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INTRODUCTION 

Importance of the subject 

Remote sensing (RS) data combined with other geolocated datasets such as field measure-
ments and maps are increasingly involved in the analysis of Earth surface processes.  

In contrast to in situ data collection, RS methods offer the possibility of simultaneous data 
collection over extended areas. Geographical information systems (GIS) can be efficiently 
used to integrate and analyze data from different sources. As satellite images have been col-
lected for multiple decades now, archive RS data make it possible to extend the analysis in the 
past in the common case when no other data are available.  

In the light of the above, it becomes evident that the combination of multidate RS and external 
data can yield information enrichment, in both spatial and temporal domains. 

However, RS data have some intrinsic characteristics partly arising from the data collection 
methods. Thus, they require thorough preprocessing prior to integration with other data. Geo-
metric and radiometric aspects are of crucial importance. This is especially true for multitem-
poral quantitative RS analyses: although many methods were developed in this topic, most of 
them deal with only some parts of these issues. Thus, monitoring subtle changes over long 
time periods using numerous satellite images remains a challenging task. 

General objectives 

This thesis is based on three case studies. Although specific methodological and practical ob-
jectives are formulated in the relevant chapters as well, general questions can be put as below: 

• How, and how efficiently can remote sensing techniques be applied to resolve typical 
problems of environmental management, and to expand knowledge in both space and 
time? 

• Which factors influence RS data acquisition process and thus data contained in RS im-
ages, and what kind of data preparation and analysis steps are required to obtain quali-
tative and quantitative information on Earth surface objects? 

• What is the influence of spectral, radiometric, spatial and temporal information con-
tent of RS images on the examination possibilities of Earth surface characteristics?  

• What data preparation and information extraction procedures are needed to carry out 
quantitative time-series analysis based on archive satellite imagery, and how accurate 
it can be? 

• How can RS and external spatial data be integrated, and what possibilities exist to 
carry out thematic analyses using integrated data? 

Structure of the thesis 

In my work, I first give a short overview on the history of remote sensing, and then its physi-
cal bases and the image formation process are reviewed more in detail. Land surface dynam-
ics that are essential for change detection are presented in a separate chapter. Geometric and 
radiometric corrections, whose importance arises from the above, are then presented, and the 
both qualitative and quantitative methods are reviewed. Problems arising from change detec-
tion applications are presented in a separate chapter with an overview of the possible solu-
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tions. Qualitative and quantitative data extraction techniques are then presented. Finally, data 
integration and change analysis issues are explained in the last chapter of the review of the 
literature. 

In the light of the above, possibilities and limitations of the available data and methods are 
presented through three case studies. New methods are elaborated and are proposed, with a 
comparison of the new methods with those presented in the review. 

The first case study deals with a typical remote sensing problem. The objective here is to cre-
ate a digital vegetation map on the study area by using a multispectral satellite image and an-
cillary data such as ground truth and existing GIS datasets. 

In the second case study, forestry applications of novel very high resolution (VHR) satellite 
images are examined. The results of geometric correction investigations and the special data 
extraction methods required due to high geometric and low radiometric information content 
are of interest. 

The third case study aims at the quantification of the effects of a water diversion on local for-
ested ecosystems. The study area consists of Szigetköz (Hungary) and Csallóköz (Slovakia), 
where the Danube River was diverted into a reservoir and an artificial canal in 1992 to pro-
duce electricity. Numerous satellite images, representing a period of 20 years, are used to 
carry out quantitative change analysis. From a methodological point of view, this case study is 
the most important of the three, as the long study period, the large number of images and the 
objectives of the study require the application and testing of all the aforementioned methods, 
and the elaboration of new methods, especially for geometric and radiometric corrections and 
data fusion. 
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SUMMARY 

As a result of the scientific and technological progress, the use of remote sensing (RS) and 
geographical information system (GIS) techniques has been in constant expansion. These 
methods have a significant contribution in improving our knowledge about the complex inter-
dependencies of the Earth system. However, changes in attitudes would be needed for these 
methods to become more common. Remote sensing in itself is not suitable to do without ter-
rain data or the knowledge of field experts. Solving problems “from behind the office desk” 
is, indeed, far from being the primary objective of such studies. Of course, one is not going to 
have ground truth but RS data from Mars of Titan for a considerable time. Even on the Earth, 
there are regions where field data collection possibilities are limited, and RS data is the only 
source of information. RS data itself can in most cases yield a considerable amount of infor-
mation. The joint analysis of terrain and RS data contributes in increasing our knowledge. 

