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Abstract: The current paper presents a methodological framework that is able to evaluate the carrying
capacity of protected areas where various human activities, apart from recreation and tourism, take
place. The proposed framework converts the energy and product consumption into land required
to satisfy those needs (Ecological Footprint) and compares them with the current land uses and
available land (Biocapacity), in order to calculate carrying capacity. To facilitate the evaluation, an
algorithm that calculates the Ecological Footprint, the Biocapacity, and the Carrying Capacity of
the protected area under study by introducing 48 inputs was developed. The inputs were related
to the evaluation of individual indicators assessing energy and product consumption of human
activities such as households, tertiary sector, municipal buildings, public lighting, private and
public transportation, and tourism. A new unit is introduced, the “equivalent person,” since the
anthropogenic activities within the boundaries of the protected area contribute in a dissimilar way to
the total land requirements. The framework is applied, as case study, in the National Park of Eastern
Macedonia and Thrace (NPEMT), Greece, with a view to validate and improve its applicability. Within
the NPEMT, habitats of significant biodiversity and ecological value are in coexistence with extensive
human activities (urban, rural, tourist, light industrial). The study area covers up to approximately
73,000 ha and its population is estimated at about 29,000 people. The Carrying Capacity of the
NPEMT according to the current consumption patterns was estimated at 39,193 equivalent residents,
which was higher than the current equivalent residents (36,960), indicating a potential for tourism
development at the NPEMT. The Ecological Footprint of the NPEMT was estimated at 181,324 Gha
or 4.9 Gha/perseq, slightly higher than the European mean (4.69 Gha/perseq). Among activities,
households and private transportation (with approximately 79% and 10%, respectively), among land
use, agriculture, livestock, and CO2 emissions (with approximately 36%, 30%, and 30%, respectively),
and among products, beef, fruits/vegetables, and beverages (with approximately 22%, 15%, and 14%,
respectively) were the main contributors of the total Ecological Footprint of the NPEMT. The area
of the NPEMT is able to meet the needs of its population provided that the consumption patterns
will be stable. The results encourage the expansion of tourism development, as the tourism activity
within the NPEMT is limited compared to other adjacent domestic destinations.
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1. Introduction

Sustainable development requires human systems to function within specific “green” limits
to ensure the sufficient supply of goods and services both to current and future generations [1].
The achievement of sustainability in an area depends on whether the impact of anthropogenic activities
are within the “green” range, including those activities that take place outside the examined area but
whose impacts affect its environmental status [2]. For this reason, the planning and natural resources
management in all spatial scales is essential to aim toward sustainability [3].

Focusing on protected areas, the integration of anthropogenic activities within the boundaries of
protected areas has led to increasing concerns regarding the appropriate use levels of parks, forests,
lakes, and other environmentally sensitive areas [4]. Alongside the significant ecological habitats within
protected areas, extensive human activities are developed such as households, tourism, agriculture,
light industry, and transportation. The harmonious coexistence of those diverse activities is a basic
concern of the management bodies responsible for protected areas [5]. More and more relevant
authorities need to quantify and assess the maximum level of human activities that can be developed to
satisfy current and future needs, while in parallel sustaining the environmental and ecological health.

The sustainability of protected areas is associated directly with Carrying Capacity for two
reasons: (a) the idea of sustainability reflects a limit, similarly with the concept of Carrying Capacity,
and (b) both concepts share the same challenges in formulating the objectives, practices, and actions
of improvement [6]. From the early 1960s, due to the fact that public visits were the major threat for
protected areas [7–10], research on outdoor recreation has utilized the concept of Carrying Capacity to
address the resource and social impacts of visitors [7,11,12]. A number of frameworks [5,13–16] have
been developed in order to provide management bodies with a basis for decision-making about the
Carrying Capacity of national parks and protected areas, defining it as “the maximum number of visitors
an area can sustain without unacceptable deterioration of the physical environment and without considerably
diminishing user satisfaction” [9,15,17]. Therefore, in the current article, the concepts of Environmental
Sustainability and Carrying Capacity are identical.

In Greece, there are twenty (20) protected areas [18] known for their great ecological and educational
value, when at the same time, apart from tourism, several other human activities are traditionally and/or
legally established within their boundaries. Thus, the assessment of the Carrying Capacity becomes
more complex, since activities such as agriculture, livestock, aquaculture, households, light industry,
and transportation have to be taken into account. Therefore, the Carrying Capacity assessment of an
area must take into account the impact of all the activities that take place within its boundaries.

