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1. Introduction  

 

This report explores fundamental linkages between ecosystem services, geoethicsô concerns and 

biodiversity. In accordance to that, the Portuguese WISE workshop aims were: 
Á To get acquaintance with Portuguese case studies in biodiversity and green-roof/walls. 

Á To introduce the renovated area of Geoethics. 

Á To present some negative environmental impacts in Portugal that intercept Geoethics 

concerns. 

Á 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. 

Á To exchange knowledge and good practices regarding the presented study cases. 

 
The learning outcomes of this second WISE report intended to:  
Á Comment Portuguese study cases regarding biodiversity and ecosystem services and 

establish links with other country similar studies. 

Á Define Geoethics and its alignment with Sustainability. 

Á Evaluate a Portuguese study case of sustainable tourism. 

Á Discuss good practices in the fields of biodiversity, ecosystem services and geoethics in a 

Sustainable Education Perspective. 

Á Discuss the development of educational resources in the explored thematic to be used in 

Education for Sustainability in Higher Education courses. 

 

As a whole, this report addresses Ecosystem Services, Geoethics and Biodiversity as a growing, 

essential and, first and foremost, 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 they are fundamental to sustainability and development, thus its strong connection 

with environmental quality, social wellbeing and economic development and growth. It is intended 

to show an interdisciplinary approach to sustainable development by revealing linkages between 

biology and geology and discussing themes such as functional Biodiversity, Geoethics and 

Ecosystem Services, both theoretically and empirically. These axis are intertwined under the 

concept of sustainable development, and its environmental, economic 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 and Geoeducation. We are striving this path and combining 

the benefits from an international collaboration while doing it. The articulation of knowledge and 

good practices in the fields of biodiversity and ecosystems services, and linked social, 

psychological, cultural, environmental, economic and legal issues offered 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 of Sustainability 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 definition. Nevertheless, a sustainable development aims to ensure that man 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 the years, many 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 citizensô awareness to achieve the targets of Agenda 2030, more 

attention should be given to its goals in higher education context, thus connecting the learning 

process with a necessary growing comprehensive and familiarity of sustainable development by 

students.  

As mentioned above, this report will explore three themes that establish a close link with the 

Agenda 2030 for Sustainable Development: ecosystem services, geoethics and biodiversity. 

 

 

2.1. Ecosystem Services ï The case of Green Roofs 

 
 

The concept of ecosystem service provision can be broadly defined as the benefits people obtain 

from ecosystems. Such services can be divided into four main categories (Millennium Ecosystem 

Assessment, 2005): (i) supporting services (e.g. soil formation, photosynthesis, primary 

production, nutrient cycling, water cycling); (ii) regulating services (e.g. air quality regulation, 

climate regulation, water regulation, erosion regulation, water purification and waste treatment, 

disease regulation, pest regulation, pollination, natural hazard regulation); (iii) provisioning 

services (e.g. food, fibre, genetic resources, biochemicals, natural medicines, pharmaceuticals, 

fresh water); and (iv) cultural services (e.g. cultural diversity, spiritual and religious values, 
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knowledge systems, educational values, inspiration, aesthetic values, social relations, sense of 

place, cultural heritage values, recreation and ecotourism). 

 

The particular case of green roofs stand out for their capacity of supporting a whole range of 

ecosystem services including water retention, energy savings, wildlife habitat, sustainable use of 

building materials, and diminishing air pollution and urban heat effects. As so, they can improve 

cities, making them more safe and sustainable. 

In applying a biophilic urban design in dense environments it becomes essential to see the many 

leftover spaces as opportunities for green, for nature creep in and occupy and grow into the urban 

fabric. In densely populated cities there will always be many surfaced spaces where this can 

happen, but there will also have to be greening and growing in the more vertical and elevated 

environments. These spaces include rooftops and building faades, balconies and window 

openings, terraces and fire escapes, among many others (Figure 1). 

 

Figure 1. Green roofs are examples of a ówin-winô scenario because they meet human aesthetic, recreational and other needs while 

also promoting biodiversity conservation goals.  

 

Urban environments across a wide range of latitudes and climatic regimes commonly experience 

óheat islandô effects, in which air temperatures are elevated compared with surrounding landscapes. 

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 forms, including green roofs and green walls. In regions 

where urban temperatures become uncomfortably warm, the demand for air-conditioning in 

buildings is likely to rise. The planting of vegetation can therefore also contribute to reductions of 

fossil fuel consumption and resultant carbon dioxide (CO2) emissions.  

 

Green roofs and green walls reduce 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 similar latitudes, characterized by 
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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 survival reasons 

and/or aesthetic ones (Figure 2).  

 

 

Figure 2. MedMossRoofs: In extreme cases, where there is no water available for irrigation, the choice of the group of 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 services, such as thermal regulation, 

stormwater management, and aesthetic and amenity value (Figure 3). 
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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 air 

quality and providing more green spaces in cities.  

 

The distribution of green space is crucial in explaining variation in water regulation across the 

urban landscape (Figure 4). Concerning stormwater management, green roofs are a key tool. The 

distribution of green space is crucial in explaining variation in water regulation across the urban 

landscape.  

 

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

 

Green roofs can provide suitable habitat for 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 Mediterranean climates, low water use 

plants, such native plants (Figure 5) can be a smart choice.  

 
 

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.  

