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1 | INTRODUCTION

| Stavros Mitrakos® | Chrysostomos Stylios®

Abstract

This study is an effort to adapt the general principles, methodological tools, and equa-
tions of a widely used Mediterranean desertification and land use approach
(MEDALUS approach) in order to detect environmental sensitive areas susceptible
for land degradation in Cyprus. For this scope, different remote sensed data and
products (Landsat multispectral imagery and ASTER Digital Elevation Model) were
used as well as demographic information, taken from the Socioeconomic Data and
Applications Center. Four quality indices were calculated (Climate Quality Index,
Demographic Index, Soil Quality Index, and Vegetation Quality Index) and combined
in order to provide at final stage, the Environmental Sensitivity Area Index (ESAI) with
which the environmental status is described. The use of remote sensed data of 30-m
spatial resolution and the calculation of different indices to extract the environmental
stress at regional scale can be considered as innovative characteristics of this study.
According to this ESAI, it was found that 9.68% of the Cyprus Island is at
environmental risk, strictly related to the land degradation potential. The spatial distri-
bution of the ESAI values shows that the environmental risk is most significant in
Paphos district and Limassol, following the Larnaca and the Famagusta districts.
Nicosia and Kyrenia districts are found slightly less problematic. In addition, large
parts of Troodos Mountain (especially in its low altitudes), which is one of the most

vegetated areas of the Island, seem to be at notable environmental stress.
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Glover, & Luukkanen, 2013; Paix, Lanhai, Xi, Ahmed, & Varenyam,
2013; Tang et al.,, 2016).

The land degradation is considered a major problem for the environ-
mental quality and sustainability, affecting many regions worldwide.
This phenomenon can be triggered or enhanced by the climatic
changes and from the continuous increase of human-induced activities
upon land. Among the direct consequences of the land degradation
included are the decrease of the vegetation, the loss of the natural fer-
tility, soil erosion, the pollution of water resources, and the extreme
weather events driven by the thermal disturbances that are caused
from the changes in surface characteristics (Chen, Ma, & Zhao, 2017;
J. Gao, Xue, & Wu, 2013; Hammad & Tumeizi, 2012; Omar, Abdi,

Regarding climate change, the Fifth Assessment Report of
the Intergovernmental Panel on Climate Change (2014) denotes
significant warming trends during the summer season in south-
eastern Europe and the Mediterranean along with a decrease of the
mean annual precipitation (Christensen & Christensen, 2007;
Giannakopoulos et al., 2009). The increasing trend of temperature
and the decreasing trend of precipitation can lead gradually to an arid
environment in many parts of the Mediterranean region (e.g., X. Gao &
Giorgi, 2008; Giorgi, 2006). All these consequences are considered

major threats to biodiversity and ecosystems sustainability, extending
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beyond the local scale. Moreover, human health can be significantly
affected by land degradation through water and food-induced diseases
and by atmospheric dust from soil erosion and other air pollutants
which can cause respiratory diseases (Chivian & Bernstein, 2008;
Collins, 2001; Myers et al., 2013; Ostfeld, Keesing, & Eviner, 2008;
Speldewinde, 2006).

Many regions around the Mediterranean basin are characterized
highly vulnerable regarding the drought due to climatic changes (Cook,
Anchukaitis, Touchan, Meko, & Cook, 2016; Giannakopoulos et al.,
2009). Additionally, according to the United Nations Convention to
Combat Desertification (2010) and the international bibliography (e.
g., Behrens, Georgiev, & Carraro, 2010; Camille et al., 2013; Giorgi &
Lionello, 2008; Hoerling et al., 2012; Kythreotou & Mesimeris, 2014;
Lelieveld et al., 2012), many parts of the Mediterranean are very sen-
sitive to climate changes which, in turn, can intensify the phenomenon
of drought and land degradation (e.g., Blondel, Aronson, Bodiou, &
Boeuf, 2010; European Environmental Agency, 2015; Evans, 2009;
Giorgi, 2006). The greater area of Cyprus is considered one of them,
having one of the most severe and long-term drought periods recently
(2004-2008), as referred by Zachariadis (2016) and also having the
highest water stress level all over Europe (Raso, 2013). Moreover,
the continuous increase of population and mainly tourism leads to
an increase of water demands (Sofroniou & Bishop, 2014) and
urbanization of the study area. Such factors are considered of major
importance for evaluating the state and trends of land degradation.

Nevertheless, the land degradation is a multifold issue which is
not only affected by the climate change and the population. The shape
and the growth rate of the urban fabric, its structure and the popula-
tion density, the agricultural sector (e.g., types of crops, fertilizers,
tools, and methods in the agricultural production), and the livestock
(which is frequently linked with overgrazing) are considered worldwide
key factors for the environmental status of a region, leading gradually
to the land degradation (e.g., Vetter & Bond, 2012; Wang &
Batkhishig, 2014; Nkonya, Mirzabaev, & Von Braun, 2015; Kairis,
Karavitis, Salvati, Kounalaki, & Kosmas, 2015).

The majority of the key factors for the land degradation are
changing in time and space. Nowadays, the contiguous increasing
plethora of high-quality spatial data and products with the synergy
of the modern polar-orbiting satellite data (having spatial resolution
equal or significantly smaller than 30 m) have been already proved
essential in the analytic and reliable study of the land degradation,
worldwide. Additionally, the tools and the methods of the spatial
analyses through geographic information systems are catalytic in
studying environmental issues such as land use/land changes, land
degradation, and desertification.

