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The Jeziorsko Reservoir was created between 1986-1992 on the Warta River, and it is one of the largest
reservoirs on the Polish lowlands. The reservoir is 16 km long and its capacity exceeds 202.3 mln m’,
the coast line has over 44.3 km. The banks are built with Quaternary glacial sediments (tills, sands and
clays), and in a few places with Pliocene clays. Since 1992, when the filling was completed, the coast
line has started the evolution of accumulation, abrasion and erosion processes. The high water level
fluctuations during the exploitation of the reservoir amount to 5 m-y". Additionally, they intensify the
natural coast transformations. The main goal of the researchers is to create a model of the coastal line
evolution on the reservoir high water fluctuations. The paper aims at presenting the contemporary re-
search methods based on the Geographical Information Systems (GIS), which may be used for suppor-
ting and analyzing the morphodynamic processes (geomorphological and fluvial) of reservoirs. Due to
the fact there had been no earlier research, it was necessary to use a method which would give a compe-
tent quality and credibility measure of the changes. Authors have aimed to reconstruct the conditions of
the bank dynamics since 1986. The following cartographic and photogrammetric materials were used:
a topographic maps at a scale of 1:5000, 1:10000 aerial photographs taken in 1991 and 2004 and an or-
thophotomap from 2005 at 1:5000 scale. The ground photogrammetry was used to record the current
processes in the coastal zone such as mass movements (topples, landslides) and bank erosion. Other data
from field studies were collected by means of the Global Positioning System (GPS). The changes in the
reservoir coastal zone detected on the aerial photographs were mainly situated in the highest bank zone.
The ground photogrammetry is being used for current coast and abrasion monitoring. Images are wor-
king as stereopairs, are taken for stereoscopic analysis and as individually for the seasonal metric mea-
surement. Thanks to the use of the GIS, the achieved horizontal mean accuracy was below 0.5 m for
photogrammetry and 0.3-1.0 m for ground photogrammetry. At present, the database makes use of
a mobile as well as a desktop GIS.
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INTRODUCTION

A very serious constraint on the research of
the transformations ocurring within the artifi-
cial reservoir shore zone is the impossibility of
the exact reconstruction of the shore zone ini-
tial condition. This prevents the evaluation of
the shore zone change stage during the reser-
voir exploitation period as well as the change-
ability of its activity. A good solution to the
above problem is a combination of the archive
photogrammetric material analysis i.e. aerial
photographs with field geodetic and GPS
measurements in the GIS software environ-
ment.

In the present article a few selected methods
of the indirect and direct measurements, in-
cluding their accuracy and aim, which have
been used by the authors in the Jeziorsko Re-
servoir shore zone research will be presented.

STUDY AREA

The Jeziorsko Reservoir has been created as
the result of the up-lifting of the Warta waters.
The preliminary reservoir filling commenced in
1986, yet the full up-lifting range was not
achieved until 1992 (STACHY ed. 1986, OR-
LOWSKI 1999 and SZEWCZYK 2007). It is
fourth in terms of capacity and second in terms
of area artificial water reservoir in Poland.

The Jeziorsko Reservoir lies within the Sie-
radz Basin and occupies the meridionally run-
ning section of the Warta valley. The direct
surrounding of the basin includes up to 150 m
a. s. l. (above sea level) - quaternary uplands
(BANACH and GROBELSKA 2003). The ter-
ritory lies in the edge zone of the LodZ Basin
and the Przedsudecka Monoklin (KLATKO-
WA and ZALOBA 1992). Here the oldest for-
mations include severely crushed upper-
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cretaceous marls which remain 5-40 m, locally
2-3 m, underneath. Cretaceous formations con-
stitute a direct basis of Pleistocene formations
that cover the area. They mainly include glacial
and fluvioglacial forms of the Warta stadial
Middle-Polish glaciation. Their thickness rea-
ches 20 m. The forms remain under older flu-
vioglacial formations or directly on the clay of
the maximum range of the stadial. The forma-
tions are frequently disturbed glaciotectoni-
cally. Only the maximum stadial local clays
occur directly on the surface of the territory
(KLATKOWA and ZALOBA 1992 or ZALO-
BA 1996).