Serving this challenge, the aim of the specific study was to provide an applicable framework that
is able to improve the evaluation and monitoring of the environmental sustainability of protected
areas. The proposed framework takes advantages from the results of an extensive literature review
we have conducted in a previous work [19]. In this work, 13 methods selected from a pool of 61
methods from a literature review were analyzed, categorized, and were finally evaluated based on
specific criteria [19,20]. This analysis pointed out key conclusions related to the efficiency and the
applicability of environmental sustainability assessment methods of protected areas. More specifically,
the “Resource Availability Assessment” category of methods and especially the “Ecological Footprint”
method have been indicated as the most appropriate method for the evaluation of environmental
sustainability of protected areas. Moreover, the need for the improvement of the ability of methods
to incorporate new activities within the environmental boundaries of the protected area, together
with the necessity of the methods to provide environmental sustainability thresholds, in order to
evaluate quantitatively whether the performance is sustainable, was also pointed out. An effective
environmental sustainability assessment method should take into account the spatial characteristics of
the examined area and ensure an adequate balance between the level of complexity and the coverage
of key sustainability issues [19,20].

This paper consolidates key findings from our previous work on the evaluation of existing
environmental sustainability assessment methods [19] and progresses a step forward by integrating all
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the information into an applicable framework that focuses on protected areas, taking into consideration
all anthropogenic activities within its boundaries. The proposed framework is expected to provide a
more holistic approach for the assessment of the environmental status and for the development of a
sustainable strategy for a protected area.

2. Method Description

In this specific section, the theoretical background and the steps that compose the proposed
methodological framework are briefly presented.

2.1. Theoretical Background

The concept of Carrying Capacity in general expresses an upper limit of the ability to sustain
a living system, whereas beyond that limit, instability, degradation, or irreversible damage will
subsequently occur [21]. Therefore, Carrying Capacity can be utilized as a supportive tool of policy
and decision-making, in order to resolve the aforementioned challenges.

The assessment of the Carrying Capacity of an area is a case-specific procedure and depends on the
nature of the problem to be solved and the objectives set by the researcher. As a result, various Carrying
Capacity definitions are available in literature. A widely known definition was introduced by Rees [22],
according to which the Carrying Capacity of an ecosystem is “the maximum population of certain species
that can be accommodated in an environment without permanent damage to the productivity of the environment”.

All human populations need natural resources. The use of resources leads to physical outputs
that affect global and local areas and has environmental impacts, such as waste generation and impact
on climate change. The availability of natural resources and the environmental impacts from their
utilization are the two restrictive parameters regulating the size of the population that can be sustained
in a given area [23].

Thus, the majority of existing Carrying Capacity methodologies focus on the environmental
constraints of resource consumption to determine population limits [24]. The resource-consumption-
focused methodologies [25,26] are universally applicable, reasonably comprehensive, and their data
and methodology have been made publicly available [27]. The most common current existing examples
of environmental modeling [24,28,29] are based on the Ecological Footprint, “the amount of land and/or
water that is necessary to a population or activity, in order to produce, in a sustainable way, all the natural
resources it consumes and assimilate the waste it produces, using the available technology” [30].

Therefore, both Ecological Footprint and Carrying Capacity are based on similar procedures
such as defining an area, selecting resources, and defining relevant indicators for qualification [28].
In order to assess the Carrying Capacity of an entity, its Ecological Footprint per person is compared
with its Biocapacity, a term that represents the available biologically productive land that absorbs
the impact of consumption along with subsequent waste [25]. The Ecological Footprint calculations
refer to the estimation of annual consumption needs of anthropogenic activities that take place on the
study area and their conversion to biologically productive land. According to Wackernagel et al. [31],
the aforementioned consumption needs are classified into six (6) Ecological Footprint land use types,
namely, agricultural products, livestock products, fishery and aquaculture, timber products, CO2

emissions, and built-up surfaces. The Ecological Footprint of consumption for each product (EFc) is
calculated as:

EFC = EFP + EFim − EFex (1)

where EFP is the Ecological Footprint of production, and EFim and EFex are the Ecological Footprints
embodied in imported and exported commodity flows, respectively.

In order to ensure that all the production procedures as well as the necessary materials both for
product production or energy generation will be taken into account in the estimation of the Ecological
Footprint, the Life Cycle Analysis (LCA) approach was innovatively applied, leading to a more
thorough assessment of human activities and ensuring that all required processes and materials were
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taken into account in the calculations [32]. The Life Cycle Analysis is conventionally characterized as
a “cradle-to-grave” or “closed-loop” approach, as it examines the overall environmental impact of a
product, process, or system, taking into account every step of its life—from receipt of raw materials to
its construction, its sale, usage, and final disposal into the environment [33].

The Biocapacity calculations refer to the estimation of the existing available biologically productive
land. The available land is divided into five land uses, namely, cropland area, grazing land area,
marine/inland water area, forest area, and infrastructure area [31].