This thesis is aimed at reviewing the application possibilities of remote sensing in environ-
mental management through multiple case studies. During my PhD research, I have had op-
portunity to work in three different researches, and thus to apply and develop different remote 
sensing methods. Although each case study had particular objectives, the questions to be an-
swered and the problems to be solved can be fit in a more general context, which is reflected 
in the structure of my thesis outlined below. 

• First, the importance and the relevance of the subject are exposed, and the general ob-
jectives are given. 

• In the review of the relevant literature, the definition and principal characteristics of 
RS are described, along with the “philosophical” basis of the observation process and 
the information levels. Then, the brief history, the actual situation, the future perspec-
tives and the main application areas are explained. 

• Afterwards, physical base of passive optical RS methods are explained in detail, by 
following the way of the EM radiation from the primary source (the Sun) till the detec-
tion (the sensor). Changes are described at each transition step. 

o Spectrum and characteristics of the emitted radiation, atmospheric effects, and 
optical properties of the Earth surface are described in detail. The temporal 
context of RS observations is given by exposing the cyclic and directional 
processes of vegetation, and the effects of human interventions. 

o Image acquisition is explained in detail, as RS data are created during this 
process, which has fundamental effects on further processing. 

o Description of data analysis includes both quantitative and qualitative methods 
and the integration possibilities of spatial information as well. The aim is to ex-
tract information from data by bearing in mind the objectives of the given 
study. 

o Qualitative and quantitative change detection and change analysis methods are 
outlined in a separate section. While the methods described up to this point are 
static, the Earth is a dynamic, constantly changing system, thus the observa-
tions have to be tailored to respect the temporal context. 

o A separate subchapter deals with data integration, which is essential for the 
joint analysis of RS and other data in order to extend our knowledge. This is 
the most important link between RS and other disciplines, as the topic of each 
study is determined by the nature of external datasets. 
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• The first case study deals with a relatively simple task, yet demonstrates the usefulness 
of RS data to create a vegetation map based on a satellite image. The vegetation map 
created by image classification and field data collection is proven to be more objective 
and up-to-date than “traditional” forest maps. Several thematic and temporal im-
provement ideas are outlined as well. 

• The novelty of the second case study lies in the use of the latest very high resolution 
satellite images for forestry applications. The IKONOS satellite, launched in 1999, 
was the first one to reach sub-metric resolution for civilian applications. However, the 
processing and analysis of such images raises a number of specific problems. In this 
case study, geometric and radiometric characteristics of the images are analysed. It has 
thus become evident that geometric accuracy has to be improved and that spectral in-
formation content is considerably limited. After testing multiple geometric correction 
methods, orthocorrection based on satellite orbital modelling proves to be the most ef-
ficient. Thematic information extraction studies show that classical methods are un-
suitable for this kind of imagery due to the high spatial resolution and the low spectral 
information content. Image segmentation prior to classification can yield considerable 
improvements in thematic information extraction by retaining a maximum of geomet-
ric information. 

