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1. Introduction

This reportexplores fundamental linkages betweegosystem services geoet hi csd con
biodiversity In accordance to thate Portuguese WISE workshop aims were:

A To get acquaintance with Portuguese case studies in biodiversity andapéaralls.

To introduce the renovated area of Geoethics.

To present som@egative environmental impacts in Portugal that intercept Geoethics
concerns.

To do a field trip to a solar in an antique farm: a case study of sustainable tourism with a
series of good practices related to the environmental performance.

To exchange knowtige and good practices regarding the presented study cases.

> > >

>\

The learning outcomes of this second WI8gortintended to

A Comment Portuguese study cases regarding biodiversity and ecosystem services and
establish links with other country similar studies.

Define Geoethics and its alignment with Sustainability.

Evaluate a Portuguese study case of sustainable tourism.

Discuss good practices in the fields of biodiversity, ecosystem services and geoethics in a
Sustainable Education Perspective.

Discuss the deatopment of educational resources in the explored thematic to denuse
Education for Sustainability in Higher Education courses.

>>> P

>\

As a whole, this report addresdesosystem Services, Geoethics and Biodiversity as a growing,
essential and, first and far®st, an intelligent approach to sustainable development. Undoubtedly,
Education has a pivotal role in the attainment of this ultimate goal.

Ecosystem Services, Geoethics and Biodiversity have become increasingly relevant scientific
concerns since thegre fundamental teustainability and development, thus its strong connection
with environmental quality, social wellbeing and economic development and gioistimtended

to showan interdisciplinary approach to sustainable development by revealkagdis between
biology and geology and discussing themes such as functi®iodlversity, Geoethics and
EcosystemServices, both theoretically and empirically. These axis are intertwined under the
concept of sustainable development, and its environmentalpeic and social pillars.

Meeting the needs of contemporary societies without compromising the ability of future
generations to meet their own needs, is no easy task. But it is an absolutely crucial one and asks
for huge effort in terms of Geoethics aBéceducation. We are strivintdpis path anadcombining

the benefits from an international collaboration while doind fte articulation oknowledge and

good practices in the fields of biodiversity darecosystems services, and linkedcial,
psychological cultural, environmental, economic andgéal issuesoffered suggestions of
educational resources that can be used in Education for Sustainability in Higher Education courses.
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2. Ecosystem Services, Geoethics and Biodiversity

The broad concept Bustainability began to be demarcated and defined at the United Nations
Conference on the Human Environment in 1972. However, even today it is still difficult to establish

a consensual definitioiNevertheless, gustainable development aims to ensure e finds

equal opportunities for both genders, peace and security, and social, economic and environmental
conditions required to have a good quality of life on Earth. Despite several conferences, meetings
and summits led by the United Nations over thargemany goals and targets are yet to be
achieved.

In September 2015, the United Nations presented the new Agenda for 2030 with 17 goals and 169
targets. Given the relevance of the citizensd
attention should be given to its goails higher educatiorrontext, thus connecting the learning
process with a necessary growing comprehensive and familiarity of sustainable development by
students

As mentioned abovehis report will explorethree themes thaastablisha close linkwith the
Agenda 208 for Sustainable Development: ecosystem servgesethicsandbiodiversity

2.1.Ecosystem Services The case of Green Roofs

sustanssle e A | § Goal 11: Make cities inclusive, safe, resilient and

AR
¢ DEVELOPME
{(4&P))) DEVELOPMENT

iS4 sustainable

REDUCE THE ADVERSE PER CAPITA ENVIRONMENTAL IMPACT OF CITIES,
INCLUDING BY PAYING SPECIAL ATTENTION TO AIR QUALITY AND MUNICIPAL
AND OTHER WASTE MANAGEMENT

PROVIDE UNIVERSAL ACCESS TO SAFE, INCLUSIVE AND ACCESSIBLE, GREEN
AND PUBLIC SPACES, IN PARTICULAR FOR WOMEN AND CHILDREN, OLDER
PERSONS AND PERSONS WITH DISABILITIES

