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Abstract

The scope of the study is to detect spatial changes in the forested areas over
six decades (1945 - 2010) of two completely different landscapes in Greece
(pilot areas). The first pilot area is Kastoria which is a relatively remote and
mountainous area located north-western on the Greek peninsula, while the
second one is Propontida which is a coastal area in the ChalRidiki peninsula
(central Macedonia, Greece). High resolution orthorectified aerial images are
used to detect the general types (classes) of land use/land cover (LULC) in
these pilot areas. The results reveal that during the examined period, a
notable spatial growth and thickening of the forest areas was found (10,51%)
in the pilot area of Kastoria. The spatial homogeneity of the forested areas in
Kastoria decreased only by 2,11%. Regarding Propontida, the forested areas
decreased in total about 13,02% while the agricultural and arable land has
increased by 12,10%.
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1. INTRODUCTION

The land use /land cover (LULC) changes are the long-term result of socioeconomic
changes as well as natural disasters (e.g. fires, landslides, urbanization, intense
agricultural production) and they are of great importance because are strictly connected
with the environmental changes of an area.

Numerous studies from various disciplines have already prouven that LULC changes
are a key-component to many different applications such as agriculture, environment,
geology, ecology, forestry, and hydrology (e.g. Weng 2001). These applications
concerned the loss of crops, land degradation, urban sprawl, changing water quality etc.
Additionally, in recent decades, an important issue to study land use change has emerged
from the efforts to understand the forces leading to LULC changes. These efforts have
stimulated the interest of researchers to apply various techniques to identify and model
environmental dynamics at different spatiotemporal levels (Paegelow et al., 2008).

Among the most important LULC changes are included the spatial changes in the
forested areas. More specifically, the forested areas neighboring with cities are usually
under pressure because of the urban sprawl and the increase of the population demands
(e.g. food, transportation, infrastructures, heating) as well as the expansion of the local
agricultural sector (e.g. Se Bin and Alousavath, 2016; Vidal-Macua et al., 2017; Imai et
al., 2018; Halder, 2018; Singha et al., 2019). Moreover, it is noteworthy pointing out that
the sustainability of the forests is affected by the drought and population growth, which
are global issues. As a result, such issues must be thoroughly studied, especially in the
most vulnerable in climate change regions, like the Mediterranean countries (IPCC, 2014).
Also, changing forest cover, is an important local driver of climate change worldwide, as
it affects albedo and evapotranspiration (Prevedello et al., 2019). Considering that the
increased population growth will intensify the pressure on the forested areas with the
potential escalation of forest degradation (FAO, 2018) studies that focus on local changes
can efficiently highlight the forest changes and their possible causes, in order to adapt
policies for a sustainable forested management (e.g., Keenan, 2015; Jandl et al., 2019;
Kolios et al., 2018).

Indeed, forests represent nearly one-third of the world’s area (FAO, 2018) and their
changes have strong influence on conserving biodiversity, protecting the soil from
erosion, reducing floods by regulating runoff, improuving the quality of water produced,
wind protection, noise protection and the improuement of climate and air quality, acting
as a storehouse of carbon dioxide (e.g. Foley et al., 2005; Hansen et al., 2013). Moreouver,
the forests operate as a place of recreation, aesthetic pleasure and has a positive effect
on human health (Leontaraki, 2017). Therefore, studies about changes in forested areas
at local scales using data of high accuracy can be considered extremely useful for
supporting detection and monitoring of the changes in carbon fluxes, carbon stock, and
ecosystem seruices by scientists and managers (Qin et al., 2017). However, considerable
uncertainties still exist in the spatial distribution of forest cover and deforestation (Qin
et al., 2016). Though, studies at local scales can improue the existing knowledge of forest
extent and changes and provide a better understanding of the consequences of forest
cover change, supporting scientific and sustainable management of forests (Chen et al.,
2016).