The aim of this study is to detect areas vulnerable to land degrada-
tion over the whole island of Cyprus and assess their dynamics so that
to provide useful informational background for an environmentally sus-
tainable spatial planning and decision making at regional level in Cyprus.

Main novelty of this study can be considered the extensive use of
remote sensed data, products, and spectral indices based on Landsat
satellite imagery. Moreover, all the final indices are provided in the
spatial resolution of 30 m, which coincides with the Landsat images
spatial accuracy. It is the first time in the international bibliography

where the environmental sensitivity for the whole Cyprus Island

is recorded in such detailed spatial resolution. At this point, it is
mentioned that the information provided from satellites is not estima-
tions and simulations (such as model outputs) but real multispectral
information which is impossible to be recorded for the whole study
area with other instrumentation or by using ground data. These data
combined with the general principles and formulas of a widely used
and reliable methodology (Mediterranean desertification and land
use or briefly “MEDALUS” approach) for studying the environmental
sensitivity and land degradation constitute a modern and integrated
approach to monitor environmental issues. Finally, it has to be noted
that the findings of this study are essential, depicting the situation in
the island, and they can operate as a driver to a future planning for
the protection and conservation of the unique Cyprus landscape
and biodiversity.

2 | DATA AND METHODS

2.1 | Area of study

Cyprus is located in the eastern Mediterranean Sea (Figure 1) and is the
third largest Mediterranean island after Sardinia and Sicily. It has a total
areal extent of 9.251 km? and neighbors with Turkey, Syria, Egypt, and
Greece. According to the Ministry of Agriculture, Rural Development
and Environment of Cyprus, its climate is characterized by generally
mild winters and warm summers partly because of the Persian Trough
affection. Nevertheless, the land-sea distribution and the local topogra-
phy can lead to a wide range of temperature differences which vary
from 14 °C (coastal areas) to 18 °C (inland areas), annually. The mean
annual precipitation varies between 400 and 500 mm, having a ten-
dency to decrease in the near future (e.g, Giannakopoulos,
Hadjinicolaou, Kostopoulou, Varotsos, & Zerefos, 2010). Only 5% of
the mean annual precipitation occurs during summer. The wet period
is mainly between November and March, annually. Water resources
and demands is another specific characteristic of the Cyprus Island.
There are continuously increasing water demands but limited water
resources. These needs are covered mostly by the continuous construc-
tion of water dams and reservoirs. Characteristically is referred that
nowadays, are used over 100 water dams and surface reservoirs on a
daily basis at the Island of Cyprus (Sofroniou & Bishop, 2014), to cover
the water demands and refill the diminishing volume of both groundwa-
ter and surface water storages.

According to the National Statistical Service of Cyprus, the agri-
cultural sector consists of annual and permanent crops. Annual crops
are mainly constituted by cereals, legumes, industrial crops, forage
crops, and vegetables, whereas permanent crops are constituted pri-
marily by vineyards, citrus, fruit crops, nuts, olives, and locust trees.
The vast majority of the cultivated area in Cyprus is occupied by
cereals, forage crops, olives, and locust trees. Another interesting sta-
tistic for Cyprus is that less than 25% of its total land area is farmland
(one of the smallest percentages across European Union countries)
and has the lowest income by agricultural activities among the
European Union countries (Coyette & Schenk, 2013). On the other
hand, livestock numbers in Cyprus were found consistently higher

(across all types of animal) in 2011 than in 1990, with a 4.0% increase
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FIGURE 1 The area of study (Cyprus Island). The elevation and the
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in the number of cattle, a 14.8% increase in the number of sheep, and
a 58.0% increase in the number of pigs (Coyette & Schenk, 2013).

The population of Cyprus is increasing steadily during the exam-
ined period (2000-2016). More specifically, according to official
statistics from the World Bank, during the period between 2000 and
2016, Cyprus had a mean annual population growth rate of 1.35%.
Nowadays, the total population of Cyprus is 1,172,071 habitats.
Concerning tourism, the National Statistical Service of Cyprus for
the period 2000-2016 reports that the average number of tourist
arrivals in Cyprus comes up to 2,472,802 persons/year, having a mean
annual growth rate of 1.85% in the same period.

Furthermore, it is noteworthy pointing out that Cyprus, although
it is very small areal extent in comparison with the whole European
continent, hosts 6% of the total number of species (animals and plants)
that can be found in all of Europe. A significant number of such spe-
cies is endemic, and a 10% of them is considered to be threatened
at European level (Pino del Carpio, Sanchez, Nieto, & Bilz, 2013).

All the above-mentioned characteristics highlight the environmen-
tal importance and, in parallel, the environmental fragility of Cyprus
Island, making necessary to carry out analytic studies dealing with land

degradation.