SUPPORT POSITIVE ECONOMIC, SOCIAL AND ENVIRONMENTAL LINKS
BETWEEN URBAN, PERI-URBAN AND RURAL AREAS BY STRENGTHENING
NATIONAL AND REGIONAL DEVELOPMENT PLANNING

The concept of ecosystem service provision can be broadly defined lzentfeés people obtain

from ecosystems. Such services can be divided into four main catedditieariium Ecosystem
Assessment, 2005): (i) supporting services (e.g. soil formation, photosynthesis, primary
production, nutrient cycling, water cycling); (iggulating services (e.giraquality regulation,
climate regulation, water regulation, erosion regulation, water purification and waste treatment,
disease regulation, pest regulation, pollination, natural hazard regulation); (iii) provisioning
services €.g. food, fibre, genetic resourcdspchemicasd, natural medicines, pharmaceuticals,
fresh water); and (iv) cultural services (e.g. cultural diversity, spiritual and religious values,

3
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knowledge systems, educational values, inspiration, aesthetic vahesl, relations, sense of
place, cultural heritage values, recreation @catourisnj.

The particular case ofrgen roofsstand out for their capacityf supporting a whole range of
ecosystem services including water retention, energy savings, wildhiah sustainable use of
building materials, and diminishing air pollution and urban heat effAstso, they can improve
cities, making them more safe and sustainable.

In applying abiophilic urban design in dense environments it becomes essergeg the many

leftover spaces as opportunities for green, for nature creep in and occupy arltgrine urban

fabric. In densely populatedities there will always be many surfaced spaces where this can
happen, but there will also have to be greenind) growing in the more vertical and elevated
environments. These spaces I ,nbalconieseandrwindoivt o p s
openings, terraces and fiescapesamong many others (Figure 1).

Figure1.Gr een r oof s ar ewienxba rshHesmnsa thayfmeeat huthaniaasthetic, recreational and other needs while
also promoting biodiversity conservation goals.

Urban environments across a wide range of latitudes and climatic regimes commonly experience
6heat i sl andd e frhterestirs elevated comparedwith sariounding éamdgcapes.
Urban heat island effects are exacerbated by a number of different factors, but principally tend to
increase with proportional coverage by impervious surfaces. Conversely, they will decrease
relative to the proportion of unsealed surface, and more particularly green space. This vegetation
can be effective in a wide diversity of formscluding green roofs and green walls.regions

where urban temperatures become uncomfortably warm, the demard-6onditioning in
buildings is likely to rise. The planting of vegetation can therefore also contribute to reductions of
fossil fuel consumption and resultant carbon dioxidej@missions.

Green roofandgreenwallsreduce heat gain in summer and they also insulate buildings from cold
in winter.

In northern regions, with colder and humid climates, green roofs have a low maintenance without
resorting irrigation. However, in the Mediterranean or regions of similardas, characterized by
4
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a hot climate with dry summers, the use of classical green roofs requires irrigation because most
vascular plants cannot withstand the summer period without watering both due to seasvak
and/or aesthetic onesidlare 2).

PORTO ) PORTO
I’(.““““"‘“ versity WISE Ir;.':“:".:‘fffﬂ

MedMossRoofs:
WaterSustainablé Green
.for a’Changing World
Ricardo da Cruz de Carvalho
Ana Catarina Luz, Joana Vieira, Pedro Pinho, Filipe Alves, César Garcia,

Laura Concostrina-Zubiri, Leena Luis, Paulo Palha, Teresa A. Pago,
Sarah Milliken, Cristina Branquinho & Benz Kotzen

e [Clomer & 20 @

Figure 2. MedMossRoofsIn extreme cases, where there is no water available for irrigation, the choicegodulpeof organisms
is crucial.

Biocrusts thrive in dry areas and are composed of a complex mosaic of cyanobacteria, green algae,
lichens, mosses, microfungi and other bacteria (Figure 2). These communities are able to

photosynthesize when water is available, but in drought conditions, they cease the entire

metabolism.

