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Ladies and gentlemen, 

 

the collection of scientific texts that you are beginning to read contains contributions from the conference BIOCLIMATE 

2012 - BIOCLIMATOLOGY OF ECOSYSTEMS, which is a further continuation of international conferences organized 

alternately by the Czech Bioclimatological Association and the Slovak Bioclimatological Association in collaboration with 

other organizations. 

The topic of bioclimatology (biometeorology) is a common subject of our conferences, each of which has its narrower focus, 

similarly as in this collection of contributions, where you will find articles containing the current knowledge on the links 

between the atmospheric environment and organisms in different time periods. The articles focus on four main topics of the 

conference, namely agricultural and forestry climatology, as well as agroecology and climate change, aerobiology and 

phenology, human bioclimatology, zoobioclimatology, and finally a separate topic of urban climate variability. 

We do not always realize that only the knowledge of mutual influence between organisms and their environment, allows us to 

carry out the necessary and appropriate action. Much required development of human society was and still is often treated as 

a procedure for the use of natural resources, regardless of the laws of nature, and thus the demands and needs of different 

ecosystems. Use of science and technology begins to gradually change from a sole attempt to reach economic development to 

nature-friendly and nature-like advancement, which means conditions of sustainable development should be appropriate also 

for human beings who are still bound to nature. This relationship is far more complex than just increasing the amount of crop 

yields, higher production of wood, etc. It is a negative phenomenon accompanying this form of science and technology that 

has led to the fact that we are trying to recognize linkage from microclimate to macroclimate so that we can design procedures 

to ensure needs of society while protecting nature. 

Bioclimatology therefore addresses the extensive issue of possible climate change, its nature, impacts and possible measures. 

Inclusion of the urban climate variability into this topic may seem surprising to some of the readers. However, as evidenced by 

the recent bioclimatological research, the knowledge of urban climate is doubtlessly vital, taking into consideration that the 

global growth of urban areas and increase in urban population in at the expense of rural areas is an unquestionable fact. The 

topic does not include just the issue of urban pollution, their heat island, etc., but also the possibility of prevention of the 

extreme manifestations of urban meso- and microclimate. 

We dare to hope that each of you found not only interesting findings in this collection of contributions, but also answers for 

questions from the field of bioclimatology, as well as ideas and inspiration for your next activity. We are looking forward to 

meeting you at the next scholarly and scientific events. 

Jaroslav RoģnovskĨ 

On behalf of the organizers of the event 



Bioclimate 2012 ï Bioclimatology of Ecosystems  

2 

PHENOLOGICAL TRENDS REGARDING THE WILD T REES IN THE CZECH REPUBLIC  

Daniel Bareġ
1
, Martin MoģnĨ

1,2
, Lenka H§jkov§

1
, Lenka Bartoġov§

2
, Mirek Trnka

2
, ZdenŊk Ģalud

2
, Vera 

Potop
3
 

1Czech Hydrometeorological Institute, Doksany Observatory, 411 82 Doksany; 2Mendel University in Brno, Faculty of Agronomy, 

ZemŊdŊlsk§ 1, 613  01 Brno ,Czech Republic; 3Czech University of Life Sciences, Faculty of Agrobiology, Food and Natural Resources, 

165 21 Praha. 

Abstract. We have analyzed the results of phenological 
observations of wild trees in the Czech Republic in the years 
1941ï2011. Our results showed that the statistically 
significant warming trend since 1941 resulted in an earlier 
onset of the first flowering and beginning of leaf colouring 
of wild trees. The strongest trend to early arrival in spring 
was measured for the first flowering of the rowan for the 
period between 1941 and 2011 with over 16 days. Birch 
leaves have also changed colour somewhat earlier over the 
past 70 years.  

Introduction  

Phenological observations of plants have received 

increasing attention as a part of the research on climate 

change. For spring plant phenology in temperate zones that 

are not water limited, temperature is the predominant driving 

force for leafing, flowering and ripening phenology. Not 

only this, but it would also seem that the temperatures of the 

immediately preceding months are the important ones. An 

average earlier onset of plant phases of 3.8 days per 1 ÁC 

increase over the last decades has been observed for Europe, 

with negative shifts for spring and summer phases and 

positive shifts for fall phases. 

Perennial cropping systems and trees are very vulnerable to 

climate change due slower rate of adaptation compared to 

the field crops. The problem of phenological observations is 

the use of new crop varieties and different time of sowing. 

Farmers can change cultivars from year to year, while 

perennial crops like fruit trees are often cultivated for 

decades and forest trees for even longer periods. 

The present study, carried out by the Czech 

Hydrometeorological Institute, the Mendel University in 

Brno and the Czech University of Life Sciences, sought to 

chart phenological trends in response to climate in the Czech 

Republic in the period 1941ï2011. 

Material  and methods 

The Czech Republic is located in the central Europe and is 

characterized by a moderate, humid climate with the year 

divided into four distinct seasons. Corresponding 

phenological data have been taken from the PHENODATA 

database of the Czech Hydrometeorological Institute 

(CHMI) which contains systematic phenological 

observations from several dozens sites across the Czech 

Republic. Observations of phenophase dates (the beginning 

of flowering of Corylus avellana, Betula pendula, Sorbus 

aucuparia and Tilia cordata, beginning of leaf colouring of 

Betula pendula) for the Czech Republic were ascertained for 

the 1941ï2011 period. In total, 32,124 phenophase dates 

from 80 sites were collected. The obtained temperature data 

underwent strict control and homogenization using AnClim 

software. For each year were calculated mean dates of 

phenophases for the Czech Republic using data from all 

available stations. 

The average annual temperatures of the Czech Republic 

were taken from the Czech Hydrometeorological Institute 

CLIDATA database. 

Results and discussion 

Mean annual and mean monthly temperatures averaged over 

all phenology sites showed a positive linear trend for the 

period 1941ï2011 with the largest increase in January 

(0.37 ÁC per decade) and the smallest increase in October 

(0.01 ÁC per decade) and December (0.01 ÁC per decade). 

Temperature increase during the spring (March-May) was 

0.18 ÁC per decade while mean annual temperature 

increased by 0.11 ÁC per decade (Table 1). Trends were 

statistically significant (P < 0.05) for mean annual 

temperature, for the mean temperature in the period March 

to August, March to May, June to August and for the mean 

temperatures of the months January and May (Table 1). 

 
Table 1. Mean values Tmean (ÁC) and linear trends (ÁC per 

decade) of annual, seasonal (March-May, June-August, 

March-September) and monthly air temperatures of the Czech 

Republic during the period 1941ï2011. Trends in bold are 

statistically significant (P < 0.05 and P < 0.1). 

 Tmean Trends  

JANUARY  -2.6 0.37 (P < 0.05) 

FEBRUARY  -1.3 0.25 (P < 0.1) 

MARCH   2.4 0.20 (P < 0.1) 

APRIL   7.5 0.14 (P < 0.1) 

MAY  12.5 0.19 (P < 0.05) 

JUNE 15.7 0.11 (P < 0.1) 

JULY 17.3 0.12 (P < 0.1) 

AUGUST 16.8 0.12 (P < 0.1) 

SEPTEMBER 12.9 0.10 (P < 0.1) 

OCTOBER   7.9 0.03 

NOVEMBER   2.9 0.07 

DECEMBER  -0.9 0.01 

MAR-MAY    7.5 0.18 (P < 0.05) 

JUN-AUG 16.6 0.12 (P < 0.05) 

MAR-SEP 12.2 0.11 (P < 0.05) 

JAN-DEC   7.6 0.13 (P < 0.05) 
 

Temperature increases were associated with an earlier onset 

of wild trees phenological phases; not just the beginning but 

also the interval between successive phenological phases 

was shorter.  
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The statistical significance of the earlier first flowering of 

wild trees (Corylus avellana, 0.157 days/year, P < 0.01; 

Betula pendula, 0.124 days/year, P < 0.01; Sorbus 

aucuparia, 0.223 days/year, P < 0.01; Tilia cordata, 0.156 

days/year, P < 0.01) and the earlier beginning of leaf 

colouring (Betula pendula, 0.124 days/year, P < 0.01) are 

evident in the period between 1941 and 2011 (Figure 1). 
 

 
Figure 1. The beginning of flowering of Corylus avellana (a), 

beginning of flowering of Betula pendula (b), beginning of 

flowering of Sorbus aucuparia (c), beginning of flowering of Tilia  

cordata (d), beginning of leaf colouring of Betula pendula (e) in 

the Czech Republic in the 1941ï2011 period. Bars indicate 

deviations from the average value and 4253H filter has been used 

to show the underlying trend. 

In 19 of the past 20 years flowering (Sorbus aucuparia, Tilia 

cordata) were earlier than average. Similar trends in the 

natural flood plain forests have been recorded at other sites 

of the Czech Republic (e.g. Bauer et al., 2010; MoģnĨ and 

Nekov§Ś, 2008) and Europe (Chmielewski and Rºtzer, 

2001). 

The start of the earlier first flowering of wild trees depends 

on the weather patterns of the preceding months. The start 

dates for the earlier flowering were found to depend 

significantly on mean March-May temperatures (Betula 

pendula, R
2
=0.72, P < 0.01; Sorbus aucuparia, R

2
=0.63, 

P < 0.01; Tilia cordata, R
2
=0.71, P < 0.01) and on mean 

January-February (Corylus avellana, R
2
=0.79, P < 0.01) in 

the 1941ï2011 period. The start date for the earlier 

beginning of leaf colouring of Betula pendula was found to 

depend significantly on mean March-September 

temperatures (R
2
=0.53, P < 0.01). 

Conclusions 

We found a statistically significant negative relationship of 

the first flowering of wild trees with temperature. Increasing 

temperatures result in the earlier onset of the first flowering 

trees.  

Over the past 70 years was reported in the Czech Republic 

an earlier onset of first flowering by 9 to 16 days.  

The results reported here confirm the responsiveness of wild 

tree phenology, particulary of the first flowering, to 

temperatures. These facts help to confirm the value of tree 

phenology as a climate indicator. 
 