2.2 | Datasets and data preprocessing

All the initially collected data for the study area, at first, are organized
in order to be used for the calculation of a set of indices, which are
analytically described in the following. These data were also used for
the production of secondary products, which were necessary for the
indices calculation. Analytic description of all the data and products
were used is provided in the Tables 1-4. More specifically, all the dif-

ferent datasets were converted (where was needed) at gridded format

33

34

different districts are also shown [Colour figure can be viewed at

and resampled at a spatial resolution of 30 m which coincides with the
spatial resolution of the Landsat imagery. The Landsat images are core
compound for this study because they were used to calculate many
secondary products such as land use/land cover (LULC) types of the
Cyprus Island (Tables 1-3). Before the extraction of the final image
products of the Landsat imagery, a set of basic preprocessing proce-
dures were performed. More analytically, the surface radiance per
pixel was first calculated using the mathematic formulas that are
referred in the study of Kolios and Stylios (2013). Additionally, the
atmospheric correction was performed to all the Landsat image
scenes, using the dark object subtraction method (Chavez Jr, 1996;
Teillet & Fedosejevs, 1995). At this point, it must be noted that two
different image scenes were needed to cover the whole study area
in both of the years 2000 and 2016 (the exact dates for the Landsat
scenes acquisition are 05/04/2000 and 05/11/2000 and 07/19/
2016 and 07/26/2016, respectively). These Landsat image scenes
were chosen because they were cloud-free and, in parallel, in short-
time distance from one to another regarding their acquisition dates.
The time difference between image scenes of the year 2000 and
2016 is slightly larger than 2 months. Nevertheless, from May to July,
the amount of precipitation is almost the same and not affect the sea-
sonal vegetation of the island. Also, the vast majority of the vegetation
is sclerophyll and evergreen including brushwood, shrubs, and coni-
fers, and there are extended areas of olive trees. All these types of
vegetation are not seasonal and are not changing the chlorophyll
levels at regional scale, during this period (May to July). Conclusively,
in order to eliminate any possible and small seasonal changes in the
vegetation profile of Cyprus among the examined image scenes and
deteriorate the different illumination conditions which are slightly dif-
ferent at monthly basis, the remote sensing technique of the histo-

gram matching (Lillesand, Kiefer, & Chipman, 2015) was performed.
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TABLE 1 The parameters used to calculate the Climate Quality Index

Parameter Categorization Score Description
Precipitation (mm) <27.4 2.0 Tropical Rainfall Measuring Mission monthly data sets (3B43 satellite product)
27.4-38.8 1.5 with 0.25° spatial resolution
>38.8 1.0 Date/period: 2000-2015
Aspect S, S-W, S-E 2.0 The “Thermal Emission and Reflection Radiometer” (ASTER) Global Digital
N, N-W, N-E 1.0 Elevation Model Version 2 was used to calculate the Aspect
(30 m spatial resolution)
Normalized Difference 0-1 1-2 The ranges of values of the NDWI that represent the different vegetation
Water Index (NDWI) classes are reclassified according to the sensitivity to land degradation. The

following formula (B. C. Gao, 1996) was applied to calculate the NDWI values
using the surface radiances of the Landsat channels in the relative spectral
regions

Rnir=Rswir
NDWI = ———————
Rwir + Rswir

Date/period: 2000 and 2016 image scenes

Note. The score values assigned to parameter values and the basic information about the parameters are also provided.

TABLE 2 The parameters used to calculate the Demographic Index

Parameter Categorization Score Description
Population density <20 1.0 Gridded data (1-km spatial resolution) from the Socioeconomic Data and
(Number of people per km?) 20-60 1.2 Applications Center, which provide estimates of population density,

60-100 14 globally (the initial gridded data resampled at 30 m).
100-150 1.6 Date/period: 2000-2015
150-200 1.8
>200 2.0

Population growth rate (%) <0 1.0 Gridded data from the Socioeconomic Data and Applications Center, which
0-10 1.2 provide estimates of population density, globally (the initial raster data
5-10 14 resampled at 30 m)
10-20 1.6 Date/period: 2000-2015
20-30 1.8
>30 20

Note. The score values assigned to parameter values and the basic information about these parameters are also provided.

TABLE 3 The parameters used to calculate the Soil Quality Index

Parameter Categorization Score Description
Soil moisture (kg/m?) <21.9 2 Monthly data sets from Global Land Data Assimilation System Version 2 with
Average 0-10 cm layer 21.9-23.1 1.5 0.25° spatial resolution (Bi, Ma, Zheng, & Zeng, 2016; Rodell et al., 2004;
>23.1 1 Zawadzki & Kedzior, 2014)
Date/period: 2000-2015

Slope (°) <5.0 1 The “Thermal Emission and Reflection Radiometer” (ASTER) Global Digital
5.0-15 1.2 Elevation Model Version 2 was used to calculate the slope
15-35 1.5 (30-m spatial resolution)
>35 2

Average surface temperature (K) <2915 1 Monthly data sets from Global Land Data Assimilation System Version 2 with
291.5-294.6 1.5 0.25° spatial resolution (Rodell et al., 2004).
>294.6 2 Date/period: 2000-2015

Bare Soil Index (BSI; normalized) [0, 1] [1, 2] The ranges of values of the BSI, which represent the different vegetation

classes, are reclassified according to sensitivity to land degradation.

The following formula (Jamalabad & Abkar, 2004) was applied to calculate
the BSI values using the surface radiances of the Landsat channels in
the relative spectral regions

(Rswir + Rred)=(RnIR + Rpiue)

BSI =
(Rswir + Rred) + (RNIR + Reiue)

Date/period: 2000 and 2016 Landsat image scenes

Note. The score values assigned to parameter values and the basic information about the parameters are also provided.

