Abstract: The project focuses on a possible impact of the Mokrá Quarry on local climatic conditions
in the immediate vicinity and the impact on changes in species diversity of the surrounding forest
habitats. The terrestrial gastropods were chosen as a studied model group of animals because they
very accurately reflect the environmental conditions in which they live. The change in species
diversity and its composition in four chosen transects which were situated from the edge of the
quarry towards the nearby forest habitats enables us to quantify and evaluate how the sites in a
different distance from the edge of the quarry are influenced and how far it is possible to detect the
impact of the quarry.
The second main topic of the project is to observe the impact of the quarry on the local climate,
particularly on the temperature conditions in the quarry and its influence on a local precipitation in the
surroundings. This influence is based on the assumption that the relief of quarry mining area together
with thermal circumstances and weather conditions influences the formation of the thermal air
currents. These thermal columns of air can influence cloudiness near the quarry and thus cause less
total rainfall in a given area beyond the quarry. The possibility of influencing precipitation in the quarry
surroundings was monitored by 22 common rain gauges distributed as equally as possible from the
quarry edge to a distance of about 8 kilometers.
The temperatures in the quarry were monitored continuously by temperature loggers in two chosen
locations. The temperature distribution on the mining quarry wall surface was measured by a thermal
imager in different atmospheric conditions. The surface temperature and wind vector, together with the
relief of the quarry and surrounding countryside, are the input parameters for the numerical simulation
of airflow which allows us to visualize thermals.
The result of research and measurement are comprehensively presented in the report. The partial and
overall conclusions are drawn. The research was conducted in the period April - September 2016.

1. INTRODUCTION
Every quarry and the mining activities inside it cause a remarkable intervention to the countryside and
the whole surrounding ecosystem. The position of quarry in landscape is shown in Appendix 1. There
are several impacts connected with the mining area, for example blasting, transport of blasted material,
development and distribution of dust particles, changes in hydrologic conditions and relief, the impact
on fauna and flora in the surroundings, the impact on the local climate conditions, etc. Defining and
quantifying these impacts is a very complex problem. In this student’s project we are trying to find out a
solution to some above problems.
The first researched topic is the determination of possible impact of the quarry on the diversity of the
surrounding forest habitats. The collected data enables us to understand the mechanisms which are
responsible for these changes and also find spatial extent of these impacts. Land snails were chosen
as an ideal sample of animals, because of their environmental sensitivity. The changes in species were
researched in four linear transects placed from the edge of quarry to the surrounding forest. The
location of these transects placed around the quarry is shown by yellow lines in Appendix 1.
The second researched topic is a research of the quarry impact on local climate conditions. It is an
analysis of temperature ratio and local precipitations in the quarry surroundings. This research contains
a continuous measurement of temperature in the quarry by the temperature loggers. Their location in
the quarry is shown by red marks in Appendix 1. A temperature scatter on the quarry wall was
measured by a thermal imager in different atmospheric conditions.
Local precipitations in the quarry surroundings were measured by 22 rain gauges, their location is
shown by green marks on a map bases in two scales, see Appendix 1 and Appendix 2. One of the
goals of our project is to find out how much the local precipitations are influenced by the distance from
the quarry. This influence is based on the assumption that the relief of mining area of the quarry and
the surrounding landscape in combination with temperature ratio and meteorological conditions forms
rising thermal columns. A computer simulation of the air flow in quarry was chosen to assess the
conditions of formation and the influence of these rising thermal columns

2. THE INFLUENCE OF THE QUARRY ON LAND SNAIL COMMUNITIES
This work was focused on research of the Mokra Quarry and close surroundings. The research was
interested if it was possible to observe an influence of adjacent forest communities and whether this
influence could be distinguishable. If yes, than in what range was it detectable. Land snails were
picked as a suitable indicator group for our research. The land snails are frequently used as a good
indicator of environmental conditions in analogical studies [1]. Our aim was to describe changes in
species diversities and their population count and to reveal ecological factors behind these changes.