Green roofs offer habitats and can mitigate some biodiversity loss in cities, especially in inner city
areas where vegetation is limited.

Apart from biodiversity, green roofs also offer ecosystem servated) as thermal regulation,
stormwater managemerand aesthetic and amenity value (FigBje

Urban
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Urban
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sequestration
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Protect
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structure

A
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Figure 3. Green roofs provide several important benefits, such increasing biodiversity in urban areas, enhancing insulation of
buildings, contributing to storm water management, reducing the heat island effect, increase carbon sequestration improving a
quality ard providing more green spaces in cities.

The distribution of green space is crucial in explaining variation in water regulation across the
urban landscap@-igure4). Concerning stormwater management, green raggsa key toolThe
distribution of greerspace is crucial in explaining variation in water regulation across the urban
landscape.

7= CATOLICA
$37 escoastpemiorDEBlOTECNOLoGiA  Greenroofs and urban water management

Figure 4. Increasing the extent of vegetated areas enhances water regulation and improves water loss through evapotranspiration.

Green roofs can provide suitaltiabitatfor animal and plant species that are able to adapt to and
develop survival strategies for extreme local conditions and are also mobile enough to reach
habitats on roofs.
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In order to minimize irrigation costs in green roofs, under Mediterracl@aates, low water use
plants, such native plants (Figisecan be a smart choice

L\“SE -Erasmus+

Rosemary Rosmaninho

4 (Rosmarinus officinalis) (Lavandula luisieri)

Use of Portuguese native

plants on green roofs

Teresa Afonsodo Paco, Cameira MR, Valente F, Branquinho C, Carvalho
RC, Branddo C, AnicoA, Miranda MC, Palha P, Soares F, Abreu F Plants

LEAF/ISA/ULISBOA

mosses

e B ) ushor s

Figure 5. Plants in green roofs are greatly exposed to solar radiation and wind, while thriving in a shallow substrate. The conditions
become harsher under Mediterranean climates, with dry and hot summers.

Sustainabi | i newwaytofGdmsnking abouhowt wie designy construct, and operate
buildings.The ecosystems within an urban setting, like green roofs, parks and gaatepyvide
different ecosystem services while minimizingter requirements without compromising aesthetic
value, enhancing bidekersity and providing a tool for climate change adaptation.

2.2.Geoethics

SUSTAINABLE (3 ey A | © Goal 12: Ensure sustainable consumption and

DEVELOPMENT

production patterns

| ACHIEVE THE SUSTAINABLE MANAGEMENT AND EFFICIENT USE OF NATURAL
RESOURCES

ENSURE THAT PEOPLE EVERYWHERE HAVE THE RELEVANT INFORMATION AND
AWARENESS FOR SUSTAINABLE DEVELOPMENT AND LIFESTYLES IN HARMONY
WITH NATURE

DEVELOP AND IMPLEMENT TOOLS TO MONITOR SUSTAINABLE
DEVELOPMENT IMPACTS FOR SUSTAINABLE TOURISM THAT CREATES JOBS
L " | AND PROMOTES LOCAL CULTURE AND PRODUCTS

It is undisputable that geology influences the economic growth and development of each country
and thereby its cultural framework. Geoethics may help t#eveaduatebehaviours to increase
awareness for alternative human activities or even to redirect economic models of growth and
development Yasconcelos et al., 2016). Geoethics is a path for Sustainable Development
(Vasconcelos and Almeida, 2015). Sustainable Dgveént integrates the ethical dimension of

7
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Geoethics linked to the concern and the responsibility of guaranteeing that the needs of the present
are met without compromising the sustainability of future generations. Bearing this ethical
dimension in mind, Gaethics is particularly concernedgith the way humans relate to the
geosphere (Matteucci et al., 2014). At the same time, Geoethics focuses on how geologists develop
their academic and professional work which impacts in sustainability (Almeida and Vdespnce
2015.

