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Abstract

Hais M., Wotavová K., Procházka J., Brom J., Pecharová E: The effect of Temelín nuclear power
plant on temperature and wetness parameters of land cover. Ekológia (Bratislava), Vol.24, No. 4,
p. 438–448, 2005.

These results are the part of long-term monitoring of the Temelín nuclear power plant (TNPP)
effect on the environment, which started in year 2003. The aim of this project is particulary to
evaluate the influence of TNPP on the distribution of temperature and wetness parameters of the
land cover. We used the Remote Sensing Method for this purpose. The Landsat TM 5 and Landsat
ETM+ 7 satellite scenes were processed in this study. The satellite scenes were sorted into three
time categories: The scenes acquired before the beginning of the building work of TNPP in 1987,
the scenes acquired at the time of building until 2000 and the scenes acquired in the period after
putting TNPP into operation. The temperature-wetness parameters in these three periods were
compared to produce the result in the distribution maps of the land cover temperature and wetness
in the TNPP surroundings. We started to use the continual measuring of the temperature and
humidity on the fields and the data recorded by the thermal camera to calibrate the satellite data.
We found evidential changes of temperature and wetness in the complex of the power plant itself.
The temperatures increased and wetness decrease during the building works. But during the
operation, the power plant complex showed not only higher surface temperatures, but also higher
wetness values. The changes of parameters caused by operation of TNPP was not proved yet.
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Introduction

The Czech Republic obligation to monitor the effect of TNPP on environment follows from
the conclusions of Melk proceeding in 2002. The Temelín nuclear power plant is situated
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in South Bohemia, 30 km north by České Budějovice. The building started at 1987, the
operation of TNPP has been started at 2000. A plume of steam is formed above the cooling
towers after puttting TNPP into operation. This plume flows, in the course of the predomi-
nant winds, to west and southwest (Fig.1) and it can be the possible influence of TNPP on
changes in temperatures and humidities of the land cover. Such change can result in change
of the energetic balance of the landscape (Pokorný, 2001). Not so far as we know, there is
no published study interested in the effect of nuclear power plant on a temperature and
wetness parameters of land cover.

Methods of remote sensing will represent a unique tool for evaluation of the influence of
TNPP on the surrounding landscape. There is a great advantage in the possibility of obtain-
ing accessible data (LANDSAT satellite scenes) from the past 20 years and thus cover the
retrospective development of the mentioned influence. There is also a suggestion of long-
-term monitoring. It is possible to perform forecasts for the future period as well. Another
undisputable advantage compared with terrain measurements is the acquisition of 280-point
temperature values and approx. 1100-point values of Wetness index (vegetation quality etc.)
per one square kilometre in one moment. The areal character of the satellite data has its
relevance in global evaluation of the landscape and mutual relations of its components.

Fig. 1. Map of location of TNPP in the Czech Republic, monitored areas and measured points.
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This remote sensing data will be supplement by surface measurement of temperature
and relative humidity. We try to calculate some other parameters to find an suitable indica-
tor for specify of chosen methodology, e.g. daily amplitude or absolute humidity of
vegetation.

Methods

Monitored areas

We were chosen 3 monitored areas. The shape of monitored areas were influenced by the course of the predomi-
nant winds and have the shape of skewed ellipse (Fig.1). The first area is located immediate of TNPP. The direct
influence of  operating TNPP would be markedly identificated in this part. The second one is the wider sur-
rounding of TNPP and come out from safety zone, which wide is 15 km around the TNPP. Further we were
chosen third area for comparative monitoring. This part is located surrounding of the field station Vomáčka,
southward from TNPP. There is not influenced by operation of TNPP.

Processing and interpretation of satellite data

For these purposes we used scene Landsat TM 5 and Landsat ETM+ 7 satellites. After elimination of un-
wanted atmospheric influences, we performed atmospheric corrections on the scenes. The source data were
afterwards geometrically and co-ordinately transformed to Gauss-Krüger map projection S-1942. Further-
more, we calculated the temperature of the land cover and the Wetness index from the satellite scenes. For the
calcualtion of cover temperature, we used the 6th thermal channel of TM and ETM+, containing records of
electromagnetic radiation in the interval of 10.4–12.5 µm (Campbell, 2002). The conversion of DN values to
temperature was performed with the use of ATCORT 1 module (Geomatica Algorithm Reference, 2003). For
further data detailing, the following supplementary calibration values were incorporated into ATCORT 1:
geographical position, mean altitude, zenith angle of the Sun at the time of scanning (calculated by SUN
software), visibility (data acquired from Czech Institute of Hydrometeorology) and the season of the year.
The output can be represented in maps showing absolute values of the land cover temperatures. For the
possibility of comparison of the satellite data from different time periods it was necessary to convert the
temperatures to relative values.