2.1 Methodics of Malakological Research
Four line transects were picked pointing from edge of the
quarry towards a compact forest stands. Each transect
was ca. 100 m long. When it was possible the beginning of
transect was placed outside the forest in order to be able
to observe a transition between both biotopes. Our choice
of transect was heavily influenced by terrain. The
conditions on transects were made as similar to each other
as possible.
Sampling
Sample gathering took place from the beginning of June
2016 (see Figure 1). Sampling squares were designated
on each of four lines. Herb floor coverage was evaluated
on a square 1x1 meter. Vegetation was removed and leaf
litter along with uppermost layer of soil in quarter of this
area (square 25x25 cm in each corner). Each picture of
Figure 1 Taking samples
individual squares was taken. Also a portion of the soil for
original pH analysis was taken and analyzed. Variables on sampled areas were observed: I. The
2
species composition and coverage of vegetation. On area 1m (coverage were evaluated
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procedurally); II. Soil pH, soil samples were gauged in laboratories Masaryk university in Bohunice
Campus); III. Soil moisture, was gauged by the HH2 Moisture hygrometer and the Theta Probe ML2X
of Delta-T Services company and it was gauged in depth of 5 cm and four times on various spots in
the square and the values were then averaged; IV. Canopy cover of the tree floor, pictures with a
fish eye lenses were taken in the area and the results were evaluated in Gap Lite Analysis Mobile
Application and the canopy openness was used as a default variable, which is the proportion of the
sky hemisphere not obscured by canopy elements when viewed from a single point.
Sample Processing and Evaluation
Sampled soil was left to dry out perfectly. It was sieved through a rough sieve which captured big
pieces of organic material such as small rubble and shells of larger snails. The rest of samples were
submerged in water which separated smaller shells filled with air along with soft organic material that
floated on water. Heavier anorganic parts sunk to the bottom (dirt, rocks, etc.). Floating pieces were
collected with a fine strainer, let dry and then the snail shells were handpicked from this portion.
Species of all shells washed out and sieved, were determined using literature [2] and consulted with
prof. RNDr. M. Horsák Ph.D. We counted number of individuals and separated them on those which
were found alive (individuals from this season) and older ones, with faded colors and cracked shells
and shell fragments which may come from the previous seasons. The individuals from current seasons
are relevant to describe the current conditions on this location. Snail shells from previous seasons
culminate in basic soils and makes possible to find species that recently lived or still live on the
location in small numbers and are harder to detect.
The analysis and graphs were done in the MS Office Excel program, and in the program STATISTICA,
in which Spearman correlation was calculated and evaluated. And whisker plots were made.

2.2 Research results
3665 individuals belonging to 25 species were found on 18 areas. You can find an overview of all
individuals and species from separate samples in an attached table Appendix 3.
We separated the species by the LISICKY [3] into separate ecological groups. Out of ten ecological
groups these were present: 1 – strictly forest species, 2 – predominantly forest species, 3 –
hygrophilous forest species, 5 – treeless habitats species, silviphobe, 7 – ubiquitous species (living on
a wide scale of biotopes).
Xerolenta obvia, commonly classified as a steppe species, was designated as a treeless habitats
species for the purposes of this work.
Forest and predominantly forest species were the most common, both groups with 32 % out of all
species, than ubiquitous species with 20 %, followed by silviphobe species with 8 % (see Appendix 4).
Punctum pygmaeum was found on 17 out of 18 areas and was clearly the most common species with
1366 individuals found. Aegopinella minor, represented in most samples, was detected in 16 areas,
and Cochlodina laminata was found in 14 areas.
The second most common snail was Aegopinella minor with 753 individuals and the third was
Acanthinula acuelata with 547 individuals (Appendix 5).
Changes in forest and silviphobe snails on the quarry – forest transition
The species composition of forest snail species did not change with rising distance from the edge of
the forest and showed a very stable frequency in appearance on the forest section of transects (Figure
2). Although there was an increase in appearance of forest species the further an area was from the
edge of the forest, this increase was not significant (Appendix 6). On the other hand the appearance of
silviphobe species was significantly less frequent the deeper area was in the forest (Figure 2,
Appendix 6). Practically all silviphobe species disappeared as far as 70 m inside the forest (Appendix
7). This could be considered as the border of possible influence of the quarry in this particular case.
All species found and numbers of their presence of areas on the open space significantly correlated
with the storm negation that had negative influence on the number of species (Appendix 6).
The deeper into the forest you were, the higher the canopy closure was and the forest was evidently
thicker and let less light to the herbal floor that covered less ground than before (Appendix 8).
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Figure 2 Changes of percent representation
The representation of the forest species is shown in the Figure 2 part a) (rho = -0,31; p > 0,05). The
representation of the silviphobe species is drawn in the Figure 2 part b). Areas with lower canopy of
the forest are on the left in the graph, and areas further away from the county, then on the righti.