This analysis aims to homogenize the different illumination conditions every index related to the vegetation was directly comparable among
which can affect the surface radiance of the used channels. As a result, the slightly different acquisition dates of the Landsat imagery. At this

the calculation of Normalized Difference Vegetation Index (NDVI) and point, it is also mentioned that the dates of the year 2016 were
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TABLE 4 The parameters used to calculate the Vegetation Quality Index

Parameter

Land use/land cover

Fire risk

Drought resistance

Categorization

Urban fabric-road network

High-density vegetation (forested areas conifer &
deciduous, oaks, dense areas with fruit & olive trees)

Highly reflective ones (e.g., sandy & limestone areas)

Low vegetation (cultivated areas, pastures, low-to-medium
height irrigated crops, grain, and among others)

Sparse vegetation in rocky areas (e.g., shrublands and
nonirrigated areas with low and sparse vegetation)

Bare ground and particularly loamy areas with sparse
shrubs and low vegetation

Water surface-wetlands

Urban fabric-road network

High-density vegetation (forested areas conifer &
deciduous, oaks, dense areas with fruit & olive trees)

Highly reflective ones (e.g., sandy & limestone areas)

Low vegetation (cultivated areas, pastures, low-to-medium
height irrigated crops, grain, and among others)

Sparse vegetation in rocky areas (e.g., shrublands and
nonirrigated areas with low and sparse vegetation)

Bare ground and particularly loamy areas with sparse
shrubs and low vegetation

Water surface-wetlands

Urban fabric-road network

High-density vegetation (forested areas conifer &
deciduous, oaks, dense areas with fruit & olive trees)

Highly reflective ones (e.g., sandy & limestone areas)

Low vegetation (cultivated areas, pastures, low-to-medium
height irrigated crops, grain, and among others)

Sparse vegetation in rocky areas (e.g., shrublands and
nonirrigated areas with low and sparse vegetation)

Bare ground and particularly loamy areas with sparse

WILEY——2%

shrubs and low vegetation
Water surface-wetlands

[-1,01)
[0,1-0,2)
[0,2-0,4)
[0,4-0,6)
[0,6-1]

NDVI (normalized)

Score  Description

1.0 Different classes calculated from the classification

1.2 procedure conducted using the available channels of
Landsat scenes for 2000 and 2016. Different score

14 values were given to each class, according to

1.6 sensitivity to land degradation.

1.8

20

1.0

1.0 Different classes calculated from the classification

2.0 procedure conducted using the available channels of
Landsat scenes for 2000 and 2016. Different score

1.2 values were given to each class, according to

1.8 sensitivity to land degradation.

1.6

1.4

1.0

1.0 Different classes calculated from the classification

1.2 procedure conducted using the available channels of
Landsat scenes for 2000 and 2016. Different score

1.6 values were given to each class, according to

1.8 sensitivity to land degradation.

1.4

1.2

1.0

1.0 The values of the NDVI, which represent the different

1.8 vegetation classes, are reclassified according to

1.6 sensitivity to land degradation. The following formula

1.4 (e.g., Roderick, Smith, & Lodwick, 1996; Rouse, Haas,

1.2 Schell, & Deering, 1974) was applied to calculate the

NDVI values using the surface radiances of the
Landsat channels in the relative spectral regions

Rnir=RRed
NDVI = ———
RiR + Rred

Date/period: 2000 and 2016 Landsat image scenes

Note. The score values assigned to parameter values and the basic information about the parameters are also provided. NDVI: Normalized Difference

Vegetation Index.

selected to be after the large forest fire broken out from June 19 to 22
in Cyprus, in the Troodos Mountain. Thus, the multispectral satellite
image of the year is considered as one of the most representative
image scenes throughout the year 2016, in terms of that it is including
the most recent large-scale changes in land surface of Cyprus Island.
Next, mosaics of every used channel were created, and a set of indices
(Normalized Difference Water Index [NDWI], Bare Soil Index, and
NDVI) were calculated to provide additional information. Finally, a
supervised classification procedure was performed in order to catego-
rize different LULC types of the Cyprus Island. The used Landsat 7 and
8 images concern the same channels in the visible, near infrared, and
shortwave spectral wavelengths (channel codes for the Enhanced
Thematic Mapper Plus “ETM+": 1, 2, 3, 4, 5, 7, and Operational Land
Imager “OLI": 2, 3, 4, 5, 6, and 7). The overall classification accuracy
was achieved using the support vector machine classifier and is
92.98% for the classified image of the year 2000 and 93.05% for the
classified image of the year 2016. It is noteworthy to point out that

different classifiers were tested regarding their overall accuracy, but
the support vector machine classifier provided the highest overall
accuracy. The high accuracy of this classifier is also referred in many
other studies (e.g., Kolios & Stylios, 2013; Petropoulos, Kontoes, &
Keramitsoglou, 2011; Srivastava, Han, Rico-Ramirez, Bray, & Islam,
2012). The number and the class types of the classification procedures
are given analytically in Table 4. At this point, it is noteworthy to be
mentioned that by using Landsat imagery, we manage to produce
LULC maps for the years 2000 and 2016, providing fully updated
information for the scopes of the study at the spatial resolution of
30 m. This spatial resolution can be considered suitable for the
detailed mapping of the study area and the extraction of useful

conclusions.