Acknowledgements: We gratefully acknowledge the support of 

the Ministry of Education, Youth and Sports project OC10010, 

LD11041, SVV-2011-263 202 and National Agency for 

Agriculture Research project Q191C054.  
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COMPARATIVE ANALYSIS OF PROJECTED DROUGHT I NDEX TENDENCIES FOR 

CENTRAL/EASTERN EUROPE

Judit Bartholy, Rita Pongracz, Brigitta Hollosi, Orsolya Torek 

Department of Meteorology, Eºtvºs Lor§nd University, Pazmany st. 1/a, H1171 Budapest, Hungary.

Abstract. Experiments of regional climate model PRECIS 
are used to evaluate the projected changes of several drought 
indices considering different emission scenarios (SRES B2, 
A1B, and A2). The results suggest drying trends for the 21

st
 

century in the region, especially, in summer. 

Introduction  

Regional climate models (RCMs) nested in global climate 

models (GCMs) can be applied to assess future trends of 

climatic conditions on national and regional scales. In this 

study, model PRECIS developed at the UK Met Office 

Hadley Centre is used for Central/Eastern Europe. The main 

focus is on the analysis of drought-related climatic 

conditions. For this purpose different types of drought 

indices (summarized in Dunkel, 2009) are used, namely, 

precipitation index (PI), standardized precipitation anomaly 

index (SAI), De Martonne aridity index (MAI) , 

Thornthwaite index (TI), Lang͇ s rainfall index (LRI), Ped͇

s drought index (PDI), and Foley͇ s anomaly index (FAI). In 

order to calculate the time series of these indices, monthly 

temperature and precipitation datasets of PRECIS 

simulations (Bartholy et al., 2009) were used. Simulations 

for the periods 1961ï1990 (as the reference period), 

1951ï2100 (using the SRES A1B emission scenario), and 

2071ï2100 (using the SRES A2 and B2 emission scenario) 

are analyzed. 

Material and methods 

The RCM PRECIS is a high resolution limited area model 

with both atmospheric and land surface modules. The model 

was developed at the Hadley Climate Centre of the UK Met 

Office (Wilson et al., 2010), and it was adapted at the 

Department of Meteorology, Eºtvºs Lor§nd University 

(Budapest, Hungary). PRECIS is based on the atmospheric 

component of HadCM3 (Gordon et al., 2000) with 

substantial modifications to the model physics (Jones et al., 

2004). The atmospheric component of PRECIS is 

a hydrostatic version of the full primitive equations, and it 

applies a regular latitude-longitude grid in the horizontal and 

a hybrid vertical coordinate. The horizontal resolution can 

be set to 0.44̄Ö 0.44̄  or 0.22̄ Ö 0.22̄ , which gives a 

resolution of ~50 km or ~25 km, respectively, at the equator 

of the rotated grid (Jones et al., 2004). In our studies, we 

used 25 km horizontal resolution for modeling the Central 

European climate. Hence, the target region contains 123Ĭ96 

grid points. There are 19 vertical levels in the model, the 

lowest at ~50 m and the highest at 0.5 hPa (Cullen, 1993) 

with terrain-following ů-coordinates (ů = pressure/surface 

pressure) used for the bottom four levels, pressure 

coordinates used for the top three levels, and a combination 

in between (Simmons and Burridge, 1981). The model 

equations are solved in spherical polar coordinates and the 

latitude-longitude grid is rotated so that the equator lies 

inside the region of interest in order to obtain quasi-uniform 

grid box area throughout the region. An Arakawa B grid 

(Arakawa and Lamb, 1977) is used for horizontal 

discretization to improve the accuracy of the split-explicit 

finite difference scheme. Due to its fine resolution, the 

model requires a time step of 5 minutes to maintain 

numerical stability (Jones et al., 2004). 

The initial and the lateral boundary conditions of PRECIS 

are provided by the HadCM3 ocean-atmosphere coupled 

GCM. PRECIS is able to sufficiently reconstruct the climate 

of the reference period in Central/Eastern Europe (Bartholy 

et al., 2009). Temperature and precipitation bias fields of the 

PRECIS simulations can be considered acceptable if 

compared to other European RCM simulations (Jacob et al., 

2007, Bartholy et al., 2007). Therefore, model PRECIS can 

be used to estimate future climatic change of the 

Central/Eastern European region. For the future 

(2071ï2100), three experiments have been completed so far, 

namely, considering SRES A2, B2, and A1B global 

emission scenarios (Nakicenovic and Swart, 2000). A2 

scenario is the least optimistic and B2 is the most optimistic, 

which is indicated by the CO2 concentration level projected 

for 2100 (856 ppm and 621 ppm, respectively). 

Results and discussion 

Due to page limit, only one drought index is analyzed here, 

namely, Thornthwaite (1948) Index, which is an often used 

agrometeorological index type. Besides precipitation (P), it 

considers an important agricultural effect, the evaporation 

determined from temperature (T). Index value (TI) for 

a given i month can be calculated as follows: 

9

10

2.12
65.1

i

i
i

T

P
TI . 

Due to the definition, this formula may result in spurious 

values in winter (when the monthly mean temperature is less 

than -12.2 ÁC). Different climatic conditions can be 

categorized on the basis of TI as shown in Table 1. 
 
Table 1. Climatic conditions represented by Thornthwaite Index.  

Interval ( mm/ÁC) Climatic condition 

6.4 < TI Wet 
3.2 < TI < 6.4  Semi-arid 
1.6 < TI < 3.2  Dry 
         TI < 1.6  Very dry 

In general, the index values are projected to decrease in all 

seasons for the entire region, which implies drier climatic 

conditions in the future compared to the reference period. 

The largest decrease (i.e., the largest drying trend) is likely 
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to occur in summer, for which the spatial pattern of 

simulated changes are shown in Figure 1. Larger decrease is 

projected for the higher elevated mountainous regions of the 

target domain than for the lowlands. Considering the 

scenarios, the patterns are similar but the largest changes are 

projected in case of A2. 

 

 

 

 

Figure 1. Spatial structure of the projected summer change 

(mm/ÁC) of the Thornthwaite index for the three scenarios (A1B: 

top, B2: middle, A2: bottom) by 2071ï2100 relative to 1961ï1990 

reference period. 

 

Figure 2. Simulated Thornthwaite index values for Hungary in 

summer. The box indicates the upper and lower quartiles of the 

spatial average values; the line is drawn from the minimum to the 

maximum values. 

Among the simulated seasonal time series of the 

Thornthwaite index summer is shown in Figure 2 as being 

the most important part of the year from the agricultural and 

drought points of view. The Box-Whisker plot diagram is 

drawn on the basis of the spatial average values for the 229 

grid points located within Hungary. The drying trend can be 

clearly recognized, as well, as the decreasing interannual 

variability (which is represented by the entire interval 

calculated from the minimum and maximum index values). 

The climatic conditions were mostly dry in the reference 

period, whilst they are likely to shift into very dry category 

by the end of the 21
st
 century. 

Conclusions 

In this paper the main focus was on the analysis of 

drought-related climatic conditions (represented by various 

drought indices) using the results from experiments of the 

RCM PRECIS. The results suggest that the summer climate 

of Central/Eastern Europe is projected to become 

remarkably drier during the 21
st
 century.  

Acknowledgements: Research leading to this paper has been 

supported by: the Hungarian Science Research Foundation (no. 

K-78125); the Swiss Hungarian Cooperation Programme as 

agreed by the Swiss Federal Council and the Government of 

Hungary (under code SH/2/1). The paper is supported by the 

European Union and co-financed by the European Social Fund 

(grant agreement no. TAMOP 4.2.1/B-09/1/KMR-2010-0003). 

References  

Arakawa, A., Lamb, V. R., 1977: Computational design of the 
basic dynamical processes of the UCLA general circulation 
model, in Methods in Computational Physics, 17, pp. 173ï265. 

Bartholy, J., Pongracz, R., Gelybo, Gy., 2007: Regional climate 
change expected in Hungary for 2071ï2100, Applied Ecology 
and Environmental Research 5, pp. 1ï17. 

Bartholy, J., Pongr§cz, R., Pieczka, I., Kardos, P., Hunyady, A., 
2009: Analysis of expected climate change in the Carpathian 
Basin using a dynamical climate model, Lecture Notes in 
Computer Science 5434, pp. 176ï183. 

Cullen, M. J. P., 1993: The unifed forecast/climate model, 
Meteorological Magazine 122, pp. 81ï94. 

Dunkel, Z., 2009: Brief surveying and discussing of drought 
indices used in agricultural meteorology. IdŖj§r§s 113, pp. 
23ï37. 

Gordon, C., Cooper, C., Senior, C.A., Banks, H., Gregory, J.M., 
Johns, T.C., Mitchell, J.F.B., Wood, R.A., 2000: The simulation 
of SST, sea ice extents and ocean heat transports in a version of 
the Hadley Centre coupled model without flux adjustments, 
Climate Dynamics 16, pp. 147ï168. 

Jacob, D., Bªrring, L., Christensen, O.B., Christensen, J. H., de 
Castro, M., D®qu®, M., Giorgi, F., Hagemann, S., Hirschi, M., 
Jones, R., Kjellstrºm, E., Lenderink, G., Rockel, B., S§nchez, 
E., Schªr, Ch., Seneviratne, S. I., Somot, S., van Ulden, A., van 
den Hurk, B., 2007: An inter-comparison of regional climate 
models for Europe: Model performance in Present-Day Climate, 
Climatic Change 81, pp. 21ï53. 

Jones, R. G., Noguer, M., Hassell, D. C., Hudson, D., Wilson, S. S., 
Jenkins, G. J., Mitchell, J. F. B., 2004: Generating high 
resolution climate change scenarios using PRECIS, UK Met 
Office Hadley Centre, Exeter, 40p. 

Nakicenovic, N., Swart, R., eds., 2000: Emissions Scenarios. A 
special reports of IPCC Working Group III. Cambridge 
University Press, 570 p. 

Simmons, A. J., Burridge, D. M., 1981: An energy and 
angular-momentum conserving vertical finite difference 
scheme and hybrid vertical coordinates, Monthly Weather 
Review 109, pp. 758ï766. 

Thornthwaite, C. W., 1948: An Approach Toward a Rational 
Classification of Climate, Geogr. Rev. 38, pp. 55ï94. 

Wilson, S., Hassell, D., Hein, D., Morrell, C., Jones, R., Taylor, R., 
2010: Installing and using the Hadley Centre regional climate 
modelling system, PRECIS. Version 1.8, UK Met Office Hadley 
Centre, Exeter, 157 p. 



