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Abstract

In this study, we assess the land cover changes in southwestern Lithuania from 1984 to 2018. These 
changes were examined using data derived from Landsat 5, Landsat 8, and Sentinel-2 multispectral 
images. The study area encompasses the Nemunas Delta, which is affected by river-induced floods 
leading to seasonal variations in water coverage. The water-covered area was found to be quite stable 
across the years during the dry seasons, i.e., in summer and early autumn. A significant increase in 
forested areas was observed during the study period (from 15.1% to 19.0% of the total area). During the 
examined period, the average size of agricultural parcels decreased several times (from approximately  
35 ha to approximately 5 ha), which was caused by the transition from socialist to private ownership-
based agricultural practices in the early 1990s. Almost all changes observed had rather positive 
environmental impacts (for biodiversity and maintenance of wildlife). Positive impacts included the 
establishment of several new protected territories between analysed periods. Negative impacts included 
the construction of wind turbines (approximately 50 in the area of study), which were not present at the 
beginning of the study period and may negatively affect the natural (agricultural and wetland) landscape 
of the region.
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Introduction

Monitoring of land cover temporal changes is 
very important because it allows for the evaluation 
of anthropogenic effects on the environment, e.g., 
urbanization and deforestation [1,2]. Moreover, this 
type of monitoring provides a spatial estimation of such 
natural phenomena as flooding, a succession of natural 
vegetation and coastline change [3-6]. Land cover 
monitoring at the regional level over the long-term 
is also very useful for the assessment of sustainable 
development of rural areas [7]. In particular, land 
cover monitoring is important in areas heavily affected 
by anthropogenic factors. Regional monitoring of 
land cover is very often based on satellite imagery 
with medium spatial resolution. The first satellite that 
delivered such images was Landsat 1, which acquired 
multispectral images (pixel size ~ 60 m) between 1972 
and 1978 [8]. One of the most important satellites for 
earth observation was Landsat 5, which operated from 
1984 to 2003. Landsat 5 was the longest-operating 
Earth-observing satellite mission in history [9]. The 
Landsat 5 Thematic Mapper (TM) sensor acquired 
multispectral images (7 bands from visible light to 
shortwave infrared) at a spatial resolution of 30 m 
and at an interval of 16 days. Currently, the fully 
operational satellite from the Landsat programme is 
Landsat 8, which began operation in 2013 and delivers 
multispectral images (11 bands, most of them at a 
resolution of 30 m) [10]. A very promising source of data 
for land cover is the Sentinel-2 mission, which consists 
of two satellites (2A and 2B) that acquire multispectral 
images at 10 m resolution [11]. Such satellite data have 
allowed us to monitor changes in land cover for nearly 
50 years. It is very important that the satellite images 
acquired by both the Landsat and Sentinel programmes 
(archived and current) are available for free. For 
many projects that are aimed at evaluating land cover, 
multispectral satellite data are a very important source 
of information [12]. One such project is the CORINE 
land cover (CLC) inventory, which was initiated in 1985 
and delivers land cover classification maps for areas 
covering the whole European Union [13] since 1990. 
The last update of the CLC project was conducted in 
2016-2018 and was based on Sentinel-2 and Landsat-8 
data. The minimum mapping unit in CLC is 25 ha and, 
because of that, smaller objects such as sparsely built-
up areas are omitted. The accuracy of CLC is estimated 
to be at least 85%. Projects similar to CLC comprising 
large area land cover classification and monitoring 
long-term changes are conducted at different spatial 
scales, i.e., regional, continental or worldwide [14].

Land cover classification over large areas using 
satellite data is performed using supervised or 
unsupervised methods based on one multispectral 
satellite image or a multi-temporal set of images [14-
16]. Supervised classification requires training data 
that demand in situ knowledge of land cover, at 
least in some areas of the analyzed region [17]. An 

unsupervised classification does not require previous 
knowledge of land cover and, because of that, is easier 
to implement [18]. Despite the existence of many 
automated classification methods, the human mind is 
still one of the finest tools available for the synthesis 
and analysis of image patterns. Therefore, interpreter 
expertise is often embedded in land cover classification 
methods as an auxiliary approach.