For evaluation of wetness by remote sensing methods it is not possible to use directly some of the
spectral bands of the Landsat satellite. It is viable to use spectral indexes for determination of the amount
of water in soil (Šúri et al., 1994), and possibly for expression of relative values of wetness of the land
cover. The most frequently used is the “Wetness” index, which is a part of the Tasseled Cup linear transfor-
mation. The Tasseled Cup transformation processes, in case of Landsat TM or ETM+, six spectral bands
(1–5, and 7th channel). Identically as in the case of temperatures, these values were converted to relative
classes for the purpose of mutual comparability. In this case, we used the method of equiareal surfaces.
The essence is a classification of the satellite scene histogram in such a way that each of the intervals
contains, in an ideal situation, the same number of values. The satellite scenes were classified into three
time categories: scenes acquired before the beginning of building work on TNPP in 1987, scenes acquired
during the building work until December 2000 when the first production unit produced electric energy and
scenes acquired in the period after putting TNPP into operation. An average temperature distribution of
the land surface was subsequently calculated from the satellite scenes belonging to the set category. After-
wards, a class containing 5% of the highest values was calculated from the histogram of discrete values of
the relevant category. We calculated the temperature and wetness values for the reference area in Litoradlice
and compared their progress in time.
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Surface measurements

In May 2003, selected localities in the surroundings of TNPP were fit with automatic data loggers by Comet
System s.r.o. for temperature and humidity measurements (Fig.1). During June, these localities were supple-
mented with reference localities in the area of Vomáčka (13, 14) and Strouha (15) (Fig.1). According to the
needs and capacities of the loggers, we chose 30 min. intervals between measurements, and so we have 48
recordings of temperature and wetness of each of the localities a day. A list of the localities with their brief
characteristics can be found in Table 1.

T a b l e  1.  Basic characteristic of localities for surface measurements in the surrounding of TNPP 

Locality 
No. 

Working name General characteristic Location (GPS) Monitored 
parameters 

Area 1 Na Padělkách cultural forest with dominant 
pine (Pinus sylvestris) 

N 49° 09.869´ 
EO 14° 21.302´ 

temperature, 
wetness 

Area 2 Kočínské pole arable soil N 49° 09.729´ 
EO 14° 21.461´ 

temperature, 
wetness 

Area 3 Hůrecký rybník pond among field cultures N 49° 10.367´ 
EO 14° 23.678´ 

temperature 

Area 4 Přihájek arable soil N 49° 10.396´ 
EO 14° 24.110´ 

temperature, 
wetness 

Area 5 Nad Klapačkou cultural forest with dominant  
pine (Pinus sylvestris) 

N 49° 11.006´ 
EO 14° 24.824´ 

temperature, 
wetness 

Area 6 Doliny cultural forest with dominant 
pine (Pinus sylvestris) 

N 49° 11.784´ 
EO 14° 23.185´ 

temperature, 
wetness 

Area 7 Pobuda arable soil N 49° 11.589´ 
EO 14° 23.764´ 

temperature, 
wetness 

Area 8 Pod průhonem arable soil N 49° 15.306´ 
EO 14° 27.278´ 

temperature, 
wetness 

Area 9 Obecní les cultural forest with dominant 
pine (Pinus sylvestris) 

N 49° 15.387´ 
EO 14° 27.989´ 

temperature, 
wetness 

Area 10 Žimutice-Hrudice cultural forest with dominant 
spruce and pine (Picea abies, 
Pinus sylvestris) 

N 49° 12.253´ 
EO 14° 32.102´ 

temperature, 
wetness 

Area 11 Žimutice-Sobětice arable soil N 49° 11.977´ 
EO 14° 32.513´ 

temperature, 
wetness 

Area 12 Litoradlice abandoned meadows with 
predominant Calamagrostis 
epigejos 

N 49° 10.547´ 
EO 14° 24.495´ 

temperature, 
wetness 

Area 13 Pole u Vomáčky arable soil N 49° 04.070´ 
EO 14° 20.508´ 

temperature, 
wetness 

Area 14 Louka u Vomáčky cultural meadow N 49° 04.308´ 
EO 14° 20.385´ 

temperature, 
wetness 

Area 15 Strouha wetland growth with dominant 
Molinia caerulea at Libivský 
pond 

N 49° 09.100´ 
EO 14° 23.500´ 
(not located-values 
from a map) 

temperature, 
wetness 
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The temperature and land cover wetness has been measured continually in all of the 15 localities with
different type of vegetation from July to November. Because we evaluated the satellite scenes from July, we
chosen only complete data for next processing (27th July to 31st August).