• The last case study, dealing with multitemporal RS-based change analysis in the re-
gions of Szigetköz and Csallóköz, is the most complicated, requiring the use and de-
velopment of numerous RS techniques and methods. In order to carry out quantitative 
change analysis, the below problems had to be dealt with in detail. 

o Residual geometric distortions can be an important hindrance in change detec-
tion and quantification. Thus, a method based on multitemporal segmentation, 
contour masking and segment-based statistics calculation is developed and 
tested in order to minimize the effect of the above distortions. 

o Numerous natural and artificial effects can cause significant radiometric differ-
ences among the RS images taken at different times (solar angles, atmospheric 
effects, sensor calibration etc.). Radiance and at-sensor reflectance are calcu-
lated to minimise radiometric variability not linked to real Earth surface 
changes, in order to make the images comparable. After these primary correc-
tions, atmospheric effects and anisotropic reflectance of Earth surfaces still 
remain uncorrected, among others. Thus, a radiometric correction method is 
elaborated to minimize global radiometric distortions. The base of the method 
is taken from the literature, but important modifications and improvements are 
carried out to increase automaticity and objectiveness, and to diminish the need 
of human interaction. Another method is developed to assess accuracy of the 
correction over the entire time series. 

o As the primary objective is the assessment of vegetation changes, a method 
based on multitemporal filtering is developed to identify and eliminate changes 
due to direct human interventions and local radiometric disturbances. These ef-
fects can thus be excluded from the long-term change analysis. 

o Pre-processed RS data are then integrated in multiple GIS databases. Change 
maps are generated and multitemporal thematic analysis is carried out to de-
scribe vegetation changes. 

o Based on RS data processing by applying the above-mentioned methods, it can 
be stated that an important decrease of the forest wetness values can be ob-
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served between 1992 and 1993 in the neighbourhood of Kisbodak and Spáleny 
Les, likely due to the diversion of the Danube River. Later on, however, most 
of these areas show regeneration, while other forests are characterised by a fur-
ther decrease till 1994. Beginning from 1997, a gradual regeneration can be 
observed, with, however, several ancient willow forests showing irreversible 
damage. 
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CONCLUSION AND SUGGESTIONS 

As the three case studies have multiple similarities from a methodological point of view, I 
formulate some general conclusions first; then, specific conclusions and suggestions follow 
for each case study separately. 

General methodological conclusions 

• The suitability of remote sensing images for vegetation mapping purposes depends on 
their spatial, radiometric, spectral and temporal information content, on the thematic and 
spatial accuracy to be acquired during the study, on the quality of reference information, 
and on the choice of interpretation methods. 

o In the case of the first case study, size of the objects of interest and the spatial 
resolution as well as the needed thematic accuracy and the spectral resolution were 
close to each other, thus digital interpretation could be carried out without major 
problems. Thematic information could be enriched on the base of characteristic 
seasonal cycles of different plant species by including additional images, taken in 
different seasons of the year, in the analysis. 

o Suitability is not equal to information content: different kinds of information have 
to be present in well-balanced quantities. A good example is given in the case 
study dealing with IKONOS images, where extremely high spatial and relatively 
poor and correlated spectral information are present. Visual interpretation methods 
can be efficient. An important disparity can be observed between the size of ob-
jects of interest (forest subcompartments) and the spatial resolution of the images. 
Extremely high variance arising from the different radiometric values of individual 
trees hinders the use of usual pixel-based methods. Thus, an alternative method 
has to be applied to carry out radiometric filtering, but to preserve spatial informa-
tion content at the same time. Image segmentation proved to be an efficient 
method in this case study to prepare digital interpretation of high resolution im-
ages.  

• Geometric correction is crucial for the use of remote sensing images and ancillary data 
together. It is even more important if time-series analysis or change detection is carried 
out, since geometric misregistration can be confused with real changes. 

o During the orthocorrection of IKONOS images, it became evident that at this reso-
lution sub-pixel precision, commonly required for medium-resolution data, cannot 
be achieved by the methods applied. This is mainly due to the inaccuracy of refer-
ence data and local geometric distortions. Depending on the scale of investigations 
this can be a hindrance as the extremely high spatial resolution would otherwise 
permit very detailed analyses. 

o In the case of the Szigetköz case study, residual misregistration would lead to false 
changes during time-series analysis. Contour masking and object-level statistics 
calculations based on image segmentation does eliminate the majority of such ef-
fects; as a result, the reliability of change detection improves considerably. 