2.3 Resume
The snail communities are of course not influenced only by a possible influence of the quarry, but
there are more variables of the environment in a play. Soil pH showed to be the key factor in statistical
analysis, which positively correlated with the number of (Appendix 9). The soil pH is determined to a
large extent by calcium. Calcium is a key element for snails because they need it to build their shells
and for their metabolism TAJOVSKÁ [4]. The pH was lower towards the forest, but this relation was
not significant (values – rho = -0,465; p > 0,05).
The relation between humidity and snail communities turned out to be complex in this case. Although
the soil humidity significantly correlates with the number of species, the humidity was influenced by a
number of other factors. In open space areas the humidity was distinctly higher than in forest areas.
This is caused by higher canopy closure that limits amount of water that can get to the herbal floor and
to the ground.
More acid reactions in combination with drier conditions in forest explain the absence of more
demanding forest snail species and the minimal change in communities of forest species. Oakhornbeam forests generally are not biotopes with more numerous representations of species and they
don't have rich species diversity ZAPLETALOVÁ [5].
Based on these results we can assume that the influence of the quarry on neighboring communities in
not too big. No abnormal conditions that influence species diversity were discovered. The results are
only orientation though, as the environment and malacofaunas surrounding the Mokra quarry does not
offer possibility to answer for asked questions. It might be interesting to try a similar study at some
more suitable location. It would be needed to have higher number of samples for better quality
analysis. Variables evaluated by us probably didn't cover all factors influencing the snails. There might
be another easy to overlook but key factor. The species variability evaluation could be improved.
The species from forest sites did not show any significant change – from the edge of the quarry to last
area.
On the other hand, silviphobe species grew in numbers towards the quarry and slowly disappeared
further in the forest. The orientation border, behind which they were no longer present, was about 70
meters inside the forest. The snail communities were altered in this range.
.

4

3. INFLUENCE OF TEMPERATURE RATIO IN THE QUARRY
As a result of exposing the rock surface there is a change of temperature in the quarry. Changing the
character of heat transferring surfaces and intense heat transfer of solar radiation causes the
temperature increase and the heat transfer surfaces thereby are increasing the temperature of the air
in quarry in relation to the surrounding atmospheric temperature. The consequence of this heat
transfer occurs to the formation of convective thermals of rising air currents.