The calculation of Biocapacity is implemented based on the accounting framework proposed by
Wackernagel et al. [31]. The available productive areas were firstly converted into land in terms of world
average productivity by multiplying the available hectares of each land use with the corresponding
“yield factors” [34]. “The Yield Factors (YFs) account for countries’ differing levels of productivity for
particular land uses are country-specific and vary by land use type and year. They may reflect natural factors
such as differences in precipitation or soil quality, as well as anthropogenic differences such as management
practices” [34]. Subsequently, the abovementioned lands were converted to Biocapacity by multiplying
the world hectares of each land use with the corresponding “equivalence factor” [34]. “The Equivalence
Factors (EQFs) convert the areas of different land uses, at their respective world average productivities, into
their equivalent areas at global average bioproductivity across all land use and they vary by land use as well
as by year. The rationale behind the Equivalent Factor calculation is to weight different land areas in terms of
their inherent capacity to produce human useful biological resources. The weighting criterion is not the actual
quantity of biomass produced, but what each hectare would be able to inherently deliver” [34]. The values of
the mentioned parameters of yield factor and equivalence factor are retrieved by available references
and databases [35,36]. Finally, the Biocapacities of land uses are summed to the total Biocapacity.

The proposed framework is based on the “Ecological Footprint” calculation framework described
above, but goes a big step further by simplifying the Ecological Footprint calculations and introducing
a new unit, namely, “equivalent person,” in order to enable the evaluation of more than one activity.

2.2. Methodological Framework Description

The methodological framework has been developed for estimating the Carrying Capacity of an
anthropogenic spatial entity, which refers to the spatial scale below a nation and usually includes
a province or a municipality or parts of them that are administrated under a specific management
scheme or other specific authority (e.g., National Park) and it is summarized in Figure 1.
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Figure 1. The proposed framework.

Based on the above, a comprehensive quantitative definition of Carrying Capacity is given by the
authors with the following formula:

Carrying Capacity (max.equivalent population) =
Biocapacity (available land)
Ecological Footprint (required land)
P (existing equivalent population)

(2)
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where P is the existing equivalent population of the inhabitants of the spatial entity under study. The unit
of “equivalent population” is introduced, since the proposed methodological framework besides
the consumption needs of the real human population of the study area estimates the consumption
needs of anthropogenic activities, which are not directly dependent on the size of the real population.
For example, the annual energy consumption of buildings depends on their size and their use and not
on the population size of the study area.

At first, the spatial and time parameters of the framework, namely the geographical boundaries
of the study area and the reference year essential for the procedure of data acquiring, are clarified.
Following, the calculations are separated in three sectors: (a) Biocapacity calculations, (b) Ecological
Footprint calculations, and (c) Calculations of existing Equivalent population.

2.2.1. Biocapacity’s Accounts

In order to calculate Biocapacity, specific indicators per land use of the CORINE (Coordination
of Information on the Environment) land cover methodology [37] were used. These indicators are
presented in Figure 2. The available productive land was estimated with the application of a GIS
(Geographic Information System) software compatible with the European databases for land uses.
Then the available productive lands were converted to Biocapacity per land use by multiplying the
available hectares per land use firstly with the yield factors and then with the corresponding equivalent
factors, both known from the literature. The total Biocapacity is the sum of all Biocapacities per
land use.

Sustainability 2020, 12, x FOR PEER REVIEW 4 of 16 

where P is the existing equivalent population of the inhabitants of the spatial entity under study. The 

unit of “equivalent population” is introduced, since the proposed methodological framework 

besides the consumption needs of the real human population of the study area estimates the 

consumption needs of anthropogenic activities, which are not directly dependent on the size of the 

real population. For example, the annual energy consumption of buildings depends on their size and 

their use and not on the population size of the study area. 

At first, the spatial and time parameters of the framework, namely the geographical boundaries 

of the study area and the reference year essential for the procedure of data acquiring, are clarified. 

Following, the calculations are separated in three sectors: (a) Biocapacity calculations, (b) Ecological 

Footprint calculations, and (c) Calculations of existing Equivalent population. 

2.2.1. Biocapacity’s Accounts 

In order to calculate Biocapacity, specific indicators per land use of the CORINE (Coordination 

of Information on the Environment) land cover methodology [37] were used. These indicators are 

presented in Figure 2. The available productive land was estimated with the application of a GIS 

(Geographic Information System) software compatible with the European databases for land uses. 

Then the available productive lands were converted to Biocapacity per land use by multiplying the 

available hectares per land use firstly with the yield factors and then with the corresponding 

equivalent factors, both known from the literature. The total Biocapacity is the sum of all 

Biocapacities per land use. 

 

Figure 2. The indicators of Biocapacity per land use. 

2.2.2. Ecological Footprint’s Accounts 

“The Ecological Footprint theoretically includes all human demands, but in practice, the 

relevant datasets are not available” [34]. Thus, taking into consideration the availability of datasets 

from similar studies [35,38] and trying to simplifying the Ecological Footprint calculations 

framework, the selection of the relevant parameters for energy and product consumption was 

implemented. The energy and product consumption were related to the needs of households, 

tertiary sector, municipal buildings, public lighting, public and private transportation, and tourism 

activities. The selected indicators for the Ecological Footprint assessment are presented in Figure 3, 

and an indicative sample of them is described in detail in Appendix A. 