Bioclimate 2012 ï Bioclimatology of Ecosystems  

6 

THE RESPONSES OF TWO RESIDENT AND ONE  LONG-DISTANCE MIGRANT BIR D 

SPECIES TO WEATHER CONDITIONS IN THE CZE CH REPUBLIC  

Lenka Bartoġov§
1,2

, Miroslav Trnka
1,2
, ZdenŊk Bauer

2
, Martin MoģnĨ

3
, Petr ĠtŊp§nek

4
, ZdenŊk Ģalud

1,2
 

1CzechGlobe ï Global Change Research Center AS CR, v.v.i., Academy of Sciences of the Czech Republic, BŊlidla 986/4a, 603 00 Brno; 
2Institute of Agrosystems and Bioclimatology, Mendel University in Brno, ZemŊdŊlsk§ 1, 613 00 Brno; 3Czech Hydrometeorological 

Institute, Agrometeorological Observatory in Doksany, 411 82 Doksany; 4Czech Hydrometeorological Institute, Department of 

Meteorology and Climatology in Brno, Kroftova 43, 616 67 Brno, Czech Republic 

Abstract. This analysis includes three bird species: Sitta 
europaea L., Parus major L., and Ficedula albicollis T. The 
data were available for the period from 1961 to 2008 from 
3 locations in Czech Republic (centered on 48Á48' N, 
16Á46' E). S. europaea and P. major are residents, 
F. albicollis is long-distance migrant species and their 
phenological development (terms of laying eggs) passed 
over the different time periods during spring. Phenological 
phases of birdsË populations were analyzed and the shifts in 
the phenophases and also response to climate conditions 
differed among the bird species.  

Introduction  

It is evident that the temperature across Europe is changing. 

Rosenzweig et al. (2008) mentioned that 90ï94 percent of 

significant changes are consistent with warming in physical 

and biological systems (e.g., migration and the timing of the 

reproduction of various bird species) across Europe. Many 

studies have investigated the relationships among 

weather-related variables and the influence of climate 

change on bird populations (e. g. Crick et al. 1997). Indeed, 

several papers studied different response of migrants and 

residents and most of them have shown that long-distance 

migrants have advanced their phenology less than 

short-distance migrants or residents in recent decades (e. g. 

Rubolini et al., 2010; Goodenough et al., 2011). Equally 

there are some papers which published that long-distance 

migrants significantly shifted their time of eggs laying while 

residents did not significantly change their timing of eggs 

laying (Rubolini et al., 2007). So there can be little doubt 

that migrants and also residentËs responses to a warming 

climate specifically (Jenkins and Sparks, 2010). So we 

assumed that the phenological development of migrants and 

residents differ among each other. Therefore our main goal 

was to evaluate if there is any differences between timing of 

phenophases among residents and migrant. Next goal was to 

determine the relationship among timing of phenophases 

and meteorological parameters at experimental sites. 

Material and methods 

The observation of the phenology of the resident species 

Sitta europaea and Parus major and the migrant species 

Ficedula albicollis took place at three experimental sites in 

southern Moravia: Lanģhot, Lednice and Vranovice. All of 

these sites included fully grown, multi-aged canopies. 

Additionally, they were characterized by similar 

meteorological conditions and exhibited low variability in 

precipitation. The observations were carried out from 1961 

to 2008 and two phenological phases (for S. europaea, 

P. major and F. albicollis) were chosen and evaluated. The 

first laying date (FLD) was defined as the date when the first 

clutch in a given year was initiated at a given site. The mean 

laying date (MLD) was defined as the mean initiation date of 

all first clutches in the population at each site in a given year. 

The MLD phenophases were calculated to obtain more 

robust datasets for the entire population at each site, and the 

value of the MLD in each year at a given site was determined 

for 3 to 9 pairs of S. europaea, 15 to 18 nesting pairs of 

P. major and 13 to 15 pairs of F. albicollis. Because none of 

the experimental sites included its own meteorological 

station (the closest were 4ï15 km away), daily 

meteorological data were interpolated using the ProClimDB 

software package. The interpolation procedure employed 

a detailed digital terrain model in combination with 

meteorological data from 130 weather stations in the Czech 

Republic and 25 stations in adjacent regions of Austria. The 

daily data from each station were quality controlled, 

homogenized and interpolated using the method of 

regionally weighted regression. The significance of the 

observed trends for both the climatological and the 

phenological parameters was assessed using a t-test. The 

correlation between the phenological stages of each bird 

species and also between phenological stages and 

temperature series was assessed using Spearman correlation 

coefficients, which were calculated for 20-year subsamples 

(e.g., determining the correlation between the phenological 

phases in 1951ï1970 and a particular weather parameter in 

1951ï1970 and then finding the same correlation for the 

years 1952ï1971, the years 1953ï1972, etc.). Thus it was 

possible to evaluate the correlations that existed during the 

entire period. 

Results and discussion 

At all of the experimental sites the values showed an 

increase in the mean, maximum and minimum temperatures 

in the first half of the year. The mean annual air temperature 

showed a significant increase of 0.19ï0.22 ÁC per decade for 

a period of 48 observational years at all three experimental 

sites. Nearly identical warming trends in the mean 

temperature were recorded during March and April. Overall, 

very similar temperature increases were also confirmed 

during March, April and throughout the year for the 

maximum and minimum temperatures. 

Based on the observed terms of the FLD and MLD 

phenophases from 1961 to 2008, reproductive activity was 

first observed for the population of S. europaea (the average 

dates of the FLD and MLD were between days 94 and 119, 
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respectively), then for the Parus major population (with 

values between days 101 and 120, respectively) and finally 

for the Ficedula albicollis population (with values between 

days 108 and 138, respectively). There were distinct 

long-term differences between the earlier- and 

later-reproducing species with respect to statistical 

significant shifts in the MLD phenophases. The onset of the 

F. albicollis phenophases, which shifted by 1.9 days per 

decade on average, advanced more than that of the P. major 

and  S. europaea phenophases, which shifted by 1.5 days and 

1.6 days per decade on average. There were no long-term 

trend toward earlier breeding for S. europaea (Wesoğowski 

and Cholewa, 2009), while P. major showed significant 

acceleration in its breeding season (e.g. Visser et al., 2003) 

and also F. albicollis exhibited earlier start dates for nesting 

(e.g. Both et al., 2004). Anyway some papers mentioned no 

shifts in phenology of P. major and F. albicollis (e.g. Both 

and Visser, 2001; Ahola et al., 2004). Some papers dealt 

with response of migrants and resident and more papers 

agreed on the fact that residents and also short-distance 

migrants reacted to the warming strongly and shifted in 

phenology significantly that long-distance migrants (e.g. 

Rubolini et al., 2010; Palm et al., 2009). What is contra to 

our results; anyway some studies showed similar trend in 

shifting as our results (Rubolini et al. 2007). 

Different rate of shifting in phenology in our study also 

confirmed different values of correlation coefficients 

between pairs of phenophases of each bird species in 

20-year subsamples (e.g. correlation between MLD 

phenophases among S. europaea and P. major in 1961ï1980, 

1962ï1981 etc.) (Figure 1). 

 

Figure 1. Spearman 

correlation coefficient 

values for moving 20-year 

windows for pairs of the 

MLD phenophases among 

Sitta europaea, Parus 

major and Ficedula 

albicollis. 

Strong and consistent correlation between phenophases of 

two species was calculated for MLD phenophases of 

S. europaea and P. major. Weaker correlation was assessed 

for pairs of P. major and F. albicollis and also S. europaea 

and F. albicollis. Moreover, the correlation between each 

pairs of bird species is getting lower since the eighties. The 

coefficients showed weaker correlation between pairs of 

residents with long-distance migrant and so the different 

response and timing among bird species in our study. 

The terms of phenophases were correlated with 

meteorological parameters. The highest values of 

coefficients were calculated (for all three bird species) for 

average temperature during time period of two months ï 

March and April ï MA in 20-year subsamples (Figure 2). 

Correlation for S. europaea and P. major with temperature in 

MA period developed in almost same rate; by contrast F. 

albicollis correlated with average temperature in MA period 

differently and also with higher variability. This could be 

explained by the fact that the migrants may be unable to 

respond to climate conditions at their breeding grounds in 

the same way as residents because they do not experience 

local environmental conditions until migration has been 

completed, or because of limited plasticity in response to 

environmental variation (Rubolini et al., 2010). 

 

Figure 2. Spearman 

correlation coefficient 

values for moving 20-year 

windows for pairs of the 

mean daily air temperature 

during the March and 

April (MA) period and the 

MLD phenophases  

of the Sitta europaea, Parus major and Ficedula albicollis. 

Conclusions 

Our hypothesis about different response of migrant and 

residents to warming climate was confirmed. Not only the 

shifting in phenology but also the reaction to local 

temperature conditions differed among the three studied bird 

species. 
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Abstract. Vegetative phenological stages were evaluated in 
spruce monoculture of the third age class in the region of the 
Drahansk§ vrchovina Upland. Evaluation of the 21-year 
period shows that onsets of phenological stages in particular 
years differed markedly. The onset and duration of 
phenological stages differed in particular years, depending 
on the course of weather. The start of budbreak and foliation 
is affected by air and soil temperatures, which also proved 
by statistical evaluations. High dependence between the 
onset of budbreak and air temperatures is confirmed by 
statistically significant correlation coefficient. Results show 
that in recent years, the earlier onset of spring phenological 
stages occurs at higher sum of effective temperatures. The 
length of their duration shortens. 

Introduction  

The phenology of forest tree species can be used at the 

evaluation of the effect of actual conditions of the 

environment on the development of plant communities and 

thus, to contribute to the discussed problem of climatic 

changes, their impacts on the species composition and health 

conditions of forest ecosystems. Due to warming, changes in 

the development of forest tree species and herbs can also 

occur. Therefore, plants can be considered to be 

bioindicators of climatic changes (Ġkvareninov§, 2009; 

Bedn§Śov§ and Merklov§, 2011). Thus, effects of climatic 

changes on forest stands are a long ï term phenomenon 

requiring continuous phenological monitoring. Phenological 

data are a certain expression of the climate character of 

a given region. Developmental stages of a biota occur every 

year but in various terms and with a different intensity 

because they characterise time-variable conditions of the 

environment, particularly the course of weather in particular 

years.  The beginning and course of particular phenological 

stages are substantially affected by meteorological factors, 

namely air temperature, because through its effects the 

growth and development of plants can be accelerated or 

slowed down. In addition to the air temperature also the 

temperature and moisture of soil are considerably important. 