• Although integration of remote sensing images with ancillary data requires thorough pre-
processing, it is extremely useful to extract information and describe changes in a more ef-
ficient way. 
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o If the objective is the extraction of spectrally (and temporally) homogeneous scene 
objects, image segmentation is the most suitable method. Due to high homogene-
ity, these objects can then be used to integrate data from different images and to 
carry out change analysis; moreover, they represent the natural mosaic of land 
cover. 

o In the case when objects are defined a priori from ancillary data, it is essential to 
take into account the different scale and resolution of RS images and external data 
sources. 

o In an indirect way, data integration can yield important improvements by eliminat-
ing the effect of most geometric and local radiometric distortions during spatial 
statistics calculations. 

• Radiometric correction is absolutely needful to prepare quantitative time-series analysis. 
The combined radiometric correction method elaborated, proposed and applied in my 
work increases the reliability of the quantification of changes in an important way. 

• Multitemporal NDVI thresholding proved to be appropriate in separating drastic, direct 
human interventions and long-term changes. Multitemporal thresholding of the blue band 
was efficient in identifying local atmospheric disturbances. 

• Wetness values produced by Tasselled Cap transformation are appropriate for the analysis 
of vegetation changes linked to water content. Their spatial and temporal patterns can be 
explained by water quantity changes in the Szigetköz and Csallóköz regions (water diver-
sion, water supply system installation, 1997 inundation, etc.). 

Specific conclusions of each case study 

• Vegetation map derived from satellite image classification is up-to-date, and represents 
the natural mosaic of habitats at the level of different tree species groups, thus it is well 
suitable for habitat preference studies. 

• After the geometric correction, visual interpretation is the simplest way to use IKONOS 
images for forest mapping, similarly to false colour infrared aerial photographs. To carry 
out digital interpretation, it is reasonable to use image segmentation prior to image classi-
fication. 

• Available data for the Szigetköz and Csallóköz regions can be extended in both spatial 
and temporal dimensions by using time-series wetness values and the methods developed 
in this work. As opposed to in situ measurements, remote sensing data can yield informa-
tion on the entire area, thus can be used to identify the location and time of changes oc-
curred. Data preparation methods developed and applied in this case study are useful in 
quantifying changes. My results show that water diversion effects occurred in form of in-
tensive wetness changes, and are most observable between 1992 and 1993 in the area of 
Kisbodak (Hungary) and Spáleny Les (Slovakia). These areas are characterized by a rela-
tive regeneration between 1993 and 1994, whereas some other parts of the study area are 
characterized by a further wetness decrease. Starting from 1997, some kind of regenera-
tion can be observed on some parts with, however, an irreversible damage to some forest 
stands, with endemic willow forests being the most affected. 
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Outlook and recommendations 

• In the first case study, including additional satellite images acquired at different seasons 
would improve thematic accuracy and reliability of classification and thus vegetation 
mapping. For habitat preference calculations, it would be reasonable to use up-to-date data 
for the localisation points of each observation year, which could be done by analysing ar-
chived satellite images. 

• To monitor and describe vegetation changes in the Szigetköz and Csallóköz regions more 
in detail, and to verify the changes observed, the following elements would be necessary: 

o Inclusion of supplementary data. It would be useful, i.e., to include quantitative 
forestry monitoring data (tree growth, tree health measurements) to verify the 
processes described in the remote sensing analysis. Water discharge and water ta-
ble level data would make it possible to analyse and describe spatial and temporal 
relationships among the vegetation changes observed, and the changes in both sur-
face and groundwater levels. 

o Knowledge of other experts. A single person is obviously unable to describe and 
analyse all the changes occurred the complex interrelationships. By means of thor-
ough preprocessing and data integration, I have produced GIS databases that hope-
fully can be applied by other experts of different disciplines to extend the observa-
tions in both spatial and temporal domains in the Szigetköz and Csallóköz regions. 

o Purchase of missing satellite images. There are numerous Landsat TM images 
missing from the time series (1985, 1986, 1989-1991, 1995-96, 1998-99). As 
Landsat images are archived continuously, it is certain that August images are 
available in the archives. On one hand, it would be reasonable to have more infor-
mation on the processes ongoing before the water diversion. On the other hand, 
1995 and 1996 images would be essential to observe the effects of water supply 
systems installation in a more direct way. 