For the estimation of individual annual consumption, an inventory including indicative 

quantitative data is implemented. Depending on the availability of data, certain assumptions may be 

necessary. In order to improve the functionality of the framework, an algorithm that calculates the 

values of the individual indicators was developed providing that several inputs are known. The 

algorithm accepts numerous inputs, such as number of residents and tourists, number of buildings 

per use, area of dwellings, installed power, length of road and railway networks, numbers of 

vehicles per mean of transportation (cars, motorbikes, etc.), number of passengers and loads for 

commercial and passenger ships and airplanes, etc. (see Appendix A). The calculations were 

Figure 2. The indicators of Biocapacity per land use.

2.2.2. Ecological Footprint’s Accounts

“The Ecological Footprint theoretically includes all human demands, but in practice, the relevant
datasets are not available” [34]. Thus, taking into consideration the availability of datasets from similar
studies [35,38] and trying to simplifying the Ecological Footprint calculations framework, the selection
of the relevant parameters for energy and product consumption was implemented. The energy and
product consumption were related to the needs of households, tertiary sector, municipal buildings,
public lighting, public and private transportation, and tourism activities. The selected indicators for
the Ecological Footprint assessment are presented in Figure 3, and an indicative sample of them is
described in detail in Appendix A.

For the estimation of individual annual consumption, an inventory including indicative
quantitative data is implemented. Depending on the availability of data, certain assumptions
may be necessary. In order to improve the functionality of the framework, an algorithm that calculates
the values of the individual indicators was developed providing that several inputs are known.
The algorithm accepts numerous inputs, such as number of residents and tourists, number of buildings
per use, area of dwellings, installed power, length of road and railway networks, numbers of vehicles
per mean of transportation (cars, motorbikes, etc.), number of passengers and loads for commercial
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and passenger ships and airplanes, etc. (see Appendix A). The calculations were implemented taking
into account assumptions, such as average weight of residents and tourists, average consumption
of products per kg of human mass per day, average electrical and thermal energy per m2 per use of
building, average surface of buildings per use, average time of public lighting’s operation per year,
average distance travelled by vehicles on local roads per year, average weight of loads for commercial
and passenger ships, etc. (see Appendix A).
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For the conversion of the aforementioned annual consumption in required biologically productive
land, proper factors were developed with the application of LCA software (SimaPro 7.2) and the
methodology Ecological Footprint V 1.02, and were used.

2.2.3. Equivalent Population’s Accounts

An innovative part of the proposed framework is the calculation of the existing equivalent
population that refers to the estimation of resident population (real and equivalent) of the study
area, which contributes to the total annual consumption of resources and energy. The proposed
methodological framework for the estimation of the total Ecological Footprint, besides the consumption
needs of real residents of the study area, also takes into account the annual consumption of activities that
do not depend directly on the resident population, such as the annual fuels consumption for personal
transportation, which depends on the annual travelled km by all types of vehicles (cars, motorbikes,
trucks, etc.), the annual energy consumption of tertiary sector buildings (hospitals, shops, offices, etc.)
that depends on the surface area, etc. Consequently, an equivalence between the consumption needs
and the equivalent resident was created, according to the Ecological Footprint that these needs require.
By setting the real residents’ population of the study area and their needs as a basis, the consumption
needs of the remaining anthropogenic activities are matched to equivalent residents. Using this method,
every real resident is matched to one equivalent resident, while all the other activities ”produce” a
corresponding number of equivalent residents. For example, a population of X equivalent residents
can be sustained with the Ecological Footprint corresponding to the annual power consumption of
tertiary sector buildings, or moreover, a population of Y equivalent residents can be sustained with the
Ecological Footprint corresponding to the annual fuel consumption for personal transportation, etc.

The calculation of the existing equivalent residents which contributes to the total Ecological
Footprint is implemented by considering the following hypothesis: if P* real residents need EF* (area
in Gha) to be sustained, then what is the number of residents (Peq) able to be sustained in EF (area in
Gha)? The existing equivalent resident population is therefore calculated using Equation (3):

Peq =
P∗

EF∗
EF (3)
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where P * and EF * represent the population and the Ecological Footprint of the real residents, and EF
represents the total Ecological Footprint of the spatial entity under study.

3. Case Study: National Park of Eastern Macedonia and Thrace, Greece

The proposed framework was applied to the National Park of Eastern Macedonia and Thrace
(NPEMT), in Greece, in order to verify and improve its applicability.

3.1. Description of the Study Area

The National Park of Eastern Macedonia and Thrace (NPEMT) covers approximately 73,000 ha and
includes the wetlands of Delta Nestos and Lakes Vistonida and Ismarida (Figure 4). Within the NPEMT,
habitats of significant biodiversity and ecological value are in coexistence with extensive human
activities (urban, rural, tourist, industrial). The NPEMT extends to the administrative boundaries of six
(6) municipalities, has 43 villages, 10,500 households, and an approximate population of 29,000 people.
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The main characteristics of the NPEMT area are summarized below:

• The building stock of the NPEMT is constituted by 15,400 dwellings, 820 offices and commercial
buildings, 8 healthcare buildings, 100 schools, and 30 hotels.