Material and methods 

Phenological stages of a pure spruce stand (the 3
rd
 age class) 

were monitored on a research area of the Department of 

Forest Ecology (Mendel University in Brno) for a period of 

21 years (1991ï2011). The research area is determined by 

16Á41'30" E longitude and 49Á26'31" N latitude coordinates 

in the geographical unit of the Drahansk§ vrchovina Upland. 

The air temperature in a stand was monitored by means of 

Datalloger Minikin T sensor placed at the lower margin of 

crowns. To measure soil temperatures a Micro-Log SP 

sensor was used at a depth of 20 cm. To each of the 

phenological stages, sums of mean daily air temperatures 

were calculated at a threshold value of 0 ÁC and 5 ÁC and 

sums of the soil temperature at a threshold value of 1 ÁC.  

Results and discussion 

Evaluation of temperature sums showed that in the region of 

the Drahansk§ vrchovina Upland, it was most suitable to use 

the sum of air temperatures > 5 ÁC and at soil temperatures 

values > 1 ÁC. Air and soil temperatures were measured just 

in the monitored spruce stand. 

The long-term monitoring of particular phenological stages 

showed that the beginning of the Norway spruce (Picea 

abies/L./Karst.) budbreak occurred  in the studied region on 

average the 124
th
 day from the calendar year beginning. The 

most frequent beginning of budbreak was noted the 118
th
 

day and latest the 133
rd
 day.  The beginning of foliation 

from 10 % was on average the 129
th
 day. It was most 

frequent the 121
st
 day and latest the 137

th
 day. A stage of the 

beginning of foliation from 50 % was on average the 133
rd
 

day within the 21-year period.  This stage was noted first the 

124
th
 day and latest the 142

nd
 day. The beginning of foliation 

from 100 % occurred on average the 137
th
day. This stage 

occurred first the 129
th
 day and at the latest the 146

th
 day, A 

phenological stage of the fully unfolded leaf area occurred 

on average the 164
th
 day from the year beginning. This stage 

showed, however, the longest time span in the monitored 

period. First, it was detected the 138
th
 day and at the latest 

the 175
th
 day.  

The beginning and duration of monitored phenological 

states differ in particular years depending on the course of 

weather. The beginning of flushing and foliation are affected 

by the air and soil temperature, which was also proved by 

statistical evaluations. A high dependence between the 

beginning of budbreak and air temperature is confirmed by 

statistically significant coefficients R
2 

= 0.854. Also 

Lukn§rov§ (2001), Braslavsk§ and KamenskĨ (1999), 

Bedn§Śov§ and Kuļera (2002) mention high correlation 

between the onset of the stage of budbreak at Norway spruce 

and air temperatures. The dependence of the beginning of 

budbreak on the temperature of soil is confirmed by a 

correlation coefficient R
2 

= 0.658. The dependence of the 

beginning of foliation on air temperature results from a 

correlation coefficient R
2 
= 0.687. The foliation of Norway 

spruce was also dependent on the soil temperature R
2 

= 

0.650. 

Results obtained show that also the temperature of soil 

considerably affects the budbreak and the onset of foliation 

of spruce. Lawander et al. (1973), Timmis and Worral 

(1974) came to the same conclusion. The rate of variability 

between the air temperature and soil temperature was 

depending on R
2 
= 0.864. 
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Conclusions 

The beginning and duration of phenological stages change 

according to the characters of weather in particular years. 

Results obtained show that in addition to genetic factors, the 

onset and duration of particular phenological stages are 

particularly affected by air and soil temperatures before the 

onset of a respective phenological stage. The onset and 

duration of spring phenological stages on the monitored area 

are particularly dependent on air and soil temperature 

because this area is not endangered by the critical lack of 

precipitation in the spring season. These decisive stages 

cannot be separated from each other and it is necessary to 

evaluate them as a whole. The long-term monitoring of 

vegetative phenological stages in a spruce monoculture in 

the Drahansk§ vrchovina Upland shows that recently, the 

onset of spring phonological stages occurs at higher sums of 

effective temperatures and shortening their duration. 

Phenology of forest tree species can be used at the 

evaluation of the effect of topical environmental conditions 

on the development of plant communities and thus to 

contribute to the discussed question of climatic changes and 

their impacts on the species composition and health 

conditions of forest ecosystems. 
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Abstract. Homogenised precipitation data (1961ï2011) 
measured at selected rain gauge stations was used for 
investigation of long-term variability and spatial-temporal 
characteristics of precipitation in the High Tatra Mts. Daily 
precipitation totals usually fluctuated around mean values 
of 4ï7 mm and achieved maxima between 80ï150 mm in 
dependency on position and elevation of stations. Seasonal 
course showed high rainfall totals around 550 mm at sites 
Skalnat® Pleso (1,778 m a.s.l.) and Tatransk§ Javorina 
(1,013 m a.s.l.) in the middle altitude zone during summer 
months (JJA) while dominant seasonal totals about 
300ï400 mm at high altitude station LomnickĨ ġt²t 
(2,735 m a.s.l.) were recorded during remaining parts of 
the year. Regression analysis indicated statistically 
significant correlation and increase in course of mean 
annual totals for 4 from 6 sites. Slightly enhance was 
noticed for stations situated in elevation zone from 
1,000ï1,800 m a.s.l. (Tatransk§ Javorina, Skalnat® Pleso, 
Ġtrbsk® Pleso). On the other hand, evidence of increasing 
tendency at LomnickĨ ġt²t suggests relevant precipitation 
addition in zone above atmospheric boundary layer during 
last two decades. Gradually growth of precipitation with 
altitude described by obtained relations may be useful for 
regional spatial interpolation analysis. Comparison of two 
periods including interval before (1961ï2004) and after 
(2005ï2011) devastative windstorm in 2004 show higher 
mean annual precipitation totals about 8ï39 % for interval 
covering after windstorm period. 

Introduction  

Long-term series of precipitation data obtained in mountain 

regions are relevant source for study of climate variability in 

different vertical zones of lower troposphere.  Vertical 

climatic zones in the Polish western Carpathians studied 

Hess (1965) and then Konļek et al. (1974) in frame of study 

focused on the High Tatras climate. Existing network of 

precipitation stations in the Slovak part of the High Tatra 

Mts. includes sites situated in elevation profile from 700 to 

2,635 m a.s.l. In this profile, climatic data series covering 

period 1961ï2011 are available for selected representative 

locations.  

The aim of this paper is to describe long-term precipitation 

characteristics and tendency of mean annual precipitation 

totals at representative climatological stations in region of 

the High Tatra Mts. Furthermore, precipitation changes after 

extraordinary windstorm event in 2004 that devastated large 

forested area is also included in this work. 

Material and methods 

Data of daily precipitation totals (> 0.1mm) measured at 

selected sites in the High Tatras region (Table 1) by standard 

rain gauge (collecting area of 500 cm
2
) was used for 

evaluation of precipitation characteristics covering period 

1961ï2011. Statistical tools of Statgraphics package were 

applied for processing of data. Summary statistics related to 

daily, monthly, seasonal and annual courses were calculated 

for each station. Data quality control and test of 

homogeneity ProcClimDB (Ġtep§nek et al., 2009) showed 

a significant discontinuity for peak station LomnickĨ ġt²t in 

the year 1991, which was solved by adjusting the relatively 

low values in the years 1961ï1990.  

Table 1. Rain gauges position. 

Measurement sites 
Latitude 

N 

Longitude 

E 

Altitude  

[m a.s.l.] 

LS LomnickĨ ġt²t 49Á11' 43" 20Á12' 54" 2,635 

SkP Skal. Pleso 49Á11' 22" 20Á14' 04" 1,778 

TL  T. Lomnica 49Á09' 52" 20Á17' 17" 827 

PP Poprad 49Á04' 08" 20Á14' 44" 694 

StP Ġtrbsk® Pleso 49Á07' 10" 20Á03' 48" 1,322 

TJ T. Javorina 49Á15' 47" 20Á08' 37" 1,013 

Results and discussion 

Table of summary statistics and Box-and-Whisker Plots 

(minimum, quartile, median, upper quartile, maximum) 

describe variability of precipitation totals (PT) related to 

daily (Table 2, Figure 1), seasonal (Table 3, Figure 2) and 

annual (Table 4, Figure 3) values. 

Table 2. Daily PT summary statistics 1961ï2011: increase of 

mean values from basin (PP 3.9 mm) to high altitude (LS 7.0 mm) 

positions; high variation of data for all sites (coefficients of 

variation CV >1); nearly similar maxima (>140 mm) at station 

SkP and TJ in the middle altitude zone. 

PT [mm] LS SkP TL  PP StP TJ 

Count 10,954 10,468 8,537 7,827 10,588 9,598 

Average 7.0 6.6 4.7 3.9 4.9 6.9 

St.Dev 8.5 9.4 6.6 5.9 6.8 9.9 

CV 1.22 1.44 1.40 1.52 1.38 1.43 

Maximum 91.8 144.5 83.2 79.3 100.8 147.1 
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Box-and-Whisker Plot

0 30 60 90 120 150

response

daily precipitation totals [mm]

 
Figure 1. Daily PT measurements 1961-2011: median (50th 

percentile, line inside rectangle) under 5 mm; upper quartile (75th 

percentile, right side of rectangle) under 10 mm; rarely occurrence 

over value of 70 mm (PP), 80 mm (TL), 90 mm (LS, StP) and 140 

mm (SkP, TJ). 
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Table 3. Seasonal PT averages 1961ï2011: winter minima from 76 

mm (PP) to 206 mm (StP) and summer maxima from 244 mm (PP) to 

559 mm (SkP) except for LS; relatively small interseasonal ratio 

(1.22) at high altitude position (LS). 