From this data set we counted the daily amplitudes (difference between daily minimal and maximal tem-
perature). These data were analyzed in Statistica 6.0 to find the difference between evaluated types of vegeta-
tion. We fitted data from 12 localities – 5 forest areas (Kočín, Nad klapačkou, Doliny, Obecní les and Žimutice),
4 field areas (Kočín, Pobuda, Nad průhonem and Vomáčka), 2 meadow areas (Litoradlice, Vomáčka) and one
wetland locality at the Libivský pond (Strouha). We used One-Way Anova and Post-hoc comparisons.

Surface monitoring with an IR camera

In a planned, exact term of Landsat ETM 7 satellite flight on 24th July of 2003. We took images of the selected
area near TNPP in IR spectrum with an IR camera. The images were acquired in the locality of Příhájek and in
the surroundings of Hůrecký rybník (areas No. 3 and 4 with placed Comet System data loggers).

The selected areas were, for the purpose of interpretation of the scenes, defined according to Land Use map
and classified. The values of arithmetic and weighted average of the temperatures of the areas were calculated.
The degree of weight was the amount of pixels in the segment in the scope of the analyzed image showing a part
of the monitored area according to overlay of the individual images. The evaluation itself was performed by
Therma CAMTM Reporter 2000 software, where we defined individual segments of the monitored areas and
calculated the average surface radiation temperature of the segments. With the use of Scion Image software
(release beta 3b) we found out the number of pixels of the analyzed segments, which we used for calculation of
the weighted average of temperature of the selected areas. The precondition was that these areally evaluated
data would be compared with the data from remote sensing. Due to Landsat ETM 7 satellite failure, such
acquired data could not be used.

Results and discussion

Processing and interpretation of satellite data

The results of evaluation of the satellite data are average July values of temperatures and
wetness of the land cover in the surroundings of TNPP in three time periods: before the
building work, during the building work and during the operation of the power plant (Fig.
2 and 3). Fig. 2 shows distribution of temperatures of the land cover in mentioned periods of
time, 5% of the highest values are emphasized in colour (red). In Fig. 1a there is, for easier
orientation, the cutout of the satellite scene (Landsat TM 5 from 16th July 2003 in composi-
tion 321). Bright areas represent agricultural fields and meadows; dark areas are composed
mainly of forest growths. The building of TNPP and the built-up area of Týn nad Vltavou are
bounded with red colour, while the monitored reference area near Litoradlice with yellow. In
all three-temperature map cutouts, the highest temperature values are associated with built-
up areas and areas of agricultural fields with lower biomass of vegetation (e. g. after harvest).
The building complex of TNPP shows a significant proportion of higher temperatures during
the building work period. In each of the figures, there is a histogram of values of the selected
cutout with emphasized value of average temperature of the reference area near Litoradlice.

Similarly to temperatures, values of the Wetness index are expressed in relative values,
5% of the highest and lowest values are emphasized in colour (Fig. 3). Lowest values of the
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Wetness index associate with built-up areas, agricultural fields with lower vegetation biomass
and, during the period of building work, also with the complex of TNPP.

Surface measurements

As a result of continuous automatic data logging in 15 localities in the surroundings of
TNPP, we have values of temperatures and wetness. We counted the daily amplitude from

Fig. 2. Average July values of temperatures of the land cover in the surroundings of TNPP in the three time periods.
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these values, but only on 12 localities, where the recording passed well at the same time
period.

Daily amplitudes in Fig. 4 from the fist year of monitoring show statistically proved difference
among the localities (F = 17.54; p = 0.00). The wetland growth of the locality of Strouha shows
the highest daily amplitudes (21 oC). High amplitudes are also in the locality of Vomáčka both in
the field and the drained meadow (19 oC and 20 oC), and in the forest locality “Obecní les”.

Surface monitoring with an IR camera

In the known term of Landsat ETM 7 satellite flight on 24th July 2003, we scanned the
selected surfaces in the area of interest in the surroundings of TNPP in IR spectrum with an

Fig. 3. Average July values of Wetness index in the surroundings of TNPP in the three time periods.
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IR camera. Selected areas were, for the purpose of interpretation, delimited in colour and
an average temperature value was calculated for them (Fig. 5). We reckoned that these data
from the IR camera would be further confronted about the data from remote sensing; how-
ever, during the time of acquisition of the IR images, the satellite Landsat 7 ETM+ was
already out of order. In spite of this fact, these data will be evaluated for land use mapping
and from surface temperature and wetness measurement in the surroundings of TNPP.

Effect of TNPP on temperature and wetness parameters of land cover

When evaluating the distribution of temperature-wetness parameters of the land cover in
the context of building and operation of TNPP, it is possible to divide the results into two
parts. First, it is the possible change of the mentioned parameters directly in the power
plant complex and second is the possible influence of TNPP on its surroundings.