3.1. Atmospheric temperature in the Quarry
One objective of the analysis is to quantify the thermal
behavior of the mutual relationship between air temperature in
quarry and atmospheric temperature nearby. Air temperature at
nd
the quarry was measured continuously from the 2 June to
th
12 September 2016 by temperature data loggers GAR 171 in
two selected locations. One temperature sensor t1 was placed
closely to the uncovered rock wall (see Figure 3) and a second
temperature sensor t2 was placed in about 20 meters awayin a
low herbage. Placing the temperature recorders in the quarry is
shown in Appendix 1.
The results measured during the air temperature in the quarry
through the month of July are graphically shown in Appendix
10. Together with these temperatures is plotted atmospheric
temperature taken from
available data from the Czech
Hydrometeorological Institute Brno-Turany airport. In the
measurement results it is shown that the maximal value of daily
temperature t1 close to the rock wall in a July is 10 to 25°C
higher than the standard atmospheric temperature. The
difference is in direct relation to the hours of sunshine. The
maximal daily temperature t2, although placed only at low plant
(height about 20 cm) is about 5-10 ° C lower than the
temperature t1. Impact of these temperatures can be limiting
for the possible habitats in specific locations quarry.

Figure 3 The temperature data logger
installation

3.2. Temperature of walls in the Quarry
Increased temperature of heat transfering surface at wall causes
a convective air heating in the quarry. Temperature distribution
on the fracture surface was measured by thermal imager FLIR
T640 (see Figure 4). A few test sensing of the temperature
distribution were done under different weather conditions
through the whole project.
th

Systematic day's measurements then took place on 27 August.
2016 from 6:30 am to 4:30 pm every 30 minutes. Space in
quarry, which was chosen for sensing the temperature
distribution is shown in the photo at Appendix 11. Some
graphical distribution of temperature sensed at 8 am, 11 am and
4 pm are given in Appendix 12 to 14. Each of the infrared image
has its color palette that assigns a color of temperatures
between the minimum and the maximum value. In the middle of
the picture there is an aiming point, the temperature of it is
shown in the upper left corner [6].
The resulting processes of temperatures during the day are
listed in Appendix 15. In the diagram there is plotted the course
of the maximum temperature of the picture, the temperature in
the chosen location on a wall of the quarry in a deliberate point Figure 4 Measuring by the thermal
the camera in comparison with the atmospheric temperature
imager
during the day 6:30 am to 4:30 pm. Sunny day was chosen for
the measurement. The diagram is showing an evident increase of the temperature of the wall
temperature as a result of incident solar radiation in comparison with the atmospheric temperature.
Decrease in temperature at a given point on the wall of the quarry in a deliberate point of the camera is
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caused by shading the place after 12:30 pm. The temperature difference between walls and barometric
temperature causes the formation of convective thermals of rising air currents in the quarry.
To use computer simulation of creation and tracking of the rising convective currents, we need to know
the temperature distribution of the selected section of the quarry walls along the direction of the wind
vector. Software Workswell CorePlayer allows us to accurately analyse infrared images [7]. A print
screen from determining the temperature distribution along a line in the infrared image is shown in the
Appendix 16 in the upper part of the figure. In the lower part of the figure there are plotted the
temperature curve along the desired line. This temperature distribution corresponds to the
th
measurements of 27 August 2016 at 1 pm.

3.3. Computer simulation of rising thermal thermal convective currents
Computer simulation was performed by ANSYS Fluent, which solves tasks using the finite element
method of Reynolds equations derived by averaging Stock Navier equations. Equation solver system
was set to mode coupled with discretization of second order. The key moment for solving these
equations was the choice of turbulence model, which was chosen from a variety of models using time
averaging method (Reynolds Averaged Navier-Stokes - RANS), which monitors the centres quantities
of turbulent flows using Reynolds equation. K-ε and SST-OMEGA models were used together with a
use of the method of Boussinesq hypothesis [8].
For using computer simulation three-dimensional model of the terrain was created using SolidWorks,
see Appendix 17. For the selected direction indicated in Appendix 17 by the green line was created
two-dimensional profile of the terrain shown in Figure 5.