PT [mm] LS SkP TL  PP StP TJ 

Winter (DJF)  361 197 108 76 206 181 

Spring (MAM)  379 302 187 146 244 307 

Summer (JJA) 442 559 325 244 350 545 

Fall (SON) 312 287 174 130 222 265 

Summer/Winter 1.22 2.83 3.01 3.21 1.70 3.01 
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Figure 2. Seasonal PT characteristics 1961ï2011: precipitation 

scarcity in winter and abundance in summer; substantially shift 

forward in case of upper quartile (75th percentile, right side of 

rectangle) and maxima in zone of atmospheric boundary layer 

(SkP, TJ) in comparison with high altitude zone (LS). 

Table 4. Annual PT summary statistics 1961ï2011: long-term 

annual means > 1,000 mm at sites with altitude over 1,000 m a.s.l. 

(StP, TJ, SkP, LS) around 2 times higher than for basin (PP) and 

foothill (TL) sites;  similar dispersion of the variable 

corresponding to coefficients of variation (CV=0.16) for foothill 

(TL) and uphill sites (SkP, StP, TJ); range of annual minima from 

414 to 924 mm; scale of annual maxima between 997 and 2,400 

mm; positive correlation coefficients suggest slightly increase 

tendency of annual totals during considered period; statistically 

significant linear regressions for stations situated above 1,000 m 

a.s.l. (LS, SkP, StP, TJ), especially for LS.  

PT [mm] LS SkP TL  PP StP TJ 

Annual mean 1,494 1,346 794 597 1,022 1,299 

St.Dev 380 217 129 109 168 208 

CV 0.25 0.16 0.16 0.18 0.16 0.16 

Minimum  893 924 558 414 691 908 

Maximum 2,400 1,955 1,103 997 1,449 1,839 

Correlations 0.682 0.396 0.162 0.200 0.365 0.430 

P-value 0.000 0.004 0.257 0.159 0.009 0.002 

 
Figure 3. Annual PT (points) covering period 1961ï2011: 
polynomial lines illustrate statistically significant increase of annual 

PT (P-value <0.05 in Table 4), markedly for high altitude site LS. 

 

Figure 4. Vertical profile of mean annual PT (points) covering 

selected decades of period 1961ï2011: polynomial lines illustrate 

markedly shift for zone above 1,800 m a.s.l. 

Table 5. Comparison of mean annual PT covering periods before 

(B) and after (A) windstorm in 2004 with damage effect on forest:  

7.9 % increase for directly affected site (TL); 10ï14 % increase for 

other sites under 1800 m a.s.l.; markedly 40 % growth in high 

altitude zone (LS) influenced by global atmospheric circulation 

more than by local conditions. 

PT [mm] LS SkP TL  PP StP TJ 

B: 1961ï2004 1,417 1,320 786 585 1,009 1,274 

A: 2005ï2011 1,975 1,504 848 668 1,108 1,456 

A/B [%] 39.4 13.9 7.9 14.1 9.8 14.3 

Conclusions 

Presented results based on measurement of precipitation in 

the High Tatra Mts. region (1961ï2011) suggest high 

abundance of precipitable water in the high altitude zone 

(above 2,000 m a.s.l.) of the lower troposphere in central 

part of Europe during last two decades. Complex study of 

climate zones requires cooperation and data from both 

Slovak and Poland part of the High Tatras.  

Acknowledgements: This paper was supported by the Slovak Grant 
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Abstract. Climate change in one way or another affects 

every sector of our society. Only those companies in history, 

which are adapted to ongoing changes, had a chance to 

succeed. It is impossible to generalize impacts of climate 

change in different areas and take some universal solution. 

Our goal is to help users of landscape with searching for 

appropriate and available measures that would help them to 

adapt to up going changes. The measures must be simple and 

designed with the specifics of each location. Therefore, we 

use models of climate characteristics, along with knowledge 

of local farmers. 

Introduction  

Our society gradually adapts on climate change. If twenty 

years ago climate change was an interesting theory, ten years 

ago it aroused doubts and concern of politicians and others. 

Today we take it as fact and we are trying to get more 

information so we can prepare for the consequences of 

climate changes. Speaking about future development, we 

mean the future for 10 to 50 years. For the closer future is not 

generally possible to implement the described measures in 

time. However, for the far future are the predictions and 

models still too inaccurate. Even today there is a refinement 

of estimates of future climate development. Therefore, we 

consider a time horizon of 2025, 2055 and as the most 

distant year we predict the 2085. 

The aim of the described project is to create an Adaptation 

guidebook of climate change that would help the end users 

(mayors, farmers and other users of landscape) to identify 

appropriate adaptation measures. These measures would 

help to reduce negative effects of climate change. Positive 

impacts could be used more efficiently. It is clear that, 

whatever the consequences of climate change may be, it is 

better to be prepared! 

Material and methods 

The objective and originality of our solution is the solution 

from below. It shows that the general solutions in specific 

cases not always work and is not expected interventions of 

central power (ministries, EU...). Therefore we propose 

most of the measures with a local effect, which can be 

carried out quickly, flexibly and at lower cost. Such 

measures may establish and finance their own end-users of 

landscape and farmers. 

Even within the relatively small country, like the Czech 

Republic are significant regional differences. There will be 

different impacts of climate change in mountain and foothill 

areas, or in the lowlands, the agricultural regions, large 

rivers in the basin. Other impacts are seeing in the urbanized 

landscape, in other areas with a large proportion of 

biodiversity and natural ecosystems. Therefore we try to 

divide the territory of the Czech Republic to several regions, 

where the impacts of climate change should be similar. This 

division was established on the basis of climatic regions 

according to climatic atlas of the Czech Republic (Tolasz et 

al., 2007) and the extent of human impact (land use). As the 

following map show, we have divided Czech Republic into 

eight regions (Bolom et al., 2011). 
 

 

 

Figure 1. Division of 

Czech Republic into 

eight regions. 

The main input data for the process are field research 

(information from mayors, farmers and other users of the 

farming area), measured data from climate stations on 

catchment areas and also modeled climate data. These are 

the values of temperature, precipitation and runoff in the 

required time frames. 

Based on these inputs is always specified a catalog of 

possible (expected) impacts of climate change on the 

solution area. 

For these effects will be designed appropriate adaptation 

arrangements from catalog of measures which will mitigate 

impacts of future climate for a specific catchment. Then, 

these measures will be implemented and realized by 

end-users of river basin. 

Impacts of climate change on river basins are collected in 

several ways. 

On the basis of measured values of temperature, rainfall and 

rate of flow at closure profile, time series were created 

showing a trend in progress of these measured values in the 

area. These data can also show a quantity of extreme 
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climatic events. By modeling of these measured values 

according to the probable development scenarios we can 

obtain data for the future. As an input data we used data from 

SRES A1B scenario.  
 

 

Figure 2. Diagram of the project. 

 

Field surveys were conducted on each basin. At this point we 

focused on morphology, finding problematic locations and 

existing adaptation measures. We also consulted with end 

users, what changes or problems they observe. 

Potential adaptation arrangements will serve in the future. It 

was necessary to simulate a future date to find out what 

requirements will be placed on adaptation arrangements. 

For modeling data was used Bilan, the water balance model 

(Hor§ļek et al., 2009) which works with the river basin as 

a closed unit. Bilan models data in monthly or daily steps. 

After modeling, we have data for reference years 1975, 2025, 

2055 and 2085. 

Results and discussion 

In a present time a particular pilot watershed are solved. 

These watersheds represent each types of climate region of 

Czech Republic. Impacts of climate change were observed 

in every visited catchment. This proves that this project is 

actual and necessary. It also proves that the impacts are 

within catchments very similar, demonstrations of climate 

development are typical for these locations, and it is possible 

to assume similar affects also on other catchments with 

character a like observed ones. 

On individual watersheds were observed impacts of climate 

change, which were expected, such as divergence of weather, 

frequent occurrence of floods, increasing occurrence of ticks 

on higher altitude, frequent dry period and increasing 

requirements of irrigation. By a field observation were 

found some problems that weren't expected from modeling 

or character of catchment itself such as drying of wetland 

areas known for accumulation of water (Lipt§k, 2011). 

Our aim is to increase the number of explored pilot 

catchments, ideally, by 2ï3 pieces for each climatic region. 

This will help to create more complex catalog of possible 

impacts of climate change which is necessary for proper 

adaptation arrangements project. This also means a detailed 

field surveys on 24 catchments (about 100 km
2
) and 

ensuring of necessary climatic data for all those catchments 

and its modeling and evaluation. 

The result is a design of suitable arrangements for concrete 

areas. These arrangements should be suggested as a simple 

with a local impact, for example revitalization arrangements 

of water bodies within complex land adjustments, 

arrangements against erosion and also arrangements and 

changes in favour of higher ecological stability of 

a landscape. 

Conclusions 

An Adaptation guidebook of climate change should serve as 

a tool for mitigation of its negative affection. We have to 

plan for climate change in future and it will be our advantage 

if we know about them and if we get ourselves ready for 

them! This Guidebook should ease decision making about 

timely acceptance of protection measures with a final land 

users, for example mayors, water managers, farmers, etc. 

This project is focused on Czech Republic but its principle 

of a detection of input data and a suggestion of protection 

measures is applicable in other countries, which would 

consider an adaptation, as well. A local protection measures 

are usually very effective and practicable unlike global 

suggestions of mitigate solutions even in their partial 

measure. This is the biggest advantage of local protection 

measures and their application. 
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Abstract. In this paper we present a validation analysis of 
the recent past climate simulation over the Republic of 
Moldova with the Abdus Salam International Centre for 
Theoretical Physics (ICTP) regional climatic model 
RegCM3, one of the CECILIA (Central and Eastern Europe 
Climate Change Impact and Vulnerability Assessment) high 
resolution RegCMs. The analysis refers to the ability of the 
RegCM3 to simulate winter and summer temperature and 
precipitation over the Republic of Moldova for the period 
1960ï1997.  

Introduction  

The Republic of Moldova is one of the Eastern Europe 

countries affected by the climate change. It is likely to 

experience a diverse range of impacts on various 

socio-economic sectors due to temperature increases 

accompanied by extreme precipitation (dry and wet events). 

MoldovaËs climate is moderately continental. The winters 

are relatively mild and dry, with temperatures ranging from 

-3.0 ÁC in the north and -1.4 ÁC in the south and winter total 

precipitation averaging 104 mm. The summers are warm and 

long, with temperatures averaging about 20.0 ÁC and total 

precipitation ranging from 230 mm in the north and 182 mm 

in the south, respectively. 

