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Abstract: The purpose of this study is to identify the impacts of abandoned quarries and to examine
scenarios for their restoration. Two quarries were selected as case studies, which are located in
the Evros Region (NE Greece). Initially, the current state of the abandoned quarries was recorded
and evaluated, including slopes, landscape, land use, as well as cultural elements. Four alterative
scenarios for the exploitation of each quarry were proposed, taking into account the specifics of
each site. Financial, environmental, and socioeconomic criteria were then used to evaluate these
scenarios. The PROMETHEE method is a multi-criteria decision analysis approach and was applied
to rank the alterative scenarios. The results show that the “do nothing” scenario is the worst solution
for both quarries. In the quarry at Asvestades, the restoration of the area by returning the land to
pre-quarry use with the shaping of the slopes and planting is considered the best solution. On the
other hand, in the quarry Mikro Derio two scenarios are proposed; one provides restoring the site to
its pre-quarry land use and the other is the restoration of the quarry combined with the creation of a
wildlife observatory and places for alternative forms of tourism.
Keywords: environmental impact; quarry development; geomorphological characteristics;
PROMETHEE method; alterative scenarios

1. Introduction
On a global scale, the combined forces of urbanization and rapidly-expanding industry have
increased the stress on the natural environment and has resulted in morphological changes in
landforms, repeated natural disasters, fragmentation of natural habitats, and degradation of the
soil, and surface and ground waters by a wide range of chemical contaminants [1–9]. The continuous
and rapid progress of urbanization around the world and the consequent need for mineral sources
has largely destroyed many formerly natural ecosystems and left behind many abandoned mines [10].
Mineral extraction, specifically quarrying and open-cast mining is, and will remain, of great economic
importance for Europe. Today, there are approximately 7200 quarries cover 250,000 ha in Northwest
Europe [11,12]. After extraction, the original landform is permanently altered and the original
vegetation cover is destroyed. The visual impact of the quarries may extend over large areas as
noticeable scars of high formation and color contrast, reducing the aesthetic appeal of the landscape
and deteriorating the scenic quality of the area [13].
Abandoned mining sites are currently a major area of concern as they have consequences for the
environmental, economic, and social sectors in traditional rural areas. High restoration costs and a
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lack of involvement of local authorities hamper the implementation of a solution to the environmental
degradation [14].
After the end of the quarrying, the land can be reused through restoration. Restoration involves
returning the land to its original use, while rehabilitation seeks returning the land to some degree of its
former state [15,16]. Restoration or rehabilitation of abandoned quarries poses interesting challenges
for engineers and environmental scientists. Redeveloping abandoned quarries is not merely about the
simple task of re-greening the quarry, but involves a project of creating an ideal place for people with
its own ecological, cultural, and leisurely traits by setting up a sustainable landscape design [17].
Studying different types of opencast mines allows the breakdown and understanding of the
existence of common features in all mines. The main feature is environmental degradation and,
typically, radical change in the landform compared to the previous situation [13]. In many cases the
original vegetation cover is destroyed from quarrying activities [18].
The mechanisms of the restoration of quarries according to each country’s bureaucracy require
the collection of considerable amounts of data for an objective impact assessment. Various studies
dealing with models for calculating impact assessments and proposals for the restoration of quarry
areas have been released from time to time. Castilla-Gómez et al. propose a methodology to establish
an environmental analysis, focusing on the evolution of environmental impacts over time. Since their
applied model includes a typical mining operation layout together with adaptive parameters, it is
general enough to apply to different mine project designs [19]. Tang et al. suggest three categories
of planning function for pit rehabilitation based on the natural condition, the economic and social
environment, and land use planning [20]. Prach and Hobbs argued about the value of natural
succession instead of technical reclamation in terms of environmental conservation [21].
Milgrom considers that abandoned quarries that are located in conservation areas should be
rehabilitated as open spaces [22]. Neri and Sánchez suggest a procedure to evaluate mine rehabilitation
practices during the operational phase of a quarry [23].
The type of vegetation to be used for the rehabilitation of the quarry is a concern for many
scientists. Novák et al. have studied basalt quarries and discovered that the succession assemblages
are not randomly drawn from the vegetation of the wider study area, but depend on the species pool
within a close distance [24]. Meira-Neto et al. pointed out that resilience against sudden changes in
the environment is a very desirable trait in plants used for ecosystem restoration [25]. Zhang et al.
developed and categorized quarry ecosystem recovery indicators based on the core capabilities of the
society for ecological restoration [26].
Tropek et al. argue that post-mining management, topography and habitat heterogeneity are
the most significant for the conservation value of both plant and invertebrate communities, whereas
the surrounding landscape had no effect on the communities [27]. Boscutti et al. consider that
both vegetation layer changes and plant traits can be used in achieving effective limestone quarry
reclamation [28].
Generally, the proposal for the restoration of quarries is a complicated environmental and
socio-economic problem. Selection and evaluation of multiple criteria are involved in this problem.
In this context, multi-criteria decision analysis methods can be applied. These methods are decision
support tools for dealing with complex decision constellations where environmental, technological,
economical, ecological, and social aspects have to be covered [2,29–31], The PROMETHEE (Preference
Ranking Organization Method for Enrichment Evaluations) technique is one of the most recent
multi-criteria decision analysis methods. It is an outranking approach for a finite set of alternative
actions to be ranked and selected among criteria, which are often conflicting [32,33].
The aim of this study is to identify the impacts of abandoned quarries and to examine scenarios
for their restoration. The PROMETHEE method was applied to evaluate the scenarios. Additionally,
the impacts of the proposed scenarios were assessed. For this purpose two abandoned quarries in NE
Greece were selected and used as case studies.
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Figure 1. (a) Location map of the region of Evros; and (b) the location map of the quarries of
Figure
1. (a) Location map of the region of Evros; and (b) the location map of the quarries of Asvestades
Asvestades and Mikro Derio with elevations, main towns, main drainage network, and main road
and Mikro Derio with elevations, main towns, main drainage network, and main road network.
network.
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description of the site, slopes, location, and land use. The effects on the environment from the
the description of the site, slopes, location, and land use. The effects on the environment from the
operation and abandonment of the quarries were also recorded. The fieldwork observations were
operation and abandonment of the quarries were also recorded. The fieldwork observations were
used to investigate exploitation scenarios for these quarries. The recorded observations concerning
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flora and fauna of the region, erosion following the abandonment of the quarry, and data in general on
the environmental degradation due to quarrying activities. In the socio-economic impact assessment
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group elements related to the safety of the residents were recorded, such as the existence or not
of fenced areas and slope stability. Illegal activities occurred in the area, such as the extraction of
aggregates and logging. In addition, land encroachments were observed at the edges of the quarry
mining areas, as well as the use of the quarry roads by the locals.
3.2. Scenarios for Quarry Expoitation
The suggested scenarios to exploit each quarry are listed below. The same scenarios were applied
to both quarries. In this way, the results were compared and the scenarios were evaluated [34].
Since both quarries are located within Natura 2000 areas, each scenario described below was designed
to protect the species of the region and restore the quarry in such a way as to have similar characteristics
with its environment. The applied scenarios were:

