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Abstract: This paper deals with the digital image pre- and post-processing and analysis methods used in remote sensing technique. Remote
sensing is the science of obtaining and interpreting information from a distance using sensors that are not in physical contact with the object
being observed. Remote sensing data (LANDSAT 5, 7, 8) during different time periods were compared and rectified and their differences
were underlined as well. Also, the observations that led to the successful application of relatively new techniques of image analysis to
remote sensing were explained and the close relationship and interaction that exists in research level between image analysis and
geoinformatics, through GIS was emphasized. Remote sensing provides a means of observing geomorphological state variables over large
areas. With the introduction of the earth observing satellites, remote sensing has become an important tool in analyzing the Earth’s surface
characteristics, and hence in supplying valuable information necessary for the geomorphological analysis. Remote sensing techniques have
been widely used to delineate the land use changes, to estimate the submarine and coastal discharges, if any, and to give satisfactory
explanations in any geomorphological alterations and land surface characteristics. Today, near-real time environmental monitoring and
management is possible with the help of high resolution satellite data.
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1. Introduction
The term remote sensing means the science and technology
of observing and studying the Earth surface’s characteristics
from a distance, based on the interaction of the materials on
it with the use of electromagnetic radiation. The use of
remote sensing, in conjunction with geographic information
systems (GIS), is a modern way of studying a watershed and
the outcomes resulting from the application of these two
techniques can be used in relation with hydrological
simulation models to simulate surface water, with the
ultimate goal of implementing scenarios for future land and
water uses, both surface and groundwater [6], [11], [15].
Remote sensing technique solely observes, through
observation, the natural phenomena of the earth, such as the
weather, the atmosphere, the oceans, the vegetation, the soil
geology, the urban environment, the agriculture, the natural
disasters (e.g., fires, floods, earthquakes, landslides,
droughts, thunderstorms, tornadoes, glaciers. etc.), the
anthropogenic interference with the environment, the urban
pollution and many other phenomena occurred on the earth
surface. The unique feature of remote sensing to provide
information without the need for a site visit and also without
intervention in the study area at a particularly low cost is one
of the major advantages over other information collection
methods. Proper use of remote sensing data presupposes
their processing in order to eliminate a number of errors and
alterations that, if remained, will deteriorate the quality of
the final information leading to erroneous or distorted
conclusions (Figure 1). The image’s corrections, obtained by
the detector, may be [16], [17]:
• Geometrical corrections which reduce the image’s
geometry curve to a flat geometry by eliminating the
errors that come from the surface of the Earth's ellipsoid,
as well as the motion of the Earth and the artificial

satellite on which the detector is located. Also, geometric
corrections are required to correct errors due to the
intense relief of an area.
• Radiometric corrections referring to error correction,
derived from the technicalities of the recording and
transmission process.
• Atmospheric corrections related to the elimination of
errors arising from the influence of the constituents of the
atmosphere. As the electromagnetic radiation reflected
from the earth's surface returns to space, it passes through
the atmosphere, the components of which alter the
amount of radiation coming into the sensor.
After the pre-processing step, the analysis of the processed
remote sensing images takes place. The analysis of
telescopic data can be divided into three general categories:
quantitative, qualitative and visual analysis or photo
interpretation (Figure 1). In the first case it is desirable to
measure a variable property, such as the temperature at sea
level. In the case of qualitative analysis, it is important to
capture features such as land uses or/and the identification of
specific materials. Finally, when the image analyzer
interprets the data in a visual way, that is, it translates the
pattern, color and shape of the pixel layout to extract
information we refer to a visual analysis. Each category
requires a different approach and different methods and tools
of analysis. Also, even each of the above categories requires
different pre- and post-processing depending on the
characteristics of the data available (spatial, spectral and
radiometric analysis).
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Figure 1: Different wave lengths in relation with the
transmitted energy (up left), spectrum reflectance of solar
radiation for different surfaces based on wave length (up
right) and differentiation of electromagnetic radiation
percent based on wave length (down).