In a more general aspect, the enuvironmental protection and the economic
development are commonalities in any modern society. The three dimensions of
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sustainable development, which are the environment, economy, and social cohesion,
need to coexist through balanced ways, based on the common assumption that the
environment is expendable (UN, 2019). As the global population is continuously
increasing in urban centers and its needs increase it leads to the misuse of natural
resources to meet their needs causing irreparable damage to the environment. The forest
is an important part of the environment that has been burdened. Different approaches
have been used to improve LULC classification methods and spatial analysis accuracy
(e.g. Lu and Weng, 2004). These approaches include the integration of geospatial
datasets, census data, attribute characteristics, environmental information and point
measurements from different types of ground-based instrumentation (e.g. Gong and
Howarth, 1990; Harris and Ventura, 1995; Meseu, 1998; Myint, 2001; Shaban and Dikshit,
2001; Stuckens et al., 2002).

Remote sensing and Geographic Information Systems (GIS) are nowadays the most
common approaches of quantifying, mapping and detecting LULC patterns due to their
precise georeferencing procedures, digital format suitable for computer processing and
repetitive data acquisition (Lu et al. 2004; Chen et al. 2005 ; Nunez et al. 2008; Rahman
et al. 2011).More specifically, the modern spatial analysis techniques and spatial analysis
software, in combination with the availability of high-resolution multispectral remote
sensing imagery, are extensively being used in order to accurately detect LULC changes
at many different spatial scales. The Landsat imagery is one of the most used freely
available image data for LULC analyses in regional scales (e.g. Mahmoodzadeh et al.,
2007; Guo et al., 2009; Kolios and Stylios, 2013; Mokarram et al., 2016; Zormpas et al.,
2017; Kolios et al., 2018), but there are numerous other different datasets, like remote
sensing imagery coming from the satellites SPOT and Sentinel, for such studies (e.g.
Desclee et al., 2007; Mitchell et al. 2017; Alam et al., 2019). Moreover, the aerial imagery
is extremely useful in studying LULC changes, especially in local scales, due to its high-
resolution (e.g. Wundler and FranRlin, 2003; Nyamgeroh et al., 2018).

The detection of spatiotemporal changes in forested areas is an essential type of
applications regarding the LULC analyses. As aboue mentioned, such studies are of
specific interest because the forested areas are under pressure worldwide, due to human-
induced activities and climate change (e.g. Jiménez-Munoz et al., 2013; Rosa etal., 2017;
Lossou etal., 2017; Tejada etal., 2019). More specifically, Greece, as part of the
Mediterranean region, is projected to be among the most vulnerable countries to climate
change (e.g. Giorgi, 2006; Galassi and Spada, 2014; Adloff etal., 2015). Therefore, is very
important to study the forest changes with a scope to enable the conservation of healthy
and productive forests and to enhance biodiversity.

The scope of the study is to detect the long-term spatial changes in the forested areas
over six decades (1947 - 2010) over two completely different landscapes in Greece (pilot
areas) in order to further highlight the potential factors that affect the changes of forest
areas. The one study pilot area is Kastoria (Fig. 1b), which is a relatively remote and
mountainous area, located in the northwestern part of Greece, while the other one is
Propontida, which is a coastal area in the ChalRidiki peninsula (central Macedonia,
Greece, Fig. 1c).
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Figure 1. a) The greek periphery as prouvided by the “Bing” Maps API seruice, b) the first pilot area
(Kastoria) and c) the second pilot area (Propontida).

2. DATA AND METHODS

A series of different spatial datasets and widely used methodologies were used to create
final forest maps (for the years 1945 and 2010) and extract the spatial changes in major
LULC classes, focusing on forested areas. The Fig. 2 represents schematically, the
flowchart of all the procedures were implemented in the study.
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Figure 2. Flowchart of the procedures are followed, and the data used in the study.