The reservoir shore zone consists mainly of
boulder clays and Middle-Polish glaciation flu-
vioglacial forms as well as vistulian river silts.
Locally they are accompanied with glacio-
limnic sediments, clay slope washes and active
slide colluviums. At low water levels on the
reservoir the Warta slope washes are washed
away by the waves. The process occurs at the
top and middle part of the reservoir (BANACH
and GROBELSKA 2003).

After (SZEWCZYK 2007) the Jeziorsko
Reservoir occupies the entire flat plain of the
Warta. Depending on the water level the reser-
voir length varies from 16 up to 7 km given the
2.5 km width; the average depth equals 1.7 up
to 5.2 m. At maximum up-lifting coordinate
the reservoir area reaches 42.3 km~, whereas its
capacity comes to 202.3 mln m®, At minimum
levels the area reaches 19.6 km? (at 17.6 km?
absolute minimum) and the capacity equals
merely 36,4 mln m’(at 30.2 mln m” absolute
minimum). This causes that, at allowed mini-
mum water levels, over half of the basin area is
periodically uncovered.

The total length of the Jeziorsko reservoir
shores at the maximum water level amounts to
44.3 km, of which more than 63 % unrein-
forced reservoir shores is active, i.e. it has got
abrasive (56 %) or accumulative (7.0 %) char-
acter (BANACH and GROBELSKA 2003).

METHODS

So far the Jeziorsko Reservoir shore zone
research had been quite irregular and had not
embraced the initial stage of its formation. First
study was done in 1999, i.e. after seven years
since the beginning of the reservoir exploita-
tion. Then M. Banach together with the author
carried out a single cartography of the shore
zone (BANACH and GROBELSKA 2003).
The study was not resumed until 2008 and it is
still being continued. The lack of the initial re-
servoir functioning period research prevented
a direct analysis of the transformations which
took place within its shore zone as a result of
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the reservoir functioning as well as its present
activity. In order to supplement the missing
data, the authors carried out the analysis of the
archive photogrammetric materials i.e. aerial
photographs, combined with the field geodetic
and GPS measurements taken in the GIS soft-
ware environment. Below the applied methods,
accuracy of the achieved figures as well as the
evaluation of their usefulness in such research
have been presented. In principle two measure-
ment groups have been used in the research.
The indirect measurements, based upon
the image analysis, which enabled the recon-
struction of the shore zone initial range and pa-
rameters and the direct measurements taken at
present, directly in the field by means of a vari-
ety of geodetic devices as well as Trimble
GPS-equipment.

DIRECT MEASUREMENTS

Geodetic measurements

One of the most frequently applied methods
in such research are traditional geodetic mea-
surements by means of levellers, theodolites or,
used for a dozen years, electronic tachymeters.
The advantage of the former is the in-built
electronic memory. This allows to read the
achieved figures without the necessity of ardu-
ous reading calculations.

Geodetic methods allow to achieve a few
millimetre accuracy of the vertical and hori-
zontal measurements, even in the big distance.
Their advantage is the possibility of a simple
tying to the existing geodetic network. The lo-
gistics of the measurement conduct, however,
remains a problem. This requires the coopera-
tion of at least two people. Equally problematic
and often very burdensome is the transport of
the equipment of considerable dimensions and
weight frequently to inaccessible regions. The
method, due to the high measurement accu-
racy, turns out to be perfectly useful in the case
of the bench mark installation in places of
a little dynamics, even such as slowly moving
slides in the edge zones.

GPS measurements

Second of the applied direct measurement
methods is the measurement of the current cliff
edge position by means of an accurate GPS-
receiver like the one used by the authors i.e.
Trimble GeoXT GPS which makes use of the
differential global positioning system (DGPS)
signal corrections. At present on the majority
of the Polish territory a free of charge reception
from the ground reference station network is
possible. A receiver which makes use of the
DGPS corrections allows to eliminate the sate-
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llite clock errors, ephemerae, ionospheric and
trophospheric delays. Yet, before the measure-
ment commencement it is advisable to check
the time at which the satellite constellation will
be most favorable (so-called PDOP value). The
function is available in the standard receiver
software as well as on numerous websites. The
indisputable merit of the method is the quick-
ness and easiness of the measurement. Within
merely a dozen hours one person can easily
place a few kilometer long section of the reser-
voir shore in the geographic coordinate system.
The method enables to determine its location
with the 0.3 - 0.7 metre accuracy. The ,,over-
lap” of the achieved measurements with the
aerial photographs enabled the authors to
evaluate the height of the existed transforma-
tions within the shore zone since the reservoir
formation up to now.