2. Materials and Methods
2.1 Regional and Narrow Study Area Location and
Geomorphology
The River Basin District extent of Eastern – Central Greece
with longitudes between 21049΄ - 24037 and latitudes
between 37055΄-39019΄ is approximately 12.2×103 km2
surrounded by the mountain ranges of Orthris, Timphristos,
Gkiona – Parnassos and Parnitha from the North, Northwest,
Southwest and Southeast, respectively while towards East
the area is washed by the sea [15]. The maximum elevation
equals to 2,431 m, while the mean elevation reaches 417.5 m
(a.s.l.). The hilly and valley areas cover approximately
38.8% και 37.1% respectively, mainly concerning the coastal
areas at the East considering the geomorphological relief flat
to hilly – semi mountainous (Figure 2).

variation between the lowest (sea level) and the highest point
is approximately 663m (South of the city of Atalanti, mount
Roda). The study area is open to the sea at Northeast and is
surrounded by higher or lower mountains and hilly areas
[12]. The combined effect of water’s erosive ability and
weathering processes as well as the geological and tectonic
features are the key factors forming the current
geomorphological conditions including both areas with mild
slopes across the alluvial deposits and those with almost
vertical slopes where the rocky cliffs prevail (carbonate
rocks, ophiolites etc.). The drainage basin has flat relief
mainly consisted of lowlands with gentle slopes up to 200
and steeper ones in highlands with slopes reaching 55 0
(approximately 3%). The drainage network in the valley is
relatively dense due to semi-permeable formations while in
the mountainous areas the active tectonics forms a sparse
network with 1st or 2nd order streams, by Strahler, with steep
slopes and deep river bed. The study area is surrounded by
hilly and mountainous ranges accounting only for 2.2%
(>800m) at the West and South (Mt. Chlomo) and washed by
the sea at the East consisting a complex geomorphology. The
semi-mountainous topographical zone accounts for 4.5%
(600-800m) while the flat areas account for 39.5% (0-200m)
mostly concerning the coastal areas. Also, the hilly and semihilly areas occupy almost 54% (200-600m) of the basin.
Moreover, the basin’s elevation starts from the sea level
ending up to 1073m above sea level (a.s.l.) crossed by a well
developed, partially densed and diverged dendritic drainage
network which discharges into Aegean Sea. At the coastal
region the flat and hilly relief prevails covering 76% of the
basin area while the mountainous areas occupy only 24%.
Also, only temporal streams exist, such as Alargino and
Karagkiozis (4th order by Strahler) flowing mostly during
winter and spring after heavy rainfall events and forming as
well V-shape rejuvenated valleys due to intensive tectonic
activity. Within the mountainous ranges the first (1st) and
second (2nd) order streams form steep slopes with deep river
bed, in particular when carbonate geological formations
prevail. Generally speaking, the drainage network within the
lowlands is considered as dense due to semi-permeable
formations (e.g., clays, silt, fine sand, marls) while in the
rocky areas the intensive and active tectonics has formed a
significantly sparse drainage [7], [12], [13].

Figure 2: The regional area’s location with its main
geomorphological features.
In particular, the study area (Atalanti catchment) is located at
Eastern Central Greece at Lokrida province of Fthiotida
Prefecture and lies between 21044΄-24039 longitudes and
37045-39029΄ latitudes covering an area of 248km2 (Figure
3). The basin’s altitude ranges between sea level and 1073 m
(a.s.l.) with mean elevation of 275.3 m (a.s.l.) and elevation
50% of 210 m having also a diverged drainage (streams,
rivers) with several kilometers of length which discharges
into the sea. The study’s area key feature is the flat surface
formed somewhat above the sea level. The elevation