• The total installed power for public lighting is 700 kW.
• Approximately 3.5 million cars, 4000 motorbikes, and 670,000 heavy-duty vehicles use the national,

provincial, and local road networks set within the boundaries of the NPEMT on an annual basis.
• The railway within the boundaries of the NPEMT has a length of 10.5 km and serves 146,000

people annually.
• At the two ports of the area, 9160 arrivals and departures are performed, transferring 140,000

people, 463,000 vehicles, and 194,000 tons of commodities on an annual basis.
• The local airport serves approximately 210,000 people (native and tourists) and 300 tons of

commodities annually.
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• The total number of visitors that stay at least one night within the NPEMT area is estimated at
approximately 25,000.

3.2. Implementation of the Methodological Framework

The available land uses and subareas of the NPEMT were measured using the software Mapinfo
Professional 12.0 and data from the European program for land cover CORINE (Coordination of
Information on the Environment) 2000 [39] (see Table 1). The Biocapacity of the NPEMT was therefore
estimated at 192,283 hectares of biologically productive land (area in Gha).

Table 1. The calculations of the Biocapacity of the NPEMT.

Land Uses Area in ha Yield Factor * Equivalent Factor * Biocapacity (Gha)

Cropland Area 52,011 1.5 2.2 171,472
Grazing Land Area 4528 4.1 0.5 9283

Marine/ Inland
Water Area 12,284 0.8 0.4 3931

Forest Area 910 1.3 1.4 1657
Infrastructure Area 1800 1.5 2.2 5940

Total Biocapacity of the NPEMT 192,283

* Source: [35].

The results from the estimation of Ecological Footprint for the reference year (2013) are presented
in Table 2. Relative estimations took place for the Ecological Footprint calculation, deriving by the real
resident population of the NPEMT, which was estimated at 143,628 Gha.

The existing equivalent resident population of the NPEMT was calculated using Equation (3) to
36,960 equivalent residents.

Peq =
P1

EF1
EF =

29, 276
143, 628

181, 324 = 36, 960 equivalent residents

Table 2. The calculation of the Ecological Footprint in the totality of the NPEMT.

Ecological Footprint
Subcategory Ind. Code Annual Consumptions/Activities Residents’ Ecological

Footprint in Gha
Total Ecological
Footprint in Gha

1. Agricultural Products

Ind. EF 1.1 Bread 671 676
Ind. EF 1.2 Potatoes 399 402
Ind. EF 1.3 Sugar 92 92
Ind. EF 1.4 Cereals 728 733
Ind. EF 1.5 Flour 260 261
Ind. EF 1.6 Legumes 2509 2527
Ind. EF 1.7 Fruits and Vegetables 27,313 27,502
Ind. EF 1.8 Beverages 25,759 25,938
Ind. EF 1.9 Tobacco 77 78

Ind. EF 1.10 Rice 3912 3939
Ind. EF 1.11 Vegetable oils 2298 2314

2. Livestock Products

Ind. EF 2.1 Pork meat 4141 4170
Ind. EF 2.2 Beef 40,965 41,249
Ind. EF 2.3 Sausages 1882 1895
Ind. EF 2.4 Chicken 1506 1516
Ind. EF 2.5 Egg 909 916
Ind. EF 2.6 Milk 4111 4140
Ind. EF 2.7 Cheese 206 207
Ind. EF 2.8 Butter 6 6

3. Fishery/Aquaculture
products

Ind. EF 3.1 Fish 3928 3956
Ind. EF 3.2 Seafood 107 107
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Table 2. Cont.

Ecological Footprint
Subcategory Ind. Code Annual Consumptions/Activities Residents’ Ecological

Footprint in Gha
Total Ecological
Footprint in Gha

4.Timber products Ind. EF 4.1 Paper 951 951

5. CO2 emissions

Ind. EF 5.1 Electricity 11,159 21,898
Ind. EF 5.2 Thermal Energy 9739 13,717
Ind. EF 5.3 Transportation by motorbike 0 830

Ind. EF 5.4 Transportation by
heavy-duty vehicle 0 9784

Ind. EF 5.5 Transportation by car (diesel) 0 1093
Ind. EF 5.6 Transportation by car (petrol) 0 5883

Ind. EF 5.7 Transportation by bus 0 322
Ind. EF 5.8 Transportation by train 0 20
Ind. EF 5.9 Transportation by commercial ship 0 3

Ind. EF 5.10 Transportation by ferryboat 0 20
Ind. EF 5.11 Transportation by passenger aircraft 0 215

Ind. EF 5.12 Transportation by
commercial aircraft 0 3

6. Built-up surfaces Ind. EF 6.1 Built-up areas * 0 3960

Total EF of the NPEMT 143,628 181,324

* Built-up areas were estimated for the totality of the NPEMT and not separately for every activity due to lack of
available data.

The Carrying Capacity of the NPEMT was calculated using Equation (2) to 39,193
equivalent residents.

