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Abstract

Environmental Impact Assessment (EIA) is an environmental management tool, whose function is to predict and manage
possible impacts arising from a given project. With the emergence of new European legislation, there is a need to implement
new procedures that make environmental impact assessment more efficient, particularly from an ecological point of view.
Incorporation of Ecosystem services (ES) into EIA is an example of this new procedures, since they mirror the functioning of
ecosystems and reflect on the socio-economic well-being of populations.

This work is divided into two phases, the first of which consisted in a review of previously carried out environmental
impact studies, to assess the use of ES. The second phase will consist on the creation of a methodological guide that allows
the integration of ES in EIA, focused on Quercus sp. Forests. In this paper the focus will be the first phase of the work.
c⃝ 2019 Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Environmental Impact Assessment is a preventive instrument in environmental policy, based on studies and
consultations, with a focus on public participation and analysis of possible alternatives, whose purpose is the
collection of information, identification and forecasting of the environmental effects of certain projects, as well
as the identification and proposal of measures that avoid, minimize or compensate these effects, with a view to a
decision on the feasibility of such projects and their post-evaluation [1]. The International Association for Impact
Assessment (IAIA) defines EIA as the process of identifying, predicting, assessing and mitigating potential impacts
before making decisions [2].

The concept of environment in an impact assessment study involves a focus on the biophysical components.
It aims to: provide information for decision making, that analyzes the consequences on the biophysical, social,
economic and institutional components; promote transparency and public participation in decision-making; identify
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the procedures for a post-project monitoring phase (mitigation and monitoring of negative impacts) in policy,
planning and project cycle; contribute to a healthy environment and sustainable development [3].

EIA procedures should be initiated when there is the intention to start a project and they extend to the end of
the impacts of that same project. Therefore, this process consists of a set of sequential phases: scope definition;
environmental impact study; evaluation phase; and post-evaluation phase.

The Environmental Impact Study phase should include a detailed description of the project, characterization
of the reference situation, identification and evaluation of the foreseeable impacts, positive and negative aspects
of the project, foreseeable evolution without project realization, mitigation measures and management in order to
compensate for negative impacts and a non-technical summary. One of the biggest gaps in the EIA process can be
found in this stage, particularly as regards to the assessment of impacts on ecology [4,5].

Existing legislation requires that an assessment of impacts on the natural components (water, soil, atmosphere,
weather, minerals, landscape, plants and animals) is always present, however, this evaluation is always carried out
in a differentiated way, separating all groups, ignoring all the connections that exist between the biotic and abiotic
factors.

However, the European Union, on the 16th April 2014, approved a new directive, directive no. 2014/52/EU,
later transposed into Portuguese legislation by Decree-Law no. 152-B/2017, on December 11th, that emphasizes the
importance of incorporating, in the evaluation and decision-making process other components such as sustainability
in resource use, protection of biodiversity and climate change (Decreto-Lei n.o 152-B/2017 de 11 de Dezembro
de 2017 do Ministério do Ambiente, [6]). This change has made it even more evident that new methodologies for
assessing impacts, namely on the ecological components, are essential, and one of the possibilities is making a
correct and detailed analysis of ecosystem services, since from this one can infer about the structure of biodiversity
as well as the interactions with the environment [7].

Ecosystem services are the benefits that ecosystems provide to people. These consist of all-natural products and
processes that contribute to well-being as well as personal and social enjoyment derived from nature (Fig. 1).

Fig. 1. Connection between ecosystem services and human well-being.
Source: Adapted Maes et al. [8].

According to the CICES (Common International Classification of Ecosystem Services) approach, ecosystem
services can be classified into three categories: Provisioning services; Regulatory services; Cultural services [9].
There is a strong link between ecosystem services and the biological community that constitutes a given ecosystem,
as well as a link between ecosystem services and socio-economic well-being, thus linking the three pillars of
sustainability (economic, social and environmental) [10].

Nowadays, according to the last national forest inventory (IFN6), prepared by the ICNF based on data from
2010, the forest territory in mainland Portugal is represented by an area of about 3155.103 ha, being the terrestrial
ecosystem that occupies the largest area, as well as an ecosystem that is responsible for providing numerous
ecosystem services. The most abundant species are Pinus pinaster (714,000 ha); Eucalyptus globulus (812,000 ha);
and Quercus suber (736,000 ha), corresponding respectively to about 23, 26 and 23% of the area of continental
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Portugal [11]. The introduction of non-native species such as Fagus sylvatica, Pinus spp., Eucalyptus spp. and
Acacia spp. and the increasing human pressure had a huge impact on autochthonous communities, leading to the
disappearance and reduction of many other types of forests [11]. As an example, the oak forest, that once dominated
the landscapes of the country, is a type of Portuguese autochthonous forest with high economic and patrimonial
value.