Figure 3: The study area location with its topographical
zones (hypsometric curve) and contributing drainage
network.
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2.2 Land Use Pattern
According to the European programme Corine Land Cover
(2000) with the help of GIS the whole study area is covered
by 13 discrete land use categories from which the highest
percent is occupied by sclerophyllous vegetation (29.7%),
another percent by non-irrigated arable land (20.5%), olive
groves (16.6%) and complex cultivation patterns (11.7%), a
relatively small percent by transitional woodland – shrub
(9.7%) and land principally occupied by agriculture with
significant areas of natural vegetation (6.9%) and finally,
areas with mixed forest (2.3%), natural grasslands (1.4%)
discontinuous urban fabric (1.2%). The flat and coastal areas
are intensively cultivated which causes pressures to water
resources both quantitatively and qualitatively due to the
uncontrolled and irrational use of fertilizers and pesticides
unlike to hilly and mountainous regions which are consisted
of forests, and grasslands (Figure 4). Additionally, based on
European network NATURA 2000, there are three protected
regions within the study area which are Kiparissi wetland
(area of 10.6km2, coastal shallow lagoon separated by a land
stripe of 1.3km length – GR2440001) and the small islands
in the Atalanti gulf (Gaidaros and Atalantonissi) as well as
the wildlife shelters of Karagkiozis – Asproyes and Tragana
– Kiparissi – Kolakas (Figure 4).

Figure 4: The study area’s land use/land cover map.

3. Results and Discussion
3.1 Remote Sensing and Geographical Information
Systems (GIS)
The use of remote sensing in conjunction with geographic
information systems is a modern way of studying a
watershed, as mentioned before. The results obtained from
the application of these two techniques can be used in
relation with hydrological simulation to model surface water
with a view to realizing future land use scenarios as well as
water, including both surface and groundwater. Satellite
remote sensing is based on observing the earth's environment
by measuring the interaction between the electromagnetic
field and objects on the earth's surface. In addition, mapping
land use and coastline using timely satellite data becomes
important and necessary in order to detect and track abrupt
changes in morphological terrain, which are mainly due to
the human interventions. Satellite data can provide the
appropriate digital information in a wide range of spatial,
spectral and time scales at a faster rate and at a significantly
lower cost compared to other conventional methods [2], [21],
[22]. The Geographical Information Systems (GIS) are one
of the most effective supporting tools for managing and