Studies with different greenhouse gas emission scenarios 

show that Europe is one of the Earthôs most sensitive regions 

to global warming (Giorgi, 1993) and the Romania and 

Moldova are located in a transition region of the 

precipitation change pattern. 

High resolution climate model simulations are thus needed 

to provide accurate climate change scenarios accounting for 

this complex spatial and temporal modulation of the climate 

change signal.  

The project CECILIA (Halenka, 2010) was thus developed 

to produce higher resolution simulations over different 

sub-regions of Central and Eastern Europe, including 

Romania and Republic of Moldova. Different RCMs were 

run for this purpose at a grid resolution of 10 km which 

represents the limits of application of the current generation 

of hydrostatic RCMs such as the one used here.  

In this paper we validate the ability of the regional climatic 

model RegCM3 to simulate winter and summer temperature 

means and precipitation totals over the Republic of Moldova. 

The RegCM3 simulations were conducted at a horizontal 

resolution of 10 km in the framework of EU-FP6 project ï 

CECILIA. The model simulations forced by ERA40 were 

compared with the observations from CRU TS2.1 dataset 

and stations.  

 

Material and methods 

Model description 

The RegCM3 version used here was originally developed by 

Giorgi et al. (1993) and later modified and improved (Pal et 

al., 2007). It is a hydrostatic and terrain following sigma 

vertical coordinate model whose dynamical core is 

essentially the same as that of the hydrostatic version of the 

National Center for Atmospheric Research (NCAR) and the 

Pennsylvania State University mesoscale model MM5 

(Grell et al., 1994). The Biosphere-Atmosphere Transfer 

Scheme BATS (Dickinson et al., 1993) is used to represent 

surface processes while boundary layer physics is described 

via the non-local vertical diffusion scheme of Holtslag et al. 

(1990). 

Experiment design and observation data sets 

The integration domain (41.016Ü Nï50.175Á N; 

14.095Ü Eï36.192 ÜE) was centered over Romania at 46ÜN, 

25ÜE. The lateral meteorological boundary conditions 

needed to run the model were obtained from the 25 km 

RegCM simulation run driven with ERA40 reanalysis of 

observations. For this study we have selected a smaller domain 

(45.01Ü Nï49.01Á N; 26.52Ü Eï30.48Ü E) including only the 

Republic of Moldova.  

The RegCM temperature and precipitation simulations were 

compared with the CRU TS2.10 land observation data set 

which has a horizontal resolution of 0.5Ü lat x 0.5Ü lon. The 

monthly temperature and precipitation simulations have also 

been compared with the observations recorded at 15 

meteorological stations of Moldovaôs State 

Hydrometeorological Service. The distribution of the 

stations and the model domain and topography are 

represented in Figure 1. 

 
Figure 1. Location of the 15 meteorological stations and their 

elevation (m a.s.l.) and the RegCM-Moldova domain (26.5Áï30.5Á 

E; 45Áï 49ÁN). 

Results and discussion 

The model validation has been achieved both at station and 

domain levels for the period 1960ï1997. In this respect, the 
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gridded data of temperature and precipitation totals (RegCM 

simulations, forced by ERA40 data and CRU observation 

data) have been downscaled to station coordinates. For these 

series seasonal means were calculated and compared. 

Comparison between the simulated and observed seasonal 

temperature shows that the model skillfully captures the 

temperature characteristics during summer over Moldova but 

overestimates the winter temperature mean. The model 

overestimates the winter precipitation at all stations and only small 

differences are observed during summer. The spatial distributions 

of winter temperature means and precipitation totals over 

Moldova domain as represented in RegCM simulation, CRU 

TS2.1 data set and at station level are presented in Figure 2. The 

lowest winter temperatures are simulated (observed) in the north 

and the highest in the south; the highest winter precipitation totals 

are simulated (observed) in the centre of the country. 

 
Figure 2. The maps of mean winter (DJF) air temperature and 
precipitation for simulation (RegCM3), CRU TS2.1 data (0.5Ülat x 
0.5Ülon) and station observations.  

 

Similarly, Figure 3 represents the spatial distributions of summer 

temperature means and precipitation totals over Moldova domain. 

Higher temperatures are simulated (observed) in the southern part 

of the country. Highest summer precipitation totals are simulated 

and observed at station level in the northern half of the country 

while in the CRU data the highest precipitation totals are observed 

in the centre of the country. 

Then, the series of monthly temperature means of RegCM 

simulations, CRU observations in each grid point and station 

observations were spatially averaged and compared. The 

model does well in representing the annual cycle of 

temperature but slightly overestimates the winter (DJF) 

temperatures and slightly underestimates autumn (SON) 

temperatures. Monthly precipitation totals are 

systematically overestimated by the model compared to 

stations and CRU data. The largest precipitation errors are 

observed in winter (DJF) and early spring (AM). 

 
Figure 3. The maps of mean summer (JJA) air temperature and 

precipitation for simulation (RegCM3), CRU TS2.1 data (0.5Ülat x 

0.5Ülon) and station observations.  

Conclusions 

RegCM simulations forced by ERA40 data were compared 

with station observations and CRU data downscaled at 

station coordinates. The results show that the model does 

quite well in representing the annual cycle of temperature 

but precipitation totals are systematically overestimated 

compared both to stations and CRU data.  
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Abstract. In this study satellite data MODIS were used to 
derive phenological phases in beech stands. Normalized 
difference vegetation index (NDVI) was considered as a 
suitable indicator of changing phenological phases, because 
of its sensibility to increasing or decreasing amount of 
greenness in forest ecosystems. The course of NDVI was 
modeled in program Phenological profile using the logistic 
sigmoid function (Fisher, 2006). This program also 
calculated the local extremes of this function. These local 
extremes were used to identify the phenological phases. 
Differences between satellite derived and visual observed 
phenophases were find out. Also NDVI values were 
assigned to each phenophase. 

Introduction  

Phenology is the study of the timing of recurrent biological 

events, the causes of their timing with regard to biotic and 

abiotic forces, and the interrelation among phases of the 

same or different species (Lieth, 1974). In recent years, the 

plant phenology achieved a new status in global climate 

changes investigating, with increasing popularity and 

availability of remote sensing data. Satellite derived 

phenology usually use vegetation indices (such as NDVI), 

because these are related with amount of green leaf biomass 

(Ahl, 2006). 

The aim of this study was to assign the suitable phenological 

phase to local extremes of phenological function and find 

out the differences between satellite derived and visually 

monitored phenological phases. 

Material and methods 

Study sites  

In this study, five beech stands on localities Turov§ and 

Bukovina in Kremnica mountains, belonging to The 

University Forest Enterprise (VġLP) of Technical University 

in Zvolen, were monitored. Area of one stand was 6.25 ha, 

which corresponds to the area of one pixel MODIS with 

spatial resolution of 250 m. 

 
Figure 1. Internal structure of forest stand no. 514. 

These stands are characterized with dominant incidence of 

beech (Fagus sylvatica, L.) and minimum incidence of 

evergreen conifers. In these stands, there is a typical vertical 

heterogeneity with beech in undergrowth (Figure 1). 

Visual phenology observation  

The method by SHMU (1984) was used for phenology 

observations. 10 trees in each stand were selected to monitor 

phenological phases. Following spring phenological phases 

were observed on selected tree groups: buds bursting (BB), 

leaf unfolding (LU) and leaf onset (LO). In autumn, these 

phenophases were observed: leaf colouring (LC) and leaf 

fall (LF). Each phenophase has three basic states: beginning 

- 10% onset, general - 50% onset, and full - 100% onset. 

Satellite derived phenology 

MODIS product selection as well as the procedure of 

satellite data obtaining, processing, and derivation of NDVI 

were described by Bucha and KoreŔ (2009). NDVI values 

are derived from spectral reflectance in red (RED: 620ï670 

nm) and infrared (IRED: 841ï876 nm) channel using the 

function [1]: 

NDVI = (IRED-RED) / (IRED+RED) [1] 

The growing season in our climate and nature conditions can 

be modeled by sigmoid logistic function [2] (Fisher, 2006), 

which capture one increasing (spring) and one decreasing 

(autumn) term:  

 v(t) = vmin + vamp[(1/ 1+e
m

1
-n

1
t
 ) - (1/1+ e

m
2
-n

2
t
 )] [2] 

where v(t) - NDVI value; vmin -  minimum NDVI value; vamp 

- total NDVI amplitude; m1, m2, n1, n2 - fitting parameters 

controlling phase and slope for both greenup (m1, n1) and 

senescence/abscission (m2, n2). Software Phenological 

profile was used to determine the course of the phenology. 

This software models the phenology with function [2] 

proposed by Fisher (2006). Input data were the NDVI time 

series of the year 2011.  

Results and discussion 

Phenological function was modeled for each stand. Local 

extremes of 1. and 2. derivative of this function [2] were 

used to determine the onset days of phenological phases as 

follows:  

1. in ascendenting period: 

ï BB 10 % was assigned to local maximum of 2. derivative, 

ï BS 100 % was assigned to local maximum of 1. derivative, 

ï LO 100 % was assigned to local minimum of 2. derivative, 

2. in descencenting period: 

ï LC 10 % was assigned to local minimum of 2. derivative, 

ï LC 100 % was assigned to local minimum of 1. derivative, 

ï LF 100 % was assigned to local maximum of 2. derivative. 

On Figure 2 is shown how visually observed phenophases 

were assigned to the local extremes. Average differences 
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discovered between visual observed and satellite derived 

phenological phases are noted in Table 1. Also NDVI values 

relating with these phenophases were find out. 

 

Figure 2. Identification of phenological phases using local 

extremes of function [2] . On x axis: day of year, on y axis: NDVI 

values. 

Table 1. Average differences between visual observed and satellite 

derived phenophases, the corresponding average NDVI values 

and their standard deviations. 