The composition of the forest in Europe and Portugal has undergone numerous modifications over the years,
mainly in response to the numerous fluctuations in the climate, mostly due to climate change. Nevertheless, in
more recent time scales, changes in the forest composition have also been verified, not only due to climatic factors,
but also due to anthropic factors [12].

Portugal is a country that, since its earliest days, has been linked to maritime activities, namely the discovery
of new lands and fishing activities, since it has a large stretch of coast. The need to obtain raw material for these
activities makes it very close to the existing forest, since it is from this that the necessary raw materials are obtained.
This straight link, together with exponential population growth and demographic expansion that emerged in the
following centuries, further increased the pressure on the forest, leading to profound changes in the country’s forest
composition [13].

Before the sea expansion and the time of Portuguese discoveries, the forests of Quercus spp. dominated the
landscape of mainland Portugal. Quercus pyrenaica and Quercus robur were dominant in the north of the Tagus
River, while the southern perennial species Quercus suber and Quercus rotundifolia dominated to the south of the
Tagus River, as well as extensive areas of Pinus pinea [14,15].

Today, oak forest ecosystems provide countless ecosystem services to mankind. The oak forests are a type of
native forest that provides a large amount of ecosystem services, including climate regulation, water cycle regulation,
wood, energy, air purification, erosion control and others [16].

This split on oak forests can be explained by biogeographic influences, since Portugal is inserted in the
Mediterranean region, with only a small strip of the territory in the Atlantic zone [17]. The region that finds itself
with Atlantic influence is characterized by having a temperate and rainy climate without a clear dry season. The
most representative formations here are the forests of thin, flat, large, deciduous winter tree trees such as oak trees
(Quercus robur, Quercus pyrenaica), [17]. The Mediterranean Region is characterized by a climate in which rain
is scarce in summer, but there may be excess water in other seasons. [17].

The Quercus robur forests are characterized by having large deciduous trees, which achieve a high longevity
(more than 1000 years in some cases) and reach dimensions over 40 m in height and 3 m in diameter. This
species, from ancient times, has a fundamental role in providing raw material for mankind, notwithstanding that, for
certain ethnic groups, it was also considered a mystical tree of great religious and cultural value [18]. Numerous
ecosystem services are currently being allocated to these forests, among which are regulation services such as
CO2 sequestration, climate regulation, prevention of natural disasters, water cycle regulation, retention and soil
formation, regulation of the nutrient cycle, disposal-recycling of waste, biodiversity refuge; provisioning services:
food production, production of wood; cultural services: aesthetic information; recreation, artistic and cultural
information, spiritual and cultural information and education and science [19].

The Quercus pyrenaica forests are characterized by medium sized trees, usually growing between 20 and 25
m in height. Although it is a deciduous leaf tree, the leaf of this species only falls in the spring.:The root system
is strong, equipped with numerous shallow secondary roots, including a deep “taproot”, which allows the trees to
reach the water content in the soil. These two features constitute an adaptation to climates of warmer characteristics
[18,20]. Due to its great capacity for regeneration, this species has always been used in silvo-pastoral regime,
for firewood and charcoal production. Currently the wood of this species continues to be exploited, however, due
to its enormous importance from a landscape point of view, forming forests rich in biodiversity, this species is
protected by European legislation [21]. Numerous ecosystem services are currently being allocated to the forest of
this species, among which are regulation services: CO2 sequestration, climate regulation, prevention of catastrophic
phenomena, water cycle regulation, retention and soil formation, regulation of the nutrient cycle, disposal-recycling
of waste, biodiversity refuge; provisioning services: food production, production of wood; cultural services: aesthetic
information; the recreation, artistic and cultural information, spiritual and cultural information and education and
Science [19].

The Quercus rotundifolia forests, often known as holm oak, are characterized by a broadleaf or shrub tree, which
can grow up to 25 m high and about 2 m in diameter, and can reach a longevity of 1000 years [22]. In the Iberian



P. Sousa, D. Gomes and N. Formigo / Energy Reports 6 (2020) 466–471 469

peninsula, this species is often exploited in the form of a “montado”, an agro-silvo-pastoral system, where the holm
oaks are distant from each other’s and where the cattle feeds [23]. The holm oak is a species that is quite tolerant
with respect to soil, climate and altitude types, supporting soils that can range from arid to humid; from areas
that do not have high levels of precipitation and high temperatures to areas of high altitude associated with low
temperatures. Numerous ecosystem services are currently being allocated to forests of this species, among which
are regulation services CO2 sequestration, water cycle regulation, retention and soil formation, regulation of the
nutrient cycle, biodiversity refuge; provisioning services: food production; cultural services: aesthetic information,
spiritual and historical information and education and Science [19].