The aim of the study was to evaluate the main 
changes in land cover in southwestern Lithuania 
between 1984 and 2018 using medium-resolution 
satellite data. We focused primarily on the changes in 
the natural environment and land cover types important 
for the sustainability of the region. Subsequently, 
the tasks were to evaluate the changes in the spatial 
coverage of forests, water reservoirs, arable land and 
built-up areas. This study is especially important 
because the changes in land cover have not been 
previously studied over this period. Moreover, the 
region is very important for ecosystem services because 
of its location next to estuarine and coastal ecosystems. 
The study is mainly focused on long-term changes, i.e., 
between the beginning and the end of the 1984-2018 
period.

Material and Methods

Area of the study

The study area is located in southwestern Lithuania 
(Fig. 1). The region is the southern part of Klaipėda 
County and is limited geographically by the Curonian 
Lagoon from the west and the Nemunas River from 
the south, covering 939.3 km2. Approximately 1/3 of 
the study area is the Nemunas Delta Regional Park, 
covering an area of 290 km2 [19, 20], which was 
established in 1992. Spring floods are typical in the 
park, and in some years, nearly 50% of the area was 
flooded. Large parts of the study area are occupied 
by peatlands, while some of them are exploited. In 
1993, Nemunas Delta Regional Park was included in 
the list of wetlands of international importance by the 
Ramsar Convention. Later, in 2004-2005, the system 
of protected areas was supplemented with Natura2000 
sites in compliance with the requirements of the EU 
Birds and Habitats Directives. Agricultural land and 
forests (mainly coniferous) are located in the eastern 
and northeastern parts of the study area. The population 
density in most of the study area is low except in the 
town of Šilutė. The region is very flat, and the study 
area mostly lies at heights from 0 to 20 metres a.s.l. 
The best soils, which are characterized by larger silt 
and clay contents, are located in the southwestern part 
of the study area, while the worst quality soil (very 
high sand content) is located in the northeastern part 
(SoilGrids, https://soilgrids.org) [21]. Because a large 
part of the study area is flooded annually during the 
early spring period, it is mainly used as meadows for 
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cattle grazing and fodder harvesting. Arable land is 
located mainly in the southern part of the area (between 
Šilutė and Usėnai) as well in the northern part (around 
Vilkyčiai). The most important changes in arable land 
coverage and structure started in the early 1990s when 
private ownership of the farms was re-established.

During the period of 1984-2018, the most significant 
economic changes in Lithuania, as well in the study 
area, started, especially in the early 1990s when private 
ownership and management in the agricultural sector 
was re-established [22]. These changes were primarily 
manifested as the division of large farms into privately 
owned smaller farms. It was expected that such an 
economic transition would have an important impact on 
land cover changes in rural areas.

Methods of land cover evaluation

The main sources of the data for land cover 
evaluation were satellite images. Three sources of 
satellite data were used for the analyses:
–– Landsat 5 Thematic Mapper (TM) multispectral 

sensor, which acquired images from March 1984 to 
January 2013.

–– Landsat 8 Operational Land Imager (OLI) 
multispectral sensor, which has acquired images 
since February 2013.

–– Sentinel-2 – Sentinel-2A launched in June 2015 and 
2B launched in March 2017.
Landsat 5 and 8 have a spatial resolution of 30 m 

(pixel 30 x 30 m), while that of Sentinel-2 is 10 m for 

multispectral RGB+NIR (red, green, blue and near-
infrared) data. All images were downloaded from 
EarthExplorer service: https://earthexplorer.usgs.gov/ 
[23].

The revisit time for Landsat 5 and 8 is 16 days, 
while that for Sentinel-2 is approximately 5 days. For 
the analyses, only images without cloud cover (less than 
1% of clouds) were selected. The main analyses were 
conducted for the following dates/images:
–– 8 April 1984 and 4 June 1984 – Landsat 5 TM  

(Fig. 2a and 2b)
–– 22 April 2018 (Fig. 2c) and 9 June 2018 – Landsat 8 

OLI.
–– 17 June 2018 – Sentinel-2 (Fig. 2d).

Moreover, additional multi-temporal satellite images 
were used for better recognition of land cover changes 
such as forest area, built-up area and water bodies. 
These images were used mainly for the evaluation of 
long-term and seasonal water cover and are listed in 
Table 1.

In the analysis, bands in the visible light range 
(RGB) and near-infrared (NIR) range were processed 
via unsupervised clustering using the ISODATA 
algorithm (pixels were divided into 12 classes).  
The same approach was applied for satellite images 
acquired in April (at the beginning of the vegetation 
period) and June (during intensive growth). This 
method allowed for better differentiation of land cover 
types because of the specific seasonal patterns of the 
various land cover types.