Despite its infancy aa renewedcientific and disciplinary field, it took less than two decades to
(re)develop this concept, which initially only focused on natural resourceslaborated and

wider definition, from 2013, can be foundthe site of the International Association for Promoting
Geoethics (IAPG):

. Geoethics consists of the research and reflection on those values upon which to base appropriate
behaviours and practices where human activities intersect the Geosphere.

. Geoethicsdeals with the ethical, social and cultural implications of geological research and
practice, providing a point of intersection for Geosciences, Sociology and Philosophy.

. Geoethics represents an opportunity for Geoscientists to become more consthairssaicial

role and responsibilities in conducting their activity.

. Geoethics is a tool to influence the awareness of society regarding problems related to geo
resources and geoenvironment.

As Geoethics is aenewed field of Geosciencele diagnosisind dissemination of its knowledge
is pressing for future geologists and geoltepchers (Almeida and Vasconcelos, 2048 well as
for students and citizens.

Taking this framwork into consideration, we will discuss in this chapter the geoethicssissue
regardingmining activities andhe social and environmental impacts and geoethalsesin
geoparks

The toxic legacy resulting from the abandoned mining has attracted the interest of the scientific
community in the past few years. The huge amooigste materials with high concentrations

of metallic elements and chemical compounds, contribute to the contamination of sediments,
waters and soils and, has a consequence, endanger the Biosphere. The dispersion and
contamination by As, Pb and Zn resudt from the Terramonte mining waste compromise the
ecosystem viability.
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Figure 6. Terramonte mining waste led to the collapse of the hedne materials started being transported along the Ribeiro da
Castanheira to the Douro River.

The Castromil Gal Mines are ancient mines that are situated at Sobreira, Paredes Municipality,
near Porto Town, Portugal. These mines exploited a deposit geologically situated at the contact
between metsediments and magmatic rocks. These were exploited by the Romants tteir
occupation ofthe Iberian Peninsul&astromil, is a territory that includes a proved Geological
Resource (gold deposit) and a particular mining heritage that holds historical and cultural interests,
and is very close to local village, what imggdgeoethicdilemmas

Geodiversity elements are ntiving components of nature, namely minerals, rocks, fossils, soils,
and landforms. Since the dawn of human civilization that geodiversity elements are used to produce
shelter, tools, and food. Some geodiversity elements ragg A particular meaning for local
communitiesi cultural usei and others can attract visitors, particularly when they have a high
aesthetic valué geotourism use. All these uses of geodiversity elements are usually considered
examples of a new sustainalusage of nature.

There is an intricate relationship between natugspurces, environment, economutiwties,
growth, sustainable development and social Wveihg. A respect for this relationship is a
paramount concern for the survival and thefetof planet Earth and of mankind.
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2.3.Biodiversity

S SUSTAINABLE (3 " A\ Goal 15: Sustainably manage forests, combat
f@% DEVELOPMENT \J %as”

Y prrmemrrrrememy  desertification, halt and reverse land degradation, halt

biodiversity loss

ENSURE THE CONSERVATION, RESTORATION AND SUSTAINABLE USE OF

LIFE TERRESTRIAL AND INLAND FRESHWATER ECOSYSTEMS AND THEIR SERVICES,
1 ON LAND IN PARTICULAR FORESTS, WETLANDS, MOUNTAINS AND DRYLANDS, IN LINE
WITH OBLIGATIONS UNDER INTERNATIONAL AGREEMENTS

INTEGRATE ECOSYSTEM AND BIODIVERSITY VALUES INTO NATIONAL AND
LOCAL PLANNING, DEVELOPMENT PROCESSES, POVERTY REDUCTION
STRATEGIES AND ACCOUNTS

MOBILIZE AND SIGNIFICANTLY INCREASE FINANCIAL RESOURCES FROM ALL
SOURCES TO CONSERVE AND SUSTAINABLY USE BIODIVERSITY AND
ECOSYSTEMS

As biodiversity is considered the major driver of ecosystem functioning and the provision of
ecosystem services, it also impacts our human-lweatg (Millennium Ecosystem Assessment,
2005). Thus, biodiversity loss and ecosystems degradation will have important impacts on future
generations costly for society as a whole, particularly for economic actors in sectors that depend
directly on ecosystem services

#ADVID 2 LR S gor,

L & 8 =~ //')’ i
Wlﬁch_ is thevimpact. of Ecdjogical ‘infrastructures of
_ DDR'in arthropods (pesks and-beneficidls)? /!