In case the complex of the power plant itself, we can see an increase of temperatures and
a decrease of wetness of the land cover during the building work. This is, with a high
probability, caused by overheating of bare soil without vegetation during the beginning

Fig. 4. Average daily amplitude in the evaluated 12 localities in the period between 27.7.2003–31.8.2003.
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stages of the building work. In the complex of the power plant, we can see an increase of
relative values even during its operation. This increase, however, correlates with the tem-
perature of built-up areas, which show higher surface temperatures during the summer
season. On the other hand, low wetness values do not correspond with higher temperatures
during operation. This is probably a result of operation of cooling towers, which produce
a significant amount of vapour.

The influence of TNPP on its surroundings is much more complicated, because both
temperature and wetness values of the land cover represent the character of vegetation
which, in agricultural landscape, goes through substantial changes during the summer pe-
riod. The behaviour of vegetation is influenced by specific geographic properties of locali-
ties. We can see these differences from our first results (see Fig. 3). The high daily ampli-
tudes in the locality Strouha (wetland) are caused by the terrain relief, as area located in
a valley where there appears the phenomenon of the so-called frost valley. High daily am-
plitudes in the area of Vomáčka are also assigned to the landscape relief. This locality is
situated in a flat area of Zbudovská blata with minimal air flow. This is the reason why the
landscape cooling process does not proceed there as much as in the area of Temelín, where
wind blows more. A similar reason for high daily amplitudes probably will be in the loca-
lity Obecní les, where we recorded highest daily amplitude during the monitored period.
We expected the lowest values of daily amplitudes in forest areas.

We expected the high daily amplitude on site Litoradlice (thermophylic meadow) too,
but we didn´t find it. But we know from our surface measurements, that there is the highest

Fig. 5. The method of the land cover evaluation in the IR spectra.
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temperature, maybe this is reason of lowest values of daily amplitudes. The long-term
measurement is necessary for confirmation of these first results.

To get rid of the influence of vegetation and possibly even microclimatic anomalies on
remote sensing data, it is essential to process a statistically significant set of satellite data.
It will be necessary to follow the results of climate monitoring of Czech Hydrometeorological
Institute (Smítka, 2004; Vozobule, 2004), because we must mark seasonal variations and
global climate changes off the changes in climate caused by operation of TNPP.

Conclusions

There is more possibilities how to evaluate the TNPP influence on the enviroment. We
have the satellite scenes from three time period: before the beginning of the building work
of TNPP in 1987, the scenes acquired at the time of building until 2000 and the scenes
acquired in the period after putting TNPP into operation. The period after putting TNPP
into operation is especially important for evaluation, but there is necessity of long-term
study to find changes possible caused by working of TNPP. We found evidential changes
of temperature and wetness in the complex of the power plant itself. The temperatures
increased and wetness decrease during the building works. But during the operation, the
power plant complex showed not only higher surface temperatures, but also higher wetness
values. The changes of parameters caused by operation of TNPP was not proved yet.

Our results are from the fist 2 years of observation, and we are in the time of verifying
and specifying of some part of methodology. We can say that Remote Sensing Method is
suitable method for this monitoring in complex view.

Translated by J.Richter and K.Wotavová
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Hais M., Wotavová K., Procházka J., Brom J., Pecharová E: Vliv jaderné elektrárny Temelín na teplotní
a vlhkostní parametry krajinného pokryvu.

Výsledky uváděné v této studii jsou součástí dlouhodobého monitoringu vlivu Jaderné elektrárny Temelín (JETE)
na životní prostředí, který začal v roce 2003. Cílem tohoto projektu je zejména vyhodnocení vlivu JETE na
distribuci teplotních a vlhkostních parametrů krajinného pokryvu. Z těchto důvodu jsme použili metodu dálkového
průzkumu Země. Vyhodnocovány byly satelitní scény z Landsat TM 5 and Landsat ETM+ 7, které byly rozděleny
do tří časových kategorií: scény pořízené před započetím stavby v roce 1987, scény pořízené během stavby do
roku 2000 a scény pořízené po uvedení JETE do provozu. Teplotně-vlhkostní parametry z těchto tří časových
období byly srovnány a byly vytvořeny mapy distribuce teploty a vlhkosti krajinného pokryvu v okolí JETE.
Pro kalibraci satelitních dat jsme použili kontinuální pozemní měření teploty a vlhkosti a snímky z termální
kamery.

Nalezli jsme evidentní změny teplot a vlhkosti v komplexu stavby JETE. Během stavby se teplota zvýšila
a vlhkost poklesla. V době provozu však stavba vykazuje nejen zvýšenou teplotu povrchu, ale také vyšší hodnoty
vlhkosti. Změny parametrů způsobené vlastním provozem JETE dosud nebyly prokázány.