Fig. 1. Study area and its location on the map of Lithuania.
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Most of the forests located in the study area are 
temperate coniferous forests or mixed coniferous 
forests. Deciduous forests occur only in a very small 
area. Because of this, it is quite easy to distinguish 
forested areas from other land cover types because 
most of them are evergreen and have high normalized 
difference vegetation index (NDVI above 0.5) values in 
all seasons. One of the problems is that selected areas 
of the forests are thinned, and during the first years 
after thinning, these parts are similar to shrubbery, i.e., 
are characterized by a low vegetation intensity. If such 
areas were present within contiguous forested areas, 
they were classified as forest.

Water features were distinguished using the 
normalized difference water index (NDWI) [24]. Pixels 
for which the NDWI was greater than 0 were treated as 
areas covered by water.

Because of the very low altitude of the study area 
and seasonal changes in the water level, the area 
covered by water was very variable, especially in early 

spring. Water features are quite easy to detect using 
NDWI based on satellite data, but the accuracy of such 
delineation can be limited in the following cases:
–– where water features are smaller than the satellite 

pixel size (such a situation very often exists in the 
case of small rivers, ponds, etc.)

–– where water is very shallow and parts of plants are 
above the water surface (such a situation can exist 
in wetlands that are temporarily covered by water, 
especially during the vegetation season)
The final delineation of land cover classes was 

manually prepared by evaluating the image texture, 
colours and their patterns using an RGB composite 
image derived from Landsat 5 for 1984 and a Sentinel-2 
image for 2018. Areas in which the land cover types 
were preliminarily distinguished using unsupervised 
classification were adjusted or new areas were created 
in this final stage. Such a method was mainly applied 
to built-up areas where non-uniform land cover occurs 
(mixture of buildings, roads and other relatively small 

Fig. 2. Satellite images (RGB composite) from a) 8 April 1984 – Landsat 5 TM; b) 4 June 1984 – Landsat 5 TM; c) 22 April 2018 – 
Landsat 8 OLI and d) 17 June 2018 – Sentinel-2.
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objects), the location of wind turbines and deciduous 
forests, which are not easy to distinguish using 
unsupervised classification methods. Because of the 
high spatial resolution of Sentinel-2 images (pixel size 
10 m), the land cover evaluation for 2018 was more 
accurate. A summary of the classification methods for 
each land cover type evaluated in the study is presented 
in Table 1.

In addition, we used the CORINE land cover 2018 
classes as reference data (Fig. 3) [25]. These data were 
cross-tabulated with land cover classes derived using 
the ISODATA algorithm [26].

The maps were prepared and spatial analyses were 
conducted in ArcGIS 10.4 and QGIS 3.4. Non-spatial 
analyses were conducted in Excel 2016.

Results

Changes in water cover

The largest area covered by water is usually 
observed in early spring, i.e., at the end of March or 
the beginning of April, while the lowest water level is 
observed in summer and early autumn. Table 1 presents 
the area of inland water cover estimated using NDWI 
(values above 0 were treated as water features).

In addition to the dates shown in Table 1, the area 
of water features was also evaluated in other years. 
The largest area of water cover was found in the spring 
of 1985 when the area was 171.46 km2 (18.25% of 
the total study area). In years after 1985 (until 2019), 
such extensive water-covered areas were not observed. 
Usually, the area of inland water during early spring 
was approximately 50-80 km2 (5.3-8.5% of the total 
study area). The obtained data correlate well with 
the discharge from the Nemunas River (correlation 
coefficient 0.96 between the water-covered area and  
11-day average discharge) (Table 1). During the summer, 
the area of water features was much smaller and usually 
covered only approximately 20 km2. However, the 
extent of the water-covered area did not only depend 
on rainfall and discharge from the Nemunas River but 
also on human activities, especially peat exploitation. 

Fig. 3. Types of land cover (level 2) based on the CLC 2018 
project for the study area.

Table 1. Area of inland water distinguished based on satellite data on the selected dates.