As can be seen in the Fig. 2, the orthorectified images of two different years (1945 and
2010) were analyzed through a thorough photointerpretation (detection of the basic
classes which are provided in Table 1). Additionally, spatial data regarding the urban
environment and the forested/deforested areas as characterized by the national
legislation, were used. This spatial information is needed to improve the characterization
of the polygons following the national legislation and the official data regarding the
limits of the urban environment and the forested areas. All the different polygons were
merged (spatial “union” procedure) and the topology analysis of all these data was used
to fix possible gaps and overlays among the polygons. Finally, relative forest maps, were
created. More specifically, the final forested and deforested areas (polygons) were
extracted along with their relative class changes (Table 2), and their statistical analyses
were performed along with the final classification maps (Fig. 5 and Fig. 6).More
specifically, the initial data used in this study are highly accurate orthorectified images
(orthophotos) of 0,5 m spatial resolution (Fig. 3 and Fig. 4), coming from the National
Cadastre and mapping Agency (http://gis.kRtimanet.gr/wms/ktbasemap/default.aspx).
These image data were used to detect different categories of land cover types (classes)
and to define relative polygons about these classes. In following, digital files containing
spatial information in polygons regarding the official limits of many characterized areas,
such as Municipality limits and urban fabric limits, were collected from the database of
the Hellenic Mapping and Cadastral Organization (http://geodata.gou.gr). This type of
spatial information in the form of vector spatial representation is very accurate and
widely used in such types of spatial analyses (e.g. Burrough et al., 1998; Chang, 2016).

In a third step, the different LULC classes of interest were constructed by digitizing
different polygons for each of the classes via the thorough visual examination of the
orthophoto images (Table 1). It should be mentioned that the classes (Table 1) as well as
the class changes (Table 2) were based on the relative Greek legislation regarding the
definition of LULC types regarding the characterization forested areas (Law 2373/B’/12-
07-2017, Law 998/79; Law 248/1976). Additionally, the classes were chosen in a way to
comply with the general principles of a land use classification system (Anderson et al.,
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1976). These general principles require (a) The classification system has to be applicable
to extended areas, (b) categorization should allow vegetation and other types of land
cover to be used as substitutes for the activity, (c) The classification system must be
suitable for the use of remotely sensed data obtained at different times, and (d)
Comparison with future land cover data should be feasible. Finally, a topology analysis
was conducted to eliminate possible geometric errors and fix possible overlapping and/or

gaps among different polygons, as suggested by Oosterom et al. 2002 and Zlatanova et
al. 2003.
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Figure 3. Orthophoto images with the overlay of altitude per 100 m (iso-heights) for the Kastoria in a)
the year 1945, b) the year 2010.
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Figure 4. Orthophoto images with the ouerla of aﬁitude per 100 m (iso-heights) for the Propontida in a)
the year 1945, b) the year 2010.
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Table 1. Different LULC classes in the study areas.

No. Class Name Class Description
1 Forests (“F”) Homogenous forested areas
2 Grassland/Rocky Areas that represent grassland and/or rocky areas, according
(“GR”) to the GreeR legislation (Law 998/79)
3 Urban fabric (“U”) Urban areas inside the as they defined by the Greek
legislation (Law 3889/2010)
4 Other (“0”) Other types of land use that like mixed areas, agricultural

areas and any other land cover types that do not belong the
aboue-mentioned ones.
5 Water Surface (“W”) Water surfaces (sea or lake)

Table 2. Different LULC changes in the classes of interest in the study areas.

No. Category of Description Group of
class class
changes

1 F-F Forested areas in 1945 that remain forested until 2010 Forested

2 O-F Areas characterized as “0” in 1945 that converted to
forested ones (“F”) until 2010

3 F-0 Forested areas (“F”) in 1945 that converted to other
types (“0”) until 2010

4 0-0 Areas characterized as “0” in 1945 that remain in the No forested
same class until 2010

5 O-GR Areas characterized as “0” in 1945 that converted to the  Grassland/
grassland class (“GR”) until 2010 Rocky areas