The Quercus suber forests, commonly known as Cork Ocher is native to the Mediterranean region. This species
can grow up to 20 m in height, 1.5 m in diameter and have a longevity of about 200 years [22]. One of the most
representative characteristics of the species is its bark, called cork, which is harvested periodically, and used as
raw material. However, the bark is an adaptation to hot and dry climates since it allows the tree to survive fires
[18]. It is often associated with agro-silvo-pastoral ecosystems, called “montado”, where mature and dispersed trees
coexist with a sub-forest stratum composed of pastures and cereal crops. Numerous ecosystem services are currently
being allocated to the forest of this species, among which are regulation services CO2 sequestration, water cycle
regulation, retention and soil formation, regulation of the nutrient cycle, biodiversity refuge; provisioning services:
cork production; cultural services: aesthetic information, spiritual and historical information and education and
Science [19].

The general trend is that pressure on ecosystems, include oak forests, will globally increase in the coming
decades, unless human attitudes and actions change [24]. The need to change the current paradigm for using natural
resources, leads to the need to change the context in which economic, political and social decisions are made, in
order to implement methodologies that allow the integration of ecosystem services into decision making [25].

2. Material and methods

In a first phase of this work, all the environmental impact studies available on the site of the Portuguese Agency
of the Environment were downloaded on October 29, 2018 and reviewed in order to evaluate the use of ecosystem
services in their making process. In the analysis was done a systematization, grouping the several kinds of project
according to their typology, taking into account the different phases of the project (construction, development and
deactivation phases).

In this process, impacts and the mitigation and monitoring measures were analyzed (Fig. 2).

Fig. 2. Structures types used in the systematization of EIA in Portugal.

The second part of this work, which is still underway, is the preparation of a practical guide, which will contain
methodological instructions on the integration of Ecosystem Services in the environmental impact assessment
process, for projects that are carried out where there are forests patches of Quercus sp.

3. Results

In total, 339 studies were analyzed in a first phase and, of these, approximately 54% percent already had
implicit references to ecosystem services, namely in relation to provisioning services, but only 1% explicitly used
Ecosystem Services. Even these only refer briefly their importance, usually on the characterization phase. The
implicit references found mention mostly the importance of the study area as feeding, breeding, nursing spots,
for numerous species, which correspond to the service life cycle maintenance, habitat and gene pool protection.
Less frequently there are some references to air purification, soil retention, water cycle, temperature regulation and
creation of better edaphic conditions. Frequently a connection is found between the production services and some
ecosystems like agricultural and forest, like the production of wood, and other nutrition products. The cultural
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services are even more rare, and usually connect to a scientific and landscape value or tourism and education.
These results evidence that the ecosystem services are rarely consider in environmental impact studies, carried out
in Portugal.

The systematization allowed to infer that, in some cases, the impacts caused by the different kinds of projects
could be very diverse, such as the mitigation and monitoring measures that were proposed. Nevertheless, in most
of the cases, there is a consensus in this strand and the measures are very similar.

One of the most common errors encountered at this stage was that, in many cases, the mitigation measures
suggested are mandatory by law, which means that these are not mitigation measures but rather legal obligations

In the second phase, still in development, a guide will be created, with indications of how to evaluate
environmental impacts in ecosystem services. For this, indicators of ecosystem services are used, such as global
climate regulation by reduction of greenhouse gas concentrations, or climatic parameters on regulation services;
raw material production by amount, type and use; and data on by visits/use, plants and animals diversity, ecosystem
type importance for cultural services [26]. The evaluation in the provision of services will be done on a scale of
1 to 5, where 1 means that a given ecosystem service is no longer being provided, and that the project has had a
major impact on that service and 5 means that the service continues to be provided without any kind of impact.
In addition to this methodology, mitigation measures and ecological monitoring plans directly linked to ecosystem
services will be suggested in order to minimize the impacts on these ecosystem services.

4. Conclusion

The increase of anthropic pressure on ecosystems, especially on oak forests, has been increasing the need
to establish new methodologies that allow inferring about the impacts caused on ecosystems. The guide that is
being developed in the course of this work will focus on the evaluation of impacts applied to ecosystem services,
through the evaluation of ecosystem service indicators. With this, the guide seeks to improve the mechanism of
environmental impact assessment, thereby ensuring the sustainability of these ecosystems for future generations.
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