Date Source of data Area (km2) % of total land area Average discharge from the Nemunas River 
(m³/s)* 

1984/04/08 Landsat 5 TM 79.65 8.48% 851

1984/06/04 Landsat 5 TM 16.09 1.71% 447

1985/04/11 Landsat 5 TM 171.46 18.25% 1666

2018/04/22 Landsat 8 OLI 49.54 5.27% 810

2018/06/09 Landsat 8 OLI 18.21 1.94% 263

2018/06/17 Sentinel-2 20.96 2.23% 249

2018/10/10 Sentinel-2 31.11 3.31% 269

2018/10/31 Landsat 8 OLI 29.47 3.14% 280

2019/04/02 Landsat 8 OLI 65.87 7.01% 562

2019/04/03 Sentinel-2 67.84 7.22% 553

*11-day average, including the 5 days before and 5 days after the date of image acquisition, was calculated from the data obtained 
from the Lithuanian Hydrometeorological Service. The correlation coefficient between the area of inland water versus the average 
discharge from the Nemunas River was 0.96 (P<0.001).
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During the summer of 2018, approximately 1 km2 of 
water cover was observed in the large peatland located 
next to Šilutė despite the low precipitation. Most 
of the differences between 1984 and 2018 in water 
cover during summer (Fig. 4, Table 3) were probably 
because of anthropological reasons associated with 
land reclamation. One of the long-term natural changes 
in the 1984-2018 period was the creation of an island 
with an area of approximately 20 ha in the Nemunas 
River mouth, which could be attributed to sediment 
accumulation (Fig. 5).

Changes in the forested area

During 1984-2018, forested areas increased 
approximately by 36.8 km2 (from 141.9 km2 to 
178.7 km2) (Table 4). The forests mainly increased 
because of the natural development of areas located 

Table 2. Satellite image classification methods for the land cover types evaluated in the study.

Land cover type Method of classification Additional information

Water bodies
Normalized difference water index 

(NDWI= (green-NIR)/(green+NIR)) greater than 
0 was treated as water cover.

Change in water cover between 1984 and 2018 was based on 
satellite data from June when there are no floods.

Forests
High value of normalized difference vegetation 
index (NDVI above 0.5) in early spring as well 

during summer was treated as deciduous forests.

Areas of lower NDVI found within contiguous forested area 
were treated as forest. Moreover, deciduous forests were 

distinguished using RGB satellite image photo interpretation 
based on texture, colours and patterns.

Built-up area
Preliminary division into various land cover 

classes using the unsupervised ISODATA 
algorithm.

Final classification and detection of wind turbine locations 
using RGB satellite image photo interpretation based on 

texture, colours, shadows and patterns.

Agricultural 
land 

Not classified because of high classification 
uncertainty.

Delineation of individual agricultural parcels for selected 
parts of the study area based on RGB satellite image photo 

interpretation based on texture, colours and patterns. 

Fig. 4. Water cover on 1984/06/04 and 2018/06/09 based on 
satellite imagery.
No/No – areas without water in both years, No/Yes – areas with 
water in only 2018, Yes /No – areas with water in only 1984; Yes/
Yes – areas with water in both years

Fig. 5. Satellite image of the Nemunas River mouth on 1984/06/04 
(A – Landsat 5 TM) and 2018/06/09 (B – Sentinel-2) with the 
new islands created by sediments marked by a red border.
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next to peatlands and other areas that are not intensively 
used. Large areas of shrubbery were transformed into a 
forest. Moreover, some parts of agricultural land were 
transformed into a forest, especially those located next 
to large forested areas, which were most frequently 
dominated by sandy soils (https://soilgrids.org). Most of 
the forests that existed in 1984 were still forest in 2018, 
and only 2.3 km2 of the forest was transformed into 
other types of land cover. Fig. 6 presents the forested 
areas in 1984 and 2018.

Changes in agricultural land

Large crop fields were divided into smaller parcels 
between 1984 and 2018. The average size of arable 
land parcels in 1984 was estimated at approximately 
35 ha based on a sample consisting of several dozen 
parcels delineated using Landsat 5 imagery. In 2018, 
the average parcel size was much smaller, and it was 
estimated to be only approximately 5 ha. The borders 
of the agricultural parcels for selected parts (next to the 
town of Juknaičiai) of the study area in 1984 and 2018 
are presented in Fig. 7.

Changes in built-up areas

The area of this land cover type in 1984 was 
estimated at 4176 ha, which was 4.45% of the total 
study area. The changes in the built-up area from  
1984-2018 were small, and the increase in built-up area 
was estimated at 155 ha. This result means that the total 
built-up area in 2018 was approximately 4331 ha (4.61% 
of the total study area). The built-up areas in 1984 and 
2018 are presented in Fig. 8.