 

Sustainability itôs an entirely new way of thinking about how we design, construct, and operate 

buildings. The ecosystems within an urban setting, like green roofs, parks and gardens, can provide 

different ecosystem services while minimizing water requirements without compromising aesthetic 

value, enhancing biodiversity and providing a tool for climate change adaptation. 

 

 

 

2.2. Geoethics  

 

 
 

It is undisputable that geology influences the economic growth and development of each country 

and thereby its cultural framework. Geoethics may help to re-evaluate behaviours, to increase 

awareness for alternative human activities or even to redirect economic models of growth and 

development (Vasconcelos et al., 2016). Geoethics is a path for Sustainable Development 

(Vasconcelos and Almeida, 2015). Sustainable Development integrates the ethical dimension of 
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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, Geoethics is particularly concerned with 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 Vasconcelos, 

2015).  

Despite its infancy as a renewed scientific and disciplinary field, it took less than two decades to 

(re)develop this concept, which initially only focused on natural resources. An elaborated and 

wider definition, from 2013, can be found in the 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. 

. Geoethics deals 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 conscious of their social 

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 a renewed field of Geosciences, the diagnosis and dissemination of its knowledge 

is pressing for future geologists and geology teachers (Almeida and Vasconcelos, 2015), as well as 

for students and citizens.  

 

Taking this framework into consideration, we will discuss in this chapter the geoethics issues 

regarding mining activities and the social and environmental impacts and geoethics values in 

geoparks.  

 

 The toxic legacy resulting from the abandoned mining has attracted the interest of the scientific 

community in the past few years. The huge amounts of waste 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 resulting from the Terramonte mining waste compromise the 

ecosystem viability. 
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Figure 6. Terramonte mining waste led to the collapse of the heap and the materials started being transported along the Ribeiro da 

Castanheira to the Douro River. 

 

The Castromil Gold 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 metassediments and magmatic rocks. These were exploited by the Romans during their 

occupation of the Iberian Peninsula. Castromil, 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 implies geoethics dilemmas. 

 

Geodiversity elements are non-living 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 may have a particular meaning for local 

communities ï cultural use ï and others can attract visitors, particularly when they have a high 

aesthetic value ï geotourism use. All these uses of geodiversity elements are usually considered 

examples of a new sustainable usage of nature.  

 

There is an intricate relationship between nature, resources, environment, economic activities, 

growth, sustainable development and social well-being. A respect for this relationship is a 

paramount concern for the survival and the future of planet Earth and of mankind. 
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2.3. Biodiversity  

 
 

 

 
 

 

As biodiversity is considered the major driver of ecosystem functioning and the provision of 

ecosystem services, it also impacts our human well-being (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. 

 

 

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 of the Douro demarcated region.   

 

In demarcated region of Douro it has been applied different strategies to control pests, in the attempt 

to promote functional biodiversity without compromising sustainability (Figure 7).  

Beneficial insects are used to control pest insects while performing valuable services like 

pollination. Mating Disruption Technique is another way of controlling pests in this region by 

introducing artificial  sex pheromones that confuses the individuals and disrupt mate localization, 

thus preventing mating and blocking the reproductive 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. 
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Biodiversity conservation through actions such as the reintroduction of nature into the urban 

environment and urban landscaping is increasing. On the other hand, growing urbanization of the 

European Union has raised awareness of the importance of the natural environment in urban areas.  

 
 

 
Figure 8. Wild garden in 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 for an ongoing 

experiment based on the creation of a ñwild gardenò in the Faculty of Sciences, University of Porto, 

Portugal (Figure 8). 
Preserving native vegetation requires considerable effort from green managers, because urban 

environments often appear to favor exotic above native species. Intensive management to protect 

native vegetation may only be possible (or fundable) if protecting this vegetation is of interest to 

citizens and other parties. FCUP ñwild gardenò allows teachers and students of biology and 

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 

minimal human intervention with the attributes of ñnativeò aesthetics, with its bright and dull 

moments according seasonal cycles.  

 

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 custodians for 

nature, for example, giving a first step by planting a tree (Figure 9). 
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Figure 9.  Planting a tree by WISE team 

 

 

Nature is more than a commodity for the benefit of humans. It is through direct experience with 

nature that people come to understand its value 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 for Education for Sustainable Development  

Sustainable development aims to guarantee that humankind finds equal opportunities for both 

genders, peace, security, and social, economic and environmental conditions required to have 

quality of life. But to ensure sustainability and sustainable development, it is urgent to improve not 

only the governmental policies but also invest in strategies that focus on improving social 

awareness. And therefore it is through Education and educators that we can achieve that goal. 

 

Education has always 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 levels, including higher education, as well as through informal and non-formal 

education opportunities (United Nations, 2016). More recently, the 2030 Agenda also addressed 

the educational role in the promotion of sustainability and sustainable development through Goal 

4 (Ensure inclusive and quality education for all and promote lifelong learning) and its targets. 

 

At the higher education level, Education for Sustainable Development (ESD) aims to enable people 

to build new knowledge regarding sustainability, but also aims to reflect the complexity and the 

consequences of behaviour and decision making process in a future-oriented and global perspective 

of responsibility (Barth et al., 2007). Higher ESD has to promote the discussion about sustainable 

solutions for the problems we face today. And for that, educators should always remember that it 

is education for sustainable development rather than education about sustainable development. 




























