• Further methodological development possibilities: 

o If PIF assumptions are respected, the radiometric normalization developed can also 
be applied on image DN values directly, with no need of preliminary radiometric 
correction. Nevertheless, geometric correction is essential indeed. 

o The usefulness of radiometric correction is being tested in multitemporal classifi-
cations. The first results are promising, showing that the transformation of images 
into a common spectral space makes the spectral signature portable; e. g. spectral 
signatures taken from one image can be used directly to classify another image, 
transformed to the first one. 

o Radiometric correction would be more efficient if not only global, but also local 
correction functions, respecting surface anisotropy and local atmospheric effects, 
could be applied. To cope with surface anisotropy, I am currently working on the 
integration of classification results in the correction, thus correction coefficients 
could be determined for each individual spectral class. As for local atmospheric ef-
fects, integration of other correction methods would be reasonable, e. g. the 
ACABA method developed at ELTE Space Research Group. 
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NEW SCIENTIFIC RESULTS 

Based on the results acquired during my PhD work, the following new scientific results can 
be formulated: 

1. I demonstrated that geometric distortions and low spectral information content cou-
pled with high spatial resolution are the major hindrances in the application of very 
high resolution (VHR) satellite images for vegetation mapping purposes. I identified 
the methods that are suitable to overcome the difficulties: orthocorrection based on 
satellite orbital modelling and image segmentation prior to classification. These meth-
ods can provide good results in similar applications. 

2. I developed a new method based on multitemporal image segmentation to minimize 
the effects of residual geometric misregistration in the image series, and I proved the 
efficiency of this method. 

3. I elaborated a new method, partly based on the relevant literature, to carry out the ra-
diometric normalization of multitemporal satellite imagery of the same scene, and I 
proved its efficiency. The method works on a statistical basis, and is capable of identi-
fying invariants in an automatic way and to transform images into a common spectral 
space. I analyzed and described the composition of the resulting invariants by land 
cover classes. Furthermore, I worked out a new method to verify the normalization ac-
curacy of an entire image series. 

4. I developed a method based on multitemporal NDVI thresholding to separate drastic, 
direct human interventions and long-term changes, and another method based on 
multitemporal thresholding of the blue band to identify local atmospheric distur-
bances. 

5. I created change maps and described the changes in wetness values of Szigetköz and 
Csallóköz regions for each image in the serried between 1984 and 2001. The observed 
changes, combined with ancillary data, can yield both spatial and temporal extension 
in the description of processes. I also described and illustrated the changes in a quanti-
tative way for several thematic categories and numerous forest stands in the whole 
time series. My results show that water diversion effects occurred in form of intensive 
wetness changes, and are most observable between 1992 and 1993 in the area of Kis-
bodak (Hungary) and Spáleny Les (Slovakia). These areas are characterized by a rela-
tive regeneration between 1993 and 1994, whereas some other parts of the study area 
are characterized by a further wetness decrease. Starting from 1997, some kind of re-
generation can be observed on some parts with, however, an irreversible damage to 
some forest stands, with endemic willow forests being the most affected. 

6. During the remote sensing analysis, I created multiple different thematic GIS data-
bases that can be applied in further quantitative analyses, and to extend the observa-
tions of other experts. The image segment-based database has no thematic, but can be 
analyzed with any kind of ancillary data. RS data integrated to the habitat maps of 
Szigetköz region make it possible to examine habitat-level changes. RS data integrated 
to forestry maps permit the description of trends for each forest stand separately. 
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