Phenological phase 
Avg. D.1) 

(days) 

NDVI  

x2) sx
3) 

BB 10% 3.4 0.55 0.03 

BS 100% 2.0 0.66 0.02 

LO 100% 4.6 0.78 0.03 

LC 10% 3.8 0.82 0.01 

LC 100% 8.8 0.62 0.03 

LF 100% 3.6 0.53 0.02 
Note: 1)average difference, 2)average, 3)standard deviation 

In comparison with results achieved using other 

phenological methodology for validating satellite derived 

phenological phases - methodology made for Monitoring of 

Slovak Forests (MSF) used in BrandĨsov§ (2010), 

methodology used in this study (SHMU, 1984) is more 

suitable for validation, because the differences between 

satellite derived and visual observed phenophases are 

smaller. Also assigning the phenological phases observed 

using these two methodologies to local extremes was 

different (Table 2). 

Table 2. Assigning local extremes according to methodology for 

Monitoring of Slovak Forests (MSF) and Slovak 

Hydrometeorological Institute (SHMU, 1984). 

Local 

extreme 

MSF SHMU (1984) 

PP3) Avg.D.4) PP Avg.D. 

max 2. deriv. 

in AP1) - - 10 % BB 3.4 

max 1. deriv. 

in AP 
10% BS 3.0 100% BS 2.0 

min 2. deriv. 

in AP 
50% LO 5.9 100% LO 4.6 

min 2. deriv. 

in DP2) 10% LC 6.0 10% LC 3.8 

min 1. deriv. 

in DP 
100% LF 8.3 100% LC 8.8 

max 2. deriv. 

in DP 
- - 100% LF 3.6 

Note: 1)ascendenting period, 2)descendenting period, 3)phenological 

phase, 4)average difference  

Similar results like ours were publicated by Liang (2011). 

They compared phenological phase FBB (full bud burst 

analogy with our 100% BB) from visual observations with 

SOS (start of season) derived from EVI (Enhanced 

Vegetation Index) and NDVI time series of deciduous stands. 

They find out maximum difference between EVI SOS and 

FBB 2 days, and between NDVI SOS and FBB 15 days (in 

one year only 4 days). Soudani (2008) compared visually 

observed onset of greenness (OG10% and OG90%, analogy 

with our BS) in beech and oak stands with satellite derived 

inflection point of NDVI values (dinfNDVI) and average 

onset of greenness (OGI+OGM/2). In beech stands, there 

was average difference between OG and dinfNDVI 2ï7 days 

and between OG and OGI+OGM/2 3.5ï9.5 days. 

Conclusions 

In this paper, the methodology how the phenological phases 

were derived from satellite data was presented and 

compared with previous results. Sigmoid logistic curve and 

its local extremes were used to identify phenological phases 

from satellite data. We find out average differences between 

visual observed and satellite derived phenological phases in 

monitored beech stands in the year 2011 in range from 2.0 to 

8.8 days.  NDVI values were assigned to each phenological 

phase. Now we continue with validating phenological 

phases in the year 2012. In the future, we are going to 

examine the effect of biometeorological factors on 

phenophases onset days in regional scale. 

Acknowledgements: This study was founded from VEGA MĠ 

SR: ļ. 1/0281/11 and APVV-0423-10. 
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SEVERE WINDS IN POLA ND AND THEIR EFFECTS
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Faculty of Geography and Regional Studies, University of Warsaw, Krakowskie PrzedmieŜcie 30, 00-927 Warsaw, Poland.

Abstract. The aim of this study was to present the 
characteristics of strong winds in Poland in 2000ï2010 and 
their effects. During this period, were analyzed 495 cases of 
severe winds and even 280 cases of tornadoes. It was shown, 
that in recent years there has been much more strong winds, 
than at the beginning of the decade. Mainly, this is related to 
more and more excellent methods of the monitoring of the 
atmosphere and with the better flow of information. Most 
often, these phenomena occur in July and August. Most of 
them are created in the afternoon. 

Introduction  

Strong winds created over the Poland, are associated with 

many meteorological situations. We can distinguish three 

groups: 

- winds associated with cyclonic activity, 

- winds associated with orographic barrier (fen winds), 

- winds associated with the phenomena supporting the storms. 

To the last group belongs the winds created in frames of 

vortices: tornado, gustnado and straight-line winds: 

bow echo, derecho, gust front, downburst, microbust 

(ŧuraŒski, Gaczek, Fiszer, 2009). 

Tornadoes occurring at the Polish areas, are associated 

mainly with zones of squall fronts or supercell, in which 

growns the mezocyclone (Lorenc, 2012). 

The intensity of the winds is defined by measuring their 

speed at meteorological stations. In the case of tornadoes, 

because of their relatively small spatial size, the probability 

of measuring the wind speed is low. Therefore, not all 

the strong winds are recorded by the devices belonging to 

the Polish observation network (IMGW). In the absence of 

absolute measurements, the strength of severe winds is 

usually determined on the basis of the damage they cause. 

An example of classification includes Table 1. 

Material and methods 

Data for this study come from the website ESWD ï 

European Severe Weather Database, Version 4.0.1, 

02. 01. 2012 (http://www.essl.org/cgi-bin/eswd/eswd.cgi). 

For analysis were chosen all cases of severe winds and 

tornadoes from 01.01.2000 to 31.12.2010. Due to the lack of 

data, the work does not include cases gustnadoes.  

Based on information about the date of the appearance of 

each of phenomena, their long-term and annual course was 

drawn up. Moreover, using details about the hour of passing 

these phenomena, their daily progress was presented. 

Location of the appearance of a particular phenomenon in 

the database (geographic coordinates, and place) allowed 

determine the administrative area over which there were 

strong winds (region, district, and commune). Thanks to the 

ArcGis program, presented in the spatial way occurrence of 

severe winds and tornadoes on Polish territory in 

2000ï2010. 

Table 1. Maximum wind speeds in Poland and their effects  

(based on: Lorenc H., Maximum wind speeds in Poland, pp. 16ï17, 

IMGW, Warsaw, 2012). 

No. 

of 

class 

Wind speed 

(m/s) (km/h) 

Character 

of the wind 
Model effects 

I  
Ó11ï16 

(40ï59) 

gusty  

wind 

Wind is chaotic in the flow;  with gusts 

moving large branches of trees;  it is 

difficult to use an umbrella and 

walking into the wind; during snow 

blizzards cause; 

II  
Ó17ï20 

(60ï73) 

stormy  

wind 

Wind breaks branches, damaging 

marquise and tents; turns wooden 

fences, billboards, road signs; 

 raises clouds of dust; break a single 

roof tiles; walking against the wind is 

very difficult; hinders the work of lifts 

and threatens their operators; going 

cars are sensing the wind speed; 

III  
Ó21ï24 

(74ï86) 
gale 

Wind causes substantial damage to 

buildings - break roof tiles; breaks 

large branches of trees; floats in the air 

lighter objects, unsecured building 

structures; 

IV  
Ó25ï28 

(87ï103) 

strong 

gale 

Wind causes significant damage to 

buildings, towers and chimneys; 

breaking and pulling trees with 

shallow root; makes it difficult to 

drive cars;  

High-excursion sways power lines and 

railroad, and during the rime or glazed 

frost ïit breaks due to overload; 

V 
Ó29ï32 

(104ï117) 

hurricane 

winds 

Wind causes the destruction of entire 

buildings and halls with flat roofs; 

severs sections of power lines and 

breaking their supporting structures; 

makes it difficult to drive trucks; 

snatches the tree from the roots and 

destroys the larger tracts of forest - in 

the mountains so called windfalls; 

VI -1 
Ó33ï49 

(Ó118ï178) 

hurricane 

 

 

tornado  

I degree 

Wind breaks all the roofs; turns and 

moves campers; pulls out big trees 

with their roots or breaking them in 

larger spaces; breaks the power lines 

and railroad; destroys the power 

building structures; 

blows from the road going cars; turns 

lighter building lifts over; levitation of 

the destroyed objects (roofs, doors, 

windows); equipment turning into 

flying missiles 

VI -2 
Ó50ï69 

(Ó179ï250) 

hurricane 

 

 

 

tornado 

 II degree 

Wind causes general destruction and 

devastation; uprooted a large and 

healthy trees; breaks roofs of houses 

and moves them from a distance; 

collapses buildings with reinforced 

construction;  

destroy entire swaths of forests and 

orchards; damages the structures of 

bridges; levitation of cars and other 

objects, which change into flying 

missiles; wreaks havoc 

 

http://www.essl.org/cgi-bin/eswd/eswd.cgi
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Results and discussion 

In the last years the severe winds have increased. In the 

studied decade, most phenomena of this kind occurred in 

2009 (154 cases). In 2006 above Poland the most tornados 

were formed (52 cases). Least of cases reported in 2000. 

Increase the frequency of the phenomena is associated with 

improvement of methods for monitoring the atmosphere and 

a better flow of information (Figure 1.). 
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Figure 1. 

Long-term 

course of 

severe winds 

and 

tornadoes in 

Poland 

(period 

2000ï2010). 

In the period 2000ï2010, most of severe winds occurred in 

July (133 cases). Also in this month, the most tornadoes are 

formed (72 cases). It is possible to suppose, these 

occurrences largely were connected with stormy formations. 

Several dozen cases were reported from May to August. 

In January, strong winds also occurred frequently (72 cases), 

but their genesis is associated with more cyclonic activity 

in the cold season (Lorenc 2012) (Figure 2). 
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Figure 2. 

Annual 

course of 

severe winds 

and 

tornadoes in 

Poland 

(period 

2000ï2010). 
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Figure 3. 24h 

course of 

severe winds 

and 

tornadoes in 

Poland 

(period 

2000ï2010). 
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Figure 4. 

Severe winds 

and 

tornadoes in 

Poland by 

voivodeship 

(period 

2000ï2010). 

Most of these phenomena were created in the afternoon. 

Most severe winds were noted between 12
00

 and 18
00

 (50 

cases of 15
00

), and tornadoes occured most often between 

15
00

 and 16
00

 (according to 34 and 42 cases) (Figure 3). 

Most winds occurred in the following voivodships: 

Mazowieckie (56 cases), Wielkopolskie (54 cases) and in 

DolnoŜlŃskie (50 cases). For 28 tornadoes formed in the 

provinces of WarmiŒsko-Mazurskie and Pomorskie. 

In Zachodniopomorskie there were 26 events of this type 

(Figure 4). 