CC =
Bc
EF
Peq

=
192, 283

181,324
36,960

= 39, 193 equivalent residents

3.3. Results and Discussion

The Ecological Footprint of the NPEMT was estimated at 181,324 Gha or 4.9 Gha/perseq, slightly
higher than the European mean (4.69 Gha/perseq) [36], whereas the Biocapacity of the NPEMT was
estimated at 192,283 Gha. The Carrying Capacity of the NPEMT was estimated at 39,193 equivalent
residents; a number higher than the existing equivalent residents (36,960 equivalent residents).
Therefore, the area is able to meet the needs of its population provided that the consumption patterns
will be stable or more efficient. Also, there is a considerable margin for the development of new
activities within the NPEMT boundaries. More specifically, regarding the tourism activity, although
it is a common problem in protected areas worldwide, the NPEMT has a Carrying Capacity surplus
of approximately 2000 equivalent residents, indicating that it can support a certain number of extra
tourists annually.

The major contributors on the total Ecological Footprint of the NPEMT were the annual
consumptions of products and energy related with households (79%) and the annual consumption of
energy related with private transportation (10%), as shown in Table 3.

Analyzing the Ecological Footprint of the NPEMT into its land uses as it is presented in Figure 5,
it can be observed that the main contributors are “1. Agricultural products” (36%), “2. Livestock
products” (30%), and “5. CO2 Emissions” (30%). It is remarkable that the consumption needs of
products and energy correspond to approximately 68% and 30%, respectively, of total Ecological
Footprint. Among the products, beef annual consumption (22.8%) was identified as the key factor
contributing to the Ecological Footprint of the spatial entity under study, while fruits and vegetables
(15.2%) and beverages (14.3%) followed. The above results are in agreement with the literature [40],
which indicates food consumption as a key contributor to the Ecological Footprint in areas where
human activities exist. Potential changes in the nutritional habits of residents and tourists, such as
partial replacing of beef, could significantly reduce the total Ecological Footprint.
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Table 3. The contribution of several human activities on the total Ecological Footprint of the NPEMT.

Description of Human Activities Ecological Footprint % of the Total Ecological
Footprint of the NPEMT

Products and energy consumption for households 143,628.3 79%
Energy consumption for buildings of tertiary sector 10,285.8 6%

Energy consumption for municipal buildings 1327.5 1%
Energy consumption for public lighting 776.7 0%

Distance travelled by means of private transportation 17,304.6 10%
Distance travelled by means of public transportation 868.2 0%

Products and energy consumption for tourism 3172.7 2%
Built-up areas 3960.0 2%

Total 181,324.0 100

The fact that the proposed framework has been applied effectively to the NPEMT is encouraging
in relation to its applicability. Also, the development of the algorithm that calculates the Ecological
Footprint, the Biocapacity, and the Carrying Capacity of the protected area under study by introducing
48 inputs has reduced the complexity and the expertise needed for the implementation of the proposed
framework. The evaluation of the environmental sustainability of the protected area under study
has been elaborated in a holistic approach taking into account anthropogenic activities. Moreover,
the results of the framework can provide clear information about the progress towards sustainability
and the ability to incorporate new activities within the environmental boundaries of the protected area
under study.

On the other hand, the authors recognize a certain degree of subjectivity in the evaluation
process which is related to the application of certain assumptions required due to the lack of data.
All assumptions are supported by statistical data, surveys, literature references [41,42], etc. Moreover,
there was no provision for the implementation of an uncertainty and sensitivity analysis method in
order to identify and cope with the uncertainties raised by the integration of the LCA method in the
proposed framework.Sustainability 2020, 12, x FOR PEER REVIEW 9 of 16 
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4. Conclusions

The current work introduced a methodological framework that is able to evaluate the
Environmental Sustainability of a spatial entity with anthropogenic activities and applied it to
the National Park of Eastern Macedonia and Thrace. The key advantage of the proposed framework is
that it can assess entities that present various human activities, such as households, tertiary sector,
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tourism, and transportation. In order to achieve this, the proposed methodological framework
equates the meaning of Environmental Sustainability to Carrying Capacity, estimating the maximum
equivalent population of residents which can live sustainably within a spatial entity. For this estimation,
the following are considered: (a) the available biologically productive land (Biocapacity) of the spatial
entity, (b) the land needed to satisfy the consumption needs of the anthropogenic activities in products
and energy (Ecological Footprint) within the spatial entity, and (c) the real value of the equivalent
residents, since all the consumption needs of the anthropogenic activities are not directly connected to
the population size. For example, the energy consumption of buildings depends on their surface and
use and not on the number of residents. The value of Carrying Capacity comes from the division of
Biocapacity to Ecological Footprint per equivalent capita (EF/Peq).

The implementation of the proposed framework contributes to the improvement of the functionality
and applicability of the existing methods for evaluating the environmental sustainability of protected
areas, while providing clear information about the progress toward sustainability and the ability
to incorporate a new activity within the boundaries of the protected area under study. However,
particular points, related to the assumptions and the uncertainties, have been identified that need to be
improved in order to strengthen the objectivity of the evaluation process and to treat the uncertainties
due to the integration of the LCA approach.