6 GR-0 Areas characterized as “GR” in 1945 that converted to
the other types (“0”) until 2010

7 GR-GR Areas characterized as grassland “GR” in 1945 that
remain in the same class (“GR”) until 2010

8 W The water surface Water surface

9 u-u Urban fabric area (“U”) in 1945 that remain in the same Urban fabric
class (“U”) until 2010

10 Re-F Areas that defined as re-forested by the GreeR Re-forested
gouernment after trespass or forest fires areas

3. RESULTS AND DISCUSSION

Several statistics (Table 4-6), regarding the spatial changes of every examined land couver
type (class) as well as relative Figs. (Fig. 5 and Fig. 6) representing maps of all detected
spatial changes during the examined period, are used to support the findings and the
conclusions of this study.

3.1 First pilot area (Kastoria)

In Fig. 5 it is provided the spatial distribution of the defined classes regarding Kastoria
pilot area. At this point, it should be noted that the whole study area of Kastoria has
areal extent of 786.453 x 103 m?. The spatial changes between the two examined periods
are also shown (Table 2, Fig. 6¢). Tables 1, 2 and Fig. 6 clearly show that there is a
significant increase of the forested areas (10.51%) during the 1945-2010 period in the
whole area of Kastoria. The increase is especially evident in the northern and the eastern
parts of this study area, which is the most mountainous and the less populated. Also, it
is noteworthy to be mentioned that there are important parts of the forests that were
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characterized as re-forested areas by the GreeR Gouvernment (Fig. 5c¢). This finding,
highlights that although the intrusions and the changes in the forested areas (e.g. fires,
ouver-grazing, illegal agricultural use), this forested environment significantly expanded.

1945

Kastoria Region

Land cover
Other types ("C")
B rorested areas (F")
I Lake (v
1777 Urban fabric ("U")
[ Grassland ('GR"

Kastoria (1945-2010)

Other types ("0-0")
Other types -> Forest ("O-F")
Re-Forested ("Re-F*)

Percentage (%)

T Other types -> Grassland ("0-GR
7 Forest > Other types ("F-0"
- Forested areas ("F-F")
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: O & & o P ok
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5 b ]
O KT g F e (d)
Class (Land cover} changes

Figure 5. Kastoria region land cover types in the year 1945 (a), the year 2010 (b), land couer spatial
changes during the examined period (c) while in (d) is provided quantitatively, the percentages of these
spatial changes.

Significant decrease (-9,3%, according to the Table 3) was occurred in the class “other
types”, that includes mainly the agricultural land. This decrease highlights the gradual
abandonment of the agricultural sector and the immigration of the population from the
remote mountainous areas to the main city of the study area, Kastoria city. This
population move increased the population of Kastoria by 68.75% over 60 years, i.e. from
10.049 inhabitants in 1951 to 16.958 inhabitants in 2011. A small increase in population
(3,78%) is also obserued in the neighbor villages, while a significant population decrease
of 54% in average is observed in the mountainous villages of Vitsi, Korestia, Kleisoura
and Agioi Anargyroi (Hellenic Statistical Authority 2011).

Table 3. Spatial changes of the examined LULC class regarding Kastoria region.

Kastoria
:-::; Year 1945 Year 2010 Class Class
type Ares (X108 o A N . dtffer:nge difference
(label) o rea (x m?) /o (x 103 m?) (%)
(0] 321.081,50 40,83 247.927,78 31,52%  -73.153,72 -9,30%
F 401.699,86 51,08 484.323,87 61,58% 82.624,01 10,51%
(0] 29.410,47  3,74% 29.626,39 3,77% 215,92 0,03%
w 20.774,28  2,64% 20.788,92 2,64% 14,64 0,002%
GR 13.487,84 1,72% 3.786,98 0,48% -9.700,86 -1,23%
TOTAL 786.453,94 100 % 786.453,94 100 %
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The entire region of Kastoria has in total a population increase of 27,45%, from 28.147
inhabitants in 1951 to 35.874 in 2011). Fig. 5c represents the spatial changes of the
different classes, where it can be clearly seen the significant increase of the forested
areas, especially considering the re-forested areas (9.02% of the whole area). Fig. 5d
provides the percentage of change regarding the total area of the different classes shown
in Fig. 5c.