•
•
•
•

A1: Do Nothing.
A2: Restoration of the quarry area by shaping slopes and planting.
A3: Restoration of the quarry area by shaping slopes, redevelopment relief, and planting to exploit
the area for logging.
A4: Restoration of the quarry area by shaping slopes, redevelopment relief, and planting with the
operation of facilities for alternative forms of recreation/tourism.

3.3. PROMETHEE Method and Input Data
Each scenario has multiple recipients with potentially conflicting interests regarding the
usefulness, degree of acceptance, and significance of impact. For this purpose it was considered
mandatory to use a multi-criteria method in this research. The applied method is the PROMETHEE
method, which is a multi-criteria decision analysis as developed by Brans et al. [35]. It is also quite a
simple ranking method. A number of successful applications have been treated by the PROMETHEE
methodology in various fields, such as industrial location, water resources, medicine, chemistry, health
care, and tourism. The success of the methodology is basically due to its mathematical properties
and to its particular friendliness of use [36,37]. This method is based on the principles of outranking
relation theory and permits effective action selection with respect to options (PROMETHEE I) and
ranking (PROMETHEE II). It is based on a comparison pair per pair of possible decisions along each
criterion. The input for the PROMETHEE method is a set of potential alternatives (actions). They are
evaluated according to different criteria, which have to be maximized or minimized. Determination of
the weights is an important step in most multi-criteria methods. The method normalizes the criteria
weights so that their sum is equal to 1.0 (100%). PROMETHEE II assumes that the decision-maker is
able to weigh the criteria appropriately, at least when the number of criteria is not too large [32,37].
In the present study the alternative set for the exploitation of the two quarries and the criteria set
were defined. In this way, it was possible to evaluate the proposals. The used software to evaluate the
proposals is Visual Promethee 1.4 Academic Edition [38].
Scenarios A1, A2, A3, and A4 are the alternative set of the method and were evaluated by using
specific criteria. These were chosen based on the impact of each alterative scenario on the environment,
and on the society and economy of the area. For this reason the judgment criteria set of the applied
method were grouped into three categories as follows:
(a)
(b)
(c)