Especially, the results from the application of the proposed framework in the NPEMT indicated a
positive environmental performance of the region, since the Carrying Capacity is calculated at 39,193
equivalent residents, when the existing equivalent population was estimated at 36,960 equivalent
residents. Therefore, the area is able to meet the needs of its equivalent population provided that
the consumption patterns will be stable or improved. The results encourage a sensible expansion of
touristic activities. Household activities are the main contributor (79%) to the total Ecological Footprint,
whereas product consumption is responsible for 68% of the total Ecological Footprint, which is in
agreement with other studies.

The authors are planning to continuously improve the effectiveness of the proposed framework by
developing supporting software that will enable its fast and reliable implementation and by applying
an uncertainty analysis for different scenarios in order to strengthen the reliability and credibility of
the integration of the LCA approach in the proposed framework. Another key issue that needs to be
examined in the future is the potential assistance of an experts group in order to determine the values
of the assumptions needed in a more objective process.

The management bodies of protected areas have to advise the Public Administration on the
sustainability of new projects to be carried out within their boundaries and to develop sustainable
strategies ensuring the harmonious coexistence of natural capital with proposed anthropogenic activities.
Therefore, both the management bodies of the protected areas and the accountable administrative
authorities need to assess and quantify the impact of existing and future human activities that can
be developed to satisfy current and future needs, while in parallel sustaining the environmental and
ecological health. The proposed Environmental Sustainability Assessment framework can serve as a
tool to support decision-making through Carrying Capacity estimation and monitoring.
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Appendix A

Table A1. The Ecological Footprint indicators.

Indicator Calculation Available Assumptions Available Inputs Activities to Apply
1 Bread:

Average consumption of bread in g per kg of
human mass per dayX days of consumption

X average weightX number of persons

Average weight in kg of adult residents (1) Number of adult residents Households
Annual bread consumption Average weight in kg of adult tourists (2) Number of minor residents Tourism

Average weight in kg of minor residents (3) Number of adult tourists
Average weight in kg of minor tourists (4) Number of minor tourists

(3) Days per year of consumption for residents
(4) Days per year of consumption for residents

(5) Average consumption of bread in g per kg of human mass
per day

Paper: Average consumption of paper per capita per
year X number of residents

Average consumption in t of paper per capita per year in Greece (1) Number of adult residents
HouseholdsAnnual paper consumption (2) Number of minor residents

2 Annual electricity
consumption in households

Surface of single dwellings/apartment
buildings X average electrical energy

consumption per m2

(1) Average electrical energy consumption per m2 for single
dwellings 1980 in kWh/m2

(1) Surface (in m2) of single dwellings
built before 1980

Households

(2) Average electrical energy consumption per m2 for single
dwellings 2001 in kWh/m2

(2) Surface (in m2) of single dwellings
built between 1981 and 2001

(3) Average electrical energy consumption per m2 for single
dwellings 2010 in kWh/m2

(3) Surface (in m2) of single dwellings
built after 2002

(4) Average electrical energy consumption per m2 for apartment
buildings 1980 in kWh/m2

(4) Surface (in m2) of apartment
buildings built before 1980

(5) Average electrical energy consumption per m2 for apartment
buildings 2001 in kWh/m2

(5) Surface (in m2) of apartment
buildings built between 1981 and 2001

(6) Average electrical energy consumption per m2 for apartment
buildings 2010 in kWh/m2 [42]

(6) Surface (in m2) of apartment
buildings built after 2002

2 Annual electricity
consumption in tertiary sector,

municipal buildings,
and tourism

Number of each type of building X average
electrical energy consumption per m2 for

each type of building X average surface (m2)
of each type of building

(1) Average electrical energy consumption per m2 for
offices/commercial buildings 1980 in kWh/m2

(1) Number of offices/commercial
buildings built before 1980

Tertiary sector,
Municipal buildings

(2) Average electrical energy consumption per m2 for
offices/commercial buildings 2001 in kWh/m2

(2) Number of offices/commercial
buildings built between 1981 and 2001 Tourism

(3) Average electrical energy consumption per m2 for
offices/commercial buildings 2010 in kWh/m2

(3) Number of offices/commercial
buildings built after 2001

(4) Average electrical energy consumption per m2 for healthcare
buildings 1980 in kWh/m2

(4) Number of healthcare buildings built
before 1980

(5) Average electrical energy consumption per m2 for healthcare
buildings 2001 in kWh/m2

(5) Number of healthcare buildings built
between 1981 and 2001

(6) Average electrical energy consumption per m2 for healthcare
buildings 2010 in kWh/m2

(6) Number of healthcare buildings built
after 2001

(7) Average surface (m2) of offices/commercial buildings built
before 1980

(7) Number of schools built before 1980

(8) Average surface (m2) of offices/commercial buildings built
between 1981 and 2001

(8) Number of schools built between 1981
and 2001

(9) Average surface (m2) of offices/commercial buildings built
after 2001

(9) Number of schools built after 2001
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Table A1. Cont.