Another parameter that is important to calculate for the accurate evaluation of the
spatial changes of the forested areas, is their spatial homogeneity. This parameter is
calculated in this study by measuring the number of the different polygons of the
forested areas. The large number of different polygons indicates a high spatial
fragmentation of the forested areas, leading to a decrease of spatial homogeneity. In
contradiction, a small number of different polygons in the same total areal extent of the
forests indicates highly uniform forested areas, leading to an increase of the spatial
homogeneity. Table 3 and 4 show the total number of polygons of each class, as well as
their changes, using as reference period the oldest date (the change of each class
corresponds to the fraction of the absolute difference in the number of polygons divided
by the number of the polygons of the reference date). According to Tables 3 and 4, the
class “O” not only decreased spatially, but its homogeneity is significantly increased, as
a decrease of 21,02% in the class change is obseruved. This is probably due to the gradual
development of agricultural sector in well-organized forms near the irrigation network
of the area, as well as the increase of building infrastructure and the expansion of the
road networR, which led to the increase of its spatial homogeneity. The forested areas
increased in surface during the examined period and, in parallel, lost their homogeneity
only by 2,11%. This loss can be considered small, not only because of the spatial
expansion of this class, but also because of the population concentration in the main city
of Kastoria, that contributed to the sprawl of the forested areas and not to their
fragmentation. It is also noteworthy pointing out that the class “GR” although has only
a small decrease (Table 3), a high increase of 30% of its spatial homogeneity is observed
(Table 4), which is a result of the decrease of cultivated areas and livestock.

3.2 Second pilot area (Propontida)

A completely different situation is observed in Propontida, which is a coastal area very
close to the second largest city of Greece, Thessaloniki, and is located in one of the most
touristic areas in Greece, ChalkRidiki peninsula. The study area of Propontida has areal
extent of 371.271 x 10° m2. In this area, a significant increase of the class “Other types”,
including mainly the agricultural sector, occurred. This increase is 12.10 % during the
examined period (Table 5) and can be attributed to the increase of the agricultural
production in this area. Consequently, the surface of the forested areas of this region is
significantly decreased (by 13.02%, Table 5) during the examined period under the
pressure of the increase of the agricultural sector. Another important factor led to this
high decrease of the total areal extent of the forested areas, is the development of the
touristic product. This factor increases the needs in food and residences as well as the
development of other relative infrastructure, resulting to the gradual degradation of the
forested areas leading finally to their decrease.

Although the limits of the urban fabric in the whole area were increased by only 0,91
% (Table 5), the number of small residences outside the strict spatial limits of the main
urban fabric that belong to the class “other types”, was significantly increased and this
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is one of the most important factors of the total population increase by 98,63% during
the examined period (from 18,376 inhabitants in 1951 to 36,500 inhabitants in 2011).
Moreover, it should be mentioned that in the most touristic parts, which are located in
the southeastern and the western parts of this region (Moudania and Kallikrateia,
respectively) the population was increases by 121% between the years 1951 and 2011
(years of national census). The spatial changes between 1945 and 2010 can be seen in
Fig. 6c, where the significant decrease of the forested areas can be observed. This Fig.
also shows that many villages expanded spatially very close to the forested areas, as
well as many forested areas close to these villages conuverted to agricultural areas (class
change “F-0”). Fig. 6d provides the percentage of spatial changes among the different

classes as they spatially depicted in Fig. 6c.

Table 4. Number of polygons defining each of the examined land cover classes in the Kastoria region.