financial criteria: construction, operation and maintenance costs,
environmental criteria: environmentally-protected areas, pollution, land encroachments, impacts
on flora and fauna, landscape aesthetics, noise,
socioeconomic criteria: safety of residents, land use changes in the area, economic redevelopment
for the locals (employment growth, promoting local products etc.), tourism, temporary
disturbance during construction.

Possible decisions took into account the importance of the criteria weight. However, the
decision-makers may be individuals, such as engineers, environmental managers, landowners, public
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Figure 7. Forest area in front of the Mikro Derio quarry.
Figure 7. Forest area in front of the Mikro Derio quarry.
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Since many of the effects are similar in both quarries, and in order to avoid repetition, a summary
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Table 1.
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Pivot table
table impact
impact presentation
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the study
study of
Impact Description
Impact
Description
Visual pollution
Landscape
aesthetics
Visual pollution
Landscape
Alteration
of theaesthetics
landscape
Alteration
theerosion
landscape
Flooding of
and
Flooding
and
erosion
Loss of flora and fauna
Loss
of flora
and fauna
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Illegal mining and aggregate removal
Risk
Riskofofslope
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Land
use
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agricultural)
Land
LandValue
Valuereduction
reduction

Asvestades
Asvestades
√√
√√
√√
√√
√√
√√
√√
√√
√
√

Mikro Derio
Mikro√Derio
√
√
√
√√
-√
√
√
√
√√
√√
√√
√
√

Concerning the environmental impacts of both quarries, the aesthetic alteration of the landscape
Concerning the environmental impacts of both quarries, the aesthetic alteration of the landscape
and the changes in geomorphologic characteristics of the area are very intense due to their former
and the changes in geomorphologic characteristics of the area are very intense due to their former
intensive exploitation. The deposition of quarry waste within the quarry area also caused the
intensive exploitation. The deposition of quarry waste within the quarry area also caused the shrinkage
shrinkage or/and the disappearance of vegetation. The mining operations and the deposition quarry
or/and the disappearance of vegetation. The mining operations and the deposition quarry waste
waste caused changes in the surface runoff of rainwater and soil erosion.
caused changes in the surface runoff of rainwater and soil erosion.
In terms of socio-economic impacts, both abandoned quarries are affected by the illegal
In terms of socio-economic impacts, both abandoned quarries are affected by the illegal extraction
extraction of aggregates. The complete lack of security in both quarries has resulted in the illegal
of aggregates. The complete lack of security in both quarries has resulted in the illegal dumping
dumping of urban waste within the quarry area (Asvestades quarry). Moreover, the lack of quarry
of urban waste within the quarry area (Asvestades quarry). Moreover, the lack of quarry fencing
fencing endangers the lives of inhabitants or visitors because of the possible failure of the existing
endangers the lives of inhabitants or visitors because of the possible failure of the existing slopes.
slopes.
4.4. Proposed Quarry Exploitation
4.4. Proposed Quarry Exploitation
The proposal to exploit the abandoned quarry of Asvestades includes four alternative scenarios,
The
proposal to exploit the abandoned quarry of Asvestades includes four alternative scenarios,
which
are:
which are:



Α1: Do nothing. The quarry remains abandoned.
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Α4: Restoration of the quarry by creating places for people to enjoy and relax, and places for
A4: Restoration of the quarry by creating places for people to enjoy and relax, and places for
tourism and cultural events. Similarly to scenario A3, it is expected that restoring the land to
tourism and cultural events. Similarly to scenario A3, it is expected that restoring the land to
some degree of its former state and the restoration plan involves actions such as shaping slopes,
some degree of its former state and the restoration plan involves actions such as shaping slopes,
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Figure 9. Partial ranking of alternatives based on the PROMETHEE I method, taking into consideration
all categories of possible decisions (Asvestades quarry).

