
decrease by tree cover × m2 of plot trees cover
(Bolund & Hunhammar 1999).

4.3. Water supply

Measures: Providing incentives for permeable
soils (green in parking areas, squares, flower bed,
rooftops, backyards, allotment gardens and bios-
wales); supporting proper planning that considers
impacts on waterways as part of all urban, indus-
trial and agricultural development (Ewel 1997).

Services: Urban vegetation provides water regula-
tion services. Water purification is one of the many
services provided by ecosystems. Pollutants such
as metals, viruses, oils, excess nutrients and sedi-
ment are processed and filtered out as water moves
through permeable soils. This purification process
provides clean drinking water and water suitable
for industrial uses, recreation and wildlife habitat
(Daily 1997; Bennet et al. 2009). Another ecosys-
tem function is related to the storage and retention
of water through provisioning of water; water-
sheds are one example of this (Costanza et al.
1997).
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Social benefits: Providing comfortable places to
meet for leisure and recreation (Grahn &
Stigsdotter 2010).

Economic benefits: saving on water regulation ser-
vices; decreasing the demand of construction of
additional, costly water purification technologies
(Daily & Ellison 2003; Hubacek & Kronenberg
2013).

Health benefits: once in water, pathogens that are
harmful to humans can be difficult to remove –
natural purification processes can often keep them
from reaching source water (Daily 1997).

Visual/aesthetic benefits: improving scenic quality,
improving sense of place and identity (Roy et al.
2012).

State indicators: Water supply from untreated
spring and ground water in millions m3, percen-
tage of untreated spring and ground water in the
whole water process and water supply system
(Staub et al. 2011).

5. Discussion and conclusions

The present study has been developed within the
COST action FP1204 ‘Green infrastructure
approach: linking environmental with social
aspects in studying and managing urban forests’.
The action aims to develop the scientific knowl-
edge base on the role of urban forests and green
spaces in the implementation of green infrastruc-
ture and provision of ecosystem services in urban
areas (COST 2012). This study has been con-
ducted with consideration for the perspective of
urban ecosystem services in urban areas. It con-
tributes to provide information and tools for local
administration in order to strengthen the green
areas in the city of Faro and mitigate its urban
threats. This was accomplished by means of a
SWOT analysis used as a decision support system
to generate strategies. The analysis led to a selec-
tion of critical problems, narrowing the range of
objectives for strategic city planning based on
urban ecosystem services improvement in order
to fight climate change.

The absence of an integrated strategy for an
urban green plan and the low connectivity with the
hinterland green areas are the main weakness of
the city. One of the reasons of the recent shrinking
of many Portuguese cities is the sense of insuffi-
cient contact with nature and deterioration of the
city microclimatic conditions (Panagopoulos &
Barreira 2012). The output of the present study
helped to highlight how a well-structured, urban
green infrastructure can contribute to ameliorate
the quality of the city of Faro by delivering a
number of ecosystem services with direct benefits
for citizens and tourists. Such services can contri-
bute to the mitigation of some ecosystem threats
that affect the city such as flooding, heating and
water supply. There are additional, general benefits
delivered in health, economic, social and visual/
aesthetic areas.

To this extent, it could be significant to consider
the application of state indicators to measure the
condition of the urban green areas in Faro, in order
to elaborate on the weak and strong elements of the
current situation. The measures related to run-off
mitigation, urban temperature regulation and water
supply are useful to improve the existing planning
tools and provide a number of practical solutions.
Moreover, it is important to identify strategic areas
of connection through the urban and peri-urban
areas into the rural in order to structure a connected
urban–peri-urban–rural green infrastructure and
thereby improve the resilience of the related eco-
system services (Kennedy et al. 2011).

Furthermore, this work provides an overview
of appropriate measures for the improvement and
management of the urban green infrastructure of
Faro in order to help city planners and adminis-
trators in decision-making. When considering the
problems that Faro is facing due to climate
change, city planners should take a more in-
depth look at the issues and enhance city resilience
with investments in green infrastructure. Using the
results of the SWOT analysis, the public adminis-
tration of Faro could inform citizens in relation to
run-off mitigation, urban temperature regulation
and water supply, as well as provide a number of
measures in order to improve ecosystem services.

10 E. Berte and T. Panagopoulos



Considering that we are living in times of limited
resources and uncertainty, planners and decision-
makers should address a common rather than
individual approach (Healey 2010), based on the
exercise of a collective action to reshape urban
(private and public) green and open areas. The
measures should be easily applicable to private
green areas by citizens, with the role of public
administration limited to supervising the participa-
tory processes.
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