Figure 5 Altitude profile of selected cross-section terrain
For the calculation of tasks were chosen following boundary conditions:
• Wind speed: calm and 5 m / s.
• Atmospheric air temperature 20 ° C.
• Average surface temperature of 50 ° C in a quarry
• The temperature of the forest cover is equal to the atmospheric temperature.
Calculation of material constants were chosen as the limestone for quarry area and wood for forest
area. The calculation was designed for wind direction from south to north and the direction from north
to south.
Examples of the resulting flow simulation in the quarry when it is calm are given in Appendix 18 to 20
in various modes of display - especially temperature distribution, the distribution of the velocity vectors
and the distribution of streamlines speed. In this view, we can observe the typical thermal bubble,
which can be imagined as the volume of air, resembling the shape of a sphere. From the line of flow
rate, it is clear how this bubble moves upward. When the moist air passes rising to a height below the
dew point, moisture will begin to condense, upward movement will stop and cumulus clouds starts to
form [9]. This phenomenon in calm weather should therefore not be limiting rainfall around the quarry,
except in the case of extremely dry air.
The simulation results of air flow rate of 5 m/s are shown in Appendix 21 and Appendix 22 where is
shown the temperature distribution and the distribution of the velocity vectors. Here we can observe
that in this common wind speed, rising thermal columns does not affect the upper atmosphere, where
the clouds are.
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4. PRECIPITATION MEASUREMENT
4.1. Orography and precipitation
Before tackling the measurement of rainfall patterns, it is necessary to describe how precipitations
occur at all. As the landscape around the quarry is very complex, formation of precipitation is mostly
affected by terrain (ie. Orography).
According to the British meteorologist John Sawyer [10] an amount of orographic precipitation
depends on three factors:
 Temperature and moisture characteristics of air masses and the nature of the pressure field in the
synoptic scale,
 microphysical processes in clouds and evaporation of falling raindrops
 local vertical motions induced by relief
Our basic consideration was based on the fact that warm air rises upwards and therefore the column
of hot air, formed on the wall of the quarry, will act upwardly and that the rising movement will result
the dislocation of a cloudy system.
Precipitations are obviously connected with the cloud. In our latitudes for the formation and rain fall are
most common these types of clouds: Nimbostratus, Altostratus, Stratocumulus, Cumulus and
Cumulonimbus. Since the last two types of clouds are the cumulus cloud types, they are associated
with the occurrence of storms from the heat - ie. very local phenomena, we decided to exclude them
as they could distort our research. At our tesis is therefore paid attention only to the low clouds
(Stratocumulus) and to the middle layer (Nimbostratus and Altostratus). These clouds occur in a range
of 1-3 kilometers above the ground.

4.2. Measurement
This part of the research was measured continuously over the
entire summer with classical rain gauges Figure 6. It should be
noted that this summer has been highly moist for our latitude,
so the data can be distorted by this fact (comparing to totals
precipitation for the years 1961 to 2015 in Appendix 24, where
yellow marked are the average of total rainfall collected by us
for the period from June to August, compared with orange
values that represents the total average rainfall for these years,
we took data from Czech Hydro meteorological Institute [11].
For a more accurate analysis, the measurement should be
done for more time, at least 2-3 years, so it could be able to
somehow compare the data and determine the average
precipitation in the period. For an enclosed view see Appendix
2 map which indicates the position of all our rain gauges. Our
goal was to put our rain gauges into crescent around the quarry
to copy the shape of the quarry. The first five rain gauges were
placed on the edge of the quarry. More rain gauges were
placed with increasing distance from the quarry. We also placed Figure 6 Location of the rain gauge
several rain gauges at a greater distance (about 7-8 km from
the quarry border) to have a comparison for longer distances. We also took advantage of publicly
available data on deductions from Turany airport. The Figure 7 shows the shape of SYNOP reports
from which we are able to detect meteorological data. We are the most interested in the total
th
precipitation for 24 hours, which is highlighted in the Figure 7 and gives us that on 5 August rained
th
th
15.2 mm (resp. from 5 6am to 6 August 6 pm) [12]. All collected data were subsequently compared.
Table of collected data from rain gauges is available for inspection in Appendix 23.