An important change in the landscape of rural  
areas is the construction of wind turbines, which 
were not present at the beginning of the study period.  
In 2018, the number of wind turbines was estimated  
at 48. This assessment was based on the 
photointerpretation of Sentinel-2 RGB imagery, based 
on the presence of specific shadows and bare soil 
around each turbine.

Discussion

Monitoring long-term land cover change is 
important for evaluating environmental sustainability at 
the regional scale. Multispectral satellite images (visible 

Forest area in 1984 (km2)

No Yes Total

Forest area in 2018 (km2)

No 758.3 (80.7%) 2.3 (0.2%) 760.6 (81.0%)

Yes 39.1 (4.2%) 139.5 (14.9%) 178.7 (19.0%)

Total 797.4 (84.9%) 141.9 (15.1%) 939.3 (100.0%)

Table 3. Inland water areas in June 1984 and 2018 in the study area.

Water covered area in 1984 (km2)

No Yes Total

Water covered area in 2018 (km2)

No 918.5 (97.8%) 2.6 (0.3%) 921.1 (98.1%)

Yes 4.0 (0.4%) 14.2 (1.5%) 18.2 (1.9%)

Total 922.5 (98.2%) 16.8 (1.8%) 939.3 (100.0%)

Fig. 6. Forest areas in 1984 and 2018 in the study area.

Table 4. Forest areas in 1984 and 2018 in the study area.
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light – RGB and near-infrared – NIR) are very important 
sources of information to make such assessments [27]. 
The earliest sources useful for this task are the Landsat 
satellites, which were available beginning in 1972 
[8]. Unfortunately, the first three Landsat satellites 
acquired multispectral images of lower resolution (pixel 
size 60-80 m). However, from 1982, when Landsat 
4 was launched, multispectral images became more 
detailed (30 m resolution), enabling better accuracy of 
land cover classification. One of the most important 
advantages of Landsat imagery is the availability of 
historical data on a free-of-charge basis [28]. This 
imagery allows for retrospective analyses using images 
dated several decades back. One of the very important 
disadvantages of Landsat satellites is the long revisiting 
time of 16 days, which is an important drawback in 
areas such as western Lithuania, where cloud cover 
was detected in 2/3 of the available images. Fully free 
cloud scenes are very rare, and for the study area, only 

approximately 20% of the images are available, which 
means that only 2-5 images per year are suitable for 
land cover classification. Most of the images obtained 
in winter were not suitable because of the snow cover. 
In this study, the most useful images were obtained 
in the summer period, when the river water level was 
low and lowlands were not flooded. Better land cover 
classification is possible when using multi-temporal 
images. However, we also found good use of satellite-
derived data for the evaluation of seasonal changes 
in water coverage, which exhibited high variability 
because of the extensive early spring floods. Moreover, 
satellite images obtained in early spring or late autumn 
were useful for the recognition of evergreen forested 
areas, which represent both coniferous and mixed 
forests in this region. Despite the extensive analysis 
of multispectral images acquired in different seasons, 
it was not possible to assess all land cover types with 
satisfactory reliability.

Fig. 7. Borders and area (in ha) of agricultural parcels in a) 1984 and b) 2018 for selected parts of the study area (next to the town of 
Juknaičiai).
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Hence, this study focused on only the selected land 
cover types for which land cover classification was 
quite easy and accurate.

The areas of arable land and other types of 
agricultural land use were not estimated in the study 
because of the difficulties in classification. The 
main reason for this difficulty was the differences 
in the vegetation periods for the different crop types. 
Some crops are sown very late (e.g., maize or some 
vegetables), while others are harvested very early 
(e.g., winter rapeseed). Because of the variability 
in the temporal patterns of reflectance associated 
with different crop types, it was difficult to classify 
agricultural areas unambiguously.

Because of the insufficient spatial resolution of 
satellite images obtained in 1984, it was not possible 
to distinguish small individual buildings or buildings 
in sparse built-up areas dominated by green vegetation. 
Only dense built-up areas were taken into consideration 
in this study. Moreover, housing development and 
industrial built-up areas were treated together rather 
than distinguished into different classes.