using information structured in space. Geographical data can
be linked to both natural resources and socio-economic
problems. In general, data displayed as maps and images can
describe elements such as topography, soil type, vegetation,
water (mainly surface), land use/land cover, surface geology,
administrative boundaries, etc. The generated maps can
describe the raw data or statistical results obtained while the
generated geographical information can be used as input data
to a hydrological model.
3.2 Pre- and Post-Processing Analysis of Satellite Images
(LANDSAT 5, 7, 8)
Detection of morphological changes and coastline can be
achieved by two approaches [3]: (a) by comparing two or
more independent maps from different reception dates based
on the recognition of changes, presented in two or more
thematic maps; (b) by simultaneously analyzing satellite data
through time-lapse comparisons with methods such as
principal component analysis, subtraction, division and
overlaying images. In general, there are many parameters
that greatly influence the detection of changes, such as minor
changes not easily detectable, although often important
indicators of environmental degradation. Also important is
the spatio-temporal characteristics of the detection
(bandwidth and time of change occurrence relative to the
observation period). These factors significantly influence the
ability to detect changes and can, under certain conditions,
be a source of error in the generated thematic map. In any
case, the successfulness or not of the changes’ detection
depends directly on the complete identification of the
satellite images, which will be used in the observation over
time, achieved by an accurate geometric correction
procedure, as well as the high accuracy of classification of
the individual thematic maps used to be compared. In the
case study of the Atalanti watershed, the baseline is derived
from LANDSAT 5TM (Thematic Mapper), with 80m of
spatial resolution, LANDSAT 7 ETM+ (Enhanced Thematic
Mapper plus) and LANDSAT 8 with 30m of spatial
resolution adjusted to Greek Geodetic Reference System
(GGRS87). Although a 250m resolution land use map
(Corine 2000) is already available, LANDSAT data have
been used to improve existing land use. A total of six (6)
satellite images have been used over time for the wet and dry
season of the year, the first of which is in 1987 (reference
image), the second in 2000-2002 and the last one in 2014.
The multi-spectral classification was used to determine
vegetation categories. Concerning the area of the Atalanti
catchment, higher resolution was required to reflect the
diversity and seasonal crop variations. Remote sensing can
also be used to assess the overall impact of agricultural
development. Subsequently, the temporal changes of the
coastal zone were studied in order to identify the cause of its
change, whether it was due to human intervention or
constitutive movements (sea level rise) and/or a combination
of these two factors. The geometrically corrected images
were used to detect and record coastal changes, which were
then introduced into Geographical Information Systems.
Finally, through the thermal spectrum of radiation
(LANDSAT 5, 7, 8), coastal, submarine discharges occurring
in the wider study area and particularly in the Tragana area
(southeast of the Atalanti watershed) were studied and
evaluated taking into account the difference resulting from
the surface water temperature. Prior to the interpretation of
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the satellite images, their contrast should be significantly
improved, that is, to use the full range of brightness values (0
- 255) as much as possible, in order to ensure a better visual
interpretation, by increasing the surface features
discrimination. Extending the contrast increases the contrast
in the digital image while maintaining the original radiation
correlations (Gauss distribution). Otherwise, the contrast
between the pixels’ values are very small, the existing
differences become indistinguishable and the photointerpretation almost impossible. Also, before applying the
different processing methods, false color images of the three
channels Red-Green-Blue (RGB) should be created in order
to combine those channels which will extract the best
possible information and significant conclusions about the
different land uses as well as the use, which is more
prominent with each combination. The final product reveals
existing changes through colour differentiation. In general,
as the spatial resolution becomes smaller the ratio of the
mixed pixels corresponding to the coverage types will
decrease, the number of pure pixels will be larger, resulting
in reduced spectral confusion and increased classification
accuracy. At the same time, the smaller the area of the plots,
which covers different types of cover and the study area is
quite heterogeneous (e.g., continuous vegetation and soil
rotation), the greater the impact of the mixed pixels on the
classification accuracy.
3.3 Land Use/Land Cover Changes
Observing and recording changes in land use/land cover that
have taken place over a reference period play an important
role in the environment and economy of a wider area (Figure
5). The observed changes are mainly due to human
intervention on nature, which most often degrades it and
secondarily, to climate change [4]. Human interventions,
such as unregulated urban construction, arson of significant
forests, etc. in combination with the lack of up-to-date forest
maps and land registry, have brought about significant
changes in the environment with simultaneous painful effects
ultimately on man and his standard of living. It therefore
appears that satellite imagery, which illustrates changes in
land use/land cover, is an important tool and necessary
information in the study of natural resource management, the
estimation and forecasting of flood events, the study of
climate change and the planning of important human
activities as well [10]. The method of supervised
classification was used to record land use/land cover
changes, which is the most commonly applied method
presenting the advantage of recognizing and stamping not
only the location and extent, but also the nature of the
change, that is, it captures the replacement of a particular
type of land use/cover by another type. It should be noted
that, on the one hand, using data from three (3) satellites
(LANDSAT 5, 7, 8) ensures the homogeneity of the
parameters, which play an important role in the classification
process, on the other hand, with almost identical image
acquisition date, the time homogeneity is also ensured. The
importance of this factor is due to the fact that almost all
surface features and especially vegetation and crops are
constantly changing at different seasons (deciduous trees,
summer/winter crops, etc.).
07/04/1987