Figure 10. Complete ranking of alternatives based on the PROMETHEE II method, taking into
consideration all categories of possible decisions (Asvestades quarry).
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Figure 11. Result comparison of the five possible decisions for the Asvestades quarry.

As it is shown in Figures 9–11, the ranking by the PROMETHEE I and PROMETHEE II
methods are:
Scenario A2 > A3 > A4 > A1
The first rank belongs to scenario A2. This means that A2 is the best choice and outranked the
other alternative scenarios for the exploitation of the Asvestades quarry regarding the given criteria.
The second best option is scenario A3.
On the contrary, scenario A1 is the worst solution for the exploitation of the Asvestades quarry,
bearing the worst performance in the criteria, as expected.
Scenario A4, which focuses on restoration with the creation of tourist areas is the second most
inappropriate proposal for the quarry at Asvestades. The high financial cost of this type of restoration
is the main reason for this result. Moreover, the creation of places for cultural and social activities
reduces the positive environmental potential criteria.
Similarly, in the case of the quarry at Asvestades, the exploitation of the Mikro Derio quarry
includes four alternative scenarios. The first scenario (A1) is to keep the site of the abandoned quarry
as it is. The second scenario (A2) provides restoring the site to its pre-quarry land use. According to
the third scenario (A3), the site is restored and planted with rapid-growth saplings in order to exploit
it for logging. The fourth scenario (A4), proposes restoration of the quarry in combination with the use
of existing buildings by creating a wildlife observatory and places for recreation and alternative forms
of tourism (Figure 12).
Figures 13–15 indicate that A2 is the best choice, followed by A4, A3, and A1, respectively. As in
the case of Asvestades quarry, scenario A1 is an absolutely inappropriate choice considering the
aforementioned criteria. Scenario A3, i.e., proposing the restoration and then the exploitation by
logging, is the second most inappropriate proposal. This ranking is attributed to the unfavorable
environmental criteria which are created because Mikro Derio is an area with an intense forest character.
Scenario A2 has a higher position than A4 based on the ranking by PROMETHEE II (Figure 14).
The two scenarios are marginally incomparable according to the ranking by PROMETHEE I (Figure 13).
However, it is particularly interesting to focus on the comparison of the results for the five possible
decisions of Figure 15. When greater weight is given to the socio-economic criteria, then scenario A4 is
a better choice than A2, since A4 retains a high enough performance with respect to the environmental
criteria and it has the best performance with respect to the socioeconomic criteria, such as tourism,
financial support of the local society, the increased price of land, etc.
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Figure 12. Restoration proposals for the quarry in Mikro Derio according to the alternative scenario
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Figure 13. Partial ranking of alternatives based on the PROMETHEE I method, taking into consideration
all categories of possible decisions (Mikro Derio quarry).
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Figure 14. Complete ranking of alternatives based on the ROMETHEE II method, taking into
consideration all categories of possible decisions (Mikro Derio quarry).

Figure 15. Result comparison of the five possible decisions for the Mikro Derio quarry.

5. Conclusions
Two abandoned quarries, the quarry of Asvestades and the quarry of Mikro Derio were assessed
for their restoration. The assessment of the environmental impacts of two abandoned quarries, the
changes in the geomorphologic characteristics of the area, such as landscape and surface runoff, and
the alterations in vegetation cover were recorded. Concerning the socioeconomic impacts, the complete
lack of security and fencing of both quarries creates a risk for residents and caused the illegal extraction
of aggregates and the illegal deposition of urban waste within the quarry areas.
Four scenarios for the exploitation of each quarry were proposed, taking into account the
above-mentioned impacts of each site. They were evaluated by using financial, environmental, and
socioeconomic criteria. The problem of the restoration of quarries is multi-dimensional and cannot
be resolved with the use of only one criterion, requiring the use of a multi-criteria decision-making
methodology. For this reason the PROMETHEE method was applied.
The results prove that the scenario A1, i.e., “do nothing”, is an absolutely inappropriate choice for
both quarries. In the quarry of Asvestades the results show that the best choice is scenario A2, which
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involves the restoration of the area by returning the land to the pre-quarry use, with the shaping of
slopes and planting. On the contrary, in the quarry at Mikro Derio, when in the environmental criteria
are given greater weight, the best solution is scenario A2. When the socioeconomic criteria have the
greatest weight, the best selection is scenario A4, which involves restoration of the quarry combined
with the creation of a wildlife observatory and places for recreation and alternative forms of tourism.
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