INDIRECT MEASUREMENTS

Aerial photogrammetry

Next of the applied methods in the hereby
research was the aerial photogrammetry (KUR-
CZYNSKI and PREUSS 2000, BERNASIK
2000). The first stage of the work with aerial
photographs includes their scanning. This is
directly made on the source materials — photo-
graphic films. The scanning frequency equals
1800 pixels/inch which allows to transfer the
entire information without the loss of data. The
images are saved in TIFF-files, due to the lack
of compression which does not contribute to
the deterioration of their quality after consecu-
tive savings and filterings. This, however,
evokes the enlargement of images size to
approx. 250 MB in case of black and white i-
mages and 700 MB in case of colour images.
In the further edit stage the images are framed
in order to decrease their size and consequently
accelerate the software work. Taking into con-
sideration the average size of the photographic
film and the scan optical frequency, after the
conversion into actual values, one pixel size
equals 0.25 - 0.30 m. This is the value which
determines the entire progress of further pro-
ceedings and the accuracy scale of the achieved
figures in decimetre values. The factor which
determines the usefulness of this method is the
availability of the archive materials. In case of
the Jeziorsko Reservoir the authors had two
series of aerial photographs at disposal:

— aerial photographs from 1991, taken in 1:27
000 scale. The images were taken a month
after the first reservoir filling, which allows
to fully reconstruct its shore zone in the ini-
tial period of the reservoir functioning,

— aerial photographs from 2004, taken in
1:26 000 scale.

It must be emphasized that the orthophoto-
map is the best possible material at this stage
of the analysis. A good quality material of this
kind is deprived of errors resulting from the
image inclination and deformation in the field
shape. Thereafter, the image is fitted in the
given geographical coordinate systems. Unfor-
tunately, materials of such kind are uncommon,
exist only for the selected areas and frequently
apply to merely one raid.

The next stage of the analysis is the image
rectification. If it is possible, at this stage or-
thophotomap coordinates are used, for instance
the GEOPORTAL (2009), to which, on the ba-
sis of the convergence of the characteristic
points further photogrammetric materials are
matched.

If the orthophotomayp is inaccessible the fit-
ting can be done on the basis of the sur-
measurements to the geodetic plans, or after
determining the coordinates of the characteris-
tic points directly in the field.

For this the geodetic measurements with
tachymeters or GPS receivers are used. The
rectification is carried out by means of the GIS
software. During the rectification the informa-
tion about the root square mean errors (RMSE)
material fitting is achieved. The RMSE repre-
sents the difference between the original con-
trol point and the new control point locations
calculated by the transformation process. The
error achieved by a good operator — by means
of a dozen rectification points, should not wan-
der from a pixel size that is 0.3 metre in the
analysed case.

Aerial photographs often constitute the only
possibility of the studied shore zone recon-
struction and allow to evaluate its dynamics in
a long time period. Furthermore, the method
enables to evaluate the transformations on vast
areas.

During the observation additional informa-
tion, inaccessible or difficult to grasp in case of
the traditional cartography, about the field is
revealed. The method allows to analyse the bay
overgrowing (vegetation) tempo, the ephemeral
form presence, and the lifted water level influ-
ence (changing) on the vegetation. The aerial
photographs, however, bring about some in-
adequacies. One should pay a peculiar attention
to the location of the studied area modelled on
the image in respect of the camera centre. The
adjoining territories remain unchanged, yet the
extreme image fragments, especially the in-
clined areas (steep shores, cliffs) might un-
dergo a seeming transformation (Fig. 1).

Yet, the greatest constraint resulting from
the aerial photograph use is a different time
span of the analysed periods. It is completely
dependent on the existing aerial photographs
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Fig. 1 Aerial photogrammetry connections with camera axis

on whose ,,take-time” we usually have no in-
fluence. The ordinary image are taken at va-
rious time intervals and in different seasons.
Due to the fact, it is difficult on their basis to
determine the process tempo (cm/year) in
a specific period, e.g. a month because the in-
tervals between consequent image series reach
a few years and the studied process has got ir-
regular character — that is why one should es-
pecially remember that the achieved value, e.g.
the cliff edge movement, is thus the arithmeti-
cal average value of the given analysed period.
Furthermore, the images taken during the vege-
tation period also make the exact determination
of the shore zone details difficult or even im-
possible. Each time one should also have at
one’s disposal the relation of the reservoir wa-
ter levels (height in metres above sea level)
with the dates of the taken images. The infor-
mation should be taken into account and com-
pared with the earlier introduced hypsometric
base. This enables to determine the abrasion or
accumulation pace, and at an image of high
qua-lity, also indicate the characteristic forms
in the shore zone.