14/09/1987

02/04/2000

17/10/2002

01/04/2014

12/10/2014

Figure 5: Satellite images (LANDSAT 5, 7, 8) showing overtime the changes in land use/land cover (after processing)
during the wet and dry period within the area of interest.
In general, the agricultural environment is more spectral
heterogeneous than the natural one, since the same crop can
be recorded in a satellite image with different spectral
signatures covering a wide range of spectral values. As
regards tree crops, the spectral response depends largely on
the age of the trees, the planting distance and the soil type as
well. Arable crops, on the other hand, are predominantly
planted in lowland areas and their spectral response depends
on the crop type, the crop practices applied, the planting
distance and the stage of crop development during the
satellite imagery. In terms of natural vegetation, broadleaf is
characterized by a dark shade of red, while in many sparse
parts, there are several areas with bare soil, depicted in
green. Coniferous and deciduous trees appear in a very dark
red and light red respectively. Urban areas exhibit complex
spectral responses and high heterogeneity, depending on the
scale of the observation and the image’s spatial resolution.
The shades found in the study area are gray, cyan, white,
shades of red and green. The high spectral values observed in
the structured areas are common, due to the strong reflection
of radiation from the terraces, roofs, dirt courts, street
openings, cemeteries and other cementations surfaces. The
shades of red and green, found in urban areas (Atalanti,
Livanates, Kyparissi), are mainly due to the existence of
thickets and unstructured areas (bare soils) respectively.
Finally, the burned areas, along with the water bodies
(swamp-marsh, wetland), greatly absorb the radiation of all
spectral bands giving dark shades. As illustrated in Figure 5,
the feature which characterizes the different satellite receipts
from 1987 to 2014 is a significant decrease in arable land
and an ever-increasing tendency for residential growth,
particularly in Atalanti, Livanates and Kyparissi semi-urban
areas. Also, when comparing satellite images by year,
significant variations and fluctuations of crops from wet to
dry season are observed, as the lowland area is cultivated
extensively throughout the year with different crops
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depending on the season. Finally, in the hilly and semimountainous areas of the wider region, there is a remarkable
differentiation in the areas covered by deciduous and
evergreen forests. The absence of deciduous forests is
characteristic between the cold/ wet period and the dry/warm
one while in many parts the absence of coniferous and
evergreen forests may be due to wildfires between the years
1987 and 2014.
3.4 Coastal Zone/Shoreline Alterations
For the study of coastal zone operation and its interventions
occurred, it is appropriate to be considered a subset of a
watershed, in which the various natural processes directly or
indirectly affect both the land and the marine part of the
coastal zone. The importance of the coastal area is illustrated
by the fact that a significant part of the population settles and
operates there and it is characteristic that estuaries form
morphological types of high dynamics between land and sea
system, which are highly susceptible to natural pressures
(e.g., climate change) as well as anthropogenic factors (e.g.,
urbanization, tourism, livestock breeding, agriculture, etc.).
According to Figure 6, satellite imagery from 1987 to 2014
shows that in the narrow area of Tragana Bay there is
significant soil loss and sediment yield, which is distinct in
both the visible and the thermal spectra of the differenced
colour. This is mainly due to the streams and rivers ending
up on the shore and to the fact that it is a closed bay in which
the waters are not renewed, resulting in sedimentation.
25/07/1986

This indicates extensive submarine discharges either from
point-diffuse sources (karst frontal springs of Tragana) or
surface runoff leading to the sea. Nowhere else submarine or
coastal discharge is observed due to the dark colour of the
thermal radiation spectrum. The light color in the area
between Atalanti and Gaidouronisi is due to the fact that this
area is relatively closed forming locally small creeks, so that
the water is not constantly refreshed and consequently the
surface water temperature is relatively high. The same
conclusion is reached by looking at the visible radiation
spectrum, in which dark gray appears in areas open to the sea
(cold water surfaces), while areas forming closed bays are
characterized by light gray colour indicating warm water
surfaces. Finally, in the narrow area between the coastline
and Gaidouronisi the colour of the visible spectrum turns
brown (especially during the summer months of 25/07/1986
and 22/07/2014), which is also attributed to the mixing of silt
and clay in the shallows, surface waters of the inlet bay.
25/07/1986

25/07/1986

02/04/2000

02/04/2000

22/07/2014

22/07/2014

25/07/1986

02/04/2000

02/04/2000

22/07/2014

22/07/2014

Figure 7: Satellite images in the visible (left) and the
thermal spectrum (right) radiation, showing over-time the
submarine/coastal discharges in the southeast of the
watershed in the regional area of Tragana (within the yellow
frame).