Kastoria
Land Number of polugons Number of polygons
cover (1945) (2010) Class Class
(::’Ireel) Number % Number % difference  change (%)
0 Lh4s 85,00 3510 82,43% -934 -21,02
F 569 10,88 581 13,64% 12 2,11
w 1 0,02 1 0,05 1 0,00
U 54 1,03 53 1,24 -1 -1,85
GR 160 3,07 12 2,64 -48 -30,00
TOTAL 5228 100 4258 100
Y 2010

Propontida Region

> Land cover
Thermaikos

Ty Other types
sea gulf | B rorested areas
:‘1 7717 Urban fabric
0 25 5 10 15

Propontida (1945-2010)

Perce ntage (%)

Other types ("0-0")
Other types -» Forest ("O-F")
Re-Forested {"Re-F")
| U Forest -> Other types ("F-O")
- Forested areas ("F-F")

|- © | Urban fabric {"U-U"y

Thermaikos 1
sea gquif

(c) I* B

Thermaikos
sea gulf

20
Km

oLk [«IN L
£ b F LGS

Class {land cover) changes (d}

Figure 6. Propontida region land cover types in a) 1945'b) 2010, in c) the land cover spatial changes, are
depicted and in d) it is provided quantitatively the percentages of these spatial land cover changes.
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The spatial homogeneity of the Propontida which is based on the number of the
different polygons consisting the total area of each class, was also examined as in the
case of Kastoria. More specifically, the class “O” increased spatially as a total (Table 5)
but, in parallel, increased inhomogeneity, as a decrease of 53,58% in the number of
polygons was found. This finding indicates the significant areal changes during the 65-
year period in this class, which is mainly due to the concentration of the population in
the coastal part of the region. That concentration was the reason for the spatial changes
in the land use and the land cover of human activities, the agricultural sector, and the
livestock. Nevertheless, the most important finding concerns the areal changes of the
forested areas. The forested areas not only decreased (13.02%, according to Table 5), but
also lost their homogeneity at about 99,12% during the examined 65-year period (Table
6). This finding highlights the significant spatial changes of the landscape in the
Propontida, which gradually led to the deforestation and the decrease of the spatial
homogeneity of the remaining forested areas. Moreover, it should be noted that the class
representing the main urban fabric remained almost unchanged. This result indicates that
the touristic growth of this region has led to the construction of small residences scattered
along the greater coastline without being into a main urban fabric. This is a common
phenomenon all over Greece. This phenomenon contributes to the degradation of the
natural environment, including forests, in long-term scale, changing in parallel the
microclimate of the coastal areas.

Table 5. Spatial changes of the examined LULC classes of Propontida.

Propontida
Land Year 1945 Year 2010 Class Class
Clabely Area(x10m) % AT (;)‘103 o ey orence
1] 257.976,09 69,47 302.910,90 81,59  44.934,81 12.10
F 93.261,91 25,12% 44.905,38 12,10 -48.356,53  -13.02
o - 0,00 - 0,00 - 0.00
U 20.088,94 5,41 23.455,11 6,32 3.366,17 0.91
GR - 0,00 - 0,00 - 0.00
TOTAL 371.326,94 100 371.271,38 100

Table 6. Number of polygons that define each of the examined land couver classes in the Propontida

region.
Propontida
Land Number of polygons Number of polygons
cover (1945) (2010) Class Class
type Number % Number % difference change (%)
(Label)
o 851 63,98 395 29,86 -456 -53,58
F 452 33,98 900 68,03 448 99,12
w - 0.00 0 0,00 - =
U 27 2,03 28 2,12 1 3,70
GR - 0,00 0 0,00 - -
TOTAL 1330 100 1323 100

Additionally, the areal changes of the forests are overlaid in the population changes
per municipality unit of the two pilot areas (Fig. 7). The spatial comparison was chosen
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because the population changes are strictly related with land use dynamics (e.g. Halder,
2018). The results of this mapping representation highlight that the largest increase of
the forested areas in the examined period in Kastoria region is spatially correlated with
the largest decrease of the population (northwestern parts of the examined study area),
while in Propontida region, the largest the forest decrease the largest is the population
increase.