23 |

As the exclusive scope of the study is to detect susceptible areas to

Environmental sensitivity

land degradation, the analytic calculation of the Environmentally
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Sensitive Areas Index (ESAI) was chosen to depict such areas across
the study area. The use of the ESAI to depict environmental sensitive
areas and thus susceptible to land degradation is considered efficient,
well-tested ,and has been already used in several similar studies (e.g.,
Contandor, Schnabel, Gutierrez, & Fernandez, 2009; Bouabid,
Rouchdi, Badraoui, Diab, & Louafi, 2010; Parvari, Pahlavanravi, Nia,
Dehvari, & Parvari, 2011; Salvati & Bajocco, 2011; Jafari &
Bakhshandehmehr, 2013; Symeonakis, Koukoulas, & Panagopoulos,
2014; Vieira et al., 2015). Furthermore, the use of the ESAI except
for its reliability, especially at regional scales, is performed for the first
time in the entire Cyprus Island. The ESAI was also chosen because
the computations of this method are not affected by the number of
data layers used in every quality index (Ql) at the first level; meaning
that the importance of a Ql is not determined by the number of data
layers used but according to their relevance to the environmental sen-
sitivity (Basso et al., 2000). It is noted that the whole methodology
used to depict susceptible areas to land degradation in this study
was based on general principles of the MEDALUS methodology, pro-
posed by Kosmas, Kirkby, & Geeson, 1999, where different types of
environmental indicators were used. All these indicators are grouped
into a final index representing the possible vulnerable areas for land
degradation. The final index, as abovementioned, is called ESAI. The
Equations (1) and (2), describe mathematically the calculation of the

used indices (indicators):
1
Q’ii = (Vl,‘jXVQ;jX...XVn,])", (1)

where Ql;; represents pixel values of the Ql, V,; is the score value of a
pixel in the position (“i, j”) regarding the reclassified parameter, and “n”
is the number of the used parameters define each QI (Tables 1-4). It is
noted that the range of the score values represents the level of the
environmental sensitivity and varies from 1 (minor sensitivity) to 2
(major sensitivity), according to the MEDALUS methodological
approach.

1
n

ESAly = (Qly*Qloy%...xQlyi )", (2)

where ESA; is the pixel value of the final index, whereas Ql,; repre-
sents pixel values of each of the defined Qls, and “n” is the number
of the QIs were used to calculate the ESAI.

According to the availability of spatial data and the specific char-
acteristics of the study area, four different categories of environmen-
tal indices were defined. More specifically, four indices (indicators) are
chosen for the calculation of the ESAI in Cyprus, based on the Equa-
tions (1) and (2). These indices are named as Climate Quality Index
(CQl), Demographic Index (DI), Soil Quality Index (SQI), and Vegetation
Quality Index (VQI). Similar indices and parameters were used in other
relative studies (e.g., Parvari et al., 2011; Sepehr, Zucca, & Nowijavan,
2014; Symeonakis et al., 2014; Trotta, Menegoni, Massimo, Frattarelli,
& lannetta, 2014; Vieira et al., 2015). More specifically, four parame-
ters are chosen to represent the CQl. These parameters are listed in
Table 1 and include the precipitation, the aspect, and the NDWI as
proposed by B. C. Gao (1996) which is considered a drought sensitive
index (Ceccato, Flasse, & Gregoire, 2002; Gu, Brown, Verdin, &

Wardlow, 2007). Table 1 provides the score values which are linked

to the different ranges of values for each parameter and a short
description about the data sets used. The population density and the
population growth rate (Table 2) were used to define the DI. The spa-
tial distribution of the index values for the years 2000 and 2016 and
their difference values (at pixel basis) can be seen in Figure 2. At this
point, it is mentioned that the population data are estimates of popu-
lation density provided from a data center in NASA's Earth Observing
System Data and Information System which is called Socioeconomic
Data and Applications Center (SEDAC). These datasets are widely
used, worldwide, and considered of satisfactory accuracy. The SQI
was calculated using the score values of four parameters (Table 3).
The results of the SQI values in the years 2000 and 2016 can be seen
in Figure 3 and Table 5. The VQI was calculated using the score values
of four different parameters that are provided in Table 4.

3 | RESULTS AND DISCUSSION

In this study, we have used, as abovementioned, the ESAI index to
detect and highlight vulnerable areas to land degradation all over the
Cyprus lIsland. As a consequence, in following, the results of every
index which used to calculate the ESAI (Figures 1-3) and the ESAI spa-
tial variations in the period 2000-2016 (Figure 5) are described.

3.1 | Climate Quality Index

The image products of the CQI can be seen in Figure 2, highlighting
the climatic profile for Cyprus in the years 2000 and 2016. The range
of values in these image products was categorized into four classes,
equal in range, representing different levels of sensitivity (Figure 2 and
Table 5). The image difference (CQlop16 = CQloo00) is also provided in
order to highlight areas of increasing climatic sensitiveness (Figure 2c).
Figure 2c makes apparent that large areas of the Cyprus Island have
positive values in the image of difference indicating a slight (small pos-
itive values) but notable increase of climate stress across the study
area. It is mentioned that significant role for the spatial distribution
of the CQl is playing the NDWI. The precipitation and the aspect have
slightly smooth spatial variations, but the abrupt changes of NDWI
which depict the increased water stress between 2000 and 2016
affect the CQIl changes (Figure 2c) significantly. This is more evident
especially in agricultural areas such as the inland of Paphos and
Kyrenia, in the greater suburbs of Nicosia, and around the borders
between Larnaca and Famagusta districts.

Additionally, it is noteworthy pointing out that a little less than
half of the total area of study belongs to the “high” climatic sensitivity
class (46.38% and 45.59% in the years 2000 and 2016, respectively),
as it is defined in Table 5. Such results are in general accordance with
the climatic conditions and scenarios regarding Cyprus and the eastern
Mediterranean which report a continuous decrease in precipitation
and increase of air temperature, leading gradually to a dry and arid
environment (e.g., Bruggeman et al., 2011; Giannakopoulos et al.,
2009; Hochstrat & Kazner, 2009; Lelieveld et al., 2012; Zachariadis,
2016). In other words, the long-term climatic tendencies in the greater
area are in accordance with the results of the CQI. The areas where

the highest CQI values are located include the coastal area of
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Limassol, a significant part of Larnaca, the mountain ridge of Kyrenia,
and the northern parts of Famagusta district. In the year 2016
(Figure 2b), these areas are more spatially extended as compared with
the same areas in the year 2000 (Figure 2a), depicting the most cli-
matic sensitive areas on the Island.

3.2 | Demographic Index

The spatial distribution of the index values for the years 2000 and
2016 and their difference values (at pixel basis) can be seen in
Figure 2. At this point, it is mentioned that the population data are
estimates of population density provided from a data center in NASA's
Earth Observing System Data and Information System, which is called
SEDAC. These datasets are widely used, worldwide, and considered of
satisfactory accuracy.

As can be seen in Table 5 and Figure 2d,e, there is a small increas-
ing trend in the DI values in many parts of the study area which is due
to the increasing growth rate of the population. More specifically, the
population is slightly increasing but is concentrating in parallel around
the coastal parts of Cyprus and around the large cities. This is a possi-
ble reason that could cause an increase in the DI values (where exist).
Indeed, small increase of the Dl is depicted in the southwestern parts
of Famagusta and in central Nicosia (Figure 2f). An increase of the DI
values is also noted especially around the coastal and the most

touristic areas of the Island which are located at the coastal zone of
the southern and western part of Cyprus (Paphos, Limassol, and
Larnaca). From the Figure 2f, it is also evident that the districts of
Kyrenia and Famagusta as well as notable parts of Nicosia present a
slight decrease of the DI values. A significant factor which contributes
to the decrease of the DI values can be considered the emigration (the
mean number of emigrants during the period 2000-2014 is 6,787
people according to the Statistical Service of Cyprus). The emigration
may be partly owed to the recent economic crisis in Cyprus which
caused reduction of jobs, salaries, working opportunities, and
perspectives.

3.3 | Soil Quality Index

In the Figure 3a-c, can be seen that the most sensitive areas according
to the SQI (and thus the most vulnerable to soil erosion) are located in
Paphos district. Large areas with high sensitivity to soil quality are also
found in inland of Larnaca and Famagusta districts in both the years
2000 and 2016 (Figure 3ab). An additional notable result from
Figure 3 is that in the year 2016, high values of the SQI exist along
the Troodos and Kerynia mountain ridges in opposition to the year
2000. According to the quantitative statistics of Table 5, there is a
shift in the sensitivity level from the low values (in the year 2000) to
the high ones (year 2016). In other words, the “very low” and “low”
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TABLE 5 Percentage of total area of Cyprus in different score value classes for environmental sensitivity

Quality index Class (Sensitivity)
Climate Quality Index 1.0-1.25 (very low)
1.26-1.5 (low)

1.51-1.75 (high)
1.76-2.0 (very high)

1.0-1.25 (very low)
1.26-1.5 (low)
1.51-1.75 (high)
1.76-2.0 (very high)

1.0-1.25 (very low)
1.26-1.5 (low)
1.51-1.75 (high)
1.76-2.0 (very high)

1.0-1.25 (very low)
1.26-1.5 (low)
1.51-1.75 (high)
1.76-2.0 (very high)

Demographic Index

Soil Quality Index

Vegetation Quality Index

Area Area Class difference (%)
2000 (%) 2016 (%) (2016-2000)
8.31 2.13 -6.18
44.78 51.18 6.4
46.38 4559 -0.79
0.53 1.1 0.57
64.58 62.68 -1.9
28.17 28.47 0.3
6.95 8.25 1.3
0.3 0.6 0.3
0.44 0.16 -0.28
85.39 78.53 -6.86
14.17 21.31 7.14
0 0 0
11.06 8.72 -2.34
43.12 51.5 8.38
45.18 39.78 -5.4
0.64 0 -0.64

Note. The column “class difference” refers to the areal difference considering the range of values in each class as a single value.

sensitivity levels decreased 0.28% and 6.86%, respectively, whereas
the high sensitivity class increased 7.14%. A notable contribution to
these changes has mainly the slope spatial variations and the BSI.
More specifically, the slope values are depicting abrupt changes in
the mountainous regions and mainly around Troodos Mountain that

comprises a significant part of the inland Paphos district. The BSI
values are also have increased values in 2016 compared with the rel-
ative ones of 2000. This is especially evident in agricultural areas that
is consistent with the significant decrease of the agricultural sector
and the parallel increase of livestock in Cyprus (Coyette & Schenk,
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2013). These factors can increase the total surface of the bare soil and
consequently can increase the signs of land degradation (high SQlI
values).

Conclusively, according to the spatial distribution of the SQI
values, it can be said that the largest part of Cyprus is suffering from
a gradually increasing soil sensitivity which is especially evident in
Paphos, but it can also be depicted, dispersed all over the Island
(Figure 3c).

3.4 | Vegetation Quality Index

The results of the VQI values in the years 2000 and 2016 can be seen
in the Figure 3d,e and Table 5. The VQI presents a total increase of
almost 11% for the very low and low classes (Table 5), and there is a
total decrease of 6% in the other two classes which represent the high
and “very high” sensitivity. The most influential factors are the LULC
changes and the NDVI (Table 4) because it was found to have the larg-
est variations values spatially and temporarily and the highest values
among all the other parameters which were used to calculate the
VQI. The highest values (score values of sensitivity) of these two
parameters are included mainly in the agricultural areas of Paphos,
Larnaca, and Famagusta. This is consistent with the significant
decrease of the agricultural sector and, in parallel, a notable increase
of livestock in Cyprus (Coyette & Schenk, 2013). Indeed, the parallel
reduction of the total cultivated area and the increasing livestock
can reduce vegetation cover and gradually lead to land degradation.
The image difference of the VQI (Figure 3f), which is referred to
the differences in actual VQI values at pixel basis, is considered indic-
ative of the spatial distribution and the size of VQI changes. From this
figure, it can be seen that highly positive difference values are mainly
located in central Paphos, at the western part of Limassol, and at the
northern part of Larnaca. In these districts, there are also dispersed
areas with highly positive difference of the VQI values in many of their
coastal parts. Nevertheless, the most extended areas with highly pos-
itive difference of the VQI values are located in Famagusta district.
Regarding Kerynia, it is the district with the smaller changes of the
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VQI values, whereas in Nicosia, the majority of these areas are mainly
located along the edges of the Troodos Mountain. Regarding the
coastal areas of Paphos, Limassol, and Larnaca, a major factor of such
changes can be considered the continuous development of the touris-
tic sector which can lead to LULC changes, urbanizing gradually these
areas. This factor is consistent with the parallel reduction (or abandon-
ment) of the agricultural production and the movement of the popula-
tion around the coastal areas, which can lead partly to a restoration of
vegetation, inland. The existence of water dams may also contribute to
the decrease of sensitivity (vegetation restoration) which is noted in
many inland parts of the study area, due to the improvement of water
management and availability. In reference with the increase of sensi-
tivity in Troodos Mountain, the most influential factor can be consid-
ered the forest fires and the LULC changes which are caused
especially during the construction of the increase of the number of

water dams in the greater area after 2000 (Evangelidou, 2011).

3.5 | Environmental Sensitivity Area Index

The ESAI was calculated using the score values of four indices men-
tioned before, using the Equation (2). Figure 4 represents schemati-
cally, how the ESAI was calculated.

In Figure 5, the final image result of the ESAI for the years 2000
and 2016 (Figure 5a and Figure 5b, respectively) and their image
difference (Figure 5c) can be seen. As a general result, it can be men-
tioned that the susceptible areas for land degradation are dispersed all
over the study area but mainly in its southern part. Indeed, the highest
values of the ESAI, which represent areas highly vulnerable to land
degradation, can be seen in both of the years 2000 and 2016 mainly
in the district of Paphos, in the coastal areas of Limassol, in the largest
part of Larnaca district, in the greater suburbs of Nicosia, and in the
southern part of Famagusta. Comparing the images in the two exam-
ined years (Figure 5a,b), it is also evident that practically, areas of very
high sensitivity (values of the ESAI above the threshold value 1.75) do
not exist. Nevertheless, there are large areas which belong to the high
sensitivity class (values of the ESAIl between 1.5 and 1.75) in both the
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: growth rate |  Temperature
Climate L Social
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examined years (Figure 5). These areas include a large area between
Paphos City and Coral Bay, the greater area of Limassol and Episkopi
Bay, the greater area of Larnaca, the southern part of Famagusta,
and the central lowland part of Nicosia.

Although the ESAI score values are found to be high in specific
areas, in both of the examined years, the image difference of the ESAI
(Figure 5c) provides slightly different results because we have chosen
to highlight only the most important values of difference and not the
negligible ones. More specifically, the small ESAI values of difference
are mostly owed to the roundings during the calculation procedures.
Thus, only the ESAI score values of difference, larger +0.01, are con-
sidered as notable and satisfactory enough to characterize areas sus-
ceptible to land degradation (Figure 5c). According to this approach,
76.74% of the total area of Cyprus was found practically unchanged
during the examined period (white colored areas in the Figure 5c).
Nevertheless, 9.68% of the total surface of Cyprus was found to have
an increase of the sensitivity, with 1.33% (Figure 5d) to be at the
highest levels of increase regarding the risk sensitivity to land degrada-
tion. The areas of positive difference of the ESAl and, consequently, of
increasing vulnerability to land degradation are located mainly in
Paphos district and in the central and western part of Limassol around
the lowest parts of Troodos mountain ridge. Notable areas of positive
ESAI difference values were also found in the western and the north-
eastern part of Larnaca district as well as in the central part of Fama-
gusta. In Nicosia, the increase of sensitivity is dispersed along the
edges of the Troodos Mountain where the forested areas gradually
diminish, and the livestock/agricultural activities are usually present.
Also, small semimountainous areas with positive ESAI difference

values are located in the borderline which separates Kyrenia and

Nicosia districts (Figure 5c). In Kyrenia, although the construction sec-
tor bloom in the recent years, the sensitivity to land degradation
seems to be unchanged in the largest part of the district. Also, the
expansion of urban fabric seems to have no significant effect on the
land degradation of this region. This may be owed to the smooth
development (absence of dense urban fabric at least in the majority
of areas with bloom of construction sector), the construction of green
places, and the development of organized and irrigated cultivation
areas which may have been gradually contributed to the decrease of
the land degradation signs. In Famagusta, except its central part,
where positive values of the ESAI difference exist, there are large
parts with negative values which depict a decrease in the sensitivity
risk. This may be owed to changes in the types of cultivation but
mainly to the abandonment of the agriculture. Also, the economic
situation of people in this district may enforce many of them to
immigrate to other places of the island, where there are many job
opportunities (especially tourism related). These factors may gradually
lead the people to abandon the agriculture and the livestock which
in turn decrease the risk sensitivity to the land degradation in this
district.

Another interesting finding of Figure 5c,d is that the 13.58% of
the total study area presents negative ESAI difference values. This
means that the 13.58% of the whole Cyprus Island present a decrease
of in the risk sensitivity regarding land degradation. The areas where
these score values exist are mainly cultivated areas, and more specifi-
cally, they are located in the poorest parts of the island. This finding
can be owed to the existence of a huge number of water dams and
reservoirs which can support arable farming and irrigation processes.

Furthermore, the gradual restoration of burnt areas of the year 2000
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(3.34 km? burnt areas) can contribute to the existence of negative
values of the ESAI difference values. Also, important can be consid-
ered the contiguous increase of tourism Sector. Such increase, usually
enhances the tourism-related jobs, making in parallel the people to
abandon the land cultivation which in turn can gradually decrease
the risk sensitivity of land degradation due to agriculture sector.

4 | CONCLUSIONS

This study constitutes an effort to detect and evaluate the current
environmental status of Cyprus and to identify susceptible areas for
land degradation using exclusively remote sensed data and products.
The initial datasets were preprocessed and used to produce a series
of quality indices to identify areas at environmental risk and, conse-
quently, at potential land degradation. The general concept of
MEDALUS approach was performed for this scope, which is consid-
ered reliable at least for regional scale studies and is widely used
nowadays.

More specifically, four indices (indicators) were calculated (CQl,
DI, VQI, and SQI) and analyzed (Figures 2 and 3 and Table 5). Finally,
the ESAI was computed for both the epochs of interest (Figure 5).
The use of the ESAI considers a set of many different parameters,
grouped in different types of indices (Figure 4). All these parameters
are equally weighted which is important to highlight the most influen-
tial factors for the environmental quality over Cyprus at regional level.
These characteristics provide a multidimensional approach which is
useful to study the role of specific parameters in the environmental
quality of a region.

Evaluating the environmental indices, the CQI reveals a general
increase in its values which constitute a notable contribution of cli-
matic factors in the environmental vulnerability (Table 5). The areas
where the most abrupt changes, regarding the CQI, took place are
located mainly in Paphos and Limassol as well as in disperse areas in
the southern and northern parts of Famagusta district.

The DI shows a small increase especially around the most urban-
ized districts of Cyprus (Figure 2). This increase can be linked with the
population shift to the coastal zone and the expanding of the touristic
and commercial sector in the coastal areas, which increase population
growth around coastal cities, but on the other hand, there is a reduc-
tion of the agricultural production and population, mainly in inland
parts of the study area. Based on these observations, it is depicted
environmental stress in coastal areas according to the LULC changes
and restoration of the vegetation cover in the areas where the popu-
lation is decreasing.

Concerning the SQI, high percentage of the total area of study
was found to be environmentally sensitive and consequently charac-
terized as susceptible to land degradation, in terms of our analysis
(Table 5).

About the VQI, the highest values of this index are located mainly
at the districts of Limassol and Paphos, but significant parts of high
sensitivity regarding vegetation quality are also found in Famagusta
and Larnaca (Figure 3d,e). Furthermore, in these districts, there are
large areas with an increase of sensitivity between the years 2000
and 2016. An additional characteristic regarding the VQI is that the
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most abrupt positive changes which are connected with the increase
of the stress in the vegetation cover are covering large parts of all
the districts except Kyrenia and Nicosia, where the smallest areas of
positive VQI difference are found. It is also noteworthy pointing out
the increase of vegetation sensitivity (meaning vegetation degrada-
tion) in large parts of the most vegetated region of the Cyprus Island,
which is the Troodos Mountain, extending mostly from southwest to
south of the Nicosia district.

Regarding the final product of this study, which is the calculation
of ESAI for the study area, the main conclusion is that according to the
values of the ESAI (Figure 5d), a large area of the Cyprus Island
(9.68%) was found to be susceptible to land degradation. The suscep-
tible areas are mainly located in Paphos and Limassol districts
(Figure 5). Significant parts of Larnaca and of the central and southern
Famagusta districts also belong to the high susceptibility areas
(Figure 5). Dispersed areas mainly in the eastern part of Nicosia and
near the edge of the mountain of Troodos, which is one of the most
vegetated areas, are also found susceptible to land degradation.

In conclusion, the quantitative results are based on the exclusive
use of remote sensed data and products, which are high quality
datasets, with a satisfactory spatial resolution appropriate for regional
scale studies. This study provides a clear evidence of the environmen-
tal dynamics and highlights the potential for land degradation in
Cyprus. Moreover, the used methodology based on the use of
environmental quality indices based and basic principles of the
MEDALUS methodology, constitutes an integrated approach to
identify, describe, and highlight at a regional scale the environmentally
sensitive areas in the Island of Cyprus.

Although some local changes are difficult to be recorded, the scope
of the study is to detect and present tendencies of the environmental
quality for the whole Cyprus Island, at regional level, operating as a
driver for further studies at different spatial scales and a triggering
mechanism to establish good practices and policies for a sustainable
future of the Cyprus Island. More specifically, the final results can be
useful for future studies because highlight susceptible regions for land
degradation in Cyprus. The accurate detection of such regions can con-
stitute a driver for future actions to protect and promote the environ-
mental sustainability of Cyprus. More specifically, considering the
results of the study, it is considered highly important to promote an
environmentally sustainable tourism sector and to enhance modern
solutions in the livestock and agriculture. Also, it is considered of crucial
importance the protection of the physical ecosystems and the forested
areas and the environmentally sustainable urban planning in order to
deteriorate the vulnerability to the land degradation in Cyprus.
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