Figure 6: Satellite images in the visible (left) and the
thermal spectrum (right) radiation, showing over-time the
changes in coastal zone/shoreline mainly in the regional
area of Tragana.
3.5 Submarine/Coastal Discharges
In the regional study area, through the thermal radiation
spectrum, the presence of submarine/coastal discharges was
checked and as illustrated in Figure 7 (within the yellow
frame) a variation in the surface water temperature in the
southeast of the catchment, in Tragana area, is observed.

3.6 Remote Sensing Applications in Hydrology/Hydrogeology
Most remote sensing techniques, with the exception of aerial
photographs and radars, fail to penetrate the top layer.
However, the combination of satellite imagery and aerial
photography with geophysical data are valuable in the early
stages of groundwater study and modeling [4]. However,
there are few natural phenomena that can assist in remote
sensing that are directly related to groundwater studies and
these are always combined under certain circumstances. The
application of remote sensing in hydrogeology has been and
continues to be dependent, in the field of photo
interpretation, on the interactions of natural phenomena and
the environment in conjunction with the groundwater flow
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system. However, remote sensing can be widely applied in
the science of hydrology and hydrogeology, as it contributes
to [1], [5], [8], [9], [10], [14], [18], [19], [20], [23], [24]:
• mapping of hydrological basins and drainage networks
(the drainage network format provides information on the
permeability and porosity of geological formations),
• mapping the distribution of the water supply and
consequently the estimation of rainfall,
• mapping of the lakes’ status,
• imprinting soil moisture (wetlands, saline areas),
• detection of shallow aquifers,
• assessment of any submarine and coastal groundwater
discharges and therefore of groundwater runoff through
surface sea temperature (infrared photography reveals hot
and submarine springs). The temperature difference is a
function of the year season and the hour of the day which
affect the surface water temperature. Thus, thermography
i.e. the seashore during the midday hours of a warm
season or during the morning hours of a cold one can
clearly give off any freshwater discharges to the area
concerned due to the large temperature difference,
• study using thermal multiphase imaging of the effect of
groundwater pumping on crop evaporation,
• control of the risk of groundwater contamination (sudden
change in temperature),
• control of the risk of seawater intrusion (while changing
the reflectivity),
• mapping coastal zone changes,
• coastal erosion,
• assessment of evapotranspiration through vegetation/
forest cover and land use/cover changes,
• capturing crops and consequently irrigation water needs,
• estimation of flood runoff caused by forest wildfires
(reduced reflection of arid soils, which are hydrated by
rain water, helps identifying flooded areas).
It should be noted, however, that the adoption of remote
sensing techniques does not eliminate the need to collect onsite measurements by performing drilling or geophysical
research and soundings, which is still necessary to ensure the
accuracy and reliability of the interpretation of remote
sensing data. Remote sensing helps minimizing the amount
of countryside measurements and thus significantly reducing
both time and cost.

4. Conclusions
Remote sensing techniques and the data derived using the
remote sensing methods have multidimensional applications
in several studies. One of the major advantages of the remote
sensing application is the better spatial and temporal
coverage that can be easily obtained to represent the dynamic
nature of the hydrological and meteorological state variables.
In the case study described above, the geomorphological
alterations, the landuse changes as well as the submarine and
coastal discharges in Atalanti watershed were processed and
analyzed through remote sensing technique. In this case
study satellite imagery, a digital elevation model (DEM) as
well as digitized thematic data were used. Satellite image
data can be used to improve spatial analysis, however,
transformation of such measurements to areal values requires
upscaling and images with high spatial resolution are
required. The application of remote sensing techniques and
geoinformatics (GIS) are therefore essential to

geomorphological and land use modelling showing the
alterations and changes in a long-term analysis.
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