Figure 7. The installation or preservation of ecological infrastructures, such as: hedges, bushes, copses, traditional orchards or
spontaneous vegetation strips contributes to provide adequate functional biodiversity afrineldarcated region.

In demarcatetegionof Douro it has been applied different strategies to control pests, in the attempt
to promote functional biodiversity without compromising sustainal{iitgure7).

Beneficial insects are used to control pest ins@dte performng valuableservices like
pollination Mating Disruption Technique is another way of controlling pests in this rdgion
introducing atificial sex pheromonethat confusethe individuals and disrupt mate localization,
thus preventing mating and blocking the repithe cycle.The main goals is to reduce the use of
insecticides and the impact in the viticulture activity in the Douro Demarcated Region, while
preserving biodiversity.

10
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Biodiversity conservation through actions such as the reintroduction of naturéhéntarban
environment and urban landscaping is increasbrgthe other hand,rgwing urbanization of the
European Union has raised awareness of the importance of the natural environment in urban areas.

Figure 8. Wild gardenin the Faculty of Sciences, University of Porto, Portugal.

The concepts of ecological restoration, wildlife gardens and naturalness are practiced as theoretical

or speculative narratives, but less as concrete experiences. This is the motivation fyiag on
experiment based on the creation of a Awild ga
Portugal(Figure 8)

Preserving native vegetation requires considerable effort from green managers, because urban
environments often appear to taexotic above native specidatensive management to protect

native vegetation may only be possible (or fundable) if protecting this vegetation is oftitderes

citizens and other partie CUP fAwi | d gardeno all ows teacher
landscape architecture to learn, survey and monitor, with easy access, the dynamics of urban
ecosystems, the performance of invasive species, the pulse of natural succession influenced by
mi ni mal human iintervention wi withitstbhight aadtdtllr i but e
moments according seasoggtles.

Just as humans have the ability to alter habitat and even to extinguish other species, we can also

protect and restore biodiversity. Therefore, we have the responsibility to act as custmdians
nature for examplegiving a first step bylanting a tre€Figure9).

11
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Nature is more than a commodity for the benefit of humans. It is through direct experience with
nature that people come to understasdalue and gain a better appreciation of the importance of
healthy habitats and ecosystems. This connection provides them with an appreciation of the need
to manage their interactions with nature empathetically.

3. The Objectives forEducation for Sustinable Development

Sustainable development aims to guarantee that humankirslefiptl opportunities for both
genders, peace, security, and social, economic and environmental conditions required to have
quality of life. But to ensuresustainability andustanable developmenit is urgent to improve not

only the governmental policies but also invéststrategies that focus on improving social
awareness. And therefore it is through Education and educators that we can achieve that goal.

Education haslaays been an integral part of the sustainable development agenda. The World
Summit on Sustainable Development (WSSD) in 2002 adopted the Johannesburg Plan of
Implementation (JPOI) which addressed the need to integrate sustainable development into formal
education at all levelsncluding higher educatiorgs well as through informal and réormal
educationopportunities(United Nations, 2016More recently, the 2030 Agenda also addressed

the educational rolen the promotion of sustainabilitgnd sustainable developmehtough Goal

4 (Ensure inclusive and quality education for all and promote lifelong leaj@ing its targets.

At the Hghereducatiorievel, Education forSustainablddevelopment (ESDAims to enablpeople

to build new knowledgeregarding sustainabilifybut alscaimsto reflectthe complexityand the
consequences of behaviour and decision making procadatureoriented and global perspective
of responsibility(Barth et al., 2007)Higher ESD has tpromotethe discussion about sustainable
solutions for the problems we face today. Andtfat, educators shouldwaysremember thatt i

is educatiorfor sustainable development rather than educatimutsustainable development

12


























































