Based on the spatial arrangement of severe winds and 

tornadoes in Poland (years 2000-2010) can not clearly 

identify the areas most frequently haunted by these 

phenomena. However, we can distinguish two zones with 

increased activity of strong winds (south-western and 

southern Poland). In the case of tornadoes, you can set 

a narrow coastal lane and the area south of the country 

(Figure 5). 

  

Figure 5. Spatial arrangement of severe winds and tornadoes in 

Poland (period 2000ï2010). 

Conclusions 

Strong winds pose a serious threat to the achievements, 

health, and sometimes even people's lives. This type of 

phenomenon is caused by pressure gradient. Rapid changes 

in this element also influence mood. For the human, it 

constitutes the mechanical strong incentive. 

Strong winds in Poland occur usually on days with variable 

weather types associated with the movement of weather 

fronts and rapid changes in pressure. It is therefore 

important to identify areas exposed to frequent occurrence 

according to the three genetically different reasons for their 

occurrence (cyclonic activity, orographic barrier and storms). 

The fact is that strong winds characterize mountain areas. At 

the time of occurrence of fen winds has been observed in 

susceptible persons, so called fen disease. It is characterized 

by such cardiovascular disorders, the nervous system 

imbalance, or excessive physical and mental excitability. 

The effects of these phenomena are also its social and 

economic dimension. Human is not able to prevent this type 

of disaster - he can only minimize its effects. Therefore, 

should carry out the research about design and durability of 

buildings exposed to high velocity winds and flying debris.  

Acknowledgements: JB is grateful to Artur Popğawski for help in 

collecting data and for the translation of the abstract. 
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PRECIPITATION EXTREM ES IN THE BRNO REGION IN THE PERIOD 1961Ƅ2010

Marie Doleģelov§, Petr ĠtŊp§nek  

Czech Hydrometeorological Institute, Kroftova 43, 616 67 Brno, Czech Republic.

Abstract. Presented paper focuses on the analysis of 
precipitation extremes in the period 1961Ƅ2010 in the city 
of Brno and its urban area which is the second largest in the 
Czech Republic (approx. 400 ths. inhab., 230 km

2
). Analysis 

of maximum daily precipitation amounts and their return 
periods is included as well as synoptic-climatological 
analysis of precipitation events with amounts exceeding 
limit values based on 99

th
 percentile computed from the 

reference period 1961Ƅ1990. Attention is paid also to the 
occurrence of dry spells which are described with the help of 
selected extremity indices. These indices are analysed for 
trend by means of non- parametric methods and the results 
are compared with the trends of precipitation totals. 

Introduction  

Precipitation extremes have important impacts on human 

life in the urban areas. The occurrence of high precipitation 

amounts resulting from rainstorms can paralyse life in the 

cities considering mainly transportation, sewer systems etc. 

On the other hand, the occurrence of periods with 

precipitation deficiency (dry spells) is unfavourable for 

human health, especially when it is combined with high air 

temperature. The absence of precipitation can also obstruct 

natural wash out of pollutants and thus it can influence the 

quality of urban air in a fundamental way (Hosiokangas, et 

al., 2004). 

Urban areas itself are able to modify the regime of 

precipitation and to generate the occurrence of extreme 

precipitation amounts accompanied by dangerous 

meteorological phenomena. This was well described for 

densely populated cities in the United States of America 

(Huff, et al., 1973). In Brno, precipitation has been 

measured since the beginning of the 19
th
 century and 

potential urban influence has been studied since the 1950s. 

From an extensive research done in the 1970s, it was clear 

that the influence of Brno urban area on precipitation is 

expressed more weakly in comparison with Prague and 

Ostrava, nevertheless some influence there probably exists 

(Br§zdil, 1979). 

The extremes based on low precipitation are connected with 

the change of climate predicted for the whole Central 

European region in IPCCôs Fourth Assessment Report. 

Material and methods 

Presented work deals with precipitation in the Brno region 

including Brno cadastral area and its surroundings. Studied 

area (see Figure 1) was set asymmetrically in relation to the 

city centre because of the complex topography of the region 

that is assumed to have influence on spatial variability of 

potential urban effect on precipitation in the Brno region. 

Precipitation measurement in Brno started in 1803 and the 

highest density of precipitation monitoring network was 

reached in the period 1931Ƅ1960 (13 stations within Brno 

cadastral area). In spite of lower density after the reduction 

of monitoring network in 1961, in this work the period 

1961Ƅ2010 was analysed because of data quality and 

availability. Annual, seasonal and daily precipitation sums 

from 13 meteorological stations belonging to the Czech 

Hydrometeorological Institute (CHMI) monitoring network 

were used. Daily precipitation totals were quality controlled, 

tested for homogeneity with the help of various tests, 

homogenized and missing values were completed and thus 

the data has the character of technical series. 

 
Figure 1. Study area and meteorological stations used in this study. 

Annual values of maximum daily precipitation totals were 

modelled by 3-parametric GEV distribution and the values 

corresponding to several return periods were evaluated. The 

extremity of precipitation was described with the help of 

three extremity indices defined in Table 1. These indices 

were tested for trend by non-parametric Mann-Kendall test 

and the trend size was estimated by Senôs method (Sen, 

1968). The trend analysis was performed in a dynamical way, 

i.e. for 30-year periods with a 1-year shift. Annual and 

seasonal precipitation totals were fitted by linear trend. 
Table 1. Extremity indices used in this study. 

Index Abb. Definition Unit  

Precipitation 

due to 

extremely wet 

days 

PD 95 

Percentage of total amount 

in days with prec. > 95th 

perc., 95th  perc. estimated 

from period 1961Ƅ1990. 

% 

Average length 

of dry spell 
DS AVG 

Dry spells = periods with at 

least 2 consecutive days with 

prec. amount  < 1mm. 

days 

Maximum 

length of dry 

spell 

DS MAX Ƅ days 

Results 

Maximum daily precipitation amount in the Brno region in 

the period 1961Ƅ2010 varies typically between 70 and 80 

mm and with the exception of Brno-TuŚany and Zast§vka 

station it did not occur before 1985. The maximum for 

Zast§vka that was recorded on 21/08/1977 and represents at 

the same time the absolute maximum of all stations used 
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here (97.4 mm). The lowest value of maximum daily amount 

occurred in Buļovice (48.5 mm) on 04/06/2008. Stations in 

the northern part of the studied area (BABI, KURI, BZAB) 

reached their maxima on 07/08/2006 when weather was 

influenced by extensive air pressure low centered above 

Poland during the northeastern cyclonic situation (NEc) 

according to CHMI classification. In the eastern part (PODB, 

SLAB), the absolute maximum occurred on 02/09/1988 at 

the end of  3-day period with western cyclonic situation 

(Wc) while in the south of the studied area (TESA, ZIDL) it 

was on 27/08/1989 at the beginning of 5-day period with 

ñWcò synoptic situation. 

Extreme daily precipitation amount corresponding to 99
th
 

percentile computed from empirical values in the reference 

period 1961Ƅ1990 varies between 20 mm and 22 mm. 

During the study period, the total number of days when this 

limit value was exceeded at the majority of stations was 68. 

They occurred mainly in the autumn months (28 cases) or 

summer months (26 cases) during the synoptic situation with 

low air pressure trough over Central Europe (B), trough 

advancing across Central Europe (Bp) or cyclone over 

Central Europe (C) (23, 15 and 10 cases). 

Daily precipitation totals corresponding to 5, 10, 20, 50 and 

100-year return period vary in the ranges from 37 to 48 mm, 

40 to 56 mm, 44 to 65 mm, 48 to 82 mm and 50 to 96 mm. 

Regarding spatial distribution, the lowest values for all 

return periods can be seen in the eastern part (BUCO, 

PODB) while the highest values appear in the west and 

northwest (BZAB, BKNI, ZAST) and also in TŊġany. 

Annual and seasonal precipitation totals show mainly 

positive but statistically insignificant trend. The only 

exception is for Buļovice, where the trend of annual values 

is significant as well as the trend in all seasons except the 

winter. Statistically significant positive trend for annual 

values was found also in PodbŚeģice (see Figure 2). 

 
Figure 2. Linear trend of annual precipitation sums in the Brno 

region in the period 1961Ƅ2010. 

The trend of PD 95 is mainly positive in case of annual, 

summer and autumn values. From the beginning of the 

1960s the values of linear coefficient were increasing to the 

maximum between 1968 and 1973 that was significant at 

some stations. Then the trend started to decrease to be near 

to zero by the end of the studied period. In winter and spring, 

linear coefficient shows ñUò shaped course with positive 

values in the periods beginning in the first half of the 1960s 

or second half of the 1970s and negative values in between. 

In case of DS AVG and DS MAX, positive trend of summer 

values persisted during the whole studied period and it was 

well pronounced especially between 1965 and 1975 

(Figure 3). On contrary, in spring this time span represents a 

period with the prevalence of negative trend sign and the 

values of linear coefficient form ñUò shape. In autumn, the 

trend was predominantly negative with the peak in 1975 but 

in case of DS MAX, strong negative trend persisted to the 

end of the studied period. Trend of annual and winter values 

was mainly positive with a tendency to weaken since 1978 

and to become negative in last two or three 30-year periods.  

 

Figure 3. Linear 

trend of summer 

values of DS AVG 

for moving 

30-year periods in 

the Brno region. 

Conclusions 

Precipitation extremes including high and low precipitation 

amounts in the Brno region during the period 1961ī2010 

were examined. Extremely high daily amounts occur the 

most frequently in summer or autumn months and they are 

connected mainly with the synoptic situations with low air 

pressure trough over Central Europe, trough advancing 

across Central Europe or cyclone over Central Europe. 

Daily amounts corresponding to various return periods reach 

the highest values in the NW part of Brno and in the W part 

of the studied area while the lowest values were in all cases 

found in the E part of the interest area. Regarding the low 

extremes, there is no downward tendency of annual or 

seasonal precipitation totals apparent at any station that is 

confirmed by the predominance of insignificant positive 

trend in the period 1961ī2010. However, the shift towards 

drier climate manifests itself through characteristics based 

on dry spells. When analyzed this in a dynamical way, 

annual values of average and maximum length of dry spells 

shows predominantly positive trend caused especially by the 

summer events. Increasing extremity of precipitation regime 

is confirmed also by the results for PD 95 which shows an 

increasing proportion of precipitation from extreme events 

to total amount in summer and autumn. 
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