One of the easiest land cover types to detect is water. 
However, the area of water cover can be underestimated 
because of the moderate pixel size of satellite data used 
for the analyses. The area of water features estimated 
for almost the same date (one day difference) in early 
April 2019 using Sentinel-2 (pixel size 10 m) was 2 km2 
higher than the results based on Landsat 8 data (pixel 
size 30 m). This difference was mainly due to the use 
of higher resolution data (smaller pixels) which allowed 

us to distinguish water features such as small rivers and 
ponds. Most likely, when using very high-resolution 
satellite images (e.g., pixel size ~ 1 m), the water cover 
area can be more consistent and slightly larger in 
comparison to the results in this study.

In this study, we observed very high seasonal 
variability in water cover. The largest extent of the 
water-covered area was observed in early spring 
of 1985. The water cover during this period was 
approximately 10 times larger than the typical water 
coverage in summer. In the satellite images acquired 
after this time, the water cover area was usually much 
smaller. In general, the water area delineated from the 
satellite images in early spring was approximately 3 
times larger than that in summer. Such a pattern will 
probably be sustained in the future with some shift 
from spring to winter following the climatic projections 
for precipitation (stable in the spring and slight increase 
during the winter) [29].

Changes in water area during summer are 
dependent mainly on anthropogenic activities such as 
peat exploitation. In addition to the results presented 
in Table 1, water cover was assessed in 1999, 2004 and 
2017 to compare the water levels between years. The 
total area in summer was very stable across years, but 
some water features changed. Nearly 40% of the study 
area is covered by summer or winter polders to protect 
settlements or agricultural lands. Most of these polders 
still have functioning pumping stations that regulate 
the water level inside the polders. After regaining 
independence, some pumping stations in the Lithuanian 
part of the Nemunas Delta became defunct, leading to 
the renaturalization of these areas [19].

One of the most important land cover changes in 
the study area between 1984 and 2018 was the increase 
in forested areas. The increase was mainly caused by 
the transition of scrub-shrub habitats to forests. This 
transition was mainly observed in natural areas situated 
next to peatlands. Moreover, some marginal agricultural 
land was reforested. In general, it could be considered 
as a positive change considering the comparatively low 
percentage of forests in the delta area (in 2018, it was 
approximately 19%).

One of the most important changes in the 
agricultural areas was related to the transition in the 
early 1990s when private ownership of farms was re-
established [22]. After the transition, the average size 
of agricultural parcels decreased by several times. 
Moreover, in agricultural areas, approximately 50 wind 
turbines were built, which has changed the landscape 
in some parts of the study area. The wind turbines 
are mainly located in agricultural land in the southern 
(around Usėnai) and northern (between Vilkyčiai and 
Saugos) parts of the study area. The wind turbines 
occupy a relatively small area (approximately several 
ha in total) but could have a significant impact on the 
agricultural landscape of the region. This impact is 
mainly because of the very large height (100-150 m) and 
low but continuous noise that is generated.

Fig. 8. Built-up area in 1984 and 2018 in the study area.



Gozdowski D., et al.4050

Evaluation of changes in land cover in such regions 
as southwestern Lithuania, located next to the coast 
of the Baltic Sea is especially significant because of 
the land use relationship to the marine ans estuarine 
eutrophication and biodiversity in coastal environments 
[30]. The increase in natural areas such as forests 
is contributing to both the biodiversity and surface 
water quality. Moreover, changes in land cover have 
a significant impact on ecosystem services, which 
are important in areas located next to estuarine and 
coastal ecosystems [31]. The natural variability of such 
regions impacts the supply of such ecosystem services 
as tourism and recreation as well as the maintenance of 
wildlife.

Conclusions

Medium-resolution satellite data allowed us to 
estimate the changes in selected land cover types in 
southwestern Lithuania from 1984-2018. The water-
covered area was characterized by very sharp seasonal 
differences because of early spring floods, which occur 
every year, and the differences in water coverage 
between the analyzed images were consistent with the 
average observed discharge from the Nemunas River. 
The area of water during summer remained quite stable 
across the years. During the study period, a substantial 
increase in forested areas was observed. The built-
up area increased slightly but remained quite stable; 
however, 50 new wind turbines were constructed in 
recent years.

Not all types of land cover could be distinguished 
using medium-resolution satellite data. The current 
development of satellite sensors and small satellite 
platforms will allow better accuracy of land cover 
classification to be obtained in the near future and could 
be used for a much more detailed assessment of land 
cover types.
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