Figure 7 SYNOP report
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From the collected data, it is possible to note that precipitations in the immediate border of the quarry
(namely rain gauges number 1-5) vary. However, it is necessary to consider the error of measurement,
evaporation (though precipitations were collected early in the morning so the sun could not evaporate
rained water), and also with the fact that classical rain gauges are not entirely accurate.
Another group are rain gauges at a greater distance from the quarry (most of these rain gauges have
been operated by volunteers, who have helped with the subtraction of rain gauges). These are rain
gauges numbers 6-16, 20, 22 and 26.
Furthest from the quarry were placed rain gauges numbers 11, 18-19, 21, 23. For the research were
also used data from professional weather station at the airport Brno-Turany.
However, we must point out that during the summer were observed more precipitation totals for three
months before we finally evaluated. As already mentioned, we missed the local rainfall and torrential
summer storms that would give us distorted data. For evaluation we used only data when the
precipitation occurred in different totals rain falls throughout the observed areas.
After obtaining the collected data, it was necessary to properly evaluate and compare them. For
purposes of better illustration it was calculated and compared the average rainfall for each month in
different distances from the quarry (the edge of the quarry, and rain gauges around the quarry from a
greater distance), see in Tab. 1.

Tab. 1 Average precipitations depending on location
From the graph in Figure 8 we see that rainfall has not a significant common feature. At first glance it
might seem that with increasing distance from the quarry the amount of rainfall is decreasing, but at a
more detailed analysis of collected data, this view is refuted. Although in June, total rainfall was
decreasing with a distance from the quarry, in the rest of the period, total rainfall was increasing.

Figure 8 Comparison of total rainfall
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To confirm this conclusion the graph in Figure 9 was accompanied in which the amount of rainfall in
the imaginary line from rain gauges was compared. The line consist rain gauges no.1, 2, 6, 7, 20 and
23 (the exact location is shown on the map rain gauges, Appendix 2).

Figure 9 Total rainfall on the line
From this graph in Figure 9 it is evident that there is no connection between rainfall and distance from
the quarry. The rainfall is varying, as it can be seen on the graph columns.

4.3. Resume
Since the ratio of rainfall in the immediate vicinity of the quarry and in distant places is unstable, it is
not possible to declare that the quarry has an effect on rainfall.
Our hypothesis that the quarry affects precipitation in our area has not been confirmed. It should be
noted that in order to generate conclusions, it would require a longer measurement in more
consecutive years.

5. CONCLUSIONS
It turned out that terrestrial gastropods are primarily affected by soil pH. It is not easy to accurately
determine the impact of the quarry, since species of forest habitats on forest areas showed no
significant changes. This is probably due to the nature of the circumstances surrounding forests, which
do not permit them the development of species-rich forest communities, as also indicated a decrease
soil pH and partial readings of humidity in areas more distant from the edge of the forest. The main
change that can show possible impact of the quarry on the surrounding communities is the presence
silviphobe species and a significant decrease in their percentage share away from the edge to the
forest. As a rough boundary, where this influence has been presented, a distance of 70 meters was
proved.
It can be said that research on the influence of the Mokra quarry on the local climate help us to
quantify the temperature conditions at the quarry due to atmospheric temperature sensing and the
following temperature distribution allows us to identify the most exposed thermal quarry sites.
Computer simulation of airflow in the quarry and its surroundings revealed that effect on the upper
atmosphere by rising thermal columns could happened only in calm and in very hot weather. The
effect on total rain fall of the relatively small area of the quarry is minimal, as it was confirmed by our
measurement of precipitation around the Mokra quarry. Quarry area is very small in comparison with
large urban areas, such as Brno situated nearby Mokra quarry. Terrain around Mokra quarry is also
very different from high mountain massifs, which are producing a rain shadow.
A relatively short time for the project caused that some problems identified in the report were only
indicated. However, thanks to the project, it was obtained a number of new information and it was
measured amounts of data, which will be presented at student conferences in future and in
publications and used in bachelor works of solver.
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