Indicator Calculation Available Assumptions Available Inputs Activities to Apply

(10) Average surface (m2) of healthcare buildings built
before 1980

(10) Number of hotels built before 1980

(11) Average surface (m2) of healthcare buildings built
between 1981 and 2001

(11) Number of hotels built between 1981
and 2001

(12) Average surface (m2) of healthcare buildings built after
2001

(12) Number of hotels built after 2002

(13) Average electrical energy consumption per m2 for
schools 1980 in kWh/m2

(14) Average electrical energy consumption per m2 for
schools 2001 in kWh/m2

(15) Average electrical energy consumption per m2 for
schools 2010 in kWh/m2

(16) Average surface (m2) of schools built before 1980
(17) Average surface (m2) of schools built between 1981 and

2001
(18) Average surface (m2) of schools built after 2001

(19) Average electrical energy consumption per m2 for
hotels 1980 in kWh/m2

(20) Average electrical energy consumption per m2 for
hotels 2001 in kWh/m2

(21) Average electrical energy consumption per m2 for
hotels 2010 in kWh/m2

(22) Average surface (m2) for hotels built before 1980
(23) Average surface (m2) for hotels built between 1981 and

2001
(24) Average surface (m2) for hotels built after 2001 [41]

Annual electricity consumption
in public lighting

Average time of lighting operation X
Installed power for public lighting (1) Average time of lighting operation per year in hours (1) Installed power for public lighting in

kW Public Lighting
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Table A1. Cont.

Indicator Calculation Available Assumptions Available Inputs Activities to Apply

Distance travelled by means of
private and public

transportation (motorbikes, cars,
and heavy-duty vehicles)

Average km passing by vehicle X
Number of private/public vehicles

Average km travelled by vehicles on local roads per year Number of private motorbikes moving
on local roads

Public and Private
Transportation

The national percentage of cars fueled by diesel Number of public motorbikes moving on
local roads

The national percentage of cars fueled by petrol Number of private heavy-duty vehicles
moving on local roads

Number of private heavy-duty vehicles
moving on each part of the highway set
within the boundaries of the protected

area
km of each part of the highway set within

the boundaries of the protected area
Number of public heavy-duty vehicles

moving on local roads
Number of private cars moving on local

roads
Number of private cars moving on each

part of the highway set within the
boundaries of the protected area

Number of public car moving on local
roads.

Distance travelled by means of
public transportation (bus)

km by bus within the boundaries of the
protected area

km by bus within the boundaries of the
protected area

Public
Transportation

Distance travelled by means of
public transportation (train)

Number of annual passenger X km of
local railway

(1) Number of annual passengers moving
by train on local railway

Public
Transportation

(2) km of local railway set within the
boundaries of the protected area

Distance travelled by means of
public transportation

(commercial ship)

t loaded or/and unloaded from/to
commercial ship X km boarding port

t loaded or/and unloaded from/to
commercial ship in each port,

Public
Transportation

km boarding in each port
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Table A1. Cont.

Indicator Calculation Available Assumptions Available Inputs Activities to Apply

Distance travelled by means of
public transportation (ferryboat)

t loaded or/and unloaded from/to
commercial ship X km boarding port

(1) Average weight of a passenger in t (1) km boarding at each port

Public
Transportation

(2) Average weight of a heavy-duty vehicle in t (2) Number of passengers loaded to
ferryboat at each port

(3) Average weight of a bus in t (3) Number of heavy-duty vehicles
loaded to ferryboat at each port

(4) Average weight of a car in t (4) Number of buses loaded to ferryboat
at each port

(5) Average weight of a motorbike in t (5) Number of cars loaded to ferryboat at
each port

(6) Number of motorbikes loaded to
ferryboat at each port

Distance travelled by means of
public transportation
(passenger aircraft)

Number of passengers X km traveled
by airplane

(1) Number of passengers arrived by
airplane in each airport

Public
Transportation

(2) Number of passengers taking off by
airplane from each airport

(3) km travelled by airplane during
landing at each airport

(4) km travelled by airplane during
taking off at each airport

Distance travelled by means of
public transportation
(commercial aircraft)

t loaded/unloaded X km traveled by
airplane

(1) t loaded to airplane at each airport

Public
Transportation

(2) t unloaded from airplane at each
airport

(3) km travelled by airplane during
landing at each airport

(4) km travelled by airplane during
taking off at each airport

Built-up area Built-up Areas X Cropland Global
Equivalent Factor

Areas occupied by the locality (buildings,
roads, etc.)

1 All the product’s consumptions (agricultural, livestock and fishery, and aquaculture products) were calculated similarly to the calculation of “bread consumption,” replacing the average
consumption of each product in g per kg of human mass per day.2 The annual thermal energy consumption was calculated similarly to the annual electricity consumption.
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