A very serious problem in the research of
big water reservoirs is their size. A personal
penetration of the shore zone to its full extent
frequently requires a dozen day-field study and
in case of extremely vast objects it is implausi-
ble. When the analyzed photogrammetric mate-
rials embrace a vast area (a territory of a con-
siderable extent) there exists a way to automate
the recognition of the initial stage of active
zones. The attention is then drawn to the distin-
guishing of the active zones i.e. the areas cha-
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racterized by a respectively light photofone,
which are typical of inter alia active cliffs that
are subject to abrasion. The method is based on
the grey tone balance (0 — 255) within the
shore zone on two consequent aerial photo-
graph series. The value ranges might change
during the filtering, yet for the entire image se-
ries they should be proportional. The software
functions for the raster analysis used indicato-
rily to calculate the field shape changes might
be set in such a way so that they would show
the movement of the active shore section. The
inactive area, covered with vegetation, is cha-
racterized by a grey-moderate photofone, in
grey tones with 110-130 values, whereas fresh
cliffs and slides represent 58 - 85 values. One
should then automatically search the pixels on
the rasters where the tone change equals 25 up
to 40. The method is still worked on by the au-
thors, yet it potentially augurs huge possibili-
ties. However, a definite condition here is kee-
ping an appropriate accuracy, the source mate-
rial quality and the operator precision, espe-
cially in the process of the rectification.

SUPPLEMENTARY WORKS

During the field work documentation the
authors also applied one of the ground photo-
grammetric methods i.e. the anaglyph image
taken by means of digital cameras. This is ba-
sed on the registration of the image of the same
object (cliff, shore fragment, slide) on two con-
sequent images, keeping parallel target axes,
simultaneously moving the camera perpendicu-
larly to the target axis at 0.2 — 0.5 metre. In
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the achieved in this way images respectively,
blue (RGB) canal in the left and red canal in
the right image is deleted. Next they are over-
lapped to create an anaglyph. While observing
such a mosaic through glasses with blue and
red filter a three-dimensional effect is achie-
ved. The method, though, does not allow to
take measurements, still constitutes a very pre-
cious and quick documentation enabling tra-
cing the shore zone transformations in camera
conditions. Making such documentation takes
a similar amount of time as the traditional pho-
tography, yet after interpretation it allows
a distinctly greater perception.

RESULTS

The information achieved as a result of the
above method application as well as the meas-
urement figure both indirect and direct have
been collected in the GIS database and sub-
jected to further edit. The overlap of the ar-
chive cartographic materials, topographic maps
and aerial photographs, as well as contempo-
rary field measurements allowed to reconstruct
the transformations within the Jeziorsko Reser-
voir shore zone since its formation up to now
and in two sub periods: 1991-2004 and 2004 -
2009 (Fig. 2). The accuracy of the shore zone
transformation readings by means of the above
mentioned techniques practised by the authors,
at high security tolerance and evident objects,
reaches 0.5 up to 1.5 metre. In specific cases
the accuracy equals even 0.2 to 0.3 metre. The
values for the Jeziorsko Reservoir analysis are
completely sufficient.

The created measurement database might
easily be extended with new field measure-
ments in the forthcoming years.

Fig. 2 Abrasion of banks from 1991 to 2008 y, Jeziorsko Reservoir
+— DGPS measure

CONCLUSION

The applied by the authors methodology of
combining the indirect and direct measure-
ments and their study in the GIS software envi-
ronment gives satisfactory effects in the re-
search of the Jeziorsko Reservoir shore zone
development. The above study course might be
successfully used on different, larger objects of
such kind. The indisputable advantage of the
method applied by the authors is the easiness
of the information exchange among other users
of the materials. This concerns both the scien-
tific workers doing research and observations
as well as the administration and technicians
taking care of the service and exploitation of
reservoirs. Common GIS platforms save time
of the information transfer and allow to extend
the databases and membership to the geo-
graphical space.
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