Population & forest changes

Kastoria region

Population change (%)
-70,0 - -100,0
69,9 --50.0
49,9 - 250
24,8-0,0

Population & forest changes

I Dcforested area

0,1-250
25,1-50,0

B 0.1 - 1000 Propontida region
I Reforested area Population change (%)
: 0,0-350 G
35,1-110,0
N & N
110,1-135,0 = A
(a) 0255 10 15 20 (b) 0256 A0 #5__i20..
. NN — — KM

Figure 7. Population and forest changes during the examined period (1945-2010) over the areas of a)
Kastoria and b) Propontida.

4. CONCLUSIONS

Forests are playing a Rey role in the life on the planet Earth a vital component of the
natural environment because they stabilize climate, regulate the water cycle, and
prouide habitat to thousands of life forms. On the other hand, forests and forest
ecosystems are fragile and vulnerable because endanger various factors, some of which
are forest fires, especially in hot and dry climates, and human activities, mainly illegal
logging and deforestation in order to turn them into agricultural land. Climate change
also has serious negative consequences for forests, the effects of which have already been
seen with prolonged periods of drought, frequent and intense storms, floods and fires,
increased heat days, etc. Considering the vital importance to study the forests and their
changes, the study is focused on the detection of the spatial changes in the forested areas
during six decades (1945-2010) over two completely different landscapes (pilot areas) in
order to examine the potential factors that affect the forest areas. The one study domain
is the remote mountainous region of Kastoria (Fig. 1b and Fig. 2) and the other one is the
coastal region of Propontida (Fig. 1c and Fig. 3). It was concluded that regarding Kastoria,
the analytical study of the forested spatial changes during the examined period, depicted
a significant increase (10,51%) especially across the most mountainous and remote parts
of this region. Also, the forested areas in Kastoria have lost their spatial homogeneity
only by 2,11%. This seems to be owed to the decrease of the population and consequently
the decrease of the agricultural sector and the livestock, which are the main human
activities in the whole area. Contrariwise, in Propontida the forested areas were
significantly shrunk (13,02%) but the total population was doubled during the examined
period. The forested areas not only decreased (13,02%, according to the statistics of Table
5) but also lose their spatial homogeneity at about 99,12% (Table 6) during the whole
examined period. This fact along with the important increase of the tourism sector in this
region, seem to contribute to the decrease of the forest areas and its environmental
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degradation, overall. The population increase in urban and suburban coastal areas with
high tourist activity can lead to a reduction of the forested areas. The large number of
polygons with small size is another clear indicator that near the coastal areas (such as
Propontida), the forested areas gradually lose their spatial homogeneity (spatial
fragmentation) because of the continuous expansion of the road network and the
increased human activities and touristic demands (hotels and relative infrastructures).
Characteristic also, is that in the two study domains that examined in this study (Kastoria
and Propontida), the major decrease of the forested areas, is mainly found around urban
and sub-urban areas with altitude less than 800 m while in mountainous areas the
forested areas remain stable or increase.

Conclusively, it was achieved to detect the spatial changes in a coastal (Propontida)
and a remote mountainous area (Kastoria) using spatial data of high accuracy and
following common rules and widely used methodological steps (considering the relative
national legislation). The examination of the forested areas changes of the in these two
pilot areas (Kastoria and Propontida) can operate as a guide in order to assess the spatial
forest changes that can be caused in other regions with similar topography and general
characteristics. Such analyses can further help to improuve or implement strategic plans
and relative legislation, according to the specific needs of an area in order to protect and
ensure the sustainability of the forested areas without affecting the population changes,
the tourism and the agricultural production which seem to be major contributors in the
forest changes in Greece. In a more general approach, the specific study illustrates the
abrupt and random spatial changes in the forested areas that underline the need for
long-term spatial planning and sustainable forest management in local to regional
levels.

Future steps include the extension of this in many other areas with different
landscapes, the use of remotely sensed data and products such as vegetation indices and
the examination of sophisticated methodological approaches in the classification
procedures such as decision trees and